≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿཎᅉ㑇ఏᏊゎᯒࡢࡓࡵࡢ㑇ఏᏊ㸦'1$㸧
ࣂࣥࢡᣐⅬᙧᡂ

ᖹᡂ  ᖺᗘ㹼ᖹᡂ  ᖺᗘ⚾❧Ꮫᡓ␎ⓗ◊✲ᇶ┙ᙧᡂᨭᴗ
◊✲ᡂᯝሗ࿌᭩

ᖹᡂ  ᖺ  ᭶
Ꮫᰯἲேྡ 㯞ᕸ⋇་Ꮫᅬ
Ꮫྡ

㯞ᕸᏛ

◊✲⤌⧊ྡ 㯞ᕸᏛ⋇་Ꮫ㒊
◊✲௦⾲⪅

㜰ཱྀ 㞞ᘯ

ᖹᡂ  ᖺᗘ㹼ᖹᡂ  ᖺᗘ⚾❧Ꮫᡓ␎ⓗ◊✲ᇶ┙ᙧᡂᨭᴗ
◊✲ᡂᯝሗ࿌᭩
◊✲ࣉࣟࢪ࢙ࢡࢺྡ㸸
≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿཎᅉ㑇ఏᏊゎᯒࡢࡓࡵࡢ㑇ఏᏊ㸦'1$㸧ࣂࣥࢡᣐⅬᙧᡂ

┠ḟ㸸
◊✲ࣉࣟࢪ࢙ࢡࢺࡢᴫせ



◊✲ᡂᯝሗ࿌᭩ᴫせ



◊✲ᡂᯝሗ࿌


≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿ '1$ 㞟࣭⢭〇࣭౪⤥࠾ࡼࡧ
ᝈሗࡢࢹ࣮ࢱ࣮࣋ࢫ㸦㜰ཱྀ㞞ᘯ㸧





≟ࡢ⥳ෆ㞀࠾ࡼࡧⓑෆ㞀ࡢ㑇ఏᏊゎᯒ㸦༳∾ಙ⾜㸧





≟࠾ࡅࡿࣄࢺࡢ㐺ྜᛶ㛵ࡍࡿ㑇ఏᏊゎᯒ ⳥Ỉྐ㸧





≟ࡢ⭘⒆ቯṚᅉᏊ 71)Ș 㑇ఏᏊ㛵ࡍࡿ◊✲㸦ஂᮎṇᬕ㸧





≟ࡢࣟ࣌ࢩ;㸦࣏࣓ࣛࢽࣥ⬺ẟ㸧ࡢ㑇ఏᏊゎᯒ㸦ᮧୖ㈼㸧



≟ࡢ࡚ࢇࢇࡢ㑇ఏᏊゎᯒ㸦㰻⸨ᘺ௦Ꮚ㸧





≟ࡢࢺࣆ࣮ᛶ⓶⅖ࡢ㑇ఏᏊゎᯒ㸦ᮧୖ⿱ಙ㸧





≟ࡢ ,/ 㑇ఏᏊࡢゎᯒ㸦ἑ㐩ஓ㸧



୰㛫ሗ࿌࣭㐍ᤖ≧ἣホ౯᭩



◊✲ࣉࣟࢪ࢙ࢡࢺࡢᴫせ
≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿཎᅉ㑇ఏᏊゎᯒࡢࡓࡵࡢ㑇ఏᏊ㸦'1$㸧ࣂࣥࢡᣐⅬᙧᡂ
◊✲௦⾲⪅  㜰ཱྀ㞞ᘯ
≟ࡶேྠᵝከࡃࡢ㑇ఏᛶᝈࡀ࠶ࡾࠊேែࡀఝ࡚࠸ࡿᝈࡶከࡃᏑᅾࡍࡿࠋ
ᮏ◊✲࠾࠸࡚≟ࡢ㑇ఏᏊ '1$ ㈨※ࡢά⏝ಖᏑࡢࡓࡵࠊ⋇་⣔Ꮫ㝃ᒓື≀㝔
➼ࡢ⮫ᗋ་ࢆ୰ᚰ㑇ఏ㛵㐃ᝈࢆྵࡴ㠀ឤᰁᛶᝈ≟ࡸ㝜ᛶᑐ↷࡞ࡿᖖ≟ࡽࡢ
'1$ 㞟ࢆ⾜࠺ࠋ㞟ࡉࢀࡓ '1$ ࢆ⏝ࡋ࡚≟ࡢ㑇ఏ㛵㐃ᝈ࠾ࡅࡿཎᅉ㑇ఏᏊࡢゎ
ᯒࢆ⾜࠺ࡇࢆᮏ◊✲ࡢ┠ⓗࡋࡓࠋ
ᮏࣉࣟࢪ࢙ࢡࢺࡣ㸶⤌ࡢࢡ࣮ࣝࣉࡽᵓᡂࡉࢀ࡚࠸ࡿࠋᣓᘼෆࡀࡑࢀࡒࢀࡢࢢ࣮ࣝ
ࣉ㛗࡛࠶ࡿࠋ  ≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿ '1$ 㞟࣭⢭〇࣭౪⤥࠾ࡼࡧᝈሗࡢࢹ࣮
ࢱ࣮࣋ࢫ㸦㜰ཱྀ㞞ᘯ㸧  ≟ࡢ⥳ෆ㞀࠾ࡼࡧⓑෆ㞀ࡢ㑇ఏᏊゎᯒ㸦༳∾ಙ⾜㸧  ≟
࠾ࡅࡿࣄࢺࡢ㐺ྜᛶ㛵ࡍࡿ㑇ఏᏊゎᯒ㸦⳥Ỉྐ㸧  ≟ࡢ⭘⒆ቯṚᅉᏊ 71)
Ș 㑇ఏᏊ㛵ࡍࡿ◊✲㸦ஂᮎṇᬕ㸧  ≟ࡢࣟ࣌ࢩ;㸦࣏࣓ࣛࢽࣥ⬺ẟ㸧ࡢ
㑇ఏᏊゎᯒ㸦ᮧୖ㈼㸧  ≟ࡢ࡚ࢇࢇࡢ㑇ఏᏊゎᯒ㸦㰻⸨ᘺ௦Ꮚ㸧  ≟ࡢࢺࣆ࣮
ᛶ⓶⅖ࡢ㑇ఏᏊゎᯒ㸦ᮧୖ⿱ಙ㸧ᖹᡂ  ᖺᗘࡲ࡛ࡣᕝཎᖹㅮᖌࡀ◊✲ࢡ࣮ࣝࣉ
㛗࡛࠶ࡗࡓࡀ  ᖺᗘࡽᮧୖ⿱ಙຓᩍኚ᭦ࡋࡓࠋ  ≟ࡢ ,/ 㑇ఏᏊࡢゎᯒ㸦
ἑ㐩ஓ㸧࡛࠶ࡿࠋ㞟ࡉࢀࡓ '1$ ᳨యࡣ  ࡢࢢ࣮ࣝࣉ࡛⢭〇࣭⟶⌮ࡉࢀ࡚ࠊࡇࡢࣉࣟࢪ
࢙ࢡࢺࡢ◊✲⪅࡛࠶ࡿྛࢢ࣮ࣝࣉᥦ౪ࡉࢀ࡚㑇ఏᏊゎᯒࢆ⾜ࡗࡓࠋࡲࡓࠊᖹᡂ  ᖺ
ࡽ◊✲ࢡ࣮ࣝࣉ௨እࡢࡢ◊✲⪅ࡶ '1$ ࢆ౪⤥ࡋࠊඹྠ◊✲ࢆ⾜ࡗ࡚࠸ࡿࠋ
ᾏእ࠾ࡅࡿ≟ࡢ '1$ ࣂࣥࢡࡋ࡚ࡣࠊ⡿ᅜ࡛ࡣ࣐ࢧࢳ࣮ࣗࢭࢵࢶᕤ⛉Ꮫࣁࣂ࣮
ࢻᏛࡢ %URDG,QVWLWXWH ⡿ᅜᅜ❧⾨⏕◊✲ᡤ 1,+ ࡼࡿ≟ࢤࣀ࣒ࣉࣜࢪ࢙ࢡࢺࠊ
࣮ࣚࣟࢵࣃ࡛ࡣ㸯㸰ᅜࡢ⋇་Ꮫࡼࡿ /XSD ࣉࣟࢪ࢙ࢡࢺࡀ᭷ྡ࡛࠶ࡿࠋ᪥ᮏ࠾
࠸࡚ࡣ≟ࡢ㑇ఏ㛵㐃ᝈࡢ◊✲ࢆ⾜ࡗ࡚࠸ࡿ◊✲ࡣᏑᅾࡍࡿࡀࠊࡑࢀࡽࡢ◊✲⪅ࡀ㑇ఏ
㛵㐃ᝈࡢ '1$ ᳨యࢆඹ᭷ࡍࡿࡼ࠺࡞㑇ఏᏊࣂࣥࢡࡣ࡞ࡗࡓࠋᮏࣉࣟࢪ࢙ࢡࢺࡼࡾࠊ

ᚋࠊ
≟ࡢ㑇ఏ㛵㐃ᝈࢆྵࡴ㠀ឤᰁᛶᝈࡢ '1$ ࡸ୍⯡㞟ᅋ≟ࡢ '1$ ࡞ࡀඹ᭷࡛ࡁࠊ
᪥ᮏࡢ≟ࡢ㑇ఏ㛵㐃ᝈࡢཎᅉ㑇ఏᏊࡢゎᯒࡢࡓࡵࡢ᳨యᥦ౪ࡢ୰ᚰⓗ࡞ᙺࢆᢸ࠺
ࡇࡀ࡛ࡁࡿ⪃࠼ࡽࢀࡿࠋ

1

ᖹᡂ䠎䠏ᖺᗘ䡚ᖹᡂ䠎䠓ᖺᗘ䛂⚾❧Ꮫᡓ␎ⓗ◊✲ᇶ┙ᙧᡂᨭᴗ䛃㻌
◊✲ᡂᯝሗ࿌᭩ᴫせ㻌
䠍㻌 Ꮫᰯἲேྡ㻌 㻌 㯞ᕸ⋇་Ꮫᅬ㻌 㻌

㻌 㻌 䠎㻌 Ꮫྡ㻌 㻌 㯞ᕸᏛ㻌 㻌

䠏㻌 ◊✲⤌⧊ྡ㻌 㻌 㯞ᕸᏛ⋇་Ꮫ㒊㻌 㻌
䠐㻌 䝥䝻䝆䜵䜽䝖ᡤᅾᆅ㻌 ⚄ዉᕝ┴┦ᶍཎᕷ୰ኸ༊ῡ㔝㎶ 㻝㻙㻝㻣㻙㻣㻝㻌 㻌
䠑㻌 ◊✲䝥䝻䝆䜵䜽䝖ྡ㻌 ≟䛾㑇ఏᛶᝈ䛻䛚䛡䜛ཎᅉ㑇ఏᏊゎᯒ䛾䛯䜑䛾㑇ఏᏊ䠄㻰㻺㻭䠅㻌
䝞䞁䜽ᣐⅬᙧᡂ㻌
䠒㻌 ◊✲ほⅬ㻌 㻌 ◊✲ᣐⅬ䜢ᙧᡂ䛩䜛◊✲㻌
䠓㻌 ◊✲௦⾲⪅㻌
◊✲௦⾲⪅ྡ㻌

ᡤᒓ㒊ᒁྡ㻌

⫋ྡ㻌

㜰ཱྀ㻌 㞞ᘯ㻌

⋇་Ꮫ㒊㻌

ᩍᤵ㻌

䠔㻌 䝥䝻䝆䜵䜽䝖ཧຍ◊✲⪅ᩘ㻌 㻌 䠍䠍㻌 ྡ㻌
䠕㻌 ヱᙜᑂᰝ༊ศ㻌 㻌 㻌 㻌 ⌮ᕤ䞉ሗ㻌
⏕≀䞉་ṑ㻌
䠍䠌㻌 ◊✲䝥䝻䝆䜵䜽䝖䛻ཧຍ䛩䜛䛺◊✲⪅㻌
◊✲⪅ྡ㻌

㜰ཱྀ㞞ᘯ㻌

༳∾ಙ⾜㻌
⳥Ỉྐ㻌
ஂᮎṇᬕ㻌

ᮧୖ㈼㻌
㰻⸨ᘺ௦Ꮚ㻌
ᮧୖ⿱ಙ㻌

ᡤᒓ䞉⫋ྡ㻌

ேᩥ䞉♫㻌

䝥䝻䝆䜵䜽䝖䛷䛾◊✲ㄢ㢟㻌

≟䛾㑇ఏᛶᝈ䛻䛚䛡䜛
ᚤ⏕≀➨
㻰㻺㻭 㞟䞉⢭〇䞉౪⤥䛚䜘䜃
୍䞉ᩍᤵ㻌
ᝈሗ䛾䝕䞊䝍䝧䞊䝇㻌
㝃ᒓື≀
≟䛾⥳ෆ㞀䛚䜘䜃ⓑ ෆ 㞀 䛾
㝔䞉ᩍ
㑇ఏᏊゎᯒ㻌
ᤵ㻌
క  ື ≀ ≟䛻䛚䛡䜛䝠䝖䛸䛾㐺ྜᛶ䛻
Ꮫ䞉ᩍᤵ㻌
㛵䛩䜛㑇ఏᏊゎᯒ㻌

䝥䝻䝆䜵䜽䝖䛷䛾ᙺ㻌

≟䛾㑇ఏᛶᝈ䛾 㻰㻺㻭
⟶⌮䛚䜘䜃ሗ䛾䝕䞊
䝍䝧䞊䝇
║ᝈ 㻰㻺㻭 䝃䞁䝥
䝹䛾㞟䛚䜘䜃◊✲䛾
⥲ᣓ
≟䛻䛚䛡䜛䝠䝖䛸䛾㐺ྜ
ᛶ䛻㛵䛩䜛㑇ఏᏊゎᯒ㻌
≟䛾⭘⒆ቯṚᅉᏊ
ෆ ⛉ ➨ 䠎 䞉 ≟䛾⭘⒆ቯṚᅉᏊ㻔㼀㻺㻲㻙䃐㻕
㻔㼀㻺㻲㻙䃐㻕㑇ఏᏊ䛻㛵䛩
ᩍᤵ㻌
㑇ఏᏊ䛻㛵䛩䜛◊✲㻌
䜛◊✲㻌
≟䛾䜰䝻䝨䝅䜰 㼄䠄䝫䝯䝷
ศ Ꮚ ⏕ ≀ ≟䛾䜰䝻䝨䝅䜰㻌 㼄䠄䝫䝯䝷䝙
䝙䜰䞁⬺ẟ䠅䛾ཎᅉ㑇
Ꮫ䞉ᩍᤵ㻌
䜰䞁⬺ẟ䠅䛾㑇ఏᏊゎᯒ
ఏᏊྠᐃ
እ⛉➨䠎䞉
≟䛾䛶䜣䛛䜣䛾ཎᅉ㑇
≟䛾䛶䜣䛛䜣䛾㑇ఏᏊゎᯒ㻌
ᩍᤵ㻌
ఏᏊྠᐃ㻌
≟䛾䜰䝖䝢䞊ᛶ⓶⅖䛾㑇
⾨⏕➨䠎䞉
≟ 䛾 䜰 䝖 䝢 䞊 ᛶ⓶  ⅖
ఏᏊゎᯒ㻌
ຓᩍ㻌
䛾㑇ఏᏊゎᯒ㻌

2

ἑ㐩ஓ㻌

ື≀ᕤᏛ䞉
≟䛾 㻵㻸㻙㻝㻟 㑇ఏᏊ䛾ゎᯒ㻌
ᩍᤵ㻌

≟䛾 㻵㻸㻙㻝㻟 㑇ఏᏊ䛾ゎ
ᯒ㻌

䠄ඹྠ◊✲ᶵ㛵➼䠅㻌

㻌

㻌

㻌

≟䛾㑇ఏᏊゎᯒἲ䛾ຓゝ㻌

≟䛾㑇ఏᏊゎᯒἲ䛾ຓ
ゝ㻌

ஂಖ᫂㻌 㻌

᳃ၨኴ㑻䢢

㻌 ಟ㻌

⌮Ꮫ◊✲
ᡤ⤫ྜ⏕
་⛉Ꮫ◊✲
䝉䞁䝍䞊䝉
䞁䝍䞊㛗㻌
ᮾி㎰ᕤ
⋇་ศᏊ
ែ⒪Ꮫ䞉ㅮ
ᖌ㻌

≟䛾 㻰㻺㻭 㞟䛸䝥䝻䝆䜵䜽䝖 ≟䛾 㻰㻺㻭 㞟䛸䝥䝻䝆
䜈䛾ຓゝ㻌
䜵䜽䝖䜈䛾ຓゝ㻌

㮵 ඣ ᓥ 
Ꮫ 䞉 ⋇ ་ ⮫ ≟䛾 㻰㻺㻭 㞟䛸䝥䝻䝆䜵䜽䝖
ᗋ  ⌮ 䞉 ᩍ 䜈䛾ຓゝ㻌
ᤵ㻌

≟䛾 㻰㻺㻭 㞟䛸䝥䝻䝆
䜵䜽䝖䜈䛾ຓゝ㻌

㻌
ᪧ㻌
䢈䢛䢗䡸䢚䡦䡴䢀䛷䛾◊✲ㄢ㢟㻌

ᡤᒓ䞉⫋ྡ㻌

◊✲⪅Ặྡ㻌

≟䛾䜰䝺䝹䜼䞊ᝈ䛾 ᑠ ື ≀ ⮫ ᗋ 䞉 ຓ
ᕝཎᖹ㻌
㑇ఏᏊゎᯒ㻌
ᩍ㻌
䠄ኚ᭦䛾ᮇ䠖ᖹᡂ䠎䠑ᖺ㻌 䠐᭶㻌 䠍᪥䠅㻌
㻌
㻌
᪂㻌
ኚ᭦๓䛾ᡤᒓ䞉⫋ྡ㻌

ኚ᭦䠄ᑵ௵䠅ᚋ䛾ᡤᒓ䞉⫋ྡ㻌

≟ࡢࣞࣝࢠ࣮
⾨⏕➨㸰࣭ຓᩍ
ᝈࡢ㑇ఏᏊゎᯒ

䝥䝻䝆䜵䜽䝖䛷䛾ᙺ㻌

≟䛾䜰䝺䝹䜼䞊ᝈ䛾
㑇ఏᏊゎᯒ㻌

◊✲⪅Ặྡ㻌

䝥䝻䝆䜵䜽䝖䛷䛾ᙺ㻌

ᮧୖ⿱ಙ

≟ࡢࣞࣝࢠ࣮ᝈ
ࡢ㑇ఏᏊゎᯒ

㻌
㻌
ᪧ㻌
䢈䢛䢗䡸䢚䡦䡴䢀䛷䛾◊✲ㄢ㢟㻌

ᡤᒓ䞉⫋ྡ㻌

◊✲⪅Ặྡ㻌

≟䛾 㻰㻺㻭 㞟䛸㑇ఏ ᮾி㎰ᕤ⋇་
ᒾᓮ㑻㻌
䛾ண㜵䞉⒪ἲ䛾㛤Ⓨ㻌 ෆ⛉䞉ᩍᤵ㻌
䠄ኚ᭦䛾ᮇ䠖ᖹᡂ䠎䠑ᖺ㻌 䠐᭶㻌 䠍᪥䠅㻌
㻌
㻌
᪂㻌
ኚ᭦๓䛾ᡤᒓ䞉⫋ྡ㻌

ኚ᭦䠄ᑵ௵䠅ᚋ䛾ᡤᒓ䞉⫋ྡ㻌

◊✲⪅Ặྡ㻌

≟ࡢ '1$ 㞟◊✲
ᮾி㎰ᕤ⋇་ศᏊែ
ࣉࣟࢪ࢙ࢡࢺࡢ
᳃ၨኴ㑻
⒪Ꮫ࣭ㅮᖌ
ຓゝ
㻌

3

䝥䝻䝆䜵䜽䝖䛷䛾ᙺ㻌

≟䛾 㻰㻺㻭 㞟䛸㑇ఏ
䛾ண㜵䞉⒪ἲ䛾㛤Ⓨ㻌

䝥䝻䝆䜵䜽䝖䛷䛾ᙺ㻌

≟ࡢ '1$ 㞟ࣉࣟ
ࢪ࢙ࢡࢺࡢຓゝ

ᪧ㻌
䢈䢛䢗䡸䢚䡦䡴䢀䛷䛾◊✲ㄢ㢟㻌

ᡤᒓ䞉⫋ྡ㻌

㑇ఏᛶᝈ䛾᪤▱䛾
ᝈཎᅉ㑇ఏᏊ㢖ᗘ
䛾ㄪᰝ㻌
䠄ኚ᭦䛾ᮇ䠖ᖹᡂ䠎䠒ᖺ㻌
㻌
㻌
᪂㻌
ኚ᭦๓䛾ᡤᒓ䞉⫋ྡ㻌

◊✲⪅Ặྡ㻌

ᮾிᏛ䞉⋇་
⮫ ᗋ  ⌮ Ꮫ 䞉 ຓ ⋢ཎᬛྐ㻌
ᩍ㻌
䠐㻌 ᭶㻌 䠍㻌 ᪥䠅㻌

ኚ᭦䠄ᑵ௵䠅ᚋ䛾ᡤᒓ䞉⫋ྡ㻌

◊✲⪅Ặྡ㻌

≟䛾 㻰㻺㻭 㞟◊✲
㮵ඣᓥᏛ䞉⋇་⮫ᗋ
䝥 䝻䝆 䜵 䜽䝖 䜈䛾 ຓ
㻌 ಟ㻌
⌮䞉ᩍᤵ㻌
ゝ㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
㻌
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䝥䝻䝆䜵䜽䝖䛷䛾ᙺ㻌

㑇ఏᛶᝈ䛾᪤▱䛾
ᝈཎᅉ㑇ఏᏊ㢖ᗘ䛾ㄪ
ᰝ㻌

䝥䝻䝆䜵䜽䝖䛷䛾ᙺ㻌

≟䛾 㻰㻺㻭 㞟◊✲䝥
䝻䝆䜵䜽䝖䜈䛾ຓゝ㻌

䠍䠍㻌 ◊✲䛾ᴫせ䠄䈜㻌 㡯┠య䜢䠍䠌ᯛ௨ෆ䛷సᡂ䠅㻌
䠄䠍䠅◊✲䝥䝻䝆䜵䜽䝖䛾┠ⓗ䞉ព⩏ཬ䜃ィ⏬䛾ᴫせ
≟䜒ே䛸ྠᵝ䛻ከ䛟䛾㑇ఏᛶᝈ䛜䛒䜚䚸ே䛸ែ䛜ఝ䛶䛔䜛ᝈ䜒ከ䛟Ꮡᅾ䛩䜛䚹ᮏ◊
✲䛻䛚䛔䛶≟䛾㑇ఏᏊ㻔㻰㻺㻭㻕㈨※䛾ά⏝䛸ಖᏑ䛾䛯䜑䛻䚸⋇་⣔Ꮫ㝃ᒓື≀㝔➼䛾⮫
ᗋ་䜢୰ᚰ䛻ྛ✀㑇ఏ㛵㐃ᝈ䜢ᣢ䛴≟䛾 㻰㻺㻭 㞟䜢⾜䛖䚹㞟䛥䜜䛯 㻰㻺㻭 䜢⏝䛧䛶≟
䛾㑇ఏ㛵㐃ᝈ䛻䛚䛡䜛ཎᅉ㑇ఏᏊ䛾ゎᯒ䜢⾜䛖䛣䛸䜢ᮏ◊✲䛾┠ⓗ䛸䛩䜛䚹㻌
ព⩏䛸䛧䛶䛿䚸Ꮫ䛾⋇་㝔䛻䛚䛔䛶⮫ᗋᏛⓗ䛻ಙ㢗ᛶ䛾㧗䛔 㻰㻺㻭 ᳨య䜢㞟䛩䜛䛣
䛸䛜䛷䛝䚸ᑗ᮶䛾≟䛾㑇ఏ㛵㐃ᝈ◊✲䜢᥎㐍䛩䜛䛯䜑䛾 㻰㻺㻭 䝞䞁䜽䛾ᇶ┙䛜ᙧᡂ䛩䜛䛣
䛸䛜䛷䛝䜛䚹䛥䜙䛻䛭䛾◊✲ᡂᯝ䛿≟䛸ྠ䛨䜘䛖䛺㑇ఏ㛵㐃ᝈ䛜Ꮡᅾ䛩䜛ே䛾㑇ఏ㛵㐃
ᝈ䛾ゎ᫂䛻䜒ᙺ❧䛴䛸⪃䛘䜙䜜䜛䚹㻌
㻌 ィ⏬䛾ᴫせ䛸䛧䛶ୖ㏙䛧䛯䜘䛖䛻≟䛾㑇ఏ㛵㐃ᝈ䛻㛵䛩䜛ሗ䛸䝀䝜䝮 㻰㻺㻭 䛺䛹⮫
ᗋ᳨య䜢䚸ᅜ⋇་⣔Ꮫ㝃ᒓື≀㝔➼䛸㐃ᦠ䛧䛶㞟䞉ಖ⟶䛩䜛䚹䛥䜙䛻㞟䛥䜜䛯
㻰㻺㻭 ᳨య䜢⏝䛔䛶䛣䜜䜎䛷䛻ሗ࿌䛥䜜䛶䛔䜛ே䜔䝬䜴䝇➼䛾㑇ఏ㛵㐃ᝈ䛻㛵䛩䜛ཎᅉ㑇
ఏᏊ䛾ሗ䜢ඖ䛻 㻼㻯㻾 ἲ➼䜢⏝䛔䛶ゎᯒ䛩䜛䚹䜎䛯䚸䛣䜜䜎䛷䛻ཎᅉ㑇ఏᏊሗ䛜䛺䛔
ᝈ䛻㛵䛧䛶䛿ྛᝈ䛻䛚䛔䛶ྠ≟✀䛾⨯ᝈ≟⩌䛸ᖖ≟⩌䛻䛚䛔䛶䚸⥙⨶ⓗ䛺 㻿㻺㻼䠄୍ሷ
ᇶከᆺ䠖㑇ఏᏊ㓄ิ୰䛻䠍䛴䛾 㻰㻺㻭 䛜ኚ␗䛧䛯ከᵝᛶ䛜ㄆ䜑䜙䜜䚸䛭䛾ኚ␗䛜㞟ᅋෆ䛷 㻝㻑
௨ୖ䛾㢖ᗘ䛷ぢ䜙䜜䜛䜒䛾㻕ゎᯒ䜔ḟୡ௦㑇ఏᏊゎᯒ⨨䛻䜘䜛ゎᯒ䛺䛹䛷ཎᅉ㑇ఏᏊ䛾
ྠᐃ䜢ᐇ䛩䜛䚹㑇ఏᏊゎᯒ䛻䜘䛳䛶᫂䜙䛛䛸䛺䛳䛯ཎᅉ㑇ఏᏊ䛾ᶵ⬟ゎᯒ䜢⾜䛔䚸ᝈ䛾
Ⓨ⏕ᶵᗎ䜢ゎ᫂䛩䜛䚹䛭䛾Ⓨ⏕ᶵᗎ䜢ඖ䛻ᝈ䛾ண㜵ἲ䛚䜘䜃⒪ἲ䛾᳨ウ䜢⾜䛺䛔䚸䛭
䛾ᝈ䛾ண㜵ἲ䞉⒪ἲ䜢㛤Ⓨ䛩䜛䚹㻌
䠄䠎䠅◊✲⤌⧊
◊✲௦⾲⪅ࡢᙺ㸸◊✲௦⾲⪅ࡢ㜰ཱྀࡣࠊ㯞ᕸᏛ࠾ࡼࡧᏛࡸ⋇་㝔࠾ࡅࡿ≟
ࡢ㑇ఏ㛵㐃ᝈࢆ㞟ࡵࠊ㣫࠸ࡢᢎㅙᚋࠊࡑࡢẼࡢ≟ࡽ⾑Ύ'1$ࢆ᥇ྲྀ࣭ಖ
Ꮡࡍࡿࠋࡲࡓࠊࡑࡢẚ㍑◊✲ࡢࡓࡵࠊ୍⯡≟ࡢ'1$ࢆ᥇ྲྀ࣭ಖᏑࡍࡿࠋ◊✲⪅ࡢせᮃ
ἢࡗ࡚ᚲせ࡞'1$ࢆ౪⤥ࡍࡿࠋࡲࡓࠊ㑇ఏᏊゎᯒᚲせ࡞ᢏ⾡ࡸሗࢆྛ◊✲⪅౪
⤥ࡋࠊศᏊ⏕Ꮫⓗᡭἲ័ࢀ࡞࠸⮫ᗋ⋇་ᖌᑐࡋ࡚ࡣᐇ㝿ࡢᐇ㦂࣭ゎᯒࢆᡭఏ࠺ࠋࡲ
ࡓࠊྛ◊✲⪅㛫ࡢ᳨యࡸሗࢆ௰ࡋ࡚◊✲⪅㛫ࡢ㐃ᦠࡀࢫ࣒࣮ࢬ⾜࠺ࡼ࠺ࡍࡿࠋ
ྛ◊✲⪅ࡢᙺศᢸࡸ㈐௵యไࡢ᫂☜ࡉ㸸◊✲⪅ࡈ◊✲ࢸ࣮࣐ࢆᣢࡕࠊᖺ㸰ᅇ◊✲
⤖ᯝࡢⓎ⾲ࢆ⾜࠺ࠋࡑࡢ㆟ࡣୖグࡢእ㒊ࡢඹྠ◊✲ᶵ㛵ࡢඛ⏕᪉ࡶཧຍࡋࠊホ
౯࣭ࢥ࣓ࣥࢺࢆ࠸ࡓࡔ࠸ࡓࠋࡑࡢ㐍ᤖ≧ἣࢆ◊✲௦⾲⪅ࡀุ᩿ࡋࠊࢫ࣒࣮ࢬ◊✲ࡀ㐍
ࡴࡼ࠺ຓゝ࣭ࢧ࣏࣮ࢺࢆ⾜ࡗࡓࠋ◊✲ࡢ㐍⾜㛵ࡋ࡚ࡣᢸᙜࡢ◊✲⪅◊✲௦⾲⪅ࡀ
㈐௵ࢆᣢࡗ࡚⾜࠸ࠊ◊✲㈝ࡢᨭฟࡣྛ◊✲⪅ࡢ㐍⾜ᛂࡌ࡚◊✲௦⾲⪅ࡀᨭ⤥ࡋࡓࠋ
◊✲ࣉࣟࢪ࢙ࢡࢺཧຍࡍࡿ◊✲⪅ࡢேᩘ㸸◊✲ࣉࣟࢪ࢙ࢡࢺཧຍࡋ࡚࠸ࡿ࡞◊✲
⪅ࡣ㸯㸮グ㍕ࡋࡓ࠾ࡾࠊྡ࡛࠶ࡿࠋࡑࡢࡢ◊✲༠ຊ⪅ࡀྡ㸦ෆヂࡋ࡚㯞
ᕸᏛྡࠊᮾிᏛྡࠊி㒔Ꮫ㸱ྡࠊᶓᕷ❧Ꮫ㸰ྡࠊᡂ⫱་⒪◊✲ࢭࣥࢱ
࣮ྡࠊ⛉Ꮫ㆙ᐹ◊✲ᡤ㸯ྡࠊ⌮Ꮫ◊✲ᡤྡࠊ࣓ࢽࢥࣥ㸯ྡࠊ࢝࣍ࢸࢡࣀ㸯ྡࠊ᳨
デࢭࣥࢱ࣮࣑࢟ࣕࢵࢡ㸰ྡࠊΏ㎶ື≀㝔㸯ྡ㸧࡛ྜィྡ࡛࠶ࡿࠋ
Ꮫ㝔⏕࣭3'㸪5$ࡢேᩘ࣭ά⏝≧ἣ㸸Ꮫ㝔ྡࠊ3'ྡࠊ5$ྡࡀཧຍࡋ࡚࠸ࡿࠋ
◊✲ࢳ࣮࣒㛫ࡢ㐃ᦠ≧ἣ㸸◊✲ࢳ࣮࣒ෆ࡛ࡢ㐃ᦠࡣ࠺ࡲࡃᶵ⬟ࡋ࡚࠸ࡿࠋ
࣭ஂᮎࡣἑ◊✲ᐊ '1$ ኚ␗㒊ศࡢ '1$ ゎᯒࢆ౫㢗ࡋࡓࠋ
࣭ᮧୖ㈼ࡣᑠື≀⮫ᗋᡤᒓࡢᕝཎඛ⏕༠ຊࡋ࡚⬺ẟࡢ≟ࡽࡢ⓶⤌⧊ࢧࣥࣉࣝ
᥇㞟ࢆ౫㢗ࡋ࡚࠸ࡿࠋࡲࡓࠊᑠື≀⮫ᗋᡤᒓࡢ༳∾༠ຊࡋ࡚ࢩ࣮ࢬ࣮≟ぢࡽࢀࡿཎ
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ᅉ᫂ࡢඛኳᛶ⥙⭷㞳ࡢ║ᝈ࠾ࡅࡿ㑇ఏᏊ␗ᖖࡢሗࢆࡋ࡚࠸ࡿࠋ⫧‶㛵㐃
㑇ఏᏊከᆺゎᯒࡢࡓࡵࠊ⳥Ỉࡽ≉ᐃࡢ≟✀ࡢ '1$ ࢧࣥࣉࣝࡢᥦ౪ࢆ౫㢗ࡋࡓࠋ
࣭㰻⸨ࡣ࡚ࢇࢇࡢ㑇ఏᏊゎᯒ࠾࠸࡚㜰ཱྀ㑇ఏᏊゎᯒᢏ⾡ᣦᑟࢆ౫㢗ࡋࡓࠋ
࣭ἑࡣື≀ᕤᏛ◊✲ᐊᡤᒓࡢ⏣୰᫂ᩍᤵඹྠ࡛ࠊ㑇ఏᏊከᆺࡢゎᯒࢆ㐍ࡵࡓࠋ
ࡉࡽஂᮎඹྠ࡛≟ࡢ⭘⒆ቯṚᅉᏊ 71)Ș 㑇ఏᏊࡢከᆺゎᯒࡘ࠸ඹྠ࡛◊✲ࢆ
㐍ࡵࡓࠋ≟ࡢ '1$ ᳨యࡣஂᮎࠊ㜰ཱྀࡽ᳨యࡢ౪ࢆཷࡅࡓࠋ
ࡇࡢࡼ࠺◊✲⌜ෆ࡛ '1$ ࡢ᳨యᮦᩱࢆ࠸⼥㏻ࡋ࠶࠸ࠊᐇ㦂ᡭᢏࡸࢹ࣮ࢱゎᯒࡶ
༠ຊࡋ࡚㐍ࡵࡓࠋ
◊✲ᨭయไ㸸ୖ㏙ࡋࡓࡼ࠺◊✲⪅㛫࡛ᚓព࡞ศ㔝ࢆ⏕ࡋ࡚┦⿵ⓗ◊✲ࢆࢧ࣏࣮
ࢺࡋ࡚࠸ࡿࠋᚲせ࡞ᶵჾ➼ࡣ◊✲௦⾲⪅ศᢸ⪅ࡀヰࡋྜࡗ࡚㉎ධࢆࡋ࡚࠸ࡿࠋ
ඹྠ◊✲ᶵ㛵➼ࡢ㐃ᦠ㸸⌮Ꮫ◊✲ᡤ䛾ஂಖඛ⏕䛿ே䛾㑇ఏ㛵㐃ᝈ䛾㑇ఏᏊゎᯒ䛾
ᑓ㛛ᐙ䛷䚸≟䛾㑇ఏ㛵㐃ᝈ䛾ゎᯒ䛾ຓゝ䜢⾜䛳䛯䚹≟䛾ⓑෆ㞀䛾 㻿㻺㻼䠄୍ሷᇶከᆺ䠅ゎ
ᯒ䛿ஂಖඛ⏕䛾༠ຊ䛷⌮◊䝆䜵䝛䝅䝇䛷⾜䛳䛯䚹ᮾி㎰ᕤᏛ⋇་Ꮫ⛉䛾ᒾᓮඛ⏕䛿⋇་
ෆ⛉ᩍᤵ䛷≟䛾㑇ఏ㛵㐃ᝈ䛾 㻰㻺㻭 ᳨య䛾㞟䜔ゎᯒ䛾䜰䝗䝞䜲䝇䜢⾜䛳䛯䚹≉䛻≟䛾䜰
䝺䝹䜼䞊ᝈ䛾◊✲䛾ᶒጾ⪅䛷䛒䜛䚹ಶேⓗ㒔ྜ䛷ᖹᡂ 㻞㻡 ᖺ 㻟 ᭶䛻Ꮫ䜢㏥ᐁ䛥䜜䛯䛾
䛷䚸ᖹᡂ 㻞㻡 ᖺᗘ䛛䜙ྠ䛨Ꮫ䛾᳃ඛ⏕䛻౫㢗䛧䛯䚹ᮾிᏛ⋇་Ꮫ⛉䛾⋢ཎඛ⏕䛿≟
䛾㑇ఏᝈ䛾◊✲䜢⾜䛳䛶䛚䜚䚸≟䛾㑇ఏ㛵㐃ᝈ䛾 㻰㻺㻭 ᳨య䛾㞟䜔ゎᯒ䛾䜰䝗䝞䜲
䝇䜢౫㢗䛧䛯䚹ᖹᡂ 㻞㻢 ᖺ 㻠 ᭶ᮾிᏛ䛛䜙Ẹ㛫䛾⋇་㝔䛻⛣䜙䜜䛯䛾䛷䚸ᖹᡂ 㻞㻢 ᖺᗘ
䛛䜙㮵ඣᓥᏛ⋇་Ꮫ⛉䛾ඛ⏕䛻௦䜟䜚䜢䛚㢪䛔䛧䛯䚹ඛ⏕䛿≟䞉⊧䛾㑇ఏ㛵㐃
ᝈ䛾◊✲䜢⾜䛳䛶䛚䜚䚸≟䛾㑇ఏ㛵㐃ᝈ䛾 㻰㻺㻭 ᳨య䛾㞟䜔ゎᯒ䛾ຓゝ䜢⾜䛳䛯䚹
ඹྠ◊✲ᶵ㛵௨እ䛸䛾ඹྠ◊✲
䞉༳∾䛿║ᝈ䛾ඹྠ◊✲⪅䛸䛧䛶ᶓᕷ❧Ꮫ䞉་Ꮫ㒊║⛉Ꮫᩍᐊ䛾Ỉᮌಙஂᩍᤵ䚸┠
㯮᫂ㅮᖌ䛻ᮏ䝥䝻䝆䜵䜽䝖㛵㐃䛾䜰䝗䝞䜲䝇䜢౫㢗䛧䛶䛔䜛䚹䜎䛯䚸䝯䝙䝁䞁♫䛾ᏳṇᶞẶ
䛻 㻰㻺㻭 ゎᯒ䜢౫㢗䛧䛶䛔䜛䚹
䞉⳥Ỉ䛿ඹྠ◊✲⪅䛸䛧䛶ி㒔Ꮫ䛾⸨⏣⏕ඛ⏕䚸ᮧᒣ⨾✑ඛ⏕䛛䜙䜸䜸䜹䝭䛾 㻰㻺㻭 䛾
ᥦ౪䛻ຍ䛘䚸㑇ఏᏊゎᯒᢏ⾡ᣦᑟ䜢ཷ䛡䛶䛔䜛䚹ᅜ❧ᡂ⫱་⒪◊✲䝉䞁䝍䞊䛾῝ぢ┿ᕼඛ
⏕䛛䜙䛿 㻰㻺㻭 䛾䝁䝢䞊䝘䞁䝞䞊ኚ␗䛾ゎᯒ䜢ඹྠ䛷ᐇ䛧䛯䚹䜎䛯ᅜ❧ᡂ⫱་⒪◊✲䝉䞁
䝍䞊䛾⛙୍㑻ඛ⏕䛸䛿ᰘ≟䛾ḟୡ௦ᆺ䝅䞊䜽䜶䞁䝃䞊䜢⏝䛔䛯⥙⨶ⓗ㑇ఏᏊゎᯒ䜢ᐇ
䛧䛯䚹⌮Ꮫ◊✲ᡤ䛾᱈ἑᖾ⚽ඛ⏕䛻䛿䚸⥙⨶ⓗ 㻿㻺㻼 ゎᯒ䛸⾜ື䛸䛾㛵㐃ゎᯒ䛻㛵䛧䛶䛾
ຓゝ䜢౫㢗䛧䛯䚹
䞉ஂᮎ䛿≟䛾⭘⒆ቯṚᅉᏊ㻔㼀㻺㻲㻙䃐㻕㑇ఏᏊ䛻㛵䛩䜛◊✲䜢䜹䝩䝔䜽䝜䛾ඹྠ䛷⾜䛳䛶䛔䜛䚹
䞉ᮧୖ㈼䛿Ꮫእඹྠ◊✲⪅䛸䛧䛶䛔䜛ி㒔ᏛᏛ㝔㎰Ꮫ◊✲⛉ᛂ⏝⏕≀Ꮫᑓᨷ䛾⯚ሙ
ṇᖾඛ⏕䛻≟䛾⫧‶䜔⬡⫫⣽⬊ศ䛻㛵䛩䜛㑇ఏᏊⓎ⌧䛾ሗᥦ౪䜔ᐇ㦂䛾༠ຊ䜢౫㢗
䛧䛶䛔䜛䚹䜎䛯䚸⫧‶㛵㐃㑇ఏᏊከᆺゎᯒ䛾䛯䜑䛻䚸ᮾிᏛ⋇་Ꮫ⛉㎷ᮏඛ⏕䛛䜙≉ᐃ
䛾≟✀䛾 㻰㻺㻭 䝃䞁䝥䝹䛾ᥦ౪䜢౫㢗䛧䛯䚹
䞉㰻⸨䛿㯞ᕸᏛ䠑ྡ䠄⚄⤒⛉◊ಟ⋇་ᖌ䠅䚸᳨デ䝉䞁䝍䞊䜻䝱䝭䝑䜽䚸Ώ㎶ື≀㝔䛛䜙䚸᳨
యᥦ౪䛸⮫ᗋሗᥦ౪䜢౫㢗䛧䛯䚹
䠄䠏䠅◊✲タ䞉タഛ➼
◊✲䛻ᚲせ䛺タഛ䛿䛣䛾ண⟬䛷㉎ධ䛧䛯䚹௨๓䛻㉎ධ䛧䛯タഛ䜒ᮏ◊✲䛻⏝䛔䛶䛔䜛䚹㻌
ᖹᡂ䠎䠏ᖺᗘ䠖⺯ග䞉Ⓨග䝥䝺䞊䝖䝸䞊䝎㻌 㻝㻡㻢 㛫㻛䠍ᖺ䠄䠍ᅇ䛾⏝䛜䠎䠌ศ⛬ᗘ䠅㻌
ᖹᡂ䠎䠐ᖺᗘ䠖䝸䜰䝹䝍䜲䝮 㻼㻯㻾 ⨨㻌 㻝㻜㻡㻟 㛫㻛䠍ᖺ㻌
ᖹᡂ䠎䠑ᖺᗘ䠖⺯ග㢧ᚤ㙾⨨୍ᘧ㻌 㻝㻤㻜 㛫㻛䠍ᖺ㻌 㻌
ᮏண⟬䛷㉎ධ䛧䛯䛾タഛ䛷䛺䜒䛾䠖෭༷㐲ᚰᶵ 㻝㻜㻜㻜 㛫㻛ᖺ䚸䝃䞊䝬䝹䝃䜲䜽䝷䞊㻔㻼㻯㻾
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⨨㻕㻞㻢㻜 㛫㻛ᖺ䚸䝯䝕䜱䜹䝹෭ⶶᗜ㻌 㻤㻣㻢㻜 㛫㻛䠍ᖺ 䚸㉸ప
䞁䝟䜽㌿⨨ 㻟㻜㻜 㛫㻛䠍ᖺ㻌

䝣䝸䞊䝄䞊㻤㻣㻢㻜 㛫㻛䠍ᖺ䚸䝍

㻌
䠄䠐䠅◊✲ᡂᯝ䛾ᴫせ㻌 㻌
≟䛾㑇ఏᛶᝈ䛻䛚䛡䜛 㻰㻺㻭 㞟䞉⢭〇䞉౪⤥䛚䜘䜃ᝈሗ䛾䝕䞊䝍䝧䞊䝇㻌
㯞ᕸᏛ䛺䛹䛾Ꮫᡤᒓ䛾⋇་ᖌ䜔◊✲⪅䜢୰ᚰ䛻㑇ఏ䚸㑇ఏ㛵㐃ᝈ䜢ྵ䜐㠀ឤ
ᰁᛶᝈ䛾≟䛚䜘䜃୍⯡㞟ᅋ≟䛛䜙 㻰㻺㻭 㞟䜢⾜䛔䚸䠍 㻡㻤㻢㻡 ᳨య䛜㞟䛥䜜䛯䚹㞟᳨
య䛾┠ᶆ䛜 㻝  㻤㻜㻜㻜 ᳨య䛺䛾䛷䚸㻤㻤㻑䛾㐩ᡂᗘ䛷䛒䜛䚹≟✀䛿 㻝㻟㻜 ✀௨ୖ䛷ୖ䠏≟✀䛿
䜴䜵䝹䝅䝳࣭ࢥ࣮ࢠ࣮࣭࣌ࣥࣈ࣮ࣟࣈ  ࠊࢳࣗࢲࢵࢡࢫ  ࠊࣉ࣮ࢻࣝ 
䛷䛒䛳䛯䚹䜸䝇䞉䝯䝇䛾ẚ⋡䛿 㸸䛷䚸ᖹᆒᖺ௧ࡣ  ᡯ࡛࠶ࡗࡓࠋ
ⓑෆ㞀䜢䛿䛨䜑䛸䛩䜛║ᝈ䚸䛶䜣䛛䜣䜢䛿䛨䜑䛸䛩䜛⚄⤒ᝈ䚸䜰䝺䝹䜼䞊ᝈ䜢䛿䛨
䜑䛸䛩䜛චᝈ䛺䛹 㻣㻢㻞㻤 䛜㞟䛥䜜䛯䚹⌧ᅾ䚸᭱⤊ⓗ䛺デ᩿䛜Ỵᐃ䛧䛶䛔䛺䛔
䜔ᝈሗ䛜䜎䛰᮶䛶䛔䛺䛔䜒䛾䛜ከᩘ䛒䜚䚸ᚋ䚸ᝈሗ䜢㏣ຍ䛧䛶䛔䛟䚹୍⯡㛤ᴗ䛾
⋇་ᖌ䛾ሙྜ䚸ᝈデ᩿ᇶ‽䜔⬟ຊ䛻䝞䝷䝒䜻䛜䛒䜛䛯䜑䚸᳨య䛻㛵䛧䛶䛿⋇་Ꮫ
䛾ᩍဨ䜢୰ᚰ䛻デ⒪䞉デ᩿䛧䛶᥇ྲྀ䛧䛯䚹䛧䛛䛧䚸䜰䝖䝢䞊ᛶ⓶⅖䛻㛵䛧䛶䛿䜰䝺䝹䜼䞊
⒪ἲ䛾㐍Ṍ䛷⋇་Ꮫ㝔䛻᮶㝔䛩䜛ᝈ≟䛜㠀ᖖ䛻ᑡ䛺䛟䛺䛳䛯䛯䜑䚸㛤ᴗ⋇་ᖌ䛷䜰
䝖䝢䞊ᛶ⓶⅖䛾ᑓ㛛་䛻౫㢗䛧䛶ᅜ㝿ⓗ䛺デ᩿ᇶ‽䛾ᇶ䛻᳨య䜢᥇ྲྀ䛧䛯䚹㻌
ᝈ䛜㞟䜑䜙䜜䚸ᝈ㛵㐃㑇ఏᏊ䜢ゎᯒ䛩䜛䛸䛝䛻䚸㝜ᛶᑐ㇟䛸䛺䜛୍⯡㞟ᅋ䛛䜙
᥇ྲྀ䛧䛯≟䛾 㻰㻺㻭 䛜ᚲせ䛸䛺䛳䛯䚹୍⯡㞟ᅋ≟䛾 㻰㻺㻭 䛜䛺䛔䛸ᝈ㑇ఏᏊゎᯒ䛜㐍䜎䛺䛔
䛯䜑䚸ᮏ䝥䝻䝆䜵䜽䝖䛷䛿䚸୍⯡㞟ᅋ䛛䜙䛾≟䛾 㻰㻺㻭 ᳨య䛾᥇ྲྀ䜒✚ᴟⓗ䛻⾜䛖䜘䛖䛻䛺䜚䚸
㞟 㻰㻺㻭 ᳨యᩘ䛻୍⯡㞟ᅋ≟䛾᳨యᩘ䜒ຍ䛘䛯䚹㻌
㞟ࡉࢀࡓ '1$ ᳨యࡣࡇࡢࣉࣟࢪ࢙ࢡࢺࡢ◊✲⪅ᥦ౪ࡋ࡚㑇ఏ㛵㐃ᝈࡢゎᯒࢆ
⾜ࡗࡓࠋࡲࡓࠊࡢ◊✲⪅ '1$ ࢆ౪⤥ࡋࠊඹྠ◊✲ࢆ⾜ࡗ࡚࠸ࡿࠋ 㻖 ⛉Ꮫ㆙ᐹ◊✲
ᡤ࡛⾜ࡗ࡚࠸ࡿࠕ࣐ࢡࣟࢧࢸࣛࢺከᆺゎᯒࢆ⏝࠸ࡓ≟ࡢಶయ㆑ูἲࡢ᳨ウࠖ≟ࡢ
'1$ ࢆᥦ౪ࡋࡓࠋࡇࢀࡣ≟ࡢ '1$ ࡣ㸪യᐖࡸ⾑⤫᭩ഇ࡞┤᥋ື≀ࡀ㛵ࢃࡿ௳ࡽ㸪
ᙉ┐ࡸᙉጮ࡞ࡢ⌧ሙ≢ே╔ࡋࡓື≀ẟࡀ㑇␃ࡉࢀࡿ௳ࡲ࡛㸪ከᒱࢃࡓࡗ࡚
㔜せ࡞ドᣐ࡞ࡿࡓࡵ࡛࠶ࡿ ᏛⓎ⾲  ࠋࡲࡓࠊ 㻖 ᮾிᏛ⋇་Ꮫ⛉ᆤඛ⏕ࡣ
ࠕ:KROH([RPH6HTXHQFH ἲࡼࡿ≟ࡢ㑇ఏᛶ⚄⤒ᝈࡢཎᅉ㑇ఏᏊྠᐃࠖࡢ◊✲࡛ࣃ
ࣆࣚࣥ≟ࡢ⚄⤒㍈⣴ࢪࢫࢺࣟࣇ࣮ࡢ㝜ᛶᑐ↷ࡢࣃࣆࣚࣥ≟ࡢ  ᳨యࡢ '1$ ࢆ㑇ఏᏊ
ࣂࣥࢡࡽᥦ౪ࡋࡓ ᏛⓎ⾲  ࠋ㑇ఏ㛵㐃ᝈ䛾◊✲⪅䛿䛛䜙ᝈ㑇ఏᏊ䛾㞟
䜢⾜䛖䛜䚸ྠ䛨≟✀䛷㝜ᛶᑐ↷䛸䛺䜛䜒䛾䛾㞟䛜䛺䛔ሙྜ䛜ከ䛔䛾䛷䚸䛣䛾䜘䛖䛺㑇ఏᏊ
䝞䞁䜽䛾⏝䜒ᚋ䚸⾜䛳䛶䛔䛟ணᐃ䛷䛒䜛䚹
㞟䛥䜜䛯᳨యሗ䛿䝞䜲䜸䝞䞁䜽䛻Ⓩ㘓䛧䚸ᝈሗ䜢䝕䞊䝍䝧䞊䝇䛧䛯䚹ᚋ䚸
㞟䛥䜜䛯≟✀䜔ᝈ䛻㛵䛧䛶䛿◊✲䜾䝹䞊䝥ෆእ䛷䛾ሗ䛾ඹ᭷䜢⾜䛳䛶䛔䛟䛸䛸䜒䛻䚸ୖ
㏙䛧䛯䜘䛖䛻䛾◊✲⪅䛜⾜䛖◊✲䛻䜒✚ᴟⓗ䛻༠ຊ䜢⾜䛖䚹㻌
䞉≟䛾⥳ෆ㞀䛚䜘䜃ⓑෆ㞀䛾㑇ఏᏊゎᯒ㻌
㻌 ≟䛾⥳ෆ㞀㛵㐃㑇ఏᏊ䛻䛴䛔䛶䛿ゎᯒ䜢⾜䛔䚸ㄽᩥ䛷䛝䛯䛜䚸ⓑෆ㞀䛾㑇ఏᏊゎᯒ䛻
䛴䛔䛶䛿䜎䛰ゎᯒ୰䛷㐩ᡂᗘ䛿 㻢㻜䠂䛷䛒䜛䚹㯞ᕸᏛ㝃ᒓື≀㝔䛾║⛉䛻⤂䛥䜜䛯
║ᝈ䜢䜒䛸䛻║ᝈ䛻䛚䛡䜛ཎᅉ㑇ఏᏊ䜢᥈ồ䛧䛯䚹㻰㻺㻭 䝃䞁䝥䝹䛾║ᝈ䛿䚸⋇
་║⛉ᑓ㛛་䛻䜘䜛║⛉᳨ᰝ䛻䜘䛳䛶デ᩿䛥䜜䛯䛸䛧䛯䚹䛣䛾䝥䝻䝆䜵䜽䝖䛾ཎᅉ㑇ఏ
Ꮚゎ᫂䛾ᝈ䛿⤂᮶㝔㢌ᩘ䜢ㄪᰝ䛧䚸≟✀౫Ꮡᛶ䛜ᴟ䜑䛶㧗䛔䜒䛾䛸䛧䛶ゎᯒ䛧䛯䚹㯞
ᕸᏛ㝃ᒓື≀㝔䛾║⛉䛻⤂䛥䜜䛯 㻠㻢㻣㻜 䛛䜙䚸║ᝈ䛾 㻰㻺㻭 䝃䞁䝥䝹䜢
㞟䛧䚸ᘏ䜉 㻞㻢㻡㻡 䝃䞁䝥䝹䜢㞟䛧䛯䚹║ᝈ䛻䛚䛡䜛ཎᅉ㑇ఏᏊ䜢᥈ồ䛩䜛┠ⓗ䛷䚸䛾
ᝈ⩌䜢ㄪ䜉䛯䚹䛭䛾⤖ᯝ䚸㻠㻢㻣㻜 䛾䛖䛱䚸ⓑෆ㞀䛜⣙ 㻞㻝䠂䚸⥳ෆ㞀䛜⣙䠓䠂䜢♧䛧䛶䛔
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䛯䚹䛣䛾䠎䛴䛾ᝈ䛻ዲⓎ≟✀䛜Ꮡᅾ䛩䜛䛣䛸䛜䜟䛛䛳䛯䚹㻔㻖㻟㻕ⓑෆ㞀䛿║ᝈ⨯ᝈ䜰䝯䝸䜹
䞁䞉䝁䝑䜹䞊䞉䝇䝟䝙䜶䝹䛾 㻢㻣㻚㻣㻑䛷ㄆ䜑䜙䜜䚸䜎䛯⥳ෆ㞀䛿║ᝈ⨯ᝈᰘ≟䛾 㻠㻞㻚㻥㻑䛷ㄆ䜑䜙
䜜䛯䠄ㄽᩥ 㻝㻝䠅䚹䛭䛣䛷䚸䜰䝯䝸䜹䞁䞉䝁䝑䜹䞊䞉䝇䝟䝙䜶䝹䛷䛿ⓑෆ㞀ཎᅉ㑇ఏᏊ䜢䚸ᰘ≟䛷䛿
⥳ෆ㞀ཎᅉ㑇ఏᏊ䛾ゎ᫂䜢⾜䛳䛯䚹㻌
䜰䝯䝸䜹䞁䞉䝁䝑䜹䞊䞉䝇䝟䝙䜶䝹䛾ⓑෆ㞀䛾Ⓨ䛻䛴䛔䛶䚸䛩䛷䛻ሗ࿌䛥䜜䛶䛔䜛䝇䝍䝑䝣
䜷䞊䝗䝅䝱䇷䞉䝤䝹䞉䝔䝸䜰䛸䝪䝇䝖䞁䞉䝔䝸䜰䛾ⓑෆ㞀㛵㐃㑇ఏᏊ 㻴㻿㻲㻠 㑇ఏᏊ䛾ኚ␗䛻䛴䛔
䛶䚸䜰䝯䝸䜹䞁䞉䝁䝑䜹䞊䞉䝇䝟䝙䜶䝹䛾ⓑෆ㞀 㻞㻡 㢌䛷㑇ఏᏊゎᯒ䜢⾜䛳䛯䛜 㻴㻿㻲㻠 㑇ఏ
Ꮚ䛾ኚ␗䛿ㄆ䜑䜙䜜䛺䛛䛳䛯䚹ḟ䛻 㻰㻺㻭 䜰䝺䞊䜢⏝䛔䛯 㻿㻺㻼䠄୍ሷᇶከᙧ䠖㑇ఏᏊ㓄ิ୰䛻
䠍 䛴 䛾 㻰㻺㻭 䛜 ኚ ␗ 䛧 䛯 ከ ᵝ ᛶ 䠅 䛾 ⥙ ⨶ ⓗ 㑇 ఏ Ꮚ ゎ ᯒ 䜢 ⾜ 䛳 䛯 䚹 㻝㻡 ␒ ᰁ Ⰽ య ୖ 䛾
㼞㼟㻞㻞㻠㻞㻤㻠㻡㻠㻔䜶䞁䝗䝉䝸䞁ཷᐜయ䝍䜲䝥 㻭 㑇ఏᏊ㻕䛸 㻟㻝 ␒ᰁⰍయୖ䛾 㼞㼟㻞㻟㻢㻤㻡㻡㻣㻡 䛜Ⓨ䛸䛾
㛵㐃䜢♧၀䛩䜛⤖ᯝ䛜ᚓ䜙䜜䛯䚹䜶䞁䝗䝉䝸䞁ཷᐜయ䝍䜲䝥 㻭 㑇ఏᏊ䛿䠓䛴䛾䜶䜽䝋䞁䛛䜙䛺
䜚䚸㼞㼟㻞㻞㻠㻞㻤㻠㻡㻠 䛿䜶䜽䝋䞁䠍䛸䜶䜽䝋䞁䠎䛾㛫䛾䜲䞁䝖䝻䞁㡿ᇦ䛻Ꮡᅾ䛩䜛䚹䜰䝯䝸䜹䞁䞉䝁䝑䜹
䞊䞉䝇䝟䝙䜶䝹䛾ⓑෆ㞀≟㝧ᛶ 㻞㻝 䚸㝜ᛶ 㻡 䛾䜶䞁䝗䝉䝸䞁ཷᐜయ䝍䜲䝥 㻭 㑇ఏᏊ䛾
㑇ఏᏊ㓄ิ䛾ゎᯒ䜢⾜䛳䛯䚹䛧䛛䛧䚸䜶䜽䝋䞁㒊ศ䛻䛚䛔䛶䛾ኚ␗䛿ㄆ䜑䜙䜜䛺䛛䛳
䛯䚹䛣䛾䜶䞁䝗䝉䝸䞁ཷᐜయ䝍䜲䝥 㻭 㑇ఏᏊ䛾䜶䜽䝋䞁㒊ศ䛾㑇ఏᏊኚ␗䛜ⓑෆ㞀Ⓨ䛻㛵
䛩䜛ྍ⬟ᛶ䛿ప䛔䛸⪃䛘䜙䜜䛯䚹㻌
㻔㻖㻠㻕≟䛾⥳ෆ㞀䛾㑇ఏᏊゎᯒ䛾 㻰㻺㻭 ᳨య䛸䛧䛶䚸ᰘ≟ 㻠㻣 㢌䚸ᖖ≟ 㻟㻠 㢌䜢⏝䛔䛯䚹䛭
䛾⤖ᯝ䚸㻿㻾㻮㻰㻝 㑇ఏᏊ䛾 㻞 䛴䛾᪂䛧䛔ኚ␗ 㼞㼟㻞㻞㻜㻝㻤㻡㻝㻟 䛸 㼞㼟㻞㻞㻜㻝㻤㻡㻝㻠 䛜≟⥳ෆ㞀䛾Ⓨ㛵
㐃䜢♧၀䛩䜛⤖ᯝ䛜ᚓ䜙䜜䛯㻔㞧ㄅㄽᩥ 㻠㻢䚸ᏛⓎ⾲ 㻟㻝㻕䚹≟⥳ෆ㞀䛾ཎᅉ㛵㐃㑇ఏᏊ䛿䚸
䛩䛷䛻䝡䞊䜾䝹≟䛷 㻭㻰㻭㻹㼀㻿㻝㻜 㑇ఏᏊ䛾 㻿㻺㻼㻡㻢㻜㻥㻣㻜㻢㻡 䛜ሗ࿌䛥䜜䛶䛔䜛䛜䚸䛣䛾 㻿㻺㻼 䛸
⥳ ෆ 㞀 ᰘ ≟ 䛸 䛾 㛵 㐃 䛿 䜏 䜙 䜜 䛺 䛛 䛳 䛯 䚹 䜎 䛯 䚸 㻔㻖㻡㻕㻿㻾㻮㻰 䠍 㑇 ఏ Ꮚ 䛾 㼞㼟㻞㻞㻜㻝㻤㻡㻝㻟 䛸
㼞㼟㻞㻞㻜㻝㻤㻡㻝㻠 䛜ᰘ≟䛾㣫⫱ᆅ䛻౫Ꮡ䛧䛶䛔䜛ྍ⬟ᛶ䛜ྰᐃ䛷䛝䛺䛔䛣䛸䛛䜙䚸䜘䜚ᗈᇦ䛻㣫⫱
䛧䛶䛔䜛ᰘ≟䜢ᑐ㇟䛸䛧䛯ㄪᰝ䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䚸ᰘ≟⥳ෆ㞀䛸䛾㛵㐃䛜 㻿㻾㻮㻰䠍㑇ఏᏊ
䛾 㼞㼟㻞㻞㻜㻝㻤㻡㻝㻟 䛷≉䛻ᙉ䛟ㄆ䜑䜙䜜䚸ᰘ≟⥳ෆ㞀䛻䛚䛡䜛 㻿㻾㻮㻰㻝 㑇ఏᏊ䛾ኚ␗䛾⌧ᛶ䛜
☜ㄆ䛷䛝䛯㻔ᏛⓎ⾲ 㻝㻜㻕䚹㻌
≟䛻䛚䛡䜛䝠䝖䜈䛾㐺ྜᛶ䛻㛵䛩䜛㑇ఏᏊゎᯒ㻌
䝠䝖䛸䛾㐺ᛂᛶ䚸䛩䛺䜟䛱♫ᛶ䛻㛵䛩䜛㑇ఏᏊྠᐃ䜢ヨ䜏䚸䠍䠅♫ᛶ䛻㛵䛩䜛≟✀ᕪ
䜢㑇ఏⓗ᥎⛣䛾୰䛻ぢฟ䛧䛯䠄㐩ᡂ 㻝㻜㻜㻑䠅䚸䠎䠅≟䛾ᐙ␆䛾㐣⛬䛷䛣䛾䜘䛖䛺♫ᛶ䛻䜘䜛
㑅ᢥᅽ䛜ᙉ䛛䛳䛯䛣䛸䜢♧၀䛩䜛䝕䞊䝍䜢ぢฟ䛧䛯䠄㐩ᡂ 㻝㻜㻜㻑䠅䚸䠏䠅䝠䝖䜈䛾♫ㄆ▱⬟ຊ䛻
≟✀ᕪ䜢ぢฟ䛧䚸䛭䜜䛻㛵㐃䛩䜛㑇ఏᏊ䜢」ᩘྠᐃ䛧䛯䠄㐩ᡂ 㻥㻜㻑䠅䚸䛣䛸䛛䜙䜋䜌┠ⓗ䜢㐩
䛧䛯䚹㻌
᪥ᮏཬ䜃⡿ᅜ䛻䛚䛡䜛୍⯡䛾㣫䛔ཬ䜃䝤䝸䞊䝎䞊䜢ᑐ㇟䛸䛧䛯≟䛾⾜ື≉ᛶ䛻㛵䛩䜛
ㄪᰝ䜢ᐇ䛧䛯䚹≟✀䜢᪤䛻ሗ࿌䛥䜜䛶䛔䛯㑇ఏศᒱᅗ䜢ඖ䛻 㻤 䛴䛾䜾䝹䞊䝥䛻ศ㢮䛧䚸ᅉ
Ꮚศᯒཬ䜃ᖹ⾜ศᯒ䜢⾜䛔䚸ྛᅉᏊ䛾ᖹᆒ್䜢ᅉᏊᚓⅬ䛸䛧䛶䚸⾜ື≉ᛶ䛾≟✀䜾䝹䞊䝥
ẚ㍑䛻⏝䛔䛯䚹䛭䛾⤖ᯝ䚸䠄㻖㻢䠅ཎጞⓗ䛺≟䜾䝹䞊䝥䛾≟䛿䛹䛾≟✀䜾䝹䞊䝥䜘䜚䜒䝠䝖䜈䛾
ឡ╔䛜ప䛔䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䠄㼜㻨㻜㻚㻜㻡䠅㻔㞧ㄅㄽᩥ 㻝㻞㻕䚹ཎጞⓗ䛺≟䛾ឡ╔䛿䛭䛾䛾䛹䛾
≟✀䜾䝹䞊䝥䜘䜚䜒ప䛟䚸ඛ⾜◊✲䛷▱䜙䜜䛶䛔䜛㑇ఏศᒱᅗ䛸୍⮴䛧䛯䚹䛭䛾䛾≟✀䜾
䝹䞊䝥䛷䛿䚸䝽䞊䜻䞁䜾䜾䝹䞊䝥䛿䚸ぢ▱䜙䛼ே䛻ᑐ䛩䜛ᜍᛧᛂ䚸ぢ▱䜙䛼≟䛻ᑐ䛩䜛ᜍ
ᛧᛂ䚸㠀♫ⓗ่⃭䛻ᑐ䛩䜛ᜍᛧᛂ䚸㣫䛔䛻ᑐ䛩䜛ᨷᧁᛶ䚸άⓎᗘ䛜ప䛔䛣䛸䛺䛹
䛜᫂䜙䛛䛸䛺䛳䛯䚹㻌
ᵝ䚻䛺≟✀䛾≟䜢⏝䛔䚸≟䛾ㄆ▱⬟ຊ䛾≟✀ᕪ䜢ゎỴྍ⬟ㄢ㢟ཬ䜃ᣦᕪ䛧⪅㑅ᢥ
ㄢ㢟䛻䜘䜚ホ౯䛧䛯䚹ゎỴྍ⬟ㄢ㢟䛷䛿䚸ཎጞⓗ䛺≟䛿䚸᭱ึ䛻䝠䝖䜢ぢ䜛䜎䛷䛾㛫䛜
㛗䛟䚸䝠䝖䜢ぢ䛶䛔䜛㛫䛜▷䛟䚸䝠䝖䜢ぢ䜛ᅇᩘ䛸จど䛾ᅇᩘ䛜ᑡ䛺䛛䛳䛯䠄㼜㻨㻜㻚㻜㻝䠅䚹ᣦ
ᕪ䛧⪅㑅ᢥㄢ㢟䛷䛿䚸ཎጞⓗ䛺≟䛾ᡂ⦼䛿䛭䛾䛾≟✀䜾䝹䞊䝥䛸ྠ➼䛷䛒䜚䚸≟✀䜾
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䝹䞊䝥䛻䜘䜛᭷ព䛺ᕪ䛿ぢ䜙䜜䛺䛛䛳䛯䚹㻌
♫ᛶ⬟ຊ䛻㛵䜟䜛㑇ఏᏊ䛸䛧䛶䚸䝯䝷䝜䝁䝹䝏䞁䠎ཷᐜయ䠄㻹㻯㻞㻾䠅䛸䜸䜻䝅䝖䝅䞁䚸䜸䜻䝅
䝖䝅䞁ཷᐜయ䛾㑇ఏᏊ䜢㑅ᢥ䛧䛯䚹䛥䜙䛻䝀䝜䝮䝽䜲䝗ゎᯒ䛾⤖ᯝ䛛䜙 㼃㻮㻿㻯㻾㻝㻣䠄䜴䜱䝸䜰䝮
䝈ೃ⩌㛵㐃㑇ఏᏊ䠅䜢㑅ᢤ䛧䚸䛣䜜䜙䛻㛵㐃䛩䜛㑇ఏᏊ䛾ከᆺ䜢ㄪ䜉䚸≟✀ᕪ䜔⾜ືᐇ
㦂䛾⤖ᯝ䛸䛾㛵㐃ᛶ䜢ㄪ䜉䛯䚹≟䛾㐍ೃ⿵㑇ఏᏊ䛷䛒䜛 㼃㻮㻿㻯㻾㻝㻣 䛻䛚䛔䛶䚸ཎጞⓗ䛺
≟䛸୍⯡ⓗ䛺≟✀䛸䛷ฟ⌧㢖ᗘ䛾␗䛺䜛୍ሷᇶከᆺ䛜᳨ฟ䛥䜜䚸㼀 ᆺ䛾㑇ఏᏊᆺ䜢ᣢ䛴ಶ
య䛷䛿䚸ᣦᕪ䛧⪅㑅ᢥㄢ㢟䛾ど⥺䠇ᣦᕪ䛧䠇䝍䝑䝢䞁䜾䛾ㄢ㢟䛾ṇ⟅ᩘ䛜㧗䛔⤖ᯝ䛸䛺
䛳䛯䠄㼜㻨㻜㻚㻜㻡䠅䚹㻹㻯㻞㻾 䛻䛚䛔䛶䚸ཎጞⓗ䛺≟䛸୍⯡ⓗ䛺≟✀䛸䛷ฟ⌧㢖ᗘ䛾␗䛺䜛୍ሷᇶከ
ᆺ䛜᳨ฟ䛥䜜䚸㻭 ᆺ䛾㑇ఏᏊᆺ䜢ᣢ䛴ಶయ䜢୍⯡ⓗ䛺≟✀ෆ䛷ẚ㍑䛧䛯⤖ᯝ䚸ᣦᕪ䛧⪅
㑅ᢥㄢ㢟䛾ど⥺䠇ᣦᕪ䛧䠇䝍䝑䝢䞁䜾ㄢ㢟䚸ど⥺䠇ᣦᕪ䛧ㄢ㢟䚸ᣦᕪ䛧ㄢ㢟䛾ṇ⟅ᩘ䛜ప
䛔⤖ᯝ䛸䛺䛳䛯䠄㼜㻨㻜㻚㻜㻡䠅䚹㻻㼀䠄䜸䜻䝅䝖䝅䞁㑇ఏᏊ䠅䛻䛚䛔䛶䚸ཎጞⓗ䛺≟䛸୍⯡ⓗ䛺≟✀䛸
䛷ฟ⌧㢖ᗘ䛾␗䛺䜛୍ሷᇶከᆺ䛸ᩘከᆺ䛜᳨ฟ䛥䜜䚸㻭㻛㻭 ᆺ䛾୍ሷᇶከᆺ䜢ᣢ䛴ಶయ
䛷䛿䚸㻭㻛㻯 ᆺ䛾㑇ఏᏊᆺ䜢ᣢ䛴ಶయ䜘䜚䜒䚸ゎỴྍ⬟ㄢ㢟䛾䝠䝖䜢ぢ䛶䛔䜛㛫䚸䝠䝖䜢ぢ
䜛ᅇᩘ䚸จど䛾ᅇᩘ䛻䛚䛔䛶䝠䝖䜢ぢ䛺䛔⤖ᯝ䛸䛺䛳䛯䠄㼜㻨㻜㻚㻜㻡䠅䚹㻔㻖㻣㻕䠄䜸䜻䝅䝖䝅䞁ཷᐜ
య㑇ఏᏊ䠅䛻䛚䛔䛶䛿䚸ཎጞⓗ䛺≟䛸୍⯡ⓗ䛺≟✀䛸䛷ฟ⌧㢖ᗘ䛾␗䛺䜛୍ሷᇶከᆺ䛜᳨
ฟ䛥䜜䛯䜒䛾䛾㻔㞧ㄅㄽᩥ 㻝㻠㻕䚸⾜ືᐇ㦂䛾⤖ᯝ䛸䛿㛵㐃ᛶ䛜ぢ䜙䜜䛺䛛䛳䛯䚹㻌
䜸䜸䜹䝭䚸⛅⏣≟䚸ᰘ≟䚸ཎጞⓗ䛺≟䜾䝹䞊䝥௨እ䛾≟䛾䜰䝭䝷䞊䝊䝁䝢䞊ᩘ䜢ㄪᰝ䛧䛯䚹
䜸䜸䜹䝭䛾䜰䝭䝷䞊䝊䝁䝢䞊ᩘ䛿 㻞 䝁䝢䞊⛬ᗘ䛷䛒䛳䛯䚹䜎䛯䚸䜸䜸䜹䝭䜈䛾㑇ఏⓗ㏆䛥䛛䜙ண
䛧䛯䛸䛚䜚䚸⛅⏣≟䛾䝁䝢䞊ᩘ䛿䜸䜸䜹䝭 䜘䜚䜒ከ䛔䛜୍⯡ⓗ䛺≟✀䜘䜚ᑡ䛺䛛䛳䛯
䠄㼜㻨㻜㻚㻜㻝䠅䚹㻔㻖㻤㻕≟䛸ྠ䛨䛟ཎጞⓗ䛺≟䜾䝹䞊䝥䛻ྵ䜎䜜䜛ᰘ≟䛾䝁䝢䞊ᩘ䛿䚸୍⯡ⓗ䛺≟✀䛸
ྠ⛬ᗘ䛷䛒䜚䚸ᰘ≟䛾䜸䜸䜹䝭䜈䛾㑇ఏⓗ㏆䛥䛸䛧䛯⤖ᯝ䛸䛺䛳䛯䚹⦖ᩥᰘ䛾䝁䝢䞊ᩘ䛿䚸
ᰘ≟䜘䜚ᑡ䛺䛟䠄㼜㻨㻜㻚㻜㻝䠅䚸⛅⏣≟䜘䜚ከ䛛䛳䛯䠄㼜㻨㻜㻚㻜㻡䠅㻔㞧ㄅㄽᩥ 㻝㻡㻕䚹㻌
≟⭘⒆ቯṚᅉᏊ㻔㼀㻺㻲㻙䃐㻕㑇ఏᏊ䛻㛵䛩䜛◊✲㻌
㼀㻺㻲㻙䃐䛾㑇ఏᏊ䛷䛒䜛 㼀㻺㻲㻭 㑇ఏᏊ䛻䛚䛔䛶䝬䜲䜽䝻䝃䝔䝷䜲䝖ኚ␗䠄䠍䛛䜙䠑ሷᇶ䛾㓄
ิ䛜⧞䜚㏉䛩㡿ᇦ䠅䜢☜ㄆ䛧䛯䚹≟䛾චᅾᛶ⾑ᑠᯈῶᑡ䚸䝸䞁䝟⭘䚸ᝏᛶ㯮Ⰽ⭘䛷䛭䛾
ኚ␗䛾㑇ఏᏊゎᯒ䜢ᐇ䛧䛯䛜䚸≉␗ⓗ䛺 㻿㻺㻼 䛾ゎᯒ䛻䛿⮳䜙䛺䛛䛳䛯䚹ᚋ䚸≟䛾䛾
චᅾᛶ⾑ᾮᝈ䛚䜘䜃⭘⒆ᛶᝈ䛻䛴䛔䛶ゎᯒ୰䛷㐩ᡂᗘ䛿 㻠㻜䠂䛷䛒䜛䚹㻌
䝠䝖䛾་Ꮫ㡿ᇦ䛷䛿 㼀㻺㻲㻙䃐䛿ᵝ䚻䛺චᅾᛶᝈ䛷䚸䛭䛾␗ᖖ䛜ㄆ䜑䜙䜜䛶䛔䜛䚹ᮏ
◊✲䛷䛿≟䛾 㼀㻺㻲㻙䃐䛾㑇ఏᏊ䛷䛒䜛 㼀㻺㻲㻭 㑇ఏᏊ䛻䛚䛔䛶䝬䜲䜽䝻䝃䝔䝷䜲䝖ኚ␗䛾ゎᯒ
䜢ヨ䜏䛯䚹≟䛾㑇ఏⓗ䝸䝇䜽ᅉᏊ䜢≉ᐃ䛩䜛┠ⓗ䛷䚸䜎䛪ṇᖖ≟䛾 㼀㻺㻲㻙䃐䛾㑇ఏᏊ䛷䛒䜛
㼀㻺㻲㻭 㑇ఏᏊ䛾ሷᇶ㓄ิ䜢ゎᯒ䛩䜛䛣䛸䛸䛧䛯䚹䝡䞊䜾䝹䚸䝏䝽䝽䚸䝭䝙䝏䝳䜰䝎䝑䜽䝇䚸䝖䜲䝥
䞊䝗䝹䚸䝁䞊䜼䞊䛚䜘䜃ᰘ≟䚸ྛ 㻞㻜 㢌௨ୖ䛛䜙䛺䜛ྜィ 㻝㻟㻥 㢌䛾 㻰㻺㻭 ヨᩱ䜢⏝䛔䚸㻼㻯㻾 ⏘
≀䛿 㻟㻝㻟㻜㻌 㻳㼑㼚㼑㼠㼕㼏㻌 㼍㼚㼍㼘㼥㼦㼑㼞㻌 䜢⏝䛔䛯㑇ఏᏊᆺุᐃ䛻౪䛧䛯䚹㻔㻖㻥㻕➨䠍䜲䞁䝖䝻䞁ෆ䛻 㻠 ሷᇶ
䜢༢䛸䛩䜛䝬䜲䜽䝻䝃䝔䝷䜲䝖㻔㼠㼑㼠㼞㼍㻙㼚㼡㼏㼘㼑㼛㼠㼕㼐㼑㻌 㼞㼑㼜㼑㼍㼠㼟㻧௨ᚋ 㼀㻺㻾㻕ኚ␗䜢ぢฟ䛧䛯㻔㞧ㄅㄽ
ᩥ 㻟㻞㻕䚹䛥䜙䛻➨䠍䜲䞁䝖䝻䞁ෆ䛾 㼀㻺㻾 ከᆺ䜢ุᐃ䛩䜛䛯䜑䛻䚸⣙ 㻝㻞㻜 ሷᇶᑐ䛾⏘≀䛜ᚓ䜙䜜
䜛䝥䝷䜲䝬䞊䜢タィ䛧䛯䚹≟ 㼀㻺㻲㻭 㑇ఏᏊ䛾➨䠍䜲䞁䝖䝻䞁䛻 㻳㻭㻭㼀 䜢༢䛸䛩䜛 㼀㻺㻾 䛜
Ꮡᅾ䛧䚸⧞䜚㏉䛧ᩘከᆺ䛜Ꮡᅾ䛩䜛䛣䛸䛜᫂䜙䛛䛻䛺䛳䛯䚹ㄪᰝ䛧䛯 㻝㻟㻥 ಶయ䛛䜙㻌 㻡 ᅇ䠈㻢
ᅇ䠈㻣 ᅇ䠈㻤 ᅇᆺ䛾 㻠 ᑐ❧㑇ఏᏊ䛜᳨ฟ䛥䜜䛯䚹䝡䞊䜾䝹✀䛛䜙䛿 㻡 ᅇᆺ䛛䜙 㻤 ᅇᆺ䜎䛷
䛶䛾ᑐ❧㑇ఏᏊ䛜᳨ฟ䛥䜜䛯䛜䚸䛾 㻡 ရ✀䛛䜙䛿 㻤 ᅇᆺ䛿᳨ฟ䛥䜜䛺䛛䛯䚹䝦䝔䝻᥋ྜᗘ
䛾ᮇᚅ್䠄㻴㼑䠅䛚䜘䜃ከᆺሗ㔞㻔㻼㻵㻯㻕䛿䚸ရ✀䛻䜘䛳䛶䚸䛭䜜䛮䜜 㻜㻚㻟㻤㻥㻌㻙㻌㻜㻚㻣㻠㻥㻌 䛸㻌 㻜㻚㻟㻟㻟㻌㻙㻌
㻜㻚㻢㻤㻞 䛾㛫䛷ᕪ␗䛜ㄆ䜑䜙䜜䛯䚹䛣䛾䝬䜲䜽䝻䝃䝔䝷䜲䝖䝬䞊䜹䞊䛿䚸ከᆺᛶ䛻ᐩ䜏ྠ䛻ᆺ
ุᐃ䛜ᐜ᫆䛷䛒䜛䛯䜑䚸≟ 㼀㻺㻲㻭 㑇ఏᏊ䛾䝷䞁䝗䝬䞊䜽䛸䛧䛶䚸ఏ㐩ᖹ⾮䝔䝇䝖䛺䛹䛾ᝈ
┦㛵ゎᯒ䛻⏝ྍ⬟䛷䛒䜛䛸ண䛥䜜䛯䚹㻌
䛣䜜䜙䛾䝬䜲䜽䝻䝃䝔䝷䜲䝖䛿䚸≟䛾චᅾᛶ⾑ᾮᝈ䛚䜘䜃⭘⒆ᛶᝈ䛾デ᩿ᛂ⏝䛻
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᭷ຊ䛸⪃䛘᥈⣴䜢⾜䛳䛯䚹චᅾᛶᝈ䛷䛿䚸᭱⤊ⓗ䛻 㻟㻢 䛾≟䛾චᅾᛶ⾑ᑠᯈ
ῶᑡ䛷ゎᯒ䜢ᐇ䛧䛯䛜䚸≉␗ⓗ䛺 㻿㻺㻼 䛾ゎᯒ䛻䛿⮳䜙䛺䛛䛳䛯䚹䛥䜙䛻䚸䝸䞁䝟⭘ 㻝㻜 䛚
䜘䜃ᝏᛶ㯮Ⰽ⭘䛻䛚䛔䛶 㼀㻺㻲㻭 㑇ఏᏊ䛾䝬䜲䜽䝻䝃䝔䝷䜲䝖ゎᯒ䜢ᐇ䛧䛶䛔䛯䛜䚸ኚ␗䛿
ぢฟ䛰䛩䛣䛸䛿ᅔ㞴䛷≉␗ⓗ䛺 㻿㻺㻼 䛾ゎᯒ䛻䛿⮳䜙䛺䛛䛳䛯䚹䛣䛾ཎᅉ䛸䛧䛶䚸චᅾᛶ
⾑ᾮᝈ䛿䛭䜒䛭䜒ẕ㞟ᅋ䛜ᑡ䛺䛟䚸䛛䛴☜ᐃデ᩿せ௳䜢‶䛯䛩䜒䛾䛜ᑡ䛺䛳䛯䛣䛸䛜ᣲ䛢
䜙䜜䜛䚹䜎䛯⭘⒆ᛶᝈ䛻䛚䛔䛶䛿䚸ḟデ⒪タ䛻᮶㝔䛩䜛䝸䞁䝟⭘䛚䜘䜃ᝏᛶ㯮Ⰽ⭘
䛾᳨యᩘ䛜ῶᑡഴྥ䛷䛒䜛䛣䛸䜒ᣲ䛢䜙䜜䜛䚹䛣䛾䜘䛖䛻ゎᯒᩘ䛜䛤䛟ᑡᩘ䛷䛒䜛䛯䜑䚸ኚ␗
䛾᭷↓䜢☜ㄆ䛷䛝䛺䛔䛣䛸䛸䝥䝷䜲䝬䞊䛾タィ⮬య䛻ၥ㢟䛜䛒䛳䛯ྍ⬟ᛶ䛜䛒䜚䚸ᚋ᳨ウ
䛩䜛ᚲせ䛜䛒䜛䜒䛾䛸⪃䛘䜙䜜䛯㻌
≟䛾䜰䝻䝨䝅䜰㻌 㼄䠄䝫䝯䝷䝙䜰䞁⬺ẟ䠅䛾㑇ఏᏊゎᯒ㻌
㻌 ≟䛾䜰䝻䝨䝅䜰㻌 㼄䠄䝫䝯䝷䝙䜰䞁⬺ẟ䠅䛾㑇ఏᏊゎᯒ䛻䛚䛔䛶᭱᭷ຊೃ⿵㑇ఏᏊ䛸䛧䛶䚸
㻸㼑㼒㻝 ཬ䜃 㻰㼘㼤㻟 䛜ᚓ䜙䜜䛯䛜䚸ᝈ≟䛸ᖖ≟䛻䛚䛡䜛㑇ఏኚ␗䛻䛴䛔䛶䛿⌧ᅾ䚸ゎᯒ୰䛷
㐩ᡂᗘ䛿 㻣㻜䠂䛷䛒䜛䚹㻌
䝫䝯䝷䝙䜰䞁䛺䛹≉ᐃ䛾≟✀䛷ぢ䜙䜜䜛ᡂᖺⓎᆺ㠀⅖ᛶ㠀ᥙᛶ䛷䚸ඛኳᛶ䛾⬺ẟ
ᝈ䛷䛒䜛 㻭㼘㼛㼜㼑㼏㼕㼍㻌㼄 䛾ᝈ㛵㐃ཎᅉ㑇ఏᏊ䜢ྠᐃ䛩䜛䛣䛸䜢➨୍䛾┠ⓗ䛸䛧䚸䛭䛾ᡂᯝ䜢
᪂䛯䛺⒪ἲ䠄⒪⸆䛾㛤Ⓨ䠅䜔䛺Ⓨẟ䞉⫱ẟ䜈ᛂ⏝䛩䜛䛣䛸䜢᭱⤊┠ⓗ䛸䛩䜛䚹㐣ཤ
䛻䚸ᖖ≟䛸 㻭㼘㼛㼜㼑㼏㼕㼍㻌 㼄 䝫䝯䝷䝙䜰䞁≟䛾⓶䛛䜙ᢳฟ䛧䛯 㻾㻺㻭 䜢⏝䛔䛶䚸㻰㻺㻭 䝬䜲䜽䝻
䜰䝺䜲䛻䜘䜛⥙⨶ⓗ㑇ఏᏊⓎ⌧ẚ㍑ゎᯒ䜢ᐇ䛧䚸㻭㼘㼛㼜㼑㼏㼕㼍㻌 㼄 䛷᭷ព䛺Ⓨ⌧ῶᑡ䛜ぢ䜙
䜜䛯」ᩘ䛾ཎᅉೃ⿵㑇ఏᏊ䜢᥎ᐃ䛧䛯䚹䛣䜜䜙䛾㑇ఏᏊ䛾ཝᐦ䛺ᐃ㔞ⓗⓎ⌧ゎᯒ䜢
㼞㼑㼍㼘㻙㼠㼕㼙㼑㻌㻾㼀㻙㻼㻯㻾 ἲ䜢⏝䛔䛶䚸ᩘከ䛟䛾ಶయ䠄ᝈ≟䜔ᖖ≟䛺䛹䠅䛻䛴䛔䛶ᐇ䛧䛯䚹䛭䛾
⤖ᯝ䚸᭱᭷ຊೃ⿵㑇ఏᏊ䛸䛧䛶䚸㻸㼑㼒㻝 ཬ䜃 㻰㼘㼤㻟 䛜ᚓ䜙䜜䛯䚹㻰㼘㼤㻟 㑇ఏᏊ⏘≀䛿ẟໟ䛾ศ
䜔ẟ䛾࿘ᮇ䛻㛵䛩䜛䝍䞁䝟䜽㉁䛾 㻝 䛴䛷䛒䜚䚸㻸㼑㼒㻝 㑇ఏᏊ⏘≀䛿 㻰㼘㼤㻟 㑇ఏᏊⓎ⌧䜢ಁ㐍
䛩䜛㌿ᅉᏊ䛷䛒䜛䛣䛸䛜䝬䜴䝇䛷▱䜙䜜䛶䛔䜛䚹≟ 㻰㼘㼤㻟 㑇ఏᏊ䛾ᵝ䚻䛺㛗䛥䛾䝥䝻䝰䞊䝍
䞊㡿ᇦ䜢䜒䛴䝺䝫䞊䝍䞊䝧䜽䝍䞊ཬ䜃≟ 㻸㼑㼒㻝 㑇ఏᏊ䛾Ⓨ⌧⣔䝧䜽䝍䞊䜢స〇䛧䛶䚸䝺䝫䞊䝍
䞊䜰䝑䝉䜲⣔䜢ᵓ⠏䛧䛯䚹㻸㼑㼒㻝 㑇ఏᏊ䛾䝥䝻䝰䞊䝍䞊㡿ᇦ䜢䜒䛴䝺䝫䞊䝍䞊䝧䜽䝍䞊䛻䜘䜛䝺
䝫䞊䝍䞊䜰䝑䝉䜲⣔䜒ᵓ⠏䛧䛯䚹䛣䜜䜙䛾ホ౯⣔䜢⏝䛔䛶䚸Ⓨẟ䞉⫱ẟ㛵㐃㑇ఏᏊ䛾Ⓨ⌧ไ
ᚚᶵᵓ䛻㛵䛩䜛ศᏊ䞉⣽⬊⏕≀Ꮫⓗศᯒ䜢䛩䜛䛸䛸䜒䛻䚸㑇ఏᏊⓎ⌧䜢ಁ㐍䛩䜛≀㉁䛾᥈⣴
䜢⾜䛳䛶䛔䜛䚹㻸㼑㼒㻝 ㌿ᅉᏊ䛜ᛂ⟅䛩䜛㓄ิ௨እ䛻䜒䚸㻰㼘㼤㻟 㑇ఏᏊ䛾Ⓨ⌧䜢ไᚚ䛩䜛ᛂ⟅
䜶䝺䝯䞁䝖䛜 㻰㼘㼤㻟 㑇ఏᏊ䛾䝥䝻䝰䞊䝍䞊㡿ᇦ䛻Ꮡᅾ䛩䜛䛣䛸䛜䜟䛛䛳䛯䚹䜎䛯䚸ᝈ≟䛸ᖖ
≟䛻䛚䛡䜛 㻰㼘㼤㻟 㑇ఏᏊ䠄䝥䝻䝰䞊䝍䞊㡿ᇦ䜢ྵ䜐䠅䛾ሷᇶ㓄ิ䛾┦㐪䜢ㄪ䜉䛶䛔䜛䚹㻌
≟䛾䛶䜣䛛䜣䛾㑇ఏᏊゎᯒ㻌
㻌 ≟䛾䛶䜣䛛䜣䛾㑇ఏᏊゎᯒ䛻䛚䛔䛶⥙⨶ⓗ䛺䝀䝜䝮㛵㐃ゎᯒ䜢⾜䛔䚸䠐䛴䛾 㻿㻺㻼 䜢ぢ
ฟ䛧䛯䚹㐩ᡂᗘ䛸䛧䛶䛿 㻠㻜㻑䛷䛒䜛䚹≉Ⓨᛶ䛶䜣䛛䜣䛿䚸ே䛸ྠᵝ䛻≟䛻䛚䛔䛶᭱䜒୍⯡ⓗ䛺
⚄⤒ᝈ䛷䛒䜛䛜䚸ᅉ䛿䜋䛸䜣䛹ศ䛛䛳䛶䛔䛺䛔䚹㑇ఏⓗせᅉ䛜䜟䜜䛶䛔䜛䚹ᮏᝈ䛿
ཎᅉ䛜᫂䛺䛯䜑᰿⒪ἲ䛜䛺䛟䚸䜋䛸䜣䛹䛾≟䛷䚸ᑐ⒪ἲ䛸䛧䛶䛾䛶䜣䛛䜣䜢ᢚ䛘䜛⸆
䛾ᢞ䛜⏕ᾭᚲせ䛸䛺䜛䚹ᮏ◊✲䛻䛚䛔䛶䚸≟䛾≉Ⓨᛶ䛶䜣䛛䜣䛾ཎᅉ㑇ఏᏊ䜢ྠᐃ䛧䚸
ែᶵᵓ䜢᫂䜙䛛䛻䛩䜛䛣䛸䛿䚸ཎᅉ⒪ἲ㛤Ⓨ䛾⣒ཱྀ䛸䛺䜚䚸⋇་Ꮫ䛾Ⓨᒎ䛻䛝䛟ᐤ䛷
䛝䜛䛸⪃䛘䜛䚹䛥䜙䛻䛭䛾ሗ䛿䚸䝠䝖䛾䛶䜣䛛䜣་⒪䛻ᑐ䛧䛶䜒᭷⏝ᛶ䛜㧗䛔䛸⪃䛘䜛䚹㻌
㯞ᕸᏛ㝃ᒓື≀㝔⚄⤒⛉䛻᮶㝔䛧䚸≉Ⓨᛶ䛶䜣䛛䜣䛸デ᩿䛥䜜䛯≟䛾⾑ᾮ䝃䞁䝥䝹
䛾㞟䛸⮫ᗋሗ䛾㞟䜢⾜䛳䛯䚹Ⓨస䛾ᚩೃ䛾ヲ⣽䛺ၥデ䛸䝡䝕䜸ゎᯒ䜢⾜䛖䛸䛸䜒
䛻䚸ྍ⬟䛺㝈䜚⬻Ἴ᳨ᰝ䜒⾜䛔䚸䛭䜜䛮䜜䛾䛻䛴䛔䛶䚸Ⓨసᆺศ㢮䠄Ⓨస䛾⾲⌧ᆺ䛾ศ
㢮䠅䜢⾜䛳䛯䚹ᵝ䚻䛺≟✀䛾䝃䞁䝥䝹䛜㞟䛥䜜䛯䛜䚸䛭䛾୰䛷䚸≉Ⓨᛶ䛶䜣䛛䜣䛜ዲⓎ䛧䛶
䛔䜛༢୍≟✀䛻╔┠䛧䚸⨯ᝈ≟䛸㠀⨯ᝈ≟䛾 㻰㻺㻭 䜢⏝䛔䛶䚸㻿㻺㻼㻌 䜰䝺䞊䛷⥙⨶ⓗ䛺䝀䝜
䝮㛵㐃ゎᯒ㻌 㻔㻳㼃㻭㻿㻕㻌 䜢⾜䛳䛯䚹㠀⨯ᝈ≟䛾 㻰㻺㻭 䛿㑇ఏᏊ䝞䞁䜽䛻ಖ⟶䛥䜜䛶䛔䜛⨯ᝈ≟✀
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䛸ྠ୍≟✀䛾᳨య䜢⏝䛔䛯䚹㻌
㻳㼃㻭㻿 䛻䜘䛳䛶⤠䛳䛯䚸䛶䜣䛛䜣Ⓨ䛸᭷ព䛺㛵㐃ᛶ䜢♧䛩 㻿㻺㻼 䛻䛴䛔䛶䚸᪂䛯䛻᳨య䜢
㞟䛧☜ㄆᐇ㦂䜢⾜䛳䛯䚹᪂䛯䛺᳨య䛿䚸㯞ᕸᏛ㝃ᒓື≀㝔⚄⤒⛉᮶㝔䛻ຍ䛘䚸
䛶䜣䛛䜣䛾デ᩿䜔デ⒪䛻㛗䛡䛯䛾」ᩘ䛾タ䛛䜙䜒㞟䛧䛯䚹㻌
≉Ⓨᛶ䛶䜣䛛䜣䛸デ᩿䛧䛯ィ 㻝㻠㻟 㢌䛛䜙 㻰㻺㻭 䝃䞁䝥䝹䛜ᚓ䜙䜜䛯䚹ᑐ㇟䛸䛧䛯≟✀䛾≉Ⓨ
ᛶ䛶䜣䛛䜣⨯ᝈ≟ 㻝㻜 㢌䛸㠀⨯ᝈ≟ 㻞㻞 㢌䛾䝃䞁䝥䝹䛻䛴䛔䛶䚸䜲䝹䝭䝘♫䛾 㻯㼔㼕㼜㻌㼍㼞㼞㼍㼥 䜢⏝
䛔䛶 㻝㻣 ಶ䛾 㻿㻺㻼 䜢⥙⨶ⓗ䛻ゎᯒ䛧䛯䛸䛣䜝䚸≉Ⓨᛶ䛶䜣䛛䜣⨯ᝈ≟⩌䛷ኚ␗䛾ฟ⌧㢖ᗘ
䛾㧗䛔䠐䛴䛾 㻿㻺㻼 䜢ㄆ䜑䛯䚹䛣䜜䜙䛾≟䛻䛚䛡䜛䛶䜣䛛䜣Ⓨసᆺ䛿䚸ᙉ┤䞉㛫௦Ⓨస 㻟 㢌䚸
↔Ⅼᛶ㐠ືⓎస 㻟 㢌䚸⾜ືⓎస 㻟 㢌䚸⮬ᚊ⚄⤒Ⓨస 㻝 㢌䛷䛒䛳䛯䚹≉Ⓨᛶ䛶䜣䛛䜣⨯ᝈ≟
⩌䛷ኚ␗䛾ฟ⌧㢖ᗘ䛜㧗䛛䛳䛯 㻿㻺㻼 䛾ᗄ䛴䛛䛿ྠ୍ᰁⰍయୖ䛾୍㒊䛾㡿ᇦ䛻Ꮡᅾ䛧䚸㧗
䛔䜸䝑䝈ẚ䜢♧䛧䛯䚹䛣䛾㡿ᇦ䛻䛿⬻䛾ᶵ⬟䛻㛵䜟䜛㑇ఏᏊ䚸䝠䝖䛾䛶䜣䛛䜣䛾ཎᅉ䛸䛺䜛㑇
ఏᏊ䚸䛥䜙䛻≟䛾ೃᛶ䛶䜣䛛䜣䛾㛵㐃㑇ఏᏊ䛸ྠ䛨ാ䛝䜢ᣢ䛴㑇ఏᏊ䛜ྵ䜎䜜䛶䛔䛯䚹䛣
䜜䜙ೃ⿵㑇ఏᏊ䛾୍䛴䛻䛴䛔䛶䛿䚸≟䛾⬻⤌⧊䛛䜙ᢳฟ䛧䛯 㼙㻾㻺㻭 䜢⏝䛔䛶 㻾㼀㻙㻼㻯㻾 䜢⾜
䛔䚸≟䛷Ⓨ⌧䛧䛶䛔䜛䛣䛸䜢☜ㄆ䛧䛯䚹䛥䜙䛻䚸ྠᵝ䛾 㻳㼃㻭㻿 䛻䜘䜛᳨⣴䜢≟✀䛾䛶䜣䛛䜣
⨯ᝈ≟䛸㠀⨯ᝈ≟䛻䛴䛔䛶⾜䛳䛯䛜䚸ྠ䛨 㻿㻺㻼 䛻䛚䛡䜛䛶䜣䛛䜣䛸䛾㛵㐃ᛶ䛿≟✀䛷䛿
ㄆ䜑䜙䜜䛺䛛䛳䛯䚹㻌
㻳㼃㻭㻿 䛻䛶䛶䜣䛛䜣䛸䛾㛵㐃ᛶ䜢ᣢ䛴 㻿㻺㻼 䛜᫂䜙䛛䛻䛺䛳䛯≟✀䛻䛚䛔䛶䚸᪂つ᳨య䛾
㞟䜢⾜䛔䚸᪂つ⨯ᝈ≟ 㻥 㢌䛸㠀⨯ᝈ≟ 㻝㻟 㢌䛾᳨య䛜㞟䛥䜜䛯䚹᳨యᩘ䛜䛥䜙䛻ቑ䛘䛯
䛾䛱䛻䚸Ⓨసᆺ䛾ゎᯒ䛸䚸䝀䝜䝮 㻰㻺㻭 䜢䝔䞁䝥䝺䞊䝖䛸䛧䛶䚸ೃ⿵㑇ఏᏊ䛻Ꮡᅾ䛩䜛 㻿㻺㻼 㡿ᇦ
䛾 㻼㻯㻾 䜢⾜䛖䛣䛸䛻䜘䜛☜ㄆᐇ㦂䜢ᐇணᐃ䛷䛒䜛䚹㻌
≟䛾䜰䝖䝢䞊ᛶ⓶⅖䛾㑇ఏᏊゎᯒ㻌
ᰘ≟䛻䛚䛔䛶⥙⨶ⓗ䛺䝀䝜䝮㛵㐃ゎᯒ䜢⾜䛳䛯䛸䛣䜝䚸䠎䛴䛾㡿ᇦ䛻㞟୰䛧䛶 㻿㻺㻼 䛜ㄆ
䜑䜙䜜䛯䚹⌧ᅾ䚸䛭䛾㡿ᇦ䛻⤠䛳䛶≟䛾䜰䝖䝢䞊ᛶ⓶⅖䛻㛵㐃䛩䜛㑇ఏᏊ䛾ゎᯒ䛸䛾≟
✀䛷䛾㑇ఏᏊゎᯒ䜢⾜䛳䛶䛚䜚䚸㐩ᡂᗘ䛸䛧䛶䛿 㻢㻜㻑䛷䛒䜛䚹㻌
≟䛾䜰䝖䝢䞊ᛶ⓶⅖㻔㼏㻭㻰㻕䛿⎔ቃ䜔㣗≀୰䛻ྵ䜎䜜䜛ᢠཎ䜈䛾㐣ᩄᛂ䛷䛒䜚䚸ே䛾䜰䝖
䝢䞊ᛶ⓶⅖䛸ែ䛜㢮ఝ䛧䛶䛔䜛䚹㻔㻖㻝㻜㻕䛭䛾䜰䝺䝹䜼䞊䛾デ᩿䛾䛯䜑䛻ཎᅉ䜰䝺䝹䝀䞁
䛾᳨ᰝἲ䛾㛤Ⓨ䜢⾜䛔䚸ᮏ◊✲䛻⏝䛩䜛≟䛾䜰䝺䝹䜼䞊䛾デ᩿䛻⏝䛔䛯㻔㞧ㄅㄽᩥ
㻢㻤㻘㻤㻠㻕䚹䜎䛯䚸㼏㻭㻰 䛿ᐙ᪘ᛶ⣲ᅉ䛰䛡䛷䛺䛟≟✀䛻䜘䜚Ⓨ⏕⋡䛜␗䛺䜛䛣䛸䛛䜙䚸ே䛸ྠᵝ䚸
䛸㑇ఏⓗ⫼ᬒ䛜ᐦ᥋䛻㛵䛧䛶䛔䜛䛣䛸䛜䜟䜜䜛䚹䛭䛣䛷䚸㼏㻭㻰 䛾Ⓨ⏕⋡䛜㧗䛔ᰘ≟䚸
䝣䝺䞁䝏䝤䝹䝗䝑䜽䚸䝭䝙䝏䝳䜰䝎䝑䜽䝇䝣䞁䝖䚸䝖䜲䝥䞊䝗䝹䛾 㻠 ≟✀䛷䛒䜚䚸ྠ䛨ᆅᇦ䛷ᐊෆ㣫
⫱䛥䜜䛶䛔䜛≟䛻㝈ᐃ䛧䛶䝃䞁䝥䝹䛾㞟䜢⾜䛳䛯䚹㼏㻭㻰 䛾デ᩿䛻䛴䛔䛶䛿 㻲㼍㼢㼞㼛㼠 䛾デ᩿ᇶ
‽㻔㼂㼑㼠㼑㼞㼕㼚㼍㼞㼥㻌 㻰㼑㼞㼙㼍㼠㼛㼘㼛㼓㼥㻘㻌 㻞㻜㻜㻥㻕䛻‽䛨䛶ྠ䛨⋇་ᖌ䛻䜘䛳䛶デ᩿䜢⾜䛳䛯䚹䜎䛯䚸㼏㻭㻰 䛷䛿
䛺䛔ᖖ≟䛿ᖺ㱋䚸≧䚸᪤ Ṕ䜢䜒䛸䛻デ᩿䜢⾜䛔䚸䝃䞁䝥䝹䛾㞟䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䚸
㼏㻭㻰 Ⓨ≟䛿䚸ᰘ≟ 㻠㻡 㢌䚸䝭䝙䝏䝳䜰䝎䝑䜽䝇䝣䞁䝖 㻟㻟 㢌䚸䝖䜲䝥䞊䝗䝹 㻟㻜 㢌䚸䝣䝺䞁䝏䝤䝹䝗
䝑䜽 㻞㻜 㢌䛾ィ 㻝㻟㻜 㢌䛛䜙 㻰㻺㻭 䝃䞁䝥䝹䜢ᚓ䜛䛣䛸䛜䛷䛝䛯䚹䜎䛯䚸ᖖ≟䛿ᰘ≟ 㻞㻜 㢌䚸䝭䝙
䝏䝳䜰䝎䝑䜽䝇䝣䞁䝖 㻠㻝 㢌䚸䝖䜲䝥䞊䝗䝹 㻝㻢 㢌䚸䝣䝺䞁䝏䝤䝹䝗䝑䜽 㻞 㢌䛾ィ 㻣㻥 㢌䛛䜙 㻰㻺㻭 䝃
䞁䝥䝹䜢ᚓ䜛䛣䛸䛜䛷䛝䛯䚹䛥䜙䛻䚸㼏㻭㻰 Ⓨ≟䛻䛚䛔䛶䝎䝙䜰䝺䝹䝀䞁≉␗ⓗ 㻵㼓㻱 ᢠయ᳨ᰝ
䜢⾜䛳䛯䛸䛣䜝䚸ᰘ≟䛷䛿 㻣㻞㻚㻡㻑䛸䛾≟✀䜘䜚㧗䛔ᢠయಖ᭷⋡㻔䝣䝺䞁䝏䝤䝹䝗䝑䜽㻦㻡㻡㻚㻢㻑㻘㻌 䝭䝙
䝏䝳䜰䝎䝑䜽䝇䝣䞁䝖㻦㻡㻜㻚㻜㻑㻘㻌 䝖䜲䝥䞊䝗䝹㻦㻞㻜㻑㻕䛷䛒䛳䛯䚹㻌
㼏㻭㻰 䛾ཎᅉ㑇ఏᏊ䜢⥙⨶ⓗ䛻᥈⣴䛩䜛䛯䜑䚸ᰘ≟䛾䝃䞁䝥䝹䜢⏝䛔䛶䝎䝙䜰䝺䝹䝀䞁≉␗
ⓗ 㻵㼓㻱 㝧ᛶ䛾 㼏㻭㻰 Ⓨ≟ 㻞㻥 㢌䛸 㻵㼓㻱 㝜ᛶ䛷 㼏㻭㻰 ᮍⓎ≟ 㻝㻥 㢌䛻䛚䛔䛶 㻰㻺㻭 䜰䝺䞊䜢⏝
䛔䛯 㻿㻺㻼 䛾⥙⨶ⓗ㑇ఏᏊゎᯒ䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䚸 㼏㻭㻰 Ⓨ≟䛷㧗㢖ᗘㄆ䜑䜙䜜䛯 㻿㻺㻼
䛿➨ 㻞㻥 ␒ᰁⰍయ䛷䛿 㻢㻜㻜㼗㼎㼜 ௨ෆ䛻䚸➨ 㻤 ␒ᰁⰍయ䛷䛿 㻥㻜㼗㼎㼜 ௨ෆ䛻㝈ᒁ䛧䛶ㄆ䜑䜙䜜䚸
䛭䛾䛖䛱䜂䛸䛴䛿➨ 㻞㻥 ␒ᰁⰍయ䛻䝁䞊䝗䛥䜜䛶䛔䜛ᶵ⬟᫂䛺 㻾㻮㻹㻝㻞㻮 㑇ఏᏊ䛾䜶䜽䝋䞁ୖ
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䛾 㻿㻺㻼 䛷䛒䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䜎䛯䚸➨ 㻤 ␒ᰁⰍయ䛾 㻝㻝 䛾 㻿㻺㻼 䛿⣽⬊Ṛ䛻㛵䛩䜛
㻵㻼㼀㻷㻝 㑇ఏᏊୖ䛾䜲䞁䝖䝻䞁㡿ᇦ䛻⨨䛧䛶䛔䛯䚹ᮏ◊✲䛷䛿䜰䝺䝹䜼䞊䛻㛵㐃䛩䜛㑇ఏᏊ
ୖ䜎䛯䛿㏆ഐ䛾 㻿㻺㻼 䛿ㄆ䜑䜙䜜䛺䛛䛳䛯䛜䚸㻌 㼏㻭㻰 Ⓨ≟䛷㧗㢖ᗘ䛻ㄆ䜑䜙䜜䛯 㻿㻺㻼 䛾ୖ
 㻡 䛴䛿䛶➨ 㻞㻥 ␒ᰁⰍయ䛾㝈ᒁ䛧䛯⨨䛻Ꮡᅾ䛩䜛䛣䛸䛛䜙䚸➨ 㻞㻥 ␒ᰁⰍయୖ䛻 㼏㻭㻰
䛻㛵㐃䛩䜛㑇ఏᏊ㡿ᇦ䛜Ꮡᅾ䛩䜛䛣䛸䛜ᙉ䛟♧၀䛥䜜䛯䚹䜎䛯䚸䛭䜜䜙䛾 㻿㻺㻼 ㏆ഐ䛻䛿㻌 ᶵ
⬟䛜᫂䛺 㻸㻻㻯㻝㻜㻜㻢㻤㻡㻢㻜㻡 䜒Ꮡᅾ䛩䜛䛣䛸䛛䜙䚸㼏㻭㻰 䛻㛵㐃䛩䜛㑇ఏᏊ䛷䛒䜛ྍ⬟ᛶ䜒⪃䛘
䜙䜜䜛䚹㼏㻭㻰 Ⓨ≟䛻㛵㐃䛩䜛㑇ఏᏊ䛾ྠᐃ䛻䛿⮳䜙䛺䛛䛳䛯䛜䚸㼏㻭㻰 䜈䛾㛵䛜䜟䜜
䜛䝀䝜䝮㡿ᇦ䜢᥎ᐃ䛩䜛䛣䛸䛜䛷䛝䜛䛸⪃䛘䜙䜜䜛䚹㻌
≟䛾䜰䝖䝢䞊ᛶ⓶⅖䛻ᝈཎᅉ㑇ఏᏊ䛾ゎᯒ䛾䛯䜑䛾ᇶ♏ⓗ䛺◊✲䛾䠍䛴䛸䛧䛶≟䛾
㻯㻰㻝㻠 䛾㑇ఏᏊ䛿䜽䝻䞊䝙䞁䜾䜢⾜䛔䚸㻌 㻯㻰㻝㻠 䛾㛗㓄ิ䜢ึ䜑䛶Ỵᐃ䛧䛯䚹㻯㻰㻝㻠 䛿༢⌫䛾
⣽⬊⾲㠃䛻䛻Ⓨ⌧䛩䜛䚸䜾䝷䝮㝜ᛶ⳦䛾⣽⬊ቨᵓᡂ䝍䞁䝟䜽䛷䛒䜛䝸䝫䝫䝸䝃䝑䜹䝷䜲䝗
䠄㻸㻼㻿䠅䛾ㄆ㆑䛻㛵䜟䜛䜒䛾䛷䛒䜛䚹㻯㻰㻝㻠 䛾䝥䝻䝰䞊䝍䞊㡿ᇦ䛾ኚ␗䛿ႍᜥ䚸䜰䝖䝢䞊ᛶ⓶
⅖䚸㰯⭍䝫䝸䞊䝥䛸䛾㛵ಀᛶ䛜ே䛷᫂䜙䛛䛸䛺䛳䛶䛔䜛䚹≟䛾 㻯㻰㻝㻠 䛿 㻞㻥㻜 ಶ䛾䜰䝭䝜㓟䛛䜙
䛺䜚䚸∵䛸 㻣㻡㻑䚸⨺䛸 㻣㻢㻑䚸ே䛸 㻣㻞㻑䚸䝲䜼䛸 㻢㻤㻑䛾┦ྠᛶ䛷䛒䛳䛯䚹䛣䜜䛻䜘䜚䚸ᚋ䚸㑇ఏᏊከ
ᆺ䛾ゎᯒ䜢㐍䜑䜛䛣䛸䛜䛷䛝䜛䚹㻌
≟䛾 㻵㻸㻙㻝㻟 㑇ఏᏊゎᯒ㻌
≟䛾⭘⒆Ⓨ䝸䝇䜽䛾ೃ⿵䛸䛧䛶 㻵㻸㻙㻝㻟 㑇ఏᏊ䛾ከᆺ䛸䛾㛵㐃䛿ぢฟ䛫䛺䛛䛳䛯䛜䚸 㻵㻸㻝㻟
㑇ఏᏊ䛾 㻡㼿㞄᥋㡿ᇦ䛻Ꮡᅾ䛩䜛 㻿㻺㻼 䛸䜰䝖䝢䞊ᛶ⓶⅖䛸䛾㛵㐃䛜ㄆ䜑䜙䜜䚸㐩ᡂᗘ䛿
㻣㻜䠂䛷䛒䛳䛯䚹㻵㻸㻙㻝㻟 㑇ఏᏊ䜢䝜䝑䜽䜰䜴䝖䛧䛯䝬䜴䝇䛷䛿 㻰㻹㻮㻭㻙㼀㻼㻭 ㄏⓎ⣔䛾 㻞 ẁ㝵⓶⭘
⒆ᙧᡂ䝰䝕䝹䛻䛚䛔䛶⭘⒆ᙧᡂ䛜ஹ㐍䛩䜛䛸ሗ࿌䛥䜜䛶䛔䜛䠄㻾㼛㼠㼔㼑㻌㼑㼠㻌㼍㼘㻚㻘㻞㻜㻝㻟䠅䚹䛭䛣䛷䚸≟
䛾⭘⒆Ⓨ䝸䝇䜽䛾ೃ⿵䛸䛧䛶 㻵㻸㻙㻝㻟 㑇ఏᏊ䛾ከᆺ䜢᳨⣴䛧䛯䚹䝁䝸䞊䚸䝅䜵䝑䝖䝷䞁䝗䞉䝅䞊䝥
䝗䝑䜾䚸䝪䞊䝎䞊䞉䝁䝸䞊㻌 䚸䝷䝤䝷䝗䞊䝹䞉䝺䝖䝸䞊䝞䞊㻌 䚸䝂䞊䝹䝕䞁䞉䝺䝖䝸䞊䝞䞊䚸ᰘ≟䚸䝅䝧
䝸䜰䞁䞉䝝䝇䜻䞊䚸䝅䞊䝈䞊䚸䝉䝑䝍䞊䚸䝫䝯䝷䝙䜰䞁䚸⛅⏣≟䚸䝡䞊䜾䝹䚸䝭䝙䝏䝳䜰䝎䝑䜽䝇䝣
䞁䝖䚸䝆䝱䞊䝬䞁䞉䝅䜵䝟䞊㻌 䝗䛚䜘䜃⏥ᩫ≟䛛䜙䛺䜛ྜィ 㻟㻠 ಶయ䜢ᑐ㇟䛻䚸㻵㻸㻙㻝㻟 㑇ఏᏊ䛾㛤
ጞ䝁䝗䞁䜘䜚⣙ 㻝㻚㻡㼗㼎㼜 ୖὶ䛛䜙⤊ጞ䝁䝗䞁䜘䜚 㻝㼗㼎㼜 ୗὶ䜎䛷䛾䚸⣙ 㻡㼗㼎㼜 䛾ሷᇶ㓄ิ䜢Ỵᐃ䛧
䛯䚹䛭䛾⤖ᯝ䚸≟ 㻝㻝 ␒ᰁⰍయ䛾㓄ิ䠄㻺㻯㼋㻜㻜㻢㻡㻥㻟䠅䜢ᇶ‽䛸䛧䛶䚸㼓㻚㻞㻜㻥㻡㻣㻜㻣㻡㻌 㻭㻳㻳㼀㻳㻳㻳㻯㻭䠖
䠷 㻝 䠹 䠚 䠷 㻞 䠹 䚸 㼓㻚㻞㻜㻥㻡㻣㻟㻤㻜㻌 㻳㻪㻯 䚸 㼓㻚㻞㻜㻥㻡㻣㻠㻞㻡㻌 㻭㻪㻳 䚸 㼓㻚㻞㻜㻥㻡㻣㻡㻤㻜㻌 㻳㻪㻭 䚸 㼓㻚㻞㻜㻥㻡㻣㻢㻞㻢㻌 㻯㻪㼀 䚸
㼓㻚㻞㻜㻥㻡㻣㻤㻟㻝㻌 㻭㻪㻯䚸㼓㻚㻞㻜㻥㻡㻣㻤㻟㻢㻌 㻳㻪㻯䚸㼓㻚㻞㻜㻥㻡㻤㻝㻣㻜㻌 㻯㻪㼀䚸㼓㻚㻞㻜㻥㻡㻤㻟㻣㻤㻌 㻳㻪㻭䚸㼓㻚㻞㻜㻥㻡㻤㻣㻣㻠㻌 㻯㻪㼀䚸
㼓㻚㻞㻜㻥㻡㻤㻤㻟㻜㻌 㻯㻪㻭䚸㼓㻚㻞㻜㻥㻡㻤㻥㻠㻜㻌 㻳㻪㻯䚸㼓㻚㻞㻜㻥㻢㻜㻜㻤㻞㻌 㻭㻪㻳䚸㼓㻚㻞㻜㻥㻢㻜㻥㻤㻥㻌 㻳㻪㻯䚸䛚䜘䜃 㼓㻚㻞㻜㻥㻢㻝㻡㻥㻤㻌
㼀㻪㻯 䛾 㻝㻡 䜹ᡤ䛾ከᆺ䜢᳨ฟ䛧䛯䚹䛣䛾䛖䛱 㼓㻚㻞㻜㻥㻢㻜㻜㻤㻞㻌 㻭㻪㻳 䛿䚸➨䠏䜶䜽䝋䞁䛻Ꮡᅾ䛧䚸㻵㻸㻝㻟
䛾 㻢㻟 ␒┠䛾䜰䝭䝜㓟䜢䝖䝺䜸䝙䞁䛛䜙䜰䝷䝙䞁䛻⨨䛥䛫䜛䜒䛾䛷䛒䛳䛯䚹㻼㼛㼘㼥㼜㼔㼑㼚㻙㻞
䠄㼔㼠㼠㼜㻦㻛㻛㼓㼑㼚㼑㼠㼕㼏㼟㻚㼎㼣㼔㻚㼔㼍㼞㼢㼍㼞㼐㻚㼑㼐㼡㻛㼜㼜㼔㻞㻛䠅䜢⏝䛔䛯᥎ᐃ䛛䜙䜰䝭䝜㓟⨨䛻䜘䛳䛶䝍䞁䝟䜽㉁
䛾㧗ḟᵓ㐀䛜䛝䛟ኚ䛩䜛䛣䛸䛜♧䛥䜜䛯䚹䛣䜜䜙䛾ኚ␗䛸ங⭢⭘⒆䛾㛵㐃ゎᯒ䜢ᐇ䛧
䛯䛜᭷ព䛺┦㛵䛿ㄆ䜑䜙䜜䛺䛛䛳䛯䚹㻌
䜎䛯䚸㻵㻸㻝㻟 䛿䚸䝠䝖䛷䛿䜰䝺䝹䜼䞊ᛶᝈ䛸䛾㛵㐃䛜ሗ࿌䛥䜜䛶䛔䜛䛣䛸䛛䜙䚸䝞䜲䜸䝞䞁䜽
䛻䛚䛔䛶㞟䛥䜜䛯䜰䝖䝢䞊ᛶ⓶⅖䜢ᣢ䛴ᰘ≟䜢ᑐ㇟䛻┦㛵ゎᯒ䜢ᐇ䛧䛯䚹㼓㻚㻞㻜㻥㻢㻜㻜㻤㻞㻌
㻭㻪㻳䠄㼜㻚㻢㻟㻌㼀㼔㼞㻪㻭㼘㼍䠅ከᆺ䛷䛿䚸䜰䝖䝢䞊ᛶ⓶⅖䛾ᝈ␆ 㻝㻜 ಶయ䛷䛿䚸㻳 ᆺᑐ❧㑇ఏᏊ䛾㢖ᗘ
䛿㻚㻜㻚㻜㻡䚸㠀ᝈ␆ 㻝㻜 ಶయ䛷䛿 㻜㻚㻝㻜 䛷䛒䜚䚸ኚ␗ᆺᑐ❧㑇ఏᏊ䛾㢖ᗘ䛜ప䛔䛯䜑┦㛵ゎᯒ䛿
ᐇ䛷䛝䛺䛛䛳䛯䚹㼓㻚㻞㻜㻥㻡㻣㻢㻞㻢㻌 㻯㻪㼀㻌 㻔㼞㼟㻤㻥㻣㻟㻞㻥㻤㻕ከᆺ䛷䛿䚸ᝈ␆䠄㻯㻯 ᆺ 㻠 ಶయ䚸㻯㼀 ᆺ 㻟 ಶ
య䚸㼀㼀 ᆺ 㻟 ಶయ䠅䛸㠀ᝈ␆ 㻟㻟 ಶయ䠄㻯㻯 ᆺ 㻠 ಶయ䚸㻯㼀 ᆺ 㻞㻝 ಶయ䚸㼀㼀 ᆺ 㻤 ಶయ䠅䛷䛒䛳䛯䚹
ᝈ␆䛸㠀ᝈ␆㛵䛾㑇ఏᏊᆺ㢖ᗘ䛿䚸䜹䜲್䛜 㻟㻚㻥㻟㻥䠄䡌䠙㻜㻚㻜㻠㻣䠅䛷᭷ព䛻␗䛺䛳䛶䛔䛯䚹
䛣䛾䚸㑇ఏᏊᆺ 㻯㻯 ᆺ䜢䜰䝖䝢䞊ᛶ⓶⅖䛾䝸䝇䜽ᆺ䛸௬ᐃ䛩䜛䛸䜸䝑䝈ẚ䛿 㻠㻚㻤㻟㻟䠄㻥㻡䠂ಙ
㢗༊㛫䛿 㻝㻚㻜㻝㻤䠉㻞㻟㻚㻠㻡㻡䠅䛸䛺䛳䛯䚹䠄㻖㻝㻝䠅䛣䜜䛻䜘䜚ᰘ≟䛷䛿䚸㻵㻸㻝㻟 㑇ఏᏊ䛾 㻡㼿㞄᥋㡿ᇦ䛻
Ꮡᅾ䛩䜛 㻿㻺㻼䠄㼞㼟㻤㻥㻣㻟㻞㻥㻤䠅䛿䚸䜰䝖䝢䞊ᛶ⓶⅖䛾Ⓨ⋡䝸䝇䜽䛸㛵㐃䛩䜛䛜♧၀䛥䜜䛯
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㻔ᏛⓎ⾲䠍㻕䚹⌧ᅾ䚸ู䛾≟✀䛻ᑐ䛧䛶䜒┦㛵ゎᯒ䜢㐍䜑䛶䛔䜛䚹㻌
䠘ඃ䜜䛯ᡂᯝ䛜䛒䛜䛳䛯Ⅼ䠚㻌
ᾏእ䛻䛚䛡䜛≟䛾㑇ఏᏊ䝞䞁䜽䛸䛧䛶䛿䚸⡿ᅜ䛷䛿 㻺㻵㻴䚸䝝䝞䞊䝗Ꮫ䛸 㻹㻵㼀 䛾 㻮㼞㼛㼍㼐㻌
㻵㼚㼟㼠㼕㼠㼡㼠㼑 䛻䜘䜛≟䛾䝀䝜䝮䝥䝸䝆䜵䜽䝖䚸䝶䞊䝻䝑䝟䛷䛿䠍䠎䛛ᅜ䠎䠌䛾⋇་Ꮫ䛻䜘䜛 㻸㼡㼜㼍 䛜
᭷ྡ䛷䛒䜛䚹᪥ᮏ䛻䛚䛔䛶䛿≟䛾㑇ఏ㛵㐃ᝈ䛾◊✲䜢⾜䛳䛶䛔䜛◊✲䛿Ꮡᅾ䛩䜛䛜䛭䜜
䜙䛾◊✲⪅䛜ᝈ㑇ఏᏊ䜢ඹ᭷䛩䜛䜘䛖䛺 㻰㻺㻭 䝞䞁䜽䛿䛺䛛䛳䛯䚹ᮏ䝥䝻䝆䜵䜽䝖䛻䜘䜚䚸䛣
䜜䛛䜙≟䛾㑇ఏ㛵㐃ᝈ≟䛾 㻰㻺㻭 䜔୍⯡㞟ᅋ≟䛾 㻰㻺㻭 䛺䛹䛜ඹ᭷䛷䛝䚸ᚋ䚸᪥ᮏ䛾≟
䛾㑇ఏ㛵㐃ᝈ䛾ཎᅉ㑇ఏᏊ䛾ゎᯒ䛾䛯䜑䛾᳨యᥦ౪䛾୰ᚰⓗ䛺ᙺ䜢ᢸ䛖䛣䛸䛜䛷䛝䜛
䛸⪃䛘䜙䜜䜛䚹䜎䛯䚸䝛䝁䛾 㻰㻺㻭 䝞䞁䜽䛿ᅜ㝿ⓗ䛻䜒ᮍⓎ㐩䛷䛒䜛䚹ᮏ䝥䝻䝆䜵䜽䝖䛻䜘䜚䚸䝛
䝁䛾 㻰㻺㻭 䝞䞁䜽䛾タ❧䛾䛝䛳䛛䛡䛜䛷䛝䛯䚹㻌
≟䛾⥳ෆ㞀䛻䛚䛔䛶 㻿㻾㻮㻰䠍㑇ఏᏊ䛸䛾㛵㐃ᛶ䜢ぢฟ䛧䛯䚹䛣䛾 㻿㻾㻮㻰䠍㑇ఏᏊ䛾ኚ␗䛿
ே䛾ṇᖖ║ᅽ⥳ෆ㞀䛾㛵㐃㑇ఏᏊ䛸䛧䛶䜒ㄆ䜑䜙䜜䛶䛚䜚䚸䛣䛾≟䛾⥳ෆ㞀䛜ே䛾䝰䝕䝹
䛸䛧䛶䜒᭷⏝䛷䛒䜛ྍ⬟ᛶ䛜♧၀䛥䜜䛯䚹㻌
≟䛻䛚䛡䜛䝠䝖䛾㐺ྜᛶ䛾ほⅬ䛛䜙䚸䛭䛾୰䛷᪥ᮏ≟䛾䜒䛴㑇ఏⓗ≉ᛶ䜢᫂䜙䛛䛻䛧䛯䚹
᪥ᮏ≟䛾⾜ື≉ᛶ䛻㛵䜟䜛㑇ఏᏊ⩌䜢ㄪᰝ䛧䛯䛸䛣䜝䚸䜸䜸䜹䝭䛸ྠᵝ䛾䜒䛾䜢ᣢ䛴䛣䛸䛜
♧䛥䜜䚸♫ᛶ䛛䜙≟䛾㐍䜢᫂䜙䛛䛻䛧䛴䛴䛒䜛䚹㻌
㻌 ≟䛾 㼀㻲㻺㻙䃐䛾䝬䜲䜽䝻䝃䝔䝷䜲䝖䛻䛴䛔䛶䛿䛣䜜䜎䛷䛻ሗ࿌䛜䛺䛟䚸䛣䛾▱ぢ䛜ึ䜑䛶䛾
ሗ࿌䛷䛒䛳䛯䚹㻌
㻭㼘㼛㼜㼑㼏㼕㼍㻌㼄 䛻㛵䛩䜛ཎᅉ㑇ఏᏊ䛿䛣䜜䜎䛷䛻ሗ࿌䛥䜜䛶䛚䜙䛪䚸ᅇ䚸ೃ⿵㑇ఏᏊ䜢⤠
䜚㎸䜐䛣䛸䛜䛷䛝䚸≟⏤᮶䛾䛭䛾㑇ఏᏊ䛾Ⓨ⌧䜢ホ౯䛩䜛䜰䝑䝉䜲⣔䜢ᵓ⠏䛧䛯䚹㻌
䛶䜣䛛䜣ೃ⿵㑇ఏᏊ䜢⤠䜚㎸䜣䛰≟✀䛿䚸ୡ⏺ⓗ䛻䜒୍⯡ⓗ䛺≟✀䛷䛒䜚䚸⾲⌧ᆺ䛻䛴
䛔䛶䛿䚸≟䛻䜘䛟ぢ䜙䜜䜛䝍䜲䝥䛾䛶䜣䛛䜣䛷䛒䛳䛯䚹䛣䜜䛻ᑐ䛧䚸⌧ᅾ䜎䛷䛻ሗ࿌䛾䛒䜛≟
䛾䛶䜣䛛䜣䛾㛵㐃㑇ఏᏊ䛿䚸䠎䛴䛸䜒ẚ㍑ⓗ≉Ṧ䛺≟✀䛻䛚䛡䜛≉Ṧ䛺䝍䜲䝥䛾䛶䜣䛛䜣䛷
䛒䜛䚹䛧䛯䛜䛳䛶䚸ᡃ䚻䛾ᡂᯝ䜢䜒䛸䛻䛧䛯䛣䜜䛛䜙䛾◊✲䛿䚸䜘䜚ᗈ䛟⋇་⒪䛻㈉⊩䛩䜛䜒
䛾䛸⪃䛘䜙䜜䜛䚹㻌
ೃ⿵ 㻿㻺㻼 㑇ఏᏊ䛛䜙ཎᅉ㑇ఏᏊ䛜≉ᐃ䛥䜜䜜䜀䚸㼏㻭㻰 ዲⓎ≟✀䛸䛺䜚䛖䜛≟䜢デ᩿䛧䚸䝤
䝸䞊䝕䜱䞁䜾䛻⏝䛔䛺䛔䜘䛖䛻デ᩿䛩䜛䛣䛸ྍ⬟䛷䛒䜛䚹㻌
≟䛾 㻝㻝 ␒ᰁⰍయ 㻵㻸㻙㻝㻟 㑇ఏᏊ䛾䝥䝻䝰䞊䝍䞊㡿ᇦ 㼓㻚㻞㻜㻥㻡㻣㻜㻣㻡 䛻䛚䛔䛶㼇㻭㻳㻳㼀㻳㻳㻳㻯㻭㼉
䜢༢䛸䛩䜛ከᆺ䜢Ⓨぢ䛧䛯䚹㻝㻜㻜㻜 ಶయศ䛾≟ 㻰㻺㻭 䜢㞟䛷䛝䛯䛣䛸䛛䜙䚸ከᆺゎᯒ䛻
᭷ຠ䛺䝸䝋䞊䝇䜢ᚓ䜛䛣䛸䛜䛷䛝䛯䚹㻌
䠘ၥ㢟Ⅼ䠚㻌
≟䛾ᝈ䛾 㻰㻺㻭 㞟䛾యไ䛿ᩚ䛔䚸䛭䛾༑ศ䛺ᝈሗ䜒ᚓ䜙䜜䛯䛜䚸ᑓ㛛䛻䛭䛾᳨
య䜔䝕䞊䝍⟶⌮䜢⾜䛖ᖖ䛾⫋ဨ䛜ᮍᩚഛ䛷䛒䜛䚹ᚋ䚸䛣䛾䝥䝻䝆䜵䜽䝖䛾 㻰㻺㻭 䝞䞁䜽䜢
ᜏஂⓗ䛺Ꮫ䛾タ䛸䛧䛶㐠⏝䛩䜛䛣䛸䛜ㄢ㢟䛸⪃䛘䛶䛔䜛䚹䜎䛯䚸⌧ᅾ䚸᪥ᮏㄒ䛾䝩䞊䝮
䝨䞊䝆䛧䛛సᡂ䛧䛶䛺䛔䚹ᚋ䚸ⱥㄒ䛾䝩䞊䝮䝨䞊䝆䜢సᡂ䛧䛶ᾏእ䛾◊✲⪅䛻䜒ሗ䜢౪
⤥䛧䚸ᾏእ䛾◊✲⪅䛸䜒ሗ䜔ඹྠ◊✲䛜⾜䛘䜛యไ䜢ᩚ䛘䛯䛔䚹㻌
║ᝈ䛾 㻰㻺㻭 䝃䞁䝥䝹䛾㞟䛜䚸║⛉ᑓ㛛་䛜デ᩿䛥䜜䛯䛻㝈ᐃ䛥䜜䛯䛣䛸
䛷䚸䜘䜚ከ䛟䛾䝃䞁䝥䝹䛜㞟䛷䛝䛺䛛䛳䛯䚹䜎䛯䚸䛭䛾㞟䛻ᇶ䛵䛟ゎᯒ䛜䚸║⛉䛾ᑓ㛛▱
㆑䜢ᚲせ䛸䛧䛯䛣䛸䛷䚸║⛉Ꮫⓗゎᯒ䛻せ䛩䜛ேᮦ☜ಖ䛿䜋䛸䜣䛹䛷䛝䛺䛛䛳䛯䚹㻌
≟䛻䛚䛡䜛䝠䝖䛾㐺ྜᛶ䛾ほⅬ䛛䜙䚸᪥ᮏ≟䛾䜒䛴㑇ఏⓗ≉ᛶ䜢᫂䜙䛛䛻䛧䛯䚹᪥ᮏ≟䛾
⾜ື≉ᛶ䛻㛵䜟䜛㑇ఏᏊ⩌䜢ㄪᰝ䛧䛯䛸䛣䜝䚸䜸䜸䜹䝭䛸ྠᵝ䛾䜒䛾䜢ᣢ䛴䛣䛸䛜♧䛥䜜䚸♫
ᛶ䛛䜙≟䛾㐍䜢᫂䜙䛛䛻䛧䛴䛴䛒䜛䚹㻌
ᵓ⠏䛧䛯䝺䝫䞊䝍䞊䜰䝑䝉䜲⣔䛾ᛂᛶ䛿䚸⏝䛔䜛ᇵ㣴⣽⬊ᰴ䛻䜘䛳䛶ᙳ㡪䜢ཷ䛡䜛䚹䛔䛟
䛴䛛䛾ᇵ㣴⣽⬊ᰴ䜢᳨ウ䛧䚸ẚ㍑ⓗᛂᛶ䛾Ⰻ䛔⣽⬊䜢㑅ᢥ䛧䛯䛜䚸༑ศ䛸䛿ゝ䛘䛪䚸䜘䜚
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Ⓨ⌧ᛂ⟅䛾ඃ䜜䛯⣽⬊ᰴ䜢⏝䛧䛯䜰䝑䝉䜲⣔䛻ᨵⰋ䛩䜛ᚲせ䛜䛒䜛䚹㻌
㑇ఏᏊኚ␗䛸䛶䜣䛛䜣Ⓨ䛾㛵㐃ᛶ䜢ゎᯒ䛩䜛䛣䛸䛸䚸ཎᅉ㑇ఏᏊ䛾ᶵ⬟ゎᯒ䛸Ⓨ䛸
䛾㛵㐃䛾᳨ウ䜢⾜䛖䛣䛸䛜䚸㑇ఏᏊྠᐃ䛾䛯䜑䛻ᐇ䛩䜉䛝㡯┠䛸䛧䛶ṧ䛳䛶䛔䜛䚹㻌
ೃ⿵ 㻿㻺㻼 㑇ఏᏊ䛜 㼏㻭㻰 䛾ែ䛻㛵䛧䛶䛔䜛䛛᫂䛷䛒䜛䛯䜑䚸㻿㻺㻼 䛸ែ䛾㛵㐃ᛶ
䛻䛴䛔䛶ゎᯒ䛩䜛ᚲせ䛜䛒䜛䚹㻌
䠘ホ౯యไ䠚㻌
ྛ◊✲⪅䛿ᖺ䠎ᅇ䛾◊✲㆟䛷༙ᖺศ䛾◊✲ᡂᯝ䜢Ⓨ⾲䛧䛶䛔䜛䚹䛣䛾㆟䛻䛿ඹྠ◊
✲ᶵ㛵䛾⌮Ꮫ◊✲ᡤ䛾ஂಖ᫂ඛ⏕䚸㮵ඣᓥᏛ䛾ඛ⏕䚸ᮾி㎰ᕤᏛ䛾᳃ඛ
⏕䜒䛤ฟᖍ䛔䛯䛰䛝ホ౯䜔䝁䝯䞁䝖䜢䛔䛯䛰䛔䛯䚹䛥䜙䛻䛾ศᢸ◊✲⪅䛛䜙䛾䝁䝯䞁䝖䜒ཧ
⪃䛻䛧䛶䚸◊✲௦⾲⪅䛜ホ౯䛧䛶䛔䜛䚹◊✲㈝䛿᭱ప㝈ᚲせ䛺◊✲㈝䜢ศ㓄䛧䛶䚸䛒䛸䛿䛭
䛾ホ౯䛻ᛂ䛨䛶㑇ఏᏊゎᯒ䛺䛹㈝⏝䛻䛶䜛䚹䛥䜙䛻䛭䛾ホ౯䜢ᐈほⓗ䚸බᖹ䛻䛩䜛䛯䜑䛻
እ㒊ホ౯ጤဨ䛸䛧䛶䚸ᮾிᏛ⋇་Ꮫ⛉㻌 ㎷ᮏ㻌 ඖᩍᤵ䚸ᾏ㐨Ꮫ⋇་Ꮫ⛉㻌 ✄ⴥ㻌 ╬ᩍ
ᤵ䚸㓗㎰ᏛᅬᏛ⋇་Ꮫ⛉㻌 ᮧ㻌 ᾈᩍᤵ䛻䛚㢪䛔䛧䛶୰㛫ホ౯䜢⾜䛔䚸ᮏ䝥䝻䝆䜵䜽䝖
䛾ྛ◊✲⪅䛜◊✲ᡂᯝ䛾Ⓨ⾲䜢⾜䛔䚸ホ౯䞉䝁䝯䞁䝖䜢䛔䛯䛰䛔䛯䚹㻌
䠘◊✲ᮇ㛫⤊ᚋ䛾ᒎᮃ䠚㻌
ᮏ䝥䝻䝆䜵䜽䝖⤊ᚋ䜒≟䛾 㻰㻺㻭 䝞䞁䜽䛻䛚䛡䜛 㻰㻺㻭 ᳨య䛾㞟䜢⾜䛖ணᐃ䛷䛒䜛䚹㻌
㞟䛧䛯║ᝈ 㻰㻺㻭 䝃䞁䝥䝹䛿䚸ᮍ䛰䜋䛸䜣䛹ᡭ䛛䛪䛷䚸ရ✀౫Ꮡᛶ║ᝈ䛾᥈
ồ䜢ᚋ䜒⥅⥆䛧䛶⾜䛖䚹䜎䛯䚸ⓑෆ㞀䛚䜘䜃⥳ෆ㞀䛾㑇ఏᏊ䛾୍㒊䜢ぢฟ䛧䛯䛜䚸䛭䛾ᶵ
⬟ⓗ䛺ᙺ䛜䜎䛰᫂䛾䛯䜑䚸◊✲䜢⥅⥆䛧䛶䛭䛾㑇ఏᏊ䛾ᶵ⬟䛾ゎᯒ䜢⾜䛖䚹㻌
ᰘ≟䜢ᮦᩱ䛻䚸♫ᛶ䛾㐍䛻䛛䛛䜟䜛㑇ఏᏊ䜢䚸ḟୡ௦ᆺ䝅䞊䜽䜶䞁䝃䞊䛷ᢳฟ䛧䛴
䛴䛒䜛䚹䛣䜜䜙䛾㑇ఏᏊ䛸⾜ື䛸䛾㛵㐃ゎᯒ䜢ᐇ䛩䜛ணᐃ䛷䛒䜛䚹㻌
㻌 ≟䛾䜰䝻䝨䝅䜰 㼄 䛾ཎᅉ䛸䛺䜛ೃ⿵㑇ఏᏊ䜢ぢฟ䛧䚸䛭䛾㑇ఏᏊⓎ⌧䛾ホ౯⣔䜒ᵓ⠏䛧
䛯䚹䛧䛛䛧䚸ᶵ⬟ⓗᙺ䛿᫂䛷䛒䜚䚸Ⓨ䝯䜹䝙䝈䝮䛾ゎ᫂䜔ཎᅉ㑇ఏᏊ䛸䛧䛶䛾≉ᐃ䛻
䛿⮳䛳䛶䛚䜙䛪䚸䜎䛯䛭䛾㑇ఏᏊⓎ⌧䜢ᅇ䛩䜛ලయⓗ䛺≀㉁䜒ぢ䛴䛛䛳䛶䛔䛺䛔䚹ೃ⿵㑇
ఏᏊ䛸ᝈ䛸䛾㛵ಀ䛻䛴䛔䛶⮫ᗋᛂ⏝䛜ྍ⬟䛸䛺䜛䝕䞊䝍䛜ᚓ䜙䜜䜛䜘䛖䛻ᚋ䜒◊✲䜢⥅
⥆䛩䜛䚹䜎䛯䚸䝬䜲䜽䝻䝏䝑䝥ḟୡ௦䝅䞊䜿䞁䝃䞊䜢⏝䛧䛶䚸䛥䜙䛻ከ䛟䛾≟䛾䜰䝻䝨䝅䜰 㼄
ᝈೃ⿵㑇ఏᏊ䜢Ⓨぢ䛧䚸Ⓨᶵᵓ䛾ゎ᫂䜈䛾㈉⊩䛸㑇ఏᏊデ᩿ἲ䛾㛤Ⓨ䛻ྲྀ⤌䜐䚹㻌
㻌 ≟䛾≉Ⓨᛶ䛶䜣䛛䜣䛾ೃ⿵㑇ఏᏊ䜢⤠䜚㎸䜣䛰䛜䚸ྠᐃ䜎䛷䛿⮳䛳䛶䛔䛺䛔䛯䜑䚸◊✲䜢
⥅⥆䛧䛶䚸㑇ఏ⤫ィᏛⓗᡭἲ䛻䜘䛳䛶㑇ఏᏊኚ␗䛸䛶䜣䛛䜣Ⓨ䛾㛵㐃ᛶ䜢ゎᯒ䛧䚸䛥䜙䛻
ཎᅉ㑇ఏᏊ䛾ᶵ⬟ゎᯒ䛸Ⓨ䛸䛾㛵㐃䛾᳨ウ䜢⾜䛖䚹Ⓨసᆺ䛸㑇ఏᏊኚ␗䛸䛾㛵㐃ᛶ䜒ㄪ
䜉䜛ணᐃ䛷䛒䜛䚹䛭䛾䛯䜑䛻ᚋ䜒◊✲䜢⥅⥆䛩䜛䚹㻌
䠘◊✲ᡂᯝ䛾ḟⓗຠᯝ䠚㻌
㻌 ᮧୖ䛜ᮏ◊✲䛷ᵓ⠏䛧䛯⣽⬊䝺䝧䝹䛷䛾㑇ఏᏊⓎ⌧ホ౯⣔䛿⬺ẟ䜢ᑐ㇟䛸䛧䛯⸆㛤
Ⓨ䛾䛯䜑䛾ೃ⿵≀㉁䝇䜽䝸䞊䝙䞁䜾䜔స⏝ᶵᗎゎ᫂䛻㈉⊩䛷䛝䜛ྍ⬟ᛶ䛜䛒䜛䚹ᴗ䛸䛾
ඹྠ◊✲䜒㐍䜑䛶䛔䜛䚹䛥䜙䛻ᮏ◊✲䜢㐍䜑䜛୰䛷◊✲⪅㛫䛷䛾≟䛾㑇ఏ㛵㐃ᝈ䛾ሗ
䛜άⓎ䛻䛺䜚䚸䝅䞊䝈䞊⥙⭷㞳䞉◪Ꮚయኚᛶ䛾ཎᅉ㑇ఏᏊ᥈⣴䛸㑇ఏᏊデ᩿ἲ䛾
㛤Ⓨ䚸≟䛾⫧‶య㉁䛻㛵䛩䜛㑇ఏᏊ䛾ከᆺゎᯒ䚸ኚᛶᛶ⬨㧊䛸䜶䞊䝷䝇䞉䝎䞁䝻䝇ೃ
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⏣ࠊ㸷᭶ 2015 ᖺ
ᖹᒣ 㝯୍㑻ࠊ㕥ᮌ ோேࠊෆᒣ ῟ᖹࠊᯇ ┿⌮ࠊ㕥ᮌ 㔛ࠊᰘᒣ ᜨ࿃ࠊ㜰ཱྀ 㞞
ᘯࠊᮌෆ ᫂⏨: ࢾ࠾ࡅࡿ᪂つཱྀ⭍ෆᖖᅾ⣽⳦ࡢྠᐃࢤࣀ࣒㓄ิゎᯒ㸬 ➨
158 ᅇ᪥ᮏ⋇་Ꮫࠊ༑⏣ࠊ㸷᭶ 2015 ᖺ
ෆᒣ῟ᖹࠊᯇ⚽ோࠊⰼᮌ⚽᫂ࠊᯇᓮⱱᒎࠊ㜰ཱྀ㞞ᘯ:⣽⳦ឤᰁ࠾ࡅࡿデ᩿ἲ
⒪ἲࡢ㛤Ⓨ㸸ࣂࢡࢸࣜ࢜ࣇ࣮ࢪࡢ⏝㸬➨ 158 ᅇ᪥ᮏ⋇་Ꮫࠊ༑⏣ࠊ㸷
᭶ 2015 ᖺ
ஂಖᏊ䚸㉥ụ䛛䜣䛺䚸ᮧୖ㈼䠖ᅜෆ䜿䞊䝥䝨䞁䜼䞁䛾ಶయ㆑ู䛚䜘䜃∗Ꮚ㚷ᐃ䛻䛚
䛡䜛䝬䜲䜽䝻䝃䝔䝷䜲䝖 DNA 䝬䞊䜹䞊䛾᭷⏝ᛶ䠊➨ 158 ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟䚸༑
⏣䚸9 ᭶ 2015 ᖺ
Nomura N, Saito M, Hasegawa D, Watanabe N. Uchida K, Okuno S, Nakai M, Orito㻌 K.
Clinical efficacy and safety of zonisamide monotherapy in dogs with newly diagnosed
idiopathic epilepsy. 2015 ACVIM Forum, Indianapolis, June, 2015.
▼ᓫྐ, ᪂㞝୍, ⣽ᮌᩗ♸, ὠஂᏹ, 㜰ཱྀ㞞ᘯ, ୕Ꮿ, 㛗℩㝯ⱥ, ᒣୗ
┤⨾㸸 ႍᜥែ࠾ࡅࡿẼ㐨ୖ⓶⣽⬊ࡢάᛶ᪂つࢡࣝࢡ࣑ࣥㄏᑟయࡼࡿไ
ᚚࡘ࠸࡚ࡢゎᯒ.➨ 55 ᅇ᪥ᮏ྾ჾᏛࠊᮾிࠊ4 ᭶ 2015 ᖺ
(㻖2)ᆤㄔஓ, Ώ㑔Ꮫ, ⎼⨾, ྜྷぢዉὠᏊ, ຍ⸨᫂ஂ, 㜰ཱྀ㞞ᘯ, ಟ,᷸⏣
ဢ , ࢳ ࢙ ࣥ ࣂ ࣮ ࢬ ࢪ ࢙ ࣮ ࣒ ࢬ , Ⳣ 㔝 ⣧ ኵ , ෆ ⏣  ᖾ , ୰ ᒣ ⿱ அ 㸸 Whole Exome
Sequence ἲࡼࡿࢾ㑇ఏᛶ⚄⤒ᝈࡢཎᅉ㑇ఏᏊྠᐃࠋ➨ 11 ᅇ⋇་ෆ⛉࢝ࢹ
࣑࣮ࠊᶓࠊ2 ᭶ 19 ᪥ 2014 ᖺ
እụள⣖Ꮚ䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: ㄆ▱⬟ຊ䛾≟✀㛫ẚ㍑䛸㛵㐃㑇ఏᏊ䛾
᥈⣴䛻䜘䜛䜲䝚䛾㐍䛻㛵䛩䜛◊✲.䛂ඹឤᛶ䛾㐍䞉⚄⤒ᇶ┙䛃➨ 2 ᅇ㡿ᇦ㆟䚸ᮾ
ᑎ⥲ྜᩥ䝉䞁䝍䞊䚸1 ᭶ 2015 ᖺ
☐䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: 䜲䝚䛻䛚䛔䛶䝠䝖䛛䜙䛾ど⥺䛿ሗ㓘䛻䛺䜛
䛛䠛䛂ඹឤᛶ䛾㐍䞉⚄⤒ᇶ┙䛃➨ 2 ᅇ㡿ᇦ㆟䚸ᮾᑎ⥲ྜᩥ䝉䞁䝍䞊䚸1 ᭶ 2015
ᖺ
Ọ⃝⨾ಖ䚸⳥Ỉྐ: ᩡ㐍䛜䜒䛯䜙䛧䛯䝠䝖䞊䜲䝚㛫䛾⤎ᙧᡂ䛸䜸䜻䝅䝖䝅䞁䛾ᙺ
. 䛂ඹឤᛶ㡿ᇦ䛃䛂⮬ᕫไᚚ⢭⚄㡿ᇦ䛃ྜྠⱝᡭ⫱ᡂ䝅䞁䝫䝆䜴䝮䚸ᮾி་⛉ṑ⛉
Ꮫ䚸12 ᭶ 2014 ᖺ
⳥Ỉྐ: ே䛸≟䛾ඹ⏕㻌 ᚰ䛾䛴䛺䛜䜚. ᪥ᮏ⚄⤒ᾘჾᏛ䚸Ꮫ⾡⥲ྜ䝉䞁䝍䞊䞉
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37.
38.
39.

୍ᶫㅮᇽ䚸11 ᭶ 2014 ᖺ
ཎ⏣ࠊⓑ⚽ࠊ㉺ᮏ▱ࠊ㜰ཱྀ㞞ᘯ,ᕤ⸨ẚ➼ᚿ㸸⿕ẟ࠾ࡼࡧၚᾮࡢ୧⪅ࡢ
ឤసࡀㄆࡵࡽࢀࡓࢪࣖࣥ࢞ࣜࣥࣁ࣒ࢫࢱ࣮ࡼࡿࢼࣇࣛ࢟ࢩ࣮ࡢ 1 .➨㸲
㸲ᅇ᪥ᮏ⓶ࣞࣝࢠ࣮࣭᥋ゐ⓶⅖Ꮫࠊྎࠊ11 ᭶ 2014 ᖺ
బ⸨⨾⣖䚸ᐑᓮ㝧Ꮚ䚸㟷ᮌ༟☻䚸⸨⏣ᖾᘯ䚸ᅭᑿᣅஓ䚸㰺⸨ᘺ௦Ꮚ䚸⸨ὒᏊ䚸ஂᮎṇ
ᬕ䚸⏣୰᫂䚸ἑ㐩ஓ:䜲䝚⬡⫫⤌⧊ᖿ⣽⬊(ASC)䛾⣽⬊ቑṪ䛸⚄⤒ศ䛻ཬ䜌䛩䝞
䝹䝥䝻㓟䛸ప㓟⣲䛾ᙳ㡪.㻌 ➨ 87 ᅇ᪥ᮏ⏕Ꮫ䚸ᅜ❧ி㒔ᅜ㝿㤋䚸10 ᭶ 2014 ᖺ
ᰘ⏣᭙䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: 䜲䝚䛻䛚䛡䜛䝇䝖䝺䝇ෆศἪ䛾Ⓨ㐩≉ᛶ䛸⾜
ື䛸䛾㛵㐃. ➨ 157 ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟䚸ᮐᖠ䚸9 ᭶ 2014 ᖺ
⛅ྜྷ ுேࠊஂᮎ ṇᬕࠊᅵᒇு㸸ཎⓎᛶ㛛⬦పᙧᡂデ᩿ࡋࡓ≟ 30 ࠾ࡅࡿ
⮫ᗋ⌮Ꮫⓗ᳨ᰝᡤぢࡢ᳨ウ. ➨ 157 ᅇ᪥ᮏ⋇་Ꮫࠊᮐᖠࠊ9 ᭶ 2014 ᖺ
㯮⏣┿㐨䚸ᮧୖ㈼䚸⸨ᮏ㈗ྐ䚸Ⲩඞಇ䠖㓄ิ䜢䝥䝻䞊䝤䛸䛧䛯 FISH 䛻䜘䜛ᰁⰍయ
㆑ู䛸䜽䝻䞊䞁䝗䝆䝵䜴䛾㞧✀㉳※ゎ᫂䠊ᖹᡂ 26 ᖺᗘ᪥ᮏỈ⏘Ꮫ⛅Ꮨ䚸⚟ᒸ䚸9
᭶ 2014 ᖺ
ᮧ⏣Ꮚ䚸ட᪩⣖䚸ᮧୖ㈼䠖䝣䞁䝪䝹䝖䝨䞁䜼䞁ᒓ 3 ✀䛾䝨䞁䜼䞁䛾᰾ᆺศᯒ䛻䜘䜛
≉ᚩ䛡䠊➨ 157 ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟䚸ᮐᖠ䚸9 ᭶ 2014 ᖺ
∦ᕝඃᏊ䚸⯚ሙṇᖾ䚸ᮧୖ㈼䠖BMP 䛻䜘䜛 Smad8 Ⓨ⌧ㄪ⠇䝯䜹䝙䝈䝮䛾ゎᯒ䠊➨ 157
ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟䚸ᮐᖠ䚸9 ᭶ 2014 ᖺ
Ọ⃝⨾ಖ䚸ᰘ⏣᭙䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: The development of endocrine stress response
in early socialization period is associated with that in adulthood in dogs. ᪥ᮏື≀ᚰ⌮Ꮫ
➨ 74 ᅇ䚸≟ᒣᅜ㝿ほග䝉䞁䝍䞊“䝣䝻䜲䝕”䚸7 ᭶ 2014 ᖺ
㜰ཱྀ㞞ᘯࠊⓑ⚽㸸ᐊෆ⎔ቃࣞࣝࢤࣥ.➨ 23 ᅇ᪥ᮏ⮫ᗋ⎔ቃ་Ꮫࠊி㒔ࠊ6
᭶ 2014 ᖺ
(㻖)Imayasu M, Kanemaki N, Meguro A, Mizuki N. A novel single nucleotide polymerism
asocial woth glaucoma in Shiba-inu and Shih-Tzu dogs, ARVO Annual Meeting, Orlando,
FL, USA, May, 2014.
▼ᓫྐ, ᪂㞝୍, ⓑ⚽, 㜰ཱྀ㞞ᘯ, Ჴඖ᠇୍, ᐊṇᚿ, 㛗℩㝯ⱥ, ᒣୗ┤
⨾: IRF3 ࡢዲ㓟⌫ᛶẼ㐨⅖ែ࠾ࡅࡿᙺ.➨ 26 ᅇ᪥ᮏࣞࣝࢠ࣮ᏛᏘ⥲
ࠊ5 ᭶ 2014 ᖺ
㕥ᮌ㻌 㯞㔛Ꮚ䚸㯮ᓮ㻌 ᙪ䚸㣕⏣㻌 ၨ㍜䚸㟷ᮌ㻌 ᗣኵ䚸ᯘ㔝㻌 ῟䚸㎷ᮏ㻌 ඖ䚸㜰ཱྀ㻌 㞞ᘯ䠖
≟䛾䜰䝖䝢䞊ᛶ⓶⅖䛻䛚䛡䜛᪂つங㓟⳦ Lactobacillus crispatus KT-11 〇䛾ᢞヨ
㦂.➨䠍䠓ᅇ᪥ᮏ⋇་⓶⛉ᏛᏛ⾡,䛥䛔䛯䜎䚸3 ᭶ 2014 ᖺ
㜰ཱྀ㞞ᘯ, ὠஂᗈ, 㝮ᑛྐ, ㎷ᮏඖ:≟ࡢࢺࣆ࣮ᛶ⓶⅖ࡢࣞࣝࢤࣥࢆ⏝
࠸ࡓච⒪ἲࡘ࠸࡚.➨ 10 ᅇ⋇་ෆ⛉࢝ࢹ࣑࣮ࠊᶓࠊ2 ᭶ 2014 ᖺ
༳∾ಙ⾜ࠊᕝཎᖹࠊ㜰ཱྀ㞞ᘯ㸸ࢾࡢࣂ࢜ࣂࣥࢡࣉࣟࢪ࢙ࢡࢺ࠾ࡅࡿࢾ
⥳ෆ㞀ឤཷᛶ㑇ఏᏊࡢ◊✲.➨㸯㸮ᅇ⋇་⮫ᗋ㑇ఏ◊✲ࠊኳ❺ࠊ12 ᭶ 2013 ᖺ
㔝㷂῟ኵࠊ㕥ᮌ┤ஓࠊᡂ⏣Ὀ❶ࠊⓑ⚽ࠊ㜰ཱྀ㞞ᘯ㸸ᕷ㈍࣐ࢫࢡ࠾ࡅࡿ✵Ẽở
ᰁ≀㉁ࡢ㝖ཤ≉ᛶࡘ࠸࡚ ࡑࡢ 1 ࢞ࢫ≧≀㉁㸦ࣥࣔࢽࠊVOC㸧
㸬2013 ᖺᗘ
྾ಖㆤ㛵ࡍࡿ◊✲Ⓨ⾲ࠊᮾிࠊ12 ᭶ 2013 ᖺ
∦ᕝඃᏊ䚸ᇼཱྀᫀ⚽䚸⯚ሙṇᖾ䚸ᮧୖ㈼䠖BMP 䛻䜘䜛 Smad8 Ⓨ⌧ㄪ⠇䠊➨ 36 ᅇ᪥ᮏศ
Ꮚ⏕≀Ꮫᖺ䚸⚄ᡞ䚸12 ᭶ 2013 ᖺ
ὸஂ⨾Ꮚ䚸⯚ሙṇᖾ䚸ᮧୖ㈼䠖TGF-ȕ 䛻䜘䜛 RANKL ㄏᑟᛶ Mitf-E 䛾Ⓨ⌧䛸◚㦵⣽
⬊ศ䜈䛾ᙳ㡪䠊➨ 36 ᅇ᪥ᮏศᏊ⏕≀Ꮫᖺ䚸⚄ᡞ䚸12 ᭶ 2013 ᖺ
Kawarai S, Fujimoto A, Nozawa G, Kanemaki N, Madarame H, Shida T, Kiuchi A:
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45.
46.

47.

48.
49.

50.

51.

52.
53.
54.
55.

Decreasing methicillin-resistant Staphylococcal colonization in allergic dog skin by
shampoo.The Asian Meeting of Animal Medicine Specialties. Bogor,Indonesia, Dec, 2013.
ⓑ⚽䚸ᡂ⏣Ὀ❶䚸ᯇᮏ⹒ୡ䚸ᰘ⏣ᙲ䚸㔝ᓮ῟ኵ䚸㜰ཱྀ㞞ᘯ䠖䝬䝇䜽╔⏝䛻䜘䜛䝎䝙
䜰䝺䝹䝀䞁྾ධண㜵ຠᯝ䛾᳨ウ.➨ 63 ᅇ᪥ᮏ䜰䝺䝹䜼䞊Ꮫ⛅ᏘᏛ⾡,ᮾி䚸11
᭶ 2013 ᖺ
ᮧୖ⿱ಙ䚸ⴗཎᜤ䚸㕥ᮌ⿱䚸ᇽ๓┤䚸㛫㝧Ꮚ: 䝥䝻䝔䜸䝭䜽䝇ἲ䛻䜘䜚ྠᐃ䛧䛯᪂つ
Vpr ⤖ྜᅉᏊ PRMT5/7 䛻䜘䜛䜴䜲䝹䝇」〇ไᚚᶵᵓ. ➨ 27 ᅇ᪥ᮏ䜶䜲䝈Ꮫ⾡㞟䚸
11 ᭶ 2013 ᖺ
ᮧୖ⿱ಙ䚸ⴗཎᜤ䚸㕥ᮌ⿱䚸ᇽ๓┤䚸㛫㝧Ꮚ: ᪂つ Vpr ⤖ྜᅉᏊ䛾䝥䝻䝔䜸䝭䜽䝇
ἲ䛻䜘䜛ྠᐃ䛚䜘䜃䜴䜲䝹䝇⏘⏕䜈䛾ᙳ㡪. ➨ 61 ᅇ᪥ᮏ䜴䜲䝹䝇ᏛᏛ⾡㞟䚸⚄
ᡞ䚸11 ᭶ 2013 ᖺ
እụள⣖Ꮚ䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: ≟䛾♫ㄆ▱䛻㛵䜟䜛㑇ఏᏊ䛾᥈⣴.
᪂Ꮫ⾡㡿ᇦ◊✲䛂ඹឤᛶ䛾㐍⚄⤒ᇶ┙䛃 ➨ 1 ᅇ㻌 ື≀⾜ື䛸䜸䜻䝅䝖䝅䞁◊✲㆟䚸
⇕ᾏ䚸11 ᭶ 2013 ᖺ
Murata M, Murakami M.: Characterization of DNA markers isolated from the African
penguin (Spheniscus demersus) by using RDA and MASA techniques., 6th Asian Meeting
on Zoo and Wildlife Medicine/Conservation, Singapore, Oct, 2013.
ᮧୖᘯṇ䚸⣽ᕝ⪷▮䚸ᕝཎᖹ䚸ᩬ┠ᗈ㑻䠖ῶឤస⒪ἲ䜢ᐇ䛧䛯≟䜰䝖䝢䞊ᛶ⓶
⅖䛾 2 . ᪥ᮏᑠື≀⋇་Ꮫᮾᆅ༊. ⚟ᓥ䚸10 ᭶ 2013 ᖺ
ᓥ⚽ࠊᒸᒣኴ㑻ࠊቑ⏣୍ࠊὠஂᗈࠊ⸨ᮧṇேࠊ㜰ཱྀ㞞ᘯ㸸ࢾࡢ⾑Ύ୰
ࣞࣝࢤࣥ≉␗ⓗ IgE ᢠయ㔞ࣞࣝࢠ࣮ᛂ㜈್⃰ᗘࡢẚ㍑.➨ 156 ᅇ᪥ᮏ⋇་
Ꮫࠊᒱ㜧ࠊ9 ᭶ 2013 ᖺ
እụள⣖Ꮚ䚸ᑎෆ䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ. 䜲䝚䛾䝠䝖䛸䛾䝁䝭䝳䝙䜿䞊䝅䝵䞁
⬟ຊ䛾ရ✀ᕪ䠈㛵㐃㑇ఏᏊ䛾᥈⣴. ᪥ᮏື≀ᚰ⌮Ꮫ➨ 73 ᅇ䚸⟃ἼᏛ䚸9 ᭶
2013 ᖺ㻌
∦ᒣ┿ᕼ䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: య䜔ື䛾ኚ䛜䜲䝚䛾ᚰᢿኚື䛻ཬ
䜌䛩ᙳ㡪. ᪥ᮏື≀ᚰ⌮Ꮫ➨ 73 ᅇ䚸⟃ἼᏛ䚸9 ᭶ 2013 ᖺ㻌
ᑎෆ䚸Ọ⃝⨾ಖ䚸እụள⣖Ꮚ䚸ᆏ⏣᪥㤶⌮䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: 䜲䝚䛾䝠䝖䛸䛾ど
⥺䝁䝭䝳䝙䜿䞊䝅䝵䞁䛾≟✀ᕪ. ᪥ᮏື≀ᚰ⌮Ꮫ➨ 73 ᅇ䚸⟃ἼᏛ䚸9 ᭶ 2013
ᖺ㻌
ᑠᕝ⨾㔛䚸ᅭྐ⥴⌮䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ䚸: 䜸䜻䝅䝖䝅䞁ᢞ䛻䜘䜛䝠䝖䜈
䛾ど⥺ቑᙉ䛾᪥ᮏ≟✀䛸ὒ≟✀䛾ẚ㍑. ᪥ᮏື≀ᚰ⌮Ꮫ➨ 73 ᅇ䚸⟃ἼᏛ䚸9
᭶ 2013 ᖺ㻌
Ώ㎶ᚁ, ⏣୰᫂, ἑ㐩ஓ, ℩ᕝோ, ᰿ᑿḈᏊ, ᅵᒇு, ᮧ⏣Ꮚ,ᮧୖ㈼, ஂᮎ
ṇᬕ㸸ࢾ⭘⒆ቯṚᅉᏊ(TNFA)㑇ఏᏊࡢ➨㸯ࣥࢺࣟࣥᏑᅾࡍࡿ 4 ሷᇶ࣐
ࢡࣟࢧࢸࣛࢺࡢ≉ᚩ. ➨ 156 ᅇ᪥ᮏ⋇་Ꮫࠊᒱ㜧ࠊ9 ᭶ 2013 ᖺ
ᰘ⏣᭙䚸Ọ⃝⨾ಖ䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: 䜲䝚䛻䛚䛡䜛䝇䝖䝺䝇ෆศἪ䛾Ⓨ㐩≉ᛶ䛸⾜
ື䛾㛵㐃. ᪥ᮏ⾜ື⚄⤒ෆศἪ◊✲䠄JSBN䠅䚸㮵ඣᓥᕷ䝺䜲䞁䝪䞊ᱜᓥ䚸7 ᭶ 2013 ᖺ
㜰ཱྀ㞞ᘯ:ᐇ㦂ື≀ࣞࣝࢠ࣮⎔ቃᅉᏊ.➨ 50 ᅇ᪥ᮏᐇ㦂ື≀⎔ቃ◊✲,ᮾி,7
᭶ 2013 ᖺ
㔠᳃⪀ᖹ䚸ᮧୖ㈼䚸ᯇᚭ䚸⯚ሙṇᖾ䠖⫢⣽⬊ᇵ㣴⣔䛸䝦䝥䝅䝆䞁㑇ఏᏊⓎ⌧䠊➨ 30 ᅇ
᪥ᮏᚤ㔞ᰤ㣴⣲ᏛᏛ⾡㞟䚸ி㒔䚸6 ᭶ 2013 ᖺ
Kanemaki N, Tchedre KT, Imayasu M, Meguro A, Mizuki N. Identification of S1 RNA
binding domain-1 SRBD1 as a major gene determing glaucoma in dogs. ARVO Annual
Meeting, Seattle, WA, USA, May, 2013.
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ᖺ
57. Kikusui T, Mogi K, Nagasawa M: Sociobehavioral study of human-dog interactions: an
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Origins of Human Mind”, International Institute for Advanced Studies, Kyoto, Japan,
December, 2012
58. Nagasawa M, En S, Mogi K, Kikusui T Reciprocal communication and neuroendocrine
response in human-dog interaciotns. IIAS Research Conference 2012 “Evolutionary
Origins of Human Mind”, International Institute for Advanced Studies, Kyoto, Japan,
December, 2012
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⢊⦾Ṫࡋࡓࢳࣜࢲࢽ㢮ࡼࡿ༶ᆺࣞࣝࢠ࣮ࡢẕᏊ. ➨ 62 ᅇ᪥ᮏࣞࣝࢠ
࣮Ꮫ⛅ᏘᏛ⾡. 㜰,11 ᭶ 2012 ᖺ
61. ⓑ⚽ࠊᡂ⏣Ὀ❶ࠊᯇᮏ⹒ୡࠊᰘ⏣ᙲࠊ㔝ᓮ῟ኵࠊ㜰ཱྀ㞞ᘯ: ࣐ࢫࢡ╔⏝ࡼࡿ
ࢲࢽࣞࣝࢤࣥ྾ධண㜵ຠᯝࡢ᳨ウ. ➨ 62 ᅇ᪥ᮏࣞࣝࢠ࣮Ꮫ⛅ᏘᏛ⾡.
㜰,11 ᭶ 2012 ᖺ
62. ᓥ⚽ࠊ࿘⸨᫂⨾ࠊቑ⏣୍ࠊᮌෆ᫂⏨ࠊ㜰ཱྀ㞞ᘯ:ங㓟⳦ࢆ⏝࠸ࡓ㣗≀ࣞࣝ
ࢠ࣮ࡢ᪂つ⒪ἲࡢ㛤Ⓨ㸸ࢾ࠾ࡅࡿᝈࣔࢹࣝࡋ࡚ࡢ㣗≀ࣞࣝࢠ࣮≟ࡢ᳨
ウ.➨ 87 ᅇ㯞ᕸ⋇་Ꮫࠊ┦ᶍཎࠊ11 ᭶ 2012 ᖺ
63. ᒸᮏ᠇᫂ࠊ▼ᾈ㟹ࠊᮌෆ᫂⏨ࠊ⸨ᮧṇேࠊ㜰ཱྀ㞞ᘯ㸸ࢺࣆ࣮ᛶ⓶⅖≟࠾ࡅ
ࡿ Malassezia pachydermatis ࡢឤస≧ἣ. ➨ 87 ᅇ㯞ᕸ⋇་Ꮫࠊ┦ᶍཎࠊ11 ᭶ 2012
ᖺ
64. ᐑᆅ୍ᶞࠊᮌෆ᫂⏨ࠊ⸨ᮧṇேࠊᰩ⏣࿃㑻ࠊ㜰ཱྀ㞞ᘯ㸸᪥ᮏ࠾ࡅࡿ≟ΰྜ࣡ࢡࢳ
ࣥ᥋✀ᚋᛂ㛵ࡍࡿつᶍ࡞Ꮫㄪᰝ. ➨ 87 ᅇ㯞ᕸ⋇་Ꮫࠊ┦ᶍཎࠊ11 ᭶
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canis 䛾 PCR 䛻䜘䜛㚷ูデ᩿䛾᳨ウ.㻌 ➨ 87 ᅇ㯞ᕸ⋇་Ꮫ䚸┦ᶍཎ䚸11 ᭶ 2012 ᖺ
66. 㜰ཱྀ㞞ᘯ:≟ࡢᝈゎᯒࡢࡓࡵࡢ㑇ఏᏊࣂࣥࢡ. ➨ 6 ᅇᐙ␆㹂㹌㸿す㒓ࢩ࣏ࣥࢪࣗ
࣮࣒,⚟ᓥࠊ10 ᭶ 2012 ᖺ
67. ᑎෆ䚸Ọ⃝⨾ಖ䚸እụள⣖Ꮚ䚸ᆏ⏣᪥㤶㔛䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: 䜲䝚䛾䝠䝖䛻ᑐ䛩
䜛♫ⓗㄆ▱⬟ຊ䛾≟✀ᕪ. ᪥ᮏ့ங㢮Ꮫ 2012 ᖺᗘ䚸┦ᶍཎ䚸9 ᭶ 2012 ᖺ
68. 㜰ཱྀ㞞ᘯ:ᖏ㟁ᚤ⢏ᏊỈࠕࢼࣀ࣮ࠖࡼࡿ࣌ࢵࢺࣞࣝࢤࣥάࡢ᳨ウ.᪥ᮏ⮫
ᗋ⋇་Ꮫࣇ࢛࣮࣒ࣛࠊᮾிࠊ9 ᭶ 2012 ᖺ
69. ᇼᮏὈࠊ⋞ᩥᏹࠊᒾ㝃◊Ꮚࠊຍ⸨ኴ㑻ࠊஂᮎṇᬕࠊ㜰ཱྀ㞞ᘯࠊ᫂▼༤⮧ࠊఀ⸨
ኖࠊἙᒸ⩏⿱ࠊ㕥ᮌ⏨ࠊ๓⏣: ࢃࡀᅜࡢ့ஙື≀࠾ࡅࡿࣥࣇ࢚ࣝࣥࢨ࢘
ࣝࢫឤᰁ. ➨ 154 ᅇ᪥ᮏ⋇་Ꮫ,ᒾᡭ,9 ᭶ 2012 ᖺ
70. ཎᗣᘯ䚸୰ᒸඃᕼ䚸⸨♸㍤䚸⸨⏣㞝䚸ᒣᮏᮍဏ䚸ᐑᓮ㝧Ꮚ䚸⏣୰᫂䚸ἑ㐩ஓ䠖
䜲䝚⬡⫫⤌⧊⏤᮶㛫ⴥ⣔ᖿ⣽⬊䛾⚄⤒ศ䛻ཬ䜌䛩䝠䝇䝖䞁⬺䜰䝉䝏䝹㓝⣲㜼ᐖ
䛾ᙳ㡪䠊➨ 154 ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟䠈ᒾᡭ䠈9 ᭶ 2012 ᖺ
71. ⣽ᕝ⪷▮䚸ᕝཎᖹ䚸ὠஂᗈ䚸ஂᮎṇᬕ䚸༳∾ಙ⾜䚸ᩬ┠ᗈ㑻䚸ᅵᒇு䚸ᑠ᪉᐀
ḟ:ᅜ⏘䝁䝘䝠䝵䜴䝠䝎䝙ᢠཎᾮ䛾᭷⏝ᛶ䛻㛵䛩䜛⪃. ➨ 154 ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟
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73.

74.

75.

76.

77.

78.
79.

80.

81.

82.
83.

84.

85.

86.

. ᒾᡭ䚸9 ᭶ 2012 ᖺ
℩ᕝோ, ⸨ᮏ࠶ࡺࡳ, ຍ⸨ᓫ, ᰿ᑿḈᏊ, ஂᮎṇᬕ, ᅵᒇு:ࢾࡢ㍺⾑⏝⾑ᑠᯈ
〇෭ⶶಖᏑࡢ᳨ウ.➨ 154 ᅇ ᪥ᮏ⋇་Ꮫࠊᒾᡭࠊ9 ᭶ 2012 ᖺ
⸨ᮏ࠶ࡺࡳ, ▼ሯࡕ࡞ࡘ, ὸ㔝ᑗே, ∾▼ᜨ, ຍ⸨ᓫ, ℩ᕝோ, ▼ᕝṊྐ, 㟷ᮌ
༟☻, ᕝཎᖹ, ᰿ᑿḈᏊ, ஂᮎṇᬕ, ᅵᒇு:ࢾ⬡⫫⤌⧊⏤᮶㛫㉁⣽⬊ࡽ⫢
⣽⬊ᵝ⣽⬊ࡢศㄏᑟᶵ⬟ゎᯒ. ➨ 154 ᅇ᪥ᮏ⋇་Ꮫࠊᒾᡭࠊ9 ᭶ 2012 ᖺ
᰿ᑿḈᏊ, ∾▼ᜨ, ⸨ᮏ࠶ࡺࡳ, ຍ⸨ᓫ, 㕥ᮌ, ௦⏣Ḡ, Ώ㎶ᚁ, ஂᮎ ṇ
ᬕ, ᅵᒇு:ࢾ㦵㧊⣽⬊ࡽศㄏᑟࡋࡓ⫢ᵝ⣽⬊ࡢ㛗ᮇᇵ㣴ࡢヨ.➨ 154 ᅇ ᪥ᮏ
⋇་Ꮫࠊᒾᡭࠊ9 ᭶ 2012 ᖺ
ຍ⸨ᓫ, ஂᮎṇᬕ, ℩ᕝோ, ⸨ᮏ䛒䜖䜏, ᰿ᑿḈᏊ, ᑠᯘு, ᅵᒇு:NOG 䝬䜴䝇
䜢⏝䛧䛯䜲䝚㦵㧊⣽⬊䛾㞀ᐖ⫢䜈䛾 Homing స⏝䛾ゎᯒ. ➨ 154 ᅇ ᪥ᮏ⋇་Ꮫࠊ
ᒾᡭࠊ9 ᭶ 2012 ᖺ
Mogi K, Nagasawa M, Shibata Y, Morita T, Yonezawa A, Yabana Y, Kikusui T: The
relationship between stress response of guide dogs and their temperament traits in
peripubatal period. 3rd Canine Science Forum, Barcelona, Spain, July, 2012.
Nagasawa M, En S, Mogi K, Kikusui T: Reciprocal communication and neuroendocrine
response in human-dog interactions. 3rd Canine Science Forum, Barcelona, Spain, July,
2012.
Tsuchihashi N, Kawai E, Nagasawa M, Mogi K, Kikusui T: Dogs show right facial
lateralization to stressful stimuli. 3rd Canine Science Forum, Barcelona, Spain, July, 2012.
Ọ⃝⨾ಖ䚸ᅭྐ⥴⌮䚸ᑠᕝ⨾㔛䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: 䜸䜻䝅䝖䝅䞁ᢞ䛻䜘䜛䜲䝚䛾
㣫䛔䜈䛾ὀど⾜ື䛾ቑᙉ. ᪥ᮏື≀ᚰ⌮Ꮫ➨ 72 ᅇ䚸㛵すᏛ㝔Ꮫ䚸5 ᭶
2012 ᖺ
ᡂᮏ㸪ᯇᑿ⏤⣖Ꮚ㸪㜿㒊✑ࠊ㜰ཱྀ㞞ᘯࠊ㛗℩㝯ⱥ㸪ᒣୗ┤⨾㸸ዲ୰⌫ᾐ₶ࢆక
࠺ႍᜥࣔࢹࣝࢆ⏝࠸ࡓẼ㐨⅖ࡢไᚚࡢゎᯒ.➨㸳㸰ᅇ᪥ᮏ྾ჾᏛ, ⚄ᡞࠊ4 ᭶
2012 ᖺ
㣤㔝⍞㈗䚸すᮏඃᏊ䚸⸨ᮏ䛒䜖䜏䚸㔝⃝※ኴ䚸ᕝཎᖹ䚸ಙ⏣༟⏨䚸ᮌෆ᫂⏨: ≟䛾
䜰䝺䝹䜼䞊ᛶ⓶⅖䛾≧⥔ᣢ䛻䛚䛡䜛䝬䜲䜽䝻䝞䝤䝹䜢⏝䛔䛯䝅䝱䞁䝥䞊⒪ἲ䛾᭷
ຠᛶ䛾᳨ウ. ᪥ᮏື≀┳ㆤᏛ㛵すᆅ༊➨ 5 ᅇ. 㜰䚸2012 ᖺ 3 ᭶
㜰ཱྀ㞞ᘯ 㸸≟ࡢࣂ࢜ࣂࣥࢡࣉࣟࢪ࢙ࢡࢺࡢヨࡳ. ᖹᡂ 23 ᖺᗘ᪥ᮏ⋇་ᖌ⋇་
Ꮫ⾡Ꮫ,ᮐᖠࠊ2 ᭶ 2012 ᖺ
Fujimura T, Yonekura S, Horiguchi S, Sakaguchi M, Taniguchi M, Okamoto Y.㸸
Candidate for response monitoring or prognostic biomarkers in two-year sublingual
immunotherapy for Japanese cedar pollinosis. 22th World Allergy Congress, Cancun,
Mexico, Dec, 2011.
ཎ⏣ࠊⓑ⚽ࠊ㜰ཱྀ㞞ᘯ㸸࠾ዲࡳ↝ࡁ⢊ࠊࢱࢥ↝ࡁ⢊ΰධࡋࡓࢲࢽࡼࡿ
ࣞࣝࢠ࣮ᛂࡢⓎᶵᗎ㛵ࡍࡿ⪃ᐹ ➨ 61 ᅇ᪥ᮏࣞࣝࢠ࣮Ꮫ⥲ࠊᮾிࠊ11
᭶ 2011 ᖺ.
⳥Ỉྐ: 䝨䝑䝖䛾ၥ㢟⾜ື䜈䛾ྲྀ䜚⤌䜏䛂Ẽ㉁䠄ᛶ᱁䠅䜢⌮ゎ䛧䛶デᐹ䜢㛤ጞ䛩䜛䚹䡚
ᝈ␆䛾Ẽ㉁䛚䜘䜃ၥ㢟⾜ື䛾ᢕᥱ䛻᭷⏝䛺 C-barq䛃. ➨ 32 ᅇື≀⮫ᗋ་Ꮫᖺḟ
. 䜾䝷䞁䜻䝳䞊䝤㜰,11 ᭶ 2011 ᖺ
Nagasawa M, Kikusui T.: Reciprocal communication and endocrine response in
human-dog interactions. Workshop on the Biology of Prosocial Behavior. Emory
University. Oct, 2011
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Ꮫྜྠ䛂Animal 2011䛃. ᠕⩏ሿᏛ୕⏣䜻䝱䞁䝟䝇. 9 ᭶ 2011 ᖺ
88. 24.ᑎෆ䚸Ọ⃝⨾ಖ䚸ᆏ⏣᪥㤶㔛䚸ⱱᮌ୍Ꮥ䚸⳥Ỉྐ: 䜲䝚䛾䝠䝖䛾♫ⓗ䝆䜵䝇䝏
䝱䞊⌮ゎ䛾≟✀ᕪ. 䠐Ꮫྜྠ䛂Animal 2011䛃. ᠕⩏ሿᏛ୕⏣䜻䝱䞁䝟䝇. 9
᭶ 2011 ᖺ
89. Ọ⃝⨾ಖ䚸⳥Ỉྐ䚸ⱱᮌ୍Ꮥ䚸ᑎෆ䚸Ἑྜ⤮⨾: ≀య㑅ᢥㄢ㢟䛻䛚䛡䜛ᰘ≟䛾≉
ᛶ.䠐Ꮫྜྠ䛂Animal 2011䛃. ᠕⩏ሿᏛ୕⏣䜻䝱䞁䝟䝇. 9 ᭶ 2011 ᖺ
90. ⳥Ỉྐ: 䝠䝖䛸≟䜢⤎䛠 ʊ⾜ື䛛䜙ぢ䛯 2 ⪅䛾㛵ಀʊ බ㛤䝅䞁䝫䝆䜴䝮䛂≟䜢Ꮫ䜆䚸
≟䛻Ꮫ䜆䛃. 䠐Ꮫྜྠ䛂Animal 2011䛃. ᠕⩏ሿᏛ୕⏣䜻䝱䞁䝟䝇. 9 ᭶ 2011 ᖺ
91. ᯇᾆ♸䚸㧗ᶫு䚸ᕝཎᖹ䚸ᒣཱྀᛅ⩏䚸ᩬ┠ᗈ㑻䚸௦⏣Ḡ. ≟䛻䛚䛡䜛↓⳦
ᛶ⫗ⱆ⭘ᛶ⓶⅖䛾୍. 㛵ᮾ䞉ᮾிྜྠᆅ༊⋇་ᖌ.⚄ዉᕝ䚸9 ᭶ 2011 ᖺ
92. ཎᗣᘯ䚸୰ᒸඃᕼ䚸⸨♸㍤䚸⸨⏣㞝䚸ᐑᓮ㝧Ꮚ䚸⏣୰᫂䚸ἑ㐩ஓ䠖䜲䝚⬡⫫⤌
⧊⏤᮶㛫ⴥ⣔ᖿ⣽⬊䛾⣽⬊ቑṪ䛚䜘䜃ከศ⬟䛻ཬ䜌䛩䝠䝇䝖䞁⬺䜰䝉䝏䝹㓝⣲㜼
ᐖ䛾ᙳ㡪䠊㻌 ➨ 152 ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟䠈ሜ䠈㻌 9 ᭶ 2011 ᖺ
93. ᓥ⚽ࠊ࿘⸨᫂⨾ࠊஂಖ⏣⩧ኴࠊᐑᆅ୍ᶞࠊ㧗℩᭷ຍ㔛ࠊᮌෆ᫂⏨ࠊ㜰ཱྀ㞞ᘯ:
㑇ఏᛶࡀࢃࢀࡿ㣗≀ࣞࣝࢠ࣮≟࠾ࡅࡿᐙ⣔ࡢㄪᰝ. ➨ 152 ᅇ᪥ᮏ⋇་Ꮫࠊ
ሜࠊ9 ᭶ 2011 ᖺ
94. Tsukui T, Fukui M, Ohsumi T, Maeda S, Chimura N, Sakaguchi M, Tsujimoto, H.
Immunotherapy using pullulan-conjugated recombinant house dust mite allergen (Der f
2-P). Asian Meeting of Animal Medicine Specialties, Bangkok, Thailand, May , 2011.
95. Kawarai S, Takahashi R, Madarame H, Shirota K. A case of granulomatous dermatitis in a
dog. Asian Meeting of Animal Medicine Specialties. Bangkok , Thailand, May, 2011.
96. ᡂᮏ, ᯇᑿ⏤⣖Ꮚ, 㜿㒊✑, ⓑ⚽, 㜰ཱྀ㞞ᘯ, 㛗℩㝯ⱥ, ᒣୗ┤⨾㸸 ႍᜥ
ែ࠾ࡅࡿẼ㐨ୖ⓶⣽⬊ࡢάᛶ᪂つࢡࣝࢡ࣑ࣥㄏᑟయࡼࡿไᚚࡘ࠸࡚ࡢ
ゎᯒ.➨ 51 ᅇ᪥ᮏ྾ჾᏛࠊᮾிࠊ4 ᭶ 2011 ᖺ
㻌
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㻌
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ᝈྡ⏝ㄒ㞟㒊㢮ᇶ࡙࠸࡚ࢹ࣮ࢱ࣮࣋ࢫࡉࢀࡓࠋࡇࢀࡽࡢ㞟ࡉࢀࡓ '1$ ᳨యࡣࡇࡢ
ࣉࣟࢪ࢙ࢡࢺࡢ◊✲⪅ᥦ౪ࡋ࡚ྛㄢ㢟࠾࠸࡚㑇ఏᏊゎᯒࢆ⾜ࡗࡓࠋࡲࡓࠊࡇࡢࣉࣟࢪ
࢙ࢡࢺ௨እࡢ◊✲⪅ '1$ ࢆ౪⤥ࡋࠊᵝࠎ࡞ඹྠ◊✲ࢆ⾜ࡗࡓࠋ⋇་Ꮫ㝔࡛ࡢከࡃࡢ
᳨య࡛ࡣ⾑Ύ ⾑₢ ࡶేࡏ࡚ಖᏑࡋࡓࠋ⾑Ύࡣ㑇ఏᝈࢆࡣࡌࡵࠊࡢᵝࠎ࡞ᝈࡢ
Ⓨ⏕ᶵᗎࡢゎᯒࡸឤᰁ࠾ࡅࡿ⾑ΎᏛ࡞ࢆ◊✲ࡍࡿࡁ㠀ᖖᙺ❧ࡘᮦᩱ࡛࠶ࡿ
⪃࠼ࡽࢀࡿࠋᚋࡶ '1$ 㞟ࡣ⥅⥆ࡋ࡚⾜࠸ࠊࡇࡢ㑇ఏᏊࣂࣥࢡࡣ⋇་Ꮫࡢ⮫ᗋ◊✲ࡢ
Ⓨᒎ࠸ᐤࡍࡿ⪃࠼ࡽࢀࡿࠋ
◊✲┠ⓗ
 ≟ࡶேྠᵝከࡃࡢ㑇ఏᛶᝈࡀ࠶ࡾࠊேែࡀఝ࡚࠸ࡿᝈࡶከࡃᏑᅾࡍࡿࠋᮏ
◊✲࠾࠸࡚≟ࡢ㑇ఏᏊ '1$ ㈨※ࡢά⏝ಖᏑࡢࡓࡵࠊ⋇་⣔Ꮫ㝃ᒓື≀㝔➼ࡢ⮫
ᗋ་ࢆ୰ᚰᵝࠎ࡞㑇ఏ㛵㐃ᝈࢆྵࡴ㠀ឤᰁᛶᝈ≟ࡸ୍⯡㞟ᅋࡋ࡚ࡢ≟࡞ࡽ
'1$ 㞟ࢆ⾜࠺ࠋ㞟ࡉࢀࡓ '1$ ࡣࡑࡢ≟ࡢᝈሗࡶࢹ࣮ࢱ࣮࣋ࢫࡋ࡚≟ࡢ㑇ఏ
㛵㐃ᝈ࠾ࡅࡿཎᅉ㑇ఏᏊࡢゎᯒࡸࡑࡢࡢ≟ࡢ㑇ఏᏊࢆ⏝ࡋࡓ◊✲ࢆ⾜࠺ࡇࢆᮏ
◊✲ࡢ┠ⓗࡍࡿࠋ
ᮦᩱ᪉ἲ
㯞ᕸᏛࠊᮾிᏛࠊᮾி㎰ᕤᏛࠊ㮵ඣᓥᏛࠊ᪥ᮏᏛ࡞ࡢᡤᒓࡢ⋇་ᖌࡸ㑇ఏ
◊✲⪅࡞ࡽ㑇ఏ㛵㐃ᝈࢆྵࡴ㠀ឤᰁᛶᝈ≟࠾ࡼࡧ୍⯡㞟ᅋ≟ࡽ '1$ ࢆ㞟ࡋ
ࡓࠋ㞟ࡉࢀࡓᝈࡣࠊ᫂ࡽ࡞㑇ఏᝈࡽఱࡽࡢ㑇ఏⓗ࡞せᅉࡀ㛵ࡍࡿྍ⬟ᛶࡀ
࠶ࡿࡶᝈࡲ࡛ᖜᗈࡃ㞟ࡋࡓࠋ⋇་Ꮫ㝔࡛ࡣ㞟ᅔ㞴࡞ᝈ࠾࠸࡚ࡣ୍⯡⋇་
㝔ࡽ '1$ ࢆ㞟ࡋࡓࠋࡑࡢ≟ࡢᇶᮏሗ࠾ࡼࡧᝈሗࡣ㯞ᕸᏛ࠾࠸࡚ࢹ࣮ࢱ࣮࣋

ࢫࡉࢀࡓࠋࡲࡓࠊ୍㒊ࡢ᳨య࠾࠸࡚ࡣ⾑₢ࡲࡓࡣ⾑Ύࡶ& ಖᏑࡉࢀࡓࠋࡑࢀ
ࡒࢀࡢᝈࡣ᪥ᮏ⋇་Ꮫࡢᝈྡ⏝ㄒ㞟ᇶ࡙࠸࡚ศ㢮ࡋࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
㑇ఏ㛵㐃ᝈࢆྵࡴ㠀ឤᰁᛶᝈ≟࠾ࡼࡧ୍⯡㞟ᅋ≟ࡽ '1$ 㞟ࢆ⾜࠸ࠊ㸯  ᳨
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యࡀ㞟ࡉࢀࡓࠋ≟✀ࡣ  ✀௨ୖ࡛ୖ㸱≟✀ࡣ࢙࢘ࣝࢩ࣭ࣗࢥ࣮ࢠ࣮࣭࣌ࣥࣈ࣮ࣟࣈ
 ࠊࢲࢵࢡࢫ  ࠊࣉ࣮ࢻࣝ  ࡛࠶ࡗࡓ㸦⾲㸯㸧
ࠋ࢜ࢫ࣭࣓ࢫࡢẚ⋡ࡣ 㸸
࡛ࠊᖹᆒᖺ௧ࡣ  ᖺ࡛࠶ࡗࡓࠋ

ࠋ
ᝈࡣ᪥ᮏ⋇་Ꮫࡢᝈྡ⏝ㄒ㞟ࡢศ㢮ᇶ࡙࠸࡚ࡁࡃศࡅࡓ㸦⾲㸰㸧
ⓑෆ㞀ࢆࡣࡌࡵࡍࡿ║ᝈࠊ࡚ࢇࢇࢆࡣࡌࡵࡍࡿ⚄⤒ᝈࠊࣞࣝࢠ࣮ᝈࢆࡣࡌ
ࡵࡍࡿචᝈ࡞㠀ឤᰁᛶᝈ 㻣㻢㻞㻤 ࡀ㞟ࡉࢀࡓࠋࡑࢀࡒࢀࡢᝈෆヂࡘ࠸࡚
ࡣ⾲ 㻟 ࡽ⾲ 㻝㻣 ࡲ࡛♧ࡋࡓࠋ⌧ᅾࠊ᭱⤊ⓗ࡞デ᩿ࡀỴᐃࡋ࡚࠸࡞࠸ࡸᝈሗࡀࡲ
ࡔ᮶࡚࠸࡞࠸ࡶࡢࡀከᩘ࠶ࡾࠊᚋࠊᝈሗࢆ㏣ຍࡋ࡚࠸ࡃࠋ୍⯡㛤ᴗࡢ⋇་ᖌࡢሙྜࠊ
ᝈデ᩿ᇶ‽ࡸ⬟ຊࣂࣛࢶ࢟ࡀ࠶ࡿࡓࡵࠊ᳨య㛵ࡋ࡚ࡣ⋇་Ꮫࡢᩍဨࢆ୰ᚰ
デ⒪࣭デ᩿ࡋ࡚᥇ྲྀࡋࡓࠋࡋࡋࠊࣞࣝࢠ࣮ᝈ࡛࠶ࡿࢺࣆ࣮ᛶ⓶⅖㛵ࡋ࡚ࡣ
ࣞࣝࢠ࣮⒪ἲࡢ㐍Ṍ࡛⋇་Ꮫ㝔᮶㝔ࡍࡿᝈ≟ࡀ㠀ᖖᑡ࡞ࡃ࡞ࡗࡓࡓࡵࠊᮏࣉ
ࣟࢪ࢙ࢡࢺ࡛ࡣಶே㝔ࡢ㛤ᴗ⋇་ᖌ࡛ࢺࣆ࣮ᛶ⓶⅖ࢆᑓ㛛ࡍࡿ⓶⛉ᑓ㛛་౫㢗
ࡋ࡚ᅜ㝿ⓗ࡞デ᩿ᇶ‽ࡢᇶ᳨యࢆ᥇ྲྀࡋࡓࠋ㻌
ᝈࡀ㞟ࡵࡽࢀࠊᝈ㑇ఏᏊࢆゎᯒࡍࡿࡁࠊ㝜ᛶᑐ㇟࡞ࡿ୍⯡㞟ᅋࡽࡢ᥇
ྲྀࡋࡓ≟ࡢ '1$ ࡀᚲせ࡞ࡗࡓࠋ୍⯡㞟ᅋ≟ࡢ '1$ ࡀ࡞࠸ᝈ㑇ఏᏊゎᯒࡀ㐍ࡲ࡞࠸ࡓ
ࡵࠊᮏࣉࣟࢪ࢙ࢡࢺ࡛ࡣࠊ୍⯡㞟ᅋࡽࡢ≟ࡢ '1$ ᳨యࡢ᥇ྲྀࡶ✚ᴟⓗ⾜࠺ࡼ࠺࡞ࡾࠊ
㞟 '1$ ᳨యᩘ୍⯡㞟ᅋ≟ࡢ᳨యᩘࡶຍ࠼ࡓࠋ
㞟ࡉࢀࡓ '1$ ᳨యࡣࡇࡢࣉࣟࢪ࢙ࢡࢺࡢ◊✲⪅ᥦ౪ࡋ࡚㑇ఏ㛵㐃ᝈࡢ㑇ఏᏊゎᯒ
ࢆ⾜ࡗࡓࠋࡲࡓࠊࣉࣟࢪ࢙ࢡࢺ◊✲ࢢ࣮ࣝࣉእࡢࡢ◊✲⪅ '1$ ࢆ౪⤥ࡋࠊඹྠ◊✲ࢆ
⾜ࡗ࡚࠸ࡿࠋ⛉Ꮫ㆙ᐹ◊✲ᡤ࡛⾜ࡗ࡚࠸ࡿࠕ࣐ࢡࣟࢧࢸࣛࢺከᆺゎᯒࢆ⏝࠸ࡓ≟ࡢಶ
య㆑ูἲࡢ᳨ウࠖ≟ࡢ '1$ ࢆᥦ౪ࡋࡓࠋࡇࢀࡣ≟ࡢ '1$ ࡣ㸪യᐖࡸ⾑⤫᭩ഇ࡞┤᥋
ື≀ࡀ㛵ࢃࡿ௳ࡽ㸪ᙉ┐ࡸᙉጮ࡞ࡢ⌧ሙ≢ே╔ࡋࡓື≀ẟࡀ㑇␃ࡉࢀࡿ௳
ࡲ࡛㸪ከᒱࢃࡓࡗ࡚㔜せ࡞ドᣐ࡞ࡿࡓࡵ࡛࠶ࡿࠋࡲࡓࠊ ᮾிᏛ⋇་Ꮫ⛉ᆤඛ⏕ࡣ
ࠕ:KROH([RPH6HTXHQFH ἲࡼࡿ≟ࡢ㑇ఏᛶ⚄⤒ᝈࡢཎᅉ㑇ఏᏊྠᐃࠖࡢ◊✲࡛ࣃࣆࣚ
ࣥ≟ࡢ⚄⤒㍈⣴ࢪࢫࢺࣟࣇ࣮ࡢ㝜ᛶᑐ↷ࡢࣃࣆࣚࣥ≟ࡢ  ᳨యࡢ '1$ ࢆ㑇ఏᏊࣂࣥࢡ
ࡽᥦ౪ࡋࡓࠋ㑇ఏᝈࡢ◊✲⪅ࡣࡽᝈ㑇ఏᏊࡢ㞟ࢆ⾜࠺ࡀࠊྠࡌ≟✀࡛㝜ᛶᑐ
↷࡞ࡿࡶࡢࡢ㞟ࡀ࡞࠸ሙྜࡀከ࠸ࡢ࡛ࠊࡇࡢࡼ࠺࡞㑇ఏᏊࣂࣥࢡࡢ⏝ࡶᚋࠊ⾜ࡗ
࡚࠸ࡃணᐃ࡛࠶ࡿࠋ
⋇་Ꮫ㝔࡛ࡢከࡃࡢ᳨య࡛ࡣ⾑Ύ㻔⾑₢㻕ࡶేࡏ࡚ಖᏑࡋࡓࠋࡇࢀࡣᑗ᮶ࠊ㑇ఏ㛵
㐃ᝈ➼ᝈࡢཎᅉ㑇ఏᏊࡀ᫂ࡽ࡞ࡗࡓࡑࡢ㑇ఏࡢཎᅉ࡞ࡿᶵᗎࢆゎᯒࡍࡿ
ࡁࡇࢀࡽࡢ⾑Ύࡣᙺ❧ࡘྍ⬟ᛶࡀ࠶ࡿࡓࡵ㻙㻤㻜Υ࡛ಖᏑࢆ⾜ࡗ࡚࠸ࡿࠋࡲࡓࠊே࡛ࡣ
ᅜ❧ឤᰁ◊✲ᡤࡢ⾑Ύࣂࣥࢡࡢࡼ࠺ᵝࠎ࡞㞟ᅋࡢ⾑ΎࢆಖᏑࡍࡿࢩࢫࢸ࣒ࡀ࠶ࡿࡀࠊ
᪥ᮏᅜෆ࡛ࡣ≟ࡢ⾑ΎࢆከᩘಖᏑࡍࡿࢩࢫࢸ࣒ࡀ࡞ࡗࡓࠋࡇࢀࡣ㑇ఏࢆࡣࡌࡵࠊࡢ
ᵝࠎ࡞ᝈࡢⓎ⏕ᶵᗎࡢゎᯒࡸឤᰁ࠾ࡅࡿ⾑ΎᏛ࡞ࢆ◊✲ࡍࡿࡁ㠀ᖖᙺ❧
ࡘᮦᩱ࡛࠶ࡿ⪃࠼ࡽࢀࡿࠋ≟࠾ࡅࡿࣥࣇ࢚ࣝࣥࢨឤᰁࡢ⾑ΎᏛㄪᰝࢆ⾜࠸ࠊ≟ࡶ
ேࡢࣥࣇ࢚ࣝࣥࢨࡢឤᰁࡀ㉳ࡇࡗ࡚࠸ࡿࡇࢆ᫂ࡽࡋࡓࠋ㻌
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ᮾிᏛື≀་⒪ࢭࣥࢱ࣮ࡽࡣ୍⯡ⓗ࡞ࡶྵࡵ࡚ᝈࡢࢿࢥࡢ '1$ ⾑₢ࡀ
㞟ࢆ⾜ࡗ࡚࠾ࡾࠊ⌧ᅾ࡛  ࡀࣂ࢜ࣂࣥࢡ㞟ࡲࡗ࡚࠸ࡿࠋࢿࢥࡢ㑇ఏࡢ◊✲ࢆ
⾜ࡗ࡚࠸ࡿ㮵ඣᓥᏛࡢඛ⏕ࡽࡶ  ᳨యࡢ '1$ ሗࡢᥦ౪ࢆཷࡅ࡚࠸ࡿࠋࢿࢥࡶ
ከࡃࡢ㑇ఏᝈࡀᏑᅾࡍࡿࡀࠊゎᯒᚲせ࡞᳨యᩘࡀ༑ศ࡞ࡓࡵࠊࡇࢀࡲ࡛◊✲ࡀ࠶ࡲ
ࡾ㐍ࢇ࡛࠸࡞ࡗࡓࠋࡲࡓࠊ୍⯡ⓗ࡞ᝈࡢ◊✲ࡶ≟ẚ㐜ࢀ࡚࠸ࡿࠋࡑࡢࡓࡵࠊᮾி
Ꮫࡸ㮵ඣᓥᏛࡢᙉ࠸せᮃࡶ࠶ࡾࠊࡇࢀࡽࡢ '1$ ᳨యࢆᇶࢿࢥࡢ㑇ఏᏊࣂࣥࢡࡶጞࡵ
ࡿணᐃ࡛࠶ࡿࠋࡲࡓࠊᮾிᏛື≀་⒪ࢭࣥࢱ࣮ࡢ᳨యࡘ࠸࡚ࡣ⾑₢ࡶ᥇ྲྀࡉࢀ࡚࠾ࡾࠊ
ᚋࠊ≟ྠᵝᝈࡢⓎᶵᗎࡸឤᰁࡢ⾑ΎᏛ࡞ࡢࢿࢥࡢᝈ◊✲ᖜᗈࡃ⏝
࡛ࡁࡿྍ⬟ᛶࡀ࠶ࡿࠋ
㞟ࡉࢀࡓ᳨యሗࡣࣂ࢜ࣂࣥࢡⓏ㘓ࡋࠊᝈሗࢆࢹ࣮ࢱ࣮࣋ࢫࡋࡓࠋᚋࠊ
㞟ࡉࢀࡓ≟✀ࡸᝈ㛵ࡋ࡚ࡣ◊✲ࢢ࣮ࣝࣉෆእ࡛ࡢሗࡢඹ᭷ࢆ⾜ࡗ࡚࠸ࡃࡶࠊ
ୖ㏙ࡋࡓࡼ࠺◊✲ࢢ࣮ࣝࣉእࡢ◊✲⪅ࡀ⾜࠺◊✲ࡶ✚ᴟⓗ༠ຊࢆ⾜࠺ࠋ
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⾲㸯 㑇ఏᏊࣂࣥࢡ㞟ࡉࢀࡓ≟✀

≟✀                       㢌ᩘ

࢙࢘ࣝࢩ࣭ࣗࢥ࣮ࢠ࣮࣭࣌ࣥࣈ࣮ࣟࢡ
࣑ࢽࢳࣗࢲࢵࢡࢫ
ࢺࣉ࣮ࢻࣝ
ᰘ≟

            㸯㸶㸰㸵

                㸯㸳㸴㸵

                    㸯㸯㸵㸰

࣮࣎ࢲ࣮࣭ࢥ࣮ࣜ
㞧✀

    㸰㸰㸱㸴

             㸶㸷㸲

                     㸵㸳㸷

ࣛࣈࣛࢻ࣮࣭ࣝࣞࢺ࣮ࣜࣂ࣮

         㸴㸷㸲

ࢳ࣡࣡                      㸴㸴㸱
ࢩ࣮ࢬ࣮

                 㸴㸱㸲

ࣅ࣮ࢢࣝ

                 㸲㸯㸵

࣮ࣚࢡࢩ࣮࣭ࣕࢸࣜ

             㸱㸳㸮

ࢦ࣮ࣝࢹ࣭ࣥࣞࢺ࣮ࣜࣂ࣮
⌋ᓥ

         㸱㸯㸶

                     㸰㸷㸲

࣏࣓ࣛࢽࣥ

                 㸰㸶㸶

ࣃࣆࣚࣥ

                 㸰㸳㸷

࣐ࣝࢳ࣮ࢬ

                 㸰㸳㸵

ࢥࢵ࣮࣭࢝ࢫࣃࢽ࢚ࣝ

             㸰㸲㸲

ࢩ࢙ࢵࢺࣛࣥࢻ࣭ࢩ࣮ࣉࢻࢵࢢ
ࣇࣞࣥࢳ࣭ࣈࣝࢻࢵࢢ

         㸰㸲㸮

             㸰㸱㸱

࣑ࢽࢳ࣭ࣗࢩࣗࢼ࢘ࢨ࣮

         㸰㸰㸮

࢟ࣕࣂ࣭ࣜ࢟ࣥࢢ࣭ࢳ࣮ࣕࣝࢬ࣭ࢫࣃࢽ࢚ࣝ
ࣃࢢ

 㸰㸮㸯

                     㸯㸵㸶

ࢪࣕࢵࢡ࣭ࣛࢵࢭ࣭ࣝࢸࣜ

         㸯㸳㸯

ࢪ࣮࣐࣭ࣕࣥࢩ࢙ࣃ࣮ࢻ࣭ࢻࢵࢢ          㸯㸲㸳
࣑ࢽࢳ࣭ࣗࣆࣥࢩ࣮ࣕ               㸶㸵
ࣁࢫ࣮࢟

                  㸶㸳

࣎ࢫࢺ࣭ࣥࢸࣜ

              㸶㸳

࣮࢜ࢫࢺ࣭ࣛࣜࣥࣛࣈࣛࢻ࣮ࢻࣝ
⛅⏣

      㸶㸯

                      㸴㸷

࢚࢘ࢫࢺ࣭ࣁࣛࣥࢻ࣭࣍࣡ࢺ࣭ࢸࣜ       㸴㸵
ࢢ࣮ࣞࣁ࢘ࣥࢻ                   㸳㸷
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ࢧ࣮ࣝ࢟

  㸳㸲

ࣂ࣮ࢽ࣮ࢬ࣭࣐࢘ࣥࢸ࣭ࣥࢻࢵࢢ

 㸳㸯

ࢩ࣭࣋ࣜࣥࣁࢫ࣮࢟

㸲㸴

ࢥ࣮ࣜ

  㸲㸳

࣌࢟ࢽ࣮ࢬ

  㸲㸮

ᾏ㐨

  㸱㸷

࣮࣭࣡ࣖࣇ࢛ࢵࢡࢫ࣭ࢸࣜ

 㸱㸷
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Background: In the 1990s, the Japanese Society of Allergology (JSA) standardized Japanese cedar pollen
allergen vaccines. In the present study, the task force for house dust mite (HDM) allergen standardization
of the Committee for Allergens and Immunotherapy of JSA reports the standardization of HDM allergen
vaccines in Japan.
Methods: In vivo allergenic potency was determined by intradermal testing of 51 Japanese adults with
positive serum speciﬁc IgE to HDM allergens. In vitro total IgE binding potency was analyzed by
competition ELISA using a pooled serum, with sera obtained from 10 allergic patients. The amounts of
HDM group 1 (Der 1) and group 2 major allergens in eight HDM allergen extracts were measured by
sandwich ELISAs. Correlation between the in vitro total IgE binding potency and major allergen levels was
analyzed.
Results: We selected a JSA reference HDM extract and determined its in vivo allergenic potency. The
in vitro total IgE binding potency signiﬁcantly correlated with Der 1 content, group 2 allergen content,
and their combined amount, indicating that measurement of major allergen contents can be used as a
surrogate in vitro assay.
Conclusions: The task force determined the in vivo allergenic potency (100,000 JAU/ml) and Der 1
content (38.5 mg/ml) of the JSA reference HDM extract, selected the measurement of Der 1 content as the
surrogate in vitro assay, and decided that manufacturers can label a HDM allergen extract as having a titer
of 100,000 JAU/ml if it contains 22.2e66.7 mg/ml of Der 1.
Copyright © 2015, Japanese Society of Allergology. Production and hosting by Elsevier B.V. All rights reserved.
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Introduction
Allergen-speciﬁc immunotherapy has been performed in general medical practice since it was ﬁrst described by Noon in 1911.1e7
Standardization of allergen vaccines/extracts used for therapy and
diagnosis is necessary because their qualities are variable
depending on production methods and manufactured lots.3e5,8e10
In the United States, allergen standardization is based on intradermal testing of allergic patients and the potencies of lots are
determined by appropriate surrogate in vitro assays, which are
based on inhibition of binding of IgE from pooled allergic sera to
solid phase reference allergen extracts, or measurement of speciﬁc
allergen contents in the allergen vaccines.8 In the European Union,
products are standardized using manufacturers' in-house references and labeled in manufacturer-speciﬁc units.9 In Japan, the
Japanese Society of Allergology (JSA) standardized Japanese cedar
pollen (JCP) allergen vaccines.11,12 In vivo allergenic potency of the
JSA reference JCP extract was determined by intradermal testing
and measurement of the content of the major allergen Cry j 1 was
selected as the surrogate in vitro assay.
House dust mites (HDMs) are a major allergen source that provokes allergic rhinitis, asthma, conjunctivitis, and atopic dermatitis.13,14 However, standardization of HDM allergen vaccines/extracts
based on intradermal testing in Japanese subjects with positive serum
speciﬁc IgE to HDM allergens has not been performed. This report,
produced by the task force for HDM allergen standardization of the
Committee for Allergens and Immunotherapy of JSA, selected a JSA
reference HDM extract, determined its in vivo allergenic potency in
Japanese allergy units (JAU) by intradermal testing of HDM-sensitized
Japanese adults, and determined a surrogate in vitro assay that is
suitable for HDM allergen standardization in Japan.
Methods
HDM allergen extracts
Each HDM extract was prepared as a mixture of equivalent volumes of extracts from two mite species, Dermatophagoides pteronyssinus (DP) and Dermatophagoides farinae (DF). United States Food
and Drug Administration (FDA) reference extracts, E11-DP (10,000
AU/ml) and E10-DF (10,000 AU/ml), were acquired from the Laboratory of Immunobiochemistry, Division of Bacterial, Parasitic and
Allergenic Products, Ofﬁce of Vaccines Research and Review, Center
for Biologics Evaluation and Research (CBER), FDA. Commercial extracts for subcutaneous immunotherapy (DP: lot#B3117094 and DF:
lot#F21G6279, 10,000 AU/ml) were purchased from Hollister-Stier
(Spokane, WA, USA). Five extracts identiﬁed by alphabet letters
 AS (Hørsholm,
(Extracts AeE) were obtained from ALK-Abello
Denmark) and Stallergenes SA (Antony, France). JSA chose an extract
other than those described above as the JSA reference HDM extract.
Measurement of group 1 allergens and in vitro relative IgE binding
potency testing took place in the laboratories of Sagamihara National
Hospital (Laboratory 1) and Azabu University (Laboratory 2). Measurement of the combined total content of group 2 allergens was
conducted only in Laboratory 1.
HDM-sensitized subjects
Inclusion criteria for the HDM-sensitized subjects enrolled in this
study were: Japanese adults between the age of 20 and 50 years who
were positive for DP or DF-speciﬁc IgE, showing 0.70 Ua/ml (class 2)
in ImmunoCAP assay (ThermoFisher Scientiﬁc, Uppsala, Sweden).
Subjects were excluded from the study if they had (a) skin disease on
the forearm that affects intradermal injection reactions; (b) used (1)

external application of medication within one day of study initiation,
(2) oral antihistamine, oral a- or b-adrenergic agonists, and topical
corticosteroid or immunosuppressive medicine for external application to the injection site within one week of study initiation, (3)
tricyclic antidepressants and phenothiazines with an antihistamine
effect within 2 weeks of study initiation, (4) non-selective b-adrenergic blockers within 3 weeks of study initiation, (5) systemic
immunosuppressive drugs within 30 days of study initiation, (6)
speciﬁc antibodies within 90 days of study initiation; or if they were
(c) pregnant or were possibly pregnancy on the study day; were
under (d) HDM-speciﬁc immunotherapy; or had (e) severe bronchial
asthma; (f) anaphylaxis to adrenaline; (g) concomitant systemic
diseases such as cardiac, hepatic, renal, and hematologic disorders or
infection that could affect the study trial; or (h) were judged by the
examiners as being inappropriate for study enrollment.
Intradermal testing and collection of sera were conducted at the
Department of OtorhinolaryngologyeHead and Neck Surgery of
Chiba University Graduate School of Medicine, Department of
Otorhinolaryngology of Nippon Medical School, Graduate School of
Medicine, Department of Respiratory Medicine of Saitama Medical
University, and Department of OtorhinolaryngologyeHead and
Neck Surgery of the University of Yamanashi Interdisciplinary
Graduate School of Medicine and Engineering. The ethical review
committee of each institution approved the protocol of this study.
Written informed consent was obtained from all patients before
study enrollment and anonymity was preserved using documents
and methods approved by the ethical review committees.
Intradermal testing
First, we selected a candidate HDM extract as the JSA reference
HDM extract to be used for intradermal testing. The candidate
extract was diluted using the 0.005% Polysorbate 80-added control
solution for intradermal skin testing, “TORI-I”, which contained
0.9% (w/v) NaCl and 0.5% (w/v) phenol (Torii Pharmaceutical, Tokyo,
Japan). The dilution factors were from 37 to 319 (2187e1.162  109).
Control solution for intradermal skin testing, “TORI-I”, was used as
the negative control.
Intradermal testing was performed according to a previously
described method.11,12 The protocol for intradermal testing was
largely based on the FDA protocol except for criteria for determining the threshold concentration. Brieﬂy, 20 ml of each diluted
HDM extract was administered intradermally into the forearm from
low to high concentrations using 1-ml tuberculin syringes. Fifteen
minutes after the injection, the diameters of the wheal or erythema
were measured based on Ishizaki's criteria15e17 (i.e. positive reaction is deﬁned as presence of a wheal or erythematous skin reaction
with a diameter of more than 9 mm or 20 mm, respectively). The
threshold dilution factor was deﬁned as the maximum dilution
factor of diluted extract that can induce a positive reaction.
With respect to the determination of in vivo allergenic potency,
threshold values of all patients were represented as logarithms that
have 3 as the base of the threshold dilution factors, and then an
average value for them was calculated. Values, which were from 9
to 11, 11 to 13, and 13 to 15, were assigned the in vivo allergenic
potencies of 1000 JAU/ml, 10,000 JAU/ml, and 100,000 JAU/ml,
respectively, based on the plan used in the standardization of JCP
allergen vaccines.11,12 With this method, the same titer could be
assigned to extracts with, at the most, a 32-fold (9-fold) difference
in allergenic potencies.
Measurement of HDM group 1 major allergens
The group 1 allergens, Der p 1 and Der f 1, in the HDM extracts
were measured by a previously described method.18 Brieﬂy,
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sandwich ELISAs for Der p 1 or Der f 1 were performed using
murine monoclonal antibodies and 92-Dp or 92-Df extract,18,19
respectively, as the standard antigen for ELISA. Previously, the 92Dp and 92-Df extracts were prepared from HDM bodies and the
contents of group 1 and group 2 allergens in 92-Dp and 92-Df were
determined.18,19 For validation of the measurement obtained by
this method, group 1 allergen content was also determined using
other ELISA kits purchased from Indoor Biotechnologies (Charlottesville, VA, USA) and Nichinichi Pharmaceutical (Mie, Japan).

Measurement of the total amount of HDM group 2 major allergens
The total amount of group 2 allergens (Der 2), Der p 2 and Der f
2, was measured using a previously described method.20,21 Brieﬂy,
a sandwich ELISA for Der 2 was performed using rabbit polyclonal
antibodies and a mixture of 92-Dp and 92-Df extracts18,19 as the
standard antigen for ELISA.

Sera for in vitro relative IgE binding potency testing
A total of 20 ml of blood sample was taken from 10 randomly
selected patients out of 19 who had 17.5 Ua/ml (class 4) for DP- or
DF-speciﬁc IgE in the ImmunoCAP assay (ThermoFisher). Blood
samples were centrifuged and sera were separated and stored
at 80  C. A pooled serum was prepared as a mixture of equivalent
volumes of the 10 sera.
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Measurement of in vivo allergenic potency of the JSA reference HDM
extract
Fifty-two adults (24 men and 28 women) were enrolled in this
study. Their mean age (±SD) was 32.9 (±6.5) years. Of the 52 participants, 42 (80.7%) were diagnosed with persistent allergic
rhinitis and among them, 5 and 4 also had bronchial asthma and
allergic rhinitis provoked by JCP, respectively. Another 4 participants had bronchial asthma and 1 had cough variant asthma. One
person was excluded from study analysis because the threshold
concentration in intradermal testing could not be examined. Fig. 1
shows the frequency and distribution of threshold values of intradermal testing of the 51 subjects. The average (±SD) threshold
value was 13.22 (±1.43), which corresponded to 100,000 JAU/ml.
Major allergen contents in the JSA reference HDM extract
The concentrations of HDM group 1 and group 2 allergens in
HDM extracts designated as 92-Dp and 92-Df had been already
determined.18,19 The group 1 and group 2 allergen contents in the
JSA reference HDM extract were measured by sandwich ELISAs
using the 92-Dp and/or 92-Df extract as the standard antigen for
ELISA (Table 1). Measurement of the group 1 allergens produced
similar results in the two laboratories. The concentrations of Der p
1, Der f 1, and total concentration of Der p 1 and Der f 1 (Der 1) in
the JSA reference HDM extract were (as the geometric means of the
values obtained in the two laboratories) 25.6, 12.9, and 38.5 mg/ml,
respectively. The total concentration of Der p 2 and Der f 2 (Der 2)
measured in Laboratory 1 was 55.5 mg/ml.

In vitro relative IgE binding potency testing
Competition ELISA was used to evaluate the inhibition of
allergen-speciﬁc IgE binding as described previously.22 Brieﬂy, the
plates were coated with the JSA reference HDM extract or another
extract (Extract C). The pooled serum (dilution factor: 50) was
mixed with an equivalent volume of each serially diluted inhibitor
extract (ﬁnal serum dilution factor: 100), and after incubation for
30 min at room temperature, the mixtures were added to the wells
of the plates. The allergen-speciﬁc IgE binding to plate wells were
detected with enzyme-conjugated anti-human IgE and a ﬂuorogenic substrate. Relative potencies of extracts were calculated as
ratios of the dilution factors of the extracts that gave half the
maximum (50%) ﬂuorescence relative to that of the JSA reference
HDM extract.

Validation of measurement of Der p 1 and Der f 1
Other ELISA systems were used to validate the measurement of
Der p 1 and Der f 1 in this study (Table 2). Similar results were
obtained using two commercially available ELISA kits. Lower values
(approximately 20% less) were obtained with the kit purchased
from Indoor Biotechnologies. The standard used in the kit is
designated as an “universal” allergen standard (UAS), which was
developed in the CREATE project funded through the European
Union.23,24 Regardless of whether the monoclonal antibodies were
in the kit from Indoor Biotechnologies or developed in Laboratory 1,
use of UAS as the standard antigen for ELISA resulted in lower

Statistical analysis
Pearson correlation coefﬁcients for the association between
major allergen content and in vitro relative IgE binding potency
were calculated after logarithmic transformation. P < 0.05 was
regarded as statistically signiﬁcant.

Results
Selection of a HDM allergen extract as the JSA reference HDM extract
We selected one extract, which can be used for intradermal
testing and would be approved for allergen-speciﬁc immunotherapy in Japan, as a candidate for the JSA reference HDM extract.
The candidate extract showed appropriate values in terms of in vivo
allergenic potency and HDM group 1 and 2 major allergen contents,
as described below. Accordingly, we selected the candidate extract
as the JSA reference HDM extract.
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Figure 1. Distribution of the threshold values that induced positive reactions in the
intradermal testing of 51 Japanese adults with positive serum speciﬁc IgE to house dust
mite allergens. Prepared dilution factors of the Japanese Society of Allergology reference house dust mite extract were from 37 (2187) to 319 (1.162  109). A total of 20 ml of
each diluted extract was administered intradermally into the forearm from low to high
concentrations. The diameters of the wheal or erythematous skin reaction were
measured 15 min after the injection. Threshold value: the exponent of the maximum
dilution factor that can induce a positive reaction in each subject.
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Table 1
House dust mite major allergen content in the Japanese Society of Allergology
reference house dust mite extract.

Der 2, and combined total of Der 1 and Der 2 (Der 1 þ Der 2) (Fig. 2).
Pearson correlation coefﬁcients were greater than 0.9 and were
statistically signiﬁcant.

Concentration (mg/ml)
Group 1 allergens
Institute
Laboratory 1
Laboratory 2
Geometric mean

Der p 1
28.2
23.2
25.6

Der f 1
14.1
11.8
12.9

Group 2 allergens
Der 1
42.3
35.0
38.5

Der 2
55.5
N.D.

Der p 1, Der f 1, and Der 2 were measured by sandwich ELISA in two institutes. Der 1,
combined total of Der p 1 and Der f 1; Der 2, combined total of Der p 2 and Der f 2;
Laboratory 1, Sagamihara National Hospital; Laboratory 2, Azabu University; N.D.,
not determined.

values compared with the use of 92-Dp or 92-Df. This suggests that
the small discrepancy was caused by the difference in the deﬁned
concentrations of Der p 1 and Der f 1 between 92-Dp/92-Df and UAS
and was not due to the detection system, such as speciﬁcity of
monoclonal antibodies. The results indicated that the ELISA system
for Der p 1 and Der f 1 developed in Laboratory 1 was valid.
Major allergen contents in the HDM extracts tested
Major allergen contents in the seven HDM extracts other than
the JSA reference HDM extract were measured (Table 3). Five extracts were from ALK or Stallergenes (Extract AeE) and two were
from CBER/FDA and Hollister-Stier. Similar results were obtained in
the two laboratories (Tables 3, 4, concentration).
Correlation between the major allergen contents and in vitro
relative IgE binding potencies
Competition ELISA was used to evaluate the inhibition of
allergen-speciﬁc IgE binding to plates coated with the JSA reference
HDM extract or Extract C. A pooled serum was prepared as a
mixture of equivalent volumes of sera from 10 of 19 patients who
had 17.5 Ua/ml (class 4) for DP- or DF-speciﬁc IgE in the ImmunoCAP assay. The in vitro total IgE binding potencies of the HDM
extracts relative to the JSA reference HDM extract were determined
(Tables 3, 4, in vitro relative potency). Similar results were obtained
using JSA reference HDM extract-coated plates and Extract Ccoated plates. Similar results were obtained in the two laboratories.
Correlation between major allergen contents and the relative
IgE binding potency was analyzed. The relative IgE binding potency
correlated well with each of the concentrations of Der 1 (Figs. 2, 3),

Table 2
Comparison of house dust mite group 1 allergen contents in the Japanese Society of
Allergology reference house dust mite extract determined by sandwich ELISAs using
different antibodies and standards.
Institute

Lab1

Lab2

Concentration (mg/ml)

ELISA
Antibodiesy

Standardz

Der p 1

Der f 1

Der 1

Lab1
Lab1
Indoor
Indoor
Nichinichi
Lab1
Indoor

92-Dp/92-Df
UAS
92-Dp/92-Df
UAS
Nichinichi
92-Dp/92-Df
92-Dp/92-Df

28.2
22.1
27.4
22.3
24.3
23.2
22.1

14.1
9.69
14.6
11.7
13.6
11.8
14.0

42.3
31.8
42.0
34.0
37.9
35.0
36.1

Der p 1 and Der f 1 were measured by sandwich ELISA in two institutes.
Der 1, combined total of Der p 1 and Der f 1; Lab1, Sagamihara National Hospital;
Lab2, Azabu University; UAS, universal allergen standard; Indoor, Indoor Biotechnologies; Nichinichi, Nichinichi Pharmaceutical.
y
Capture and detection antibodies used in ELISA.
z
Standards with deﬁned concentrations used in ELISA.

Discussion
In the 1990s, JSA standardized the JCP allergen vaccines/extracts.11,12 The JSA standard JCP extract showed an in vivo allergenic
potency of 10,000 JAU/ml. The unit JAU11,12 was determined by
intradermal testing, similar to the bioequivalent allergy unit (BAU)
and the allergy unit (AU) deﬁned by FDA,8,25e27 but criteria for the
reaction threshold are different between JAU and BAU/AU, and the
injection volume is 20 ml for JAU and 50 ml for BAU/AU. JSA selected
measurement of Cry j 1 content as the surrogate in vitro assay for
determining the potencies of other JCP extracts, with the concentration of 12.5 mg/ml of Cry j 1 corresponding to 10,000 JAU/ml. JSA
decided that manufacturers can label JCP extracts as having a titer
of 10,000 JAU/ml if they contain 7.3e21 mg/ml of Cry j 1 i.e., within a
range that is approximately three times the lowest value, the
geometric center of which is 12.5 mg/ml.11,12 In the present study,
the task force selected a JSA reference HDM extract, determined its
in vivo allergic potency in JAU using the same method for JCP
allergen standardization, and analyzed the correlation between the
in vitro total potency determined by IgE binding inhibition ELISA
and the major allergen contents in eight HDM extracts.
Through intradermal testing of 51 Japanese HDM-sensitized
adults, the in vivo allergenic potency of the candidate for the JSA
reference HDM extract was determined as 100,000 JAU/ml. As the
candidate extract showed an appropriate in vivo allergenic potency
(Fig. 1) and major allergen contents (Table 1), we decided to use it as
the JSA reference HDM extract. Surrogate in vitro assay to determine the potencies of extracts from different manufacturers and
lots can be based on inhibition of binding of IgE from pooled allergic
sera to a reference allergen extract, or measurement of speciﬁc
allergen contents in the allergen vaccines/extracts. In the United
States, FDA adopted relative IgE binding potency determined by IgE
binding inhibition assay for HDM and mold allergen vaccines;
speciﬁc allergen contents for short ragweed pollen and cat allergen
vaccines (Amb a 1 and Fel d 1, respectively); and enzymatic activity
(hyaluronidase and phospholipases) for Hymenoptera venom
allergen vaccines.8 It has been reported that the major allergen
content correlates with the relative IgE binding potency.28e30
Among more than 20 groups of HDM allergens, group 1 and 2 allergens are considered the major allergens, although some reports
showed that other HDM allergens were also important, albeit less
so than the major allergens.13,14 We judged that measurement of
HDM major allergens is appropriate as a surrogate assay because
the relative IgE binding potency correlated well with each of the
major allergen contents (Figs. 2, 3).
The in vitro measurement of major allergen content has some
advantages as the surrogate assay for allergen standardization i.e., it
can determine absolute and not relative values, and does not need
sera in which differing individual titers are seen. Species-speciﬁc
ELISAs using monoclonal antibodies to measure each HDM group
1 allergen, Der p 1 and Der f 1, with high accuracy are available
commercially (see the Methods section). However, those for each
group 2 allergen, Der p 2 and Der f 2, are not widely available, and
the total contents of Der p 2 and Der f 2 (Der 2) determined by ELISA
using polyclonal antibodies in the present study are approximate
values. Therefore, we selected measurement of the total content of
Der p 1 and Der f 1 (Der 1) as the surrogate in vitro assay. We
determined that the in vivo allergenic potency and Der 1 content of
the JSA reference HDM extract were 100,000 JAU/ml and 38.5 mg/
ml, respectively. Similar to the previous JCP allergen standardization,11,12 we decided that manufacturers can label an HDM allergen
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Table 3
House dust mite major allergen contents and in vitro total IgE binding potencies of the eight house dust mite extracts determined in Laboratory 1.
Concentration (mg/ml)y

Sample

JSA
CBER/FDA
Hollister-Stier
Extract A
Extract B
Extract C
Extract D
Extract E

In vitro relative potencyz

Der p 1

Der f 1

Der 1

Der 2

Der 1 þ Der 2

JSA coating

Extract C coating

28.2
16.7
10.1
80.0
2.69
30.9
3.59
2.27

14.1
16.3
2.54
54.2
0.98
52.7
2.50
5.45

42.3
33.0
12.6
134
3.67
83.6
6.09
7.72

55.5
19.6
11.3
254
6.76
45.8
2.38
3.28

97.8
52.6
23.9
388
10.4
129
8.47
11.0

1.00
0.56
0.35
4.89
0.14
1.83
0.08
0.15

1.00
0.51
0.33
4.85
0.13
2.54
0.16
0.26

Der 1, combined total of Der p 1 and Der f 1; Der 2, combined total of Der p 2 and Der f 2; JSA, JSA reference house dust mite extract.
y
Der p 1, Der f 1, and Der 2 were measured by sandwich ELISA.
z
In vitro total IgE binding potency relative to the Japanese Society of Allergology (JSA) reference house dust mite extract was determined on the basis of the results of a
competition ELISA that measures the inhibition of allergen-speciﬁc IgE binding to plates coated with the JSA reference house dust mite extract (JSA coating) or Extract C
(Extract C coating).

extract as having a titer of 100,000 JAU/ml if it contains
22.2e66.7 mg/ml of Der 1 i.e., within a range that is approximately
three times the lowest value, the geometric center of which is
38.5 mg/ml.
We validated the measurement of Der p 1 and Der f 1 (Table 2).
The amounts of group 1 and group 2 allergens in 92-Dp and 92-Df
extracts were determined previously in Laboratory 118, 19. The
measurement of the concentrations of puriﬁed group 1 and group 2
allergens previously used as the standard antigens for the ELISA
that determine the major allergen contents in 92-Dp and 92-Df
were based on absorbance at 280 nm. UAS is composed of eight
puriﬁed allergens (Der p 1, Der f 1, Der p 2, Fel d 1, Can f 1, Rat n 1,
Mus m 1, and Bla g 2) and the concentrations of the allergens were
determined by amino acid analysis.23,24 The difference in the
original methods for determining the concentrations of the standard antigens for ELISA might have caused the lower values
(approximately 20% less) obtained by the Indoor Biotechnologies
kit compared with the ELISA developed in Laboratory 1 (Table 2).
In conclusion, the task force (1) selected the JSA reference HDM
extract and determined its in vivo allergenic potency via intradermal testing, (2) showed the correlation between in vitro IgE binding
potency and major allergen contents, and selected measurement of
Der 1 content as the surrogate in vitro assay for determining the
potencies of other HDM extracts by deﬁning 38.5 mg/ml of Der 1 as
100,000 JAU/ml. Furthermore, (3) the task force decided that

manufacturers can label a HDM allergen extract as having a titer of
100,000 JAU/ml if it contains 22.2e66.7 mg/ml of Der 1 i.e., within a
range that is approximately three times the lowest value. Der 1
contents can be measured by appropriate methods such as
commercially available sandwich ELISAs (see the Methods section).
JSA is planning to store and distribute the JSA reference HDM
extract. The manufacturers of HDM allergen vaccines would ﬁnd

Table 4
House dust mite group 1 allergen contents and in vitro total IgE binding potencies of
the eight house dust mite extracts determined in Laboratory 2.
Sample

JSA
CBER/FDA
Hollister-Stier
Extract A
Extract B
Extract C
Extract D
Extract E

Concentration (mg/ml)

In vivo relative potency

Der p 1

Der f 1

Der 1

JSA coatingy

Extract C
coatingz

23.2
17.6
9.25
80.5
2.28
38.8
3.40
2.24

11.8
13.2
1.79
49.5
0.93
54.2
4.08
6.87

35.0
30.8
11.0
130
3.21
93.0
7.48
9.11

1.00
0.71
0.34
5.75
0.14
1.47
0.11
0.12

1.00
0.75
0.34
5.71
0.14
2.11
0.16
0.20

Der 1, combined total of Der p 1 and Der f 1; Der 2, combined total of Der p 2 and Der
f 2; JSA, JSA reference house dust mite extract.
y
Der p 1, Der f 1, and Der 2 were measured by sandwich ELISA.
z
In vitro total IgE binding potency relative to the Japanese Society of Allergology
(JSA) reference house dust mite extract was determined on the basis of the results of
a competition ELISA that measures the inhibition of allergen-speciﬁc IgE binding to
plates coated with the JSA reference house dust mite extract (JSA coating) or Extract
C (Extract C coating).
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Figure 2. Correlation between house dust mite major allergen contents and in vitro
total IgE binding potencies of the eight house dust mite extracts determined in Laboratory 1. The values in Table 3 were used for the analysis. In vitro total IgE binding
potency relative to the Japanese Society of Allergology (JSA) reference house dust mite
extract was determined based on the results of the competition ELISA that measured
the inhibition of allergen-speciﬁc IgE binding to plates coated with the JSA reference
house dust mite extract (A) or Extract C (B). r: Pearson correlation coefﬁcient. *p < 0.01.
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Figure 3. Correlation between house dust mite group 1 allergen contents and in vitro
total IgE binding potencies of the eight house dust mite extracts determined in Laboratory 2. The values in Table 4 were used for the analysis. In vitro total allergenic
potency relative to the Japanese Society of Allergology (JSA) reference house dust mite
extract was determined based on the results of the competition ELISA that measured
the inhibition of allergen-speciﬁc IgE binding to plates coated with the JSA reference
house dust mite extract (A) or Extract C (B). r: Pearson correlation coefﬁcient. *p < 0.01.

the HDM extract useful as the standard antigen for ELISAs that
measure the amounts of Der p 1 and Der f 1.
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LETTER
&DWVDVDSRWHQWLDOVRXUFHRIHPHUJLQJLQÀXHQ]DYLUXVLQIHFWLRQV
Dear Editor,
+LVWRULFDOO\WKHLQÀXHQ]DYLUXVKDVQRWEHHQUHJDUGHG
DVDPDMRUSDWKRJHQRIFDWV+RZHYHUVLQFHQDWXUDOLQIHFWLRQVRIGRPHVWLFFDWVZLWKKLJKO\SDWKRJHQLF
+1DYLDQYLUXVFDXVLQJIDWDOFDVHVKDYHEHHQUHSRUWHG
6RQJVHUPHWDO<LQJVWHWDO.ORSÀHLVFK
HWDO )XUWKHUPRUHLQIHFWLRQVRIWKLVDQLPDOZLWK
$ +1 SGPYLUXVFDXVLQJUHVSLUDWRU\LOOQHVVZLWK
VRPHIDWDOFDVHVKDYHDOVREHHQUHSRUWHGLQYDULRXVSDUWV
RIWKHZRUOG )LRUHQWLQLHWDO&DPSDJQRORHWDO
 3LJRWW HW DO  7KHVH UHSRUWV UHYHDOHG WKDW
FDWVDUHVXVFHSWLEOHWRLQÀXHQ]D$YLUXVHVUHVXOWLQJIURP
ELUGWRFDWRUKXPDQWRFDWWUDQVPLVVLRQDQGZHUHVXSSRUWHGE\WKHGHWHFWLRQRIVHYHUDOYLUXVVXEW\SHVLQGRPHVWLFFDWVWKURXJKVHURORJLFDOVWXGLHV 0F&XOOHUVHWDO
$OLHWDO=KDRHWDO6XHWDO 
,QRWKHUUHSRUWVWKH+1GRJYLUXVZDVDOVRWUDQVPLWWHG
WRFDWVLQ.RUHDDQG&KLQDFDXVLQJUHVSLUDWRU\LOOQHVV
6RQJHWDO/HLHWDO 7KHVH¿QGLQJVSURYLGHIXUWKHUHYLGHQFHWKDWFDWVVKRXOGEHLQFOXGHGDPRQJ
WKHDQLPDOVWKDWDUHUHVSRQVLEOHIRULQWHUVSHFLHVWUDQVPLVVLRQRILQÀXHQ]D$YLUXV0RUHRYHUWKH¿QGLQJVRIWKHVH
UHSRUWVVXJJHVWWKDWFDWVPD\SOD\DUROHDVDQLQWHUPHGLDWHKRVWLQZKLFKDPXWDQWYLUXVZLWKSDQGHPLFSRWHQWLDO
FRXOGHPHUJH7RYDOLGDWHWKLVSRVVLELOLW\KHUHZHFRQGXFWHGDVHURORJLFDOVXUYH\RIKXPDQDQGDYLDQLQÀXHQ]D
YLUXVLQIHFWLRQVLQFDWVIURPHLWKHU+1YLUXVHQGHPLF
RUQRQHQGHPLFDUHDV
:H XVHG D WRWDO RI  VHUXP VDPSOHV ZKLFK ZHUH
FROOHFWHGIURPVWUD\FDWVEHWZHHQ$SULODQG)HEUXDU\PRVWRIZKLFKURDPHGLQWKHPDUNHWVZKHUH
ELUGVDUHVROGRQ-DYD,VODQG,QGRQHVLDZKLFKKDVEHHQ
DQ+1YLUXVHQGHPLFDUHDVLQFH$GGLWLRQDOO\
ZHWHVWHGVHUDIURPDQRWKHUJURXSRIFDWV VDPSOHV 
FROOHFWHGIURPLQGRRUGRPHVWLFFDWVDWDQLPDOKRVSLWDOLQ.DQDJDZD3UHIHFWXUH-DSDQEHWZHHQ$SULO
DQG-XO\+1YLUXVHVKDYHQHYHUEHHQGHWHFWHG
EHIRUH LQ ZLOG ELUGV SRXOWU\ DQG PDPPDOV LQFOXGLQJ
KXPDQLQWKLVSUHIHFWXUH7KHFDWVZHUHEURXJKWWRWKH
KRVSLWDOZLWKYDULRXVV\PSWRPVDQGWKHLUVHUXPVDPSOHV
ZHUHUDQGRPO\FROOHFWHGIRUWKHVWXG\ZLWKWKHSHWRZQHU¶VSHUPLVVLRQ7RGHWHFWDQWLERGLHVVSHFL¿FWRLQÀXHQ]D
YLUXVHVLQWKHVHUDZHSHUIRUPHGDVWDQGDUGYLUXVQHXWUDOL]DWLRQ 91 WHVW +RULPRWRHWDO ZLWKKXPDQ
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YLUXVHV IRUPHU VHDVRQDO +1 YLUXV VHDVRQDO +1
YLUXV$ +1  SGP YLUXV DQG LQIOXHQ]D % YLUXV 
DQG+1KLJKO\SDWKRJHQLFDYLDQYLUXVHVDIWHUUHFHSWRUGHVWUR\LQJ HQ]\PH WUHDWPHQW 5'(,, 'HQND  DQG
KHDWLQDFWLYDWLRQ &PLQ RIWKHVHUDWRUHPRYH
QRQVSHFLILF LQKLELWRUV91 DQWLERG\ WLWHUV   ZHUH
FRQVLGHUHG SRVLWLYH UHDFWLRQV EHFDXVH VHUD ZLWK WKHVH
WLWHUVFRXOGVSHFL¿FDOO\UHDFWWRWKHVDPHYLUDODQWLJHQVLQ
DQLPPXQREORWDVVD\FRQ¿UPLQJWKHUHDFWLRQVSHFL¿FLW\
+RULPRWRHWDO 
,QWKHVH91DVVD\VVHUD &3DQG&3 RI,QGRQHVLDQFDWVZHUHSRVLWLYHIRUWKH+1YLUXVVSHFLILF
91 DQWLERG\ UHSUHVHQWLQJ  SRVLWLYLW\ 7DEOH 
DOWKRXJKWKHQXPEHURIFDWVWHVWHGLQWKHSUHVHQWVWXG\
PD\EHVWDWLVWLFDOO\LQVXIILFLHQWWRVKRZWKHH[DFWVHURSUHYDOHQFH91FURVVUHDFWLYLWLHVWRDSDQHORI+1YLUXVHVEHORQJLQJWRGLIIHUHQWFODGHVRUVXEFODGHVUHYHDOHG
WKDWERWKVHUDUHDFWHGZLWKWKHKLJKHVWWLWHUVWRFODGH
YLUXVHV LVRODWHG LQ ,QGRQHVLD LQ  FRQILUPLQJ WKDW
WKHVHVWUD\FDWVPXVWEHLQIHFWHGZLWKWKH+1YLUXVWKDW
VSUHDGVHQGHPLFDOO\LQWKLVFRXQWU\7ZR+1YLUXVVHURSRVLWLYH FDWV ZHUH IRXQG WR EH URDPLQJ LQ WKH VDPH
PDUNHWLQ-DNDUWDVXJJHVWLQJWKDWWKHYLUXVZDVWUDQVPLWWHGWRWKHPIURPWKHLQIHFWHGSRXOWU\EURXJKWLQWRWKH
PDUNHWIURPEDFN\DUGIDUPDQGDOVRWKDWFDWWRFDWWUDQVPLVVLRQFRXOGRFFXU$OWKRXJKSUHYLRXVVWXGLHVLQFOXGLQJ
H[SHULPHQWDOO\LQGXFHGLQIHFWLRQ .LNHQHWDO
9DKOHQNDPSHWDO VKRZHGWKDW+1LVDKLJKO\
SDWKRJHQLF YLUXV FDXVLQJ V\VWHPDWLF LQIHFWLRQ LQ FDWV
DV\PSWRPDWLF RU GLVHDVHUHFRYHUHG LQIHFWLRQ ZDV DOVR
VXJJHVWHGLQDQRWKHUUHSRUW /HVFKQLNHWDO 7KH
VHURSRVLWLYHFDWVLGHQWLILHGLQWKLVVWXG\IHOOLQWRWKH
ODWWHUFDWHJRU\1RWDEO\DQRWKHUVHUXPVDPSOH *' 
ZDVSRVLWLYHIRU91DQWLERG\WR$ +1 SGPYLUXV
DOEHLWDZHDNUHDFWLRQZKLFKVXJJHVWHGDKXPDQWRFDW
WUDQVPLVVLRQRIWKHKXPDQYLUXV
,Q FRQWUDVW VHUD REWDLQHG IURP -DSDQHVH FDWV ZHUH
QRWSRVLWLYHIRUWKH91DQWLERG\VSHFL¿FWR+1YLUXV
KRZHYHUVHUD DQG ZHUHSRVLWLYHIRU91
DQWLERG\VSHFL¿FWRKXPDQYLUXVHVRQHSRVLWLYHIRUWKH
VHDVRQDO+1YLUXVDQGWKHRWKHUSRVLWLYHIRU$ +1 
SGPYLUXV+RZHYHUQRQHRIWKHVHVHURSRVLWLYHFDWV
VKRZHGDQ\W\SLFDOVLJQVRIDFXWHUHVSLUDWRU\LOOQHVVDFFRUGLQJWRWKHFOLQLFDOUHFRUGVVXJJHVWLQJWKDWWKH\ZHUH
DV\PSWRPDWLF RU KDG PLQRU LQIHFWLRQV 1HYHUWKHOHVV
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,QÀXHQ]DYLUXVLQIHFWLRQLQFDWV

)ROORZLQJLQÀXHQ]DYLUXVVWUDLQVZHUHXVHGIRU91WHVW+1$.DZDVDNL87.+1SGP$2VDND+1$
.DZDVDNL87.+1FODGH$9LHWQDP+1FODGH$,QGRQHVLDDQG$FKLFNHQ(DVW-DYD
87+1FODGH$ZKRRSHUVZDQ0RQJROLD+1FODGH$7XQGUDVZDQ7RWWRUL+1
FODGH$+DQRL+1FODGH$FKLFNHQ<DPDJXFKLDQGLQÀXHQ]D%YLUXV%7RN\R87(1'
QRWGHWHUPLQHG

KXPDQWRFDW WUDQVPLVVLRQ RI WKH KXPDQ YLUXV OLNHO\
RFFXUUHGLQWKHVHLQGRRUSHWFDWVDVUHSRUWHGLQRWKHU
FRXQWULHV &DPSDJQRORHWDO3LJRWWHWDO 
%DVHGRQWKHILQGLQJVRIWKHSUHVHQWVWXG\ZHFRQFOXGH WKDW FDWV FDQ EH LQIHFWHG ZLWK KXPDQ LQIOXHQ]D
YLUXVHVDVZHOODVDYLDQLQÀXHQ]DYLUXVHV$FWXDOO\WKH
UHFHQWVWXG\KDVVKRZQWKDWERWKKXPDQW\SH ĮOLQNHG
VLDOLFDFLG DQGDYLDQW\SH ĮOLQNHGVLDOLFDFLG LQÀXHQ]DYLUXVUHFHSWRUVZHUHH[WHQVLYHO\GHWHFWHGLQWKH
UHVSLUDWRU\RUJDQVVXFKDVWUDFKHDEURQFKXVDQGOXQJ
RIWKHGRPHVWLFFDWV :DQJHWDO 7KHUHIRUHFDWV
PD\DFWDVDYHFWRUIRUKXPDQLQÀXHQ]DYLUXVWUDQVPLVVLRQZLWKLQKRXVHKROGVSRVLQJDSRWHQWLDOSXEOLFKHDOWK
FRQFHUQ)XUWKHUPRUHZHGHWHFWHGERWK+1DQGKXPDQYLUXVVHURSRVLWLYHFDWVLQQHLJKERULQJDUHDVDWVLPLODUVDPSOLQJWLPHVVXJJHVWLQJWKDWFDWVFDQEHVLPXOWDQHRXVO\LQIHFWHGZLWKERWKDYLDQDQGKXPDQYLUXVHVLQ
+1YLUXVHQGHPLFDUHDV7KXVFDWVOLNHSLJVPD\DFW
DVDQLQWHUPHGLDWHKRVWIRUWKHHPHUJHQFHRIQHZSRWHQWLDOO\SDQGHPLFYLUXVHV$OWKRXJKRXUVWXG\ZDVDVPDOO
VFDOHVXUYHLOODQFHRILQIOXHQ]DYLUXVLQIHFWLRQVLQFDWV
WKHVH¿QGLQJVHYLGHQFHWKHQHHGIRUFRQWLQXHGDQGODUJH
VFDOHVXUYHLOODQFHRILQÀXHQ]DYLUXVHVLQFDWSRSXODWLRQV
ZLOOEHLPSRUWDQWWRDFKLHYHWKH³2QH+HDOWK´FRQFHSW
IRUWKLV]RRQRWLFGLVHDVH

7DLVXNH+RULPRWR1 )XPLKLUR*HQ16KLQ0XUDNDPL1,
.L\RNR,ZDWVXNL+RULPRWR.HQWDUR.DWR0DVDKDUX
+LVDVXH  0DVDKLUR 6DNDJXFKL 5 &KDLUXO$ 1LGRP ,
<RVKLKLUR.DZDRND
'HSDUWPHQWRI9HWHULQDU\0LFURELRORJ\8QLYHUVLW\RI7RN\R
7RN\R-DSDQ
'LYLVLRQRI9LURORJ\,QVWLWXWHRI0HGLFDO6FLHQFH8QLYHUVLW\RI
7RN\R7RN\R-DSDQ
1DWLRQDO5HVHDUFK&HQWHUIRU3URWR]RDQ'LVHDVHV2ELKLUR8QLYHUVLW\RI$JULFXOWXUHDQG9HWHULQDU\0HGLFLQH2ELKLUR
-DSDQ
'HSDUWPHQWRI,QWHUQDO0HGLFLQH,,$]DEX8QLYHUVLW\6DJDPLKDUD-DSDQ
'HSDUWPHQWRI9HWHULQDU\0LFURELRORJ\,$]DEX8QLYHUVLW\
6DJDPLKDUD-DSDQ
$YLDQ,QÀXHQ]D5HVHDUFK&HQWHU$LUODQJJD8QLYHUVLW\6XUDED\D
,QGRQHVLD
&RUUHVSRQGHQFH
3KRQH
(PDLODKRULPR#PDLOHFFXWRN\RDFMS
25&,'
3XEOLVKHGRQOLQH0D\

REFERENCES
FOOTNOTES
:HWKDQNYHWHULQDULDQVDW$]DEX8QLYHUVLW\IRUFROOHFWLQJWKH
VDPSOHV7KLVZRUNZDVVXSSRUWHGE\JUDQWVLQDLGIRU6FLHQWL¿F
5HVHDUFKIURPWKH0LQLVWU\RI(GXFDWLRQ&XOWXUH6SRUWV6FLHQFHDQG7HFKQRORJ\-DSDQ7KHDXWKRUVGHFODUHWKDWWKH\KDYH
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$OL$'DQLHOV-%=KDQJ<HWDO-&OLQ0LFURELRO±
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+HDOWK±
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2ǂJUNE 2015ǂVOLUME 30ǂISSUE 3

VIROLOGICA SINICA

84

Taisuke Horimoto et al
/HVFKQLN0:HLNHO-0RVWO.HWDO(PHUJ,QIHFW'LV±
0F&XOOHUV -$9DQ 'H9HOGH /$ 6FKXOW] 5' HW DO $UFK9LURO
±
3LJRWW$0+DDN&(%UHVKHDUV0$HWDO-9HW(PHUJ&ULW&DUH
±
6RQJ'6$Q'-0RRQ+-HWDO-*HQ9LURO±
6RQJVHUP7$PRQVLQ$-DPRQ5HWDO(PHUJ,QIHFW'LV±

www.virosin.org


6X6<XDQ//L+HWDO&OLQ9DFFLQH,PPXQRO±
9DKOHQNDPS7:7HLINH-3+DUGHU7&HWDO,QÀXHQ]D2WKHU5HVSLU
9LUXVHV±
:DQJ+:X;&KHQJ<HWDO$FWD9HW+XQJ±
<LQJVW6/6DDG0')HOW6$(PHUJ,QIHFW'LV±
=KDR)/LX&<LQ;HWDO9LURO-±

JUNE 2015ǂVOLUME 30ǂISSUE 3ǂ3

85

Downloaded from http://veterinaryrecord.bmj.com/ on January 12, 2016 - Published by group.bmj.com

Short Communication

Short Communication
to human influenza viruses in the sera, we performed a virus-neutralisation (VN) test (Itoh and others 2009) with a former seasonal H1N1
virus (A/Kawasaki/UTK4/09), seasonal H3N2 virus (A/Kawasaki/
UTK20/08), A(H1N1)pdm09 virus, and influenza B virus (B/Tokyo/
UT-E2/08), after receptor-destroying enzyme treatment and heatinactivation of the sera to remove non-specific inhibitors. The VN
antibody-positive sera (titres ≥10) were then further tested in an
immunoblot assay using the same virus antigens to confirm reaction
specificity.
In these assays, 14 sera were positive for VN antibody to A(H1N1)
pdm09 virus, representing 3.8 per cent positivity (Table 1). One serum
sample was also positive for VN antibody to the former seasonal H1N1
virus, but the reaction was weak, suggesting it may have been due to
cross-reactivity. Eight other samples were seropositive to seasonal
H3N2 virus, representing 2.2 per cent positivity; however, these sera
did not react with dog H3N8 virus (A/canine/NE/52-14/06) or avian
H3N2 virus (A/duck/Mongolia/301/01), suggesting human-to-dog
transmission of the human virus. Notably, six sera were positive for
VN antibody to type B virus, representing 1.6 per cent positivity.
None of the sera was antibody-positive for both type A and B viruses.
Moreover, all samples were negative for VN antibody to highly pathogenic H5N1 avian virus (A/whooper swan/Mongolia/4/05; clade 2.2.).
None of the seropositive dogs showed any typical signs of acute respiratory illness according to the clinical records, suggesting that they
were asymptomatic or had very minor infections, as supported by the
low VN titres for the positive cases.
We conclude that dogs can be infected with human influenza
viruses, including type B virus. To our knowledge, there is only one
previous report of a possible natural influenza B virus infection of a
dog (Chang and others 1976), and even in this case, the infection was
not proven with established criteria. There has also been a report of
influenza C virus infection of dogs (Ohwada and others 1987). Thus,
domestic dogs may act as a vector for human influenza virus transmission within households, posing a potential public health concern.
Previous reports that dogs are susceptible to avian viruses, such as
H3N2 and H5N1, raise the possibility that dogs, like pigs, may act as
an intermediate host for the emergence of new, potentially pandemic
viruses. Continued surveillance of influenza viruses in dog populations will be important to achieve the “one health” concept for this
zoonotic disease.

Serological evidence
of infection of dogs
with human influenza
viruses in Japan
T. Horimoto, F. Gen, S. Murakami,
K. Iwatsuki-Horimoto, K. Kato, H. Akashi,
M. Hisasue, M. Sakaguchi, Y. Kawaoka,
K. Maeda
HISTORICALLY, influenza virus has not been regarded as a major
pathogen of dogs. However, recent infections of racing and pet dogs
with H3N8 virus of equine origin in the USA after 2004 (Crawford
and others 2005) and retrospectively in the UK in 2002 (Daly and
others 2008), as well as with highly pathogenic H5N1 avian virus in
Thailand in 2004 (Songserm and others 2006), revealed that dogs are
susceptible to influenza A viruses. These infections caused respiratory
disease in the dogs and several proved fatal. Moreover, H3N2 virus
of avian origin infected pet dogs in Korea in 2007 (Song and others
2008) and China in 2010 (Li and others 2010), supporting the belief
that dogs should be included among the animals that are responsible for interspecies transmission of influenza A virus (Kim and others
2013). Furthermore, there were reports in various parts of the world
(Dundon and others 2010, Lin and others 2012) of dogs infected with
A(H1N1)pdm09 virus of swine origin, possibly due to contact with
people infected with this H1N1 virus, suggesting human-to-dog transmission. Together, these reports suggest that dogs may play a role as
an intermediate host in which a mutant virus with pandemic potential could emerge. To partially address this possibility, we conducted
a serological survey of human influenza virus infection in domestic
dogs in Japan.
A total of 366 serum samples were collected from mostly
indoor domestic dogs between January 2009 and February 2010 at
animal hospitals in the prefectures of Yamaguchi (162 samples) and
Kanagawa (204 samples), which are located in western and eastern
Japan, respectively. The dogs came to the hospitals with various
symptoms, and their serum samples were randomly collected for the
study with the pet owners’ permission. To detect antibodies specific
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TABLE 1: Dogs in the study that were seropositive to human influenza viruses
Prefecture

Number of samples Virus

Yamaguchi

162

Kanagawa

204

A(H1N1)pdm09
H1N1
H3N2
B
A(H1N1)pdm09
H1N1
H3N2
B

Number of positive
samples (%)
VN titres (number)
4 (2.5)
1 (0.6)
1 (0.6)
4 (2.5)
10 (4.9)
0 (0)
7 (3.4)
2 (1.0)

10 (3), 20 (1*)
10 (1*)
40 (1)
10 (2), 20 (2)
10 (4), 20 (5), 80 (1)
–
10 (4), 40 (3)
10 (1), 20 (1)

Species (number)
Miniature dachshund (1), Chihuahua (1), toy poodle (1*), shih tzu (1)
Toy poodle (1*)
Miniature dachshund (1)
Mongrel (2), toy poodle (1), miniature dachshund (1)
Miniature dachshund (3), papillon (2), toy poodle (1), mongrel (1), shiba (1),
springer spaniel (1), long coat Chihuahua (1)
–
Miniature dachshund (3), toy poodle (2), Welsh corgi (1), Yorkshire terrier (1)
Miniature dachshund (1), Maltese (1)

*The same dog
VN, virus-neutralisation
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Analysis of Conformational and Sequential IgE Epitopes on the Major
Allergen Cry j 2 of Japanese Cedar (Cryptomeria japonica) Pollen
in Humans by Using Monoclonal Antibodies for Cry j 2
Kazuki Miyaji & Terumi Yurimoto & Akemi Saito &
Hiroshi Yasueda & Yukari Takase & Hidekatsu Shimakura &
Noriaki Okamoto & Akio Kiuchi & Saburo Saito &
Masahiro Sakaguchi
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pollinosis, and allergenic epitopes for mAbs and human IgE
were identified using ELISA with synthetic peptides. The
importance of the epitopes for human IgE was analyzed
using an inhibition ELISA.
Results Four independent epitopes (epitope #1, #2, #3, and #4)
were identified on Cry j 2 with the use of mAbs. Epitope #3
and #4, corresponding to peptides No. 25 and No. 33, respectively, were newly determined as epitopes for mAbs and human
IgE. Inhibition ELISA showed that not only epitope #2
(sequential) but epitope #1 (conformational) may play an important role in the CJ pollinosis.
Conclusions Our results revealed 4 epitopes, including two
new ones, on Cry j 2. We also found that inhibition ELISA
with appropriate mAbs could be a viable method of evaluating the importance of the conformational and sequential
epitopes for human IgE. These results are beneficial for the
development of safer and more efficient therapeutic strategies for treating CJ pollinosis.

Abstract
Purpose Japanese cedar (Cryptomeria japonica; CJ) pollinosis is a type I allergy induced by CJ pollen, and Cry j 2 is one
of the major allergens in this pollen. In a previous study, we
analyzed IgE epitopes on Cry j 2 in humans by using synthetic
peptides. The main purpose of this study was to identify B-cell
epitopes on Cry j 2 in patients with CJ pollinosis by using
monoclonal antibodies (mAbs) for Cry j 2.
Methods We used ELISA with mAbs for the epitope analysis. Sera samples were collected from 80 patients with CJ
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Introduction
Pollinosis is a typical type I allergy induced by pollens, and
is defined as the appearance of respiratory symptoms such
as rhinoconjunctivitis. Japanese cedar (Cryptomeria japonica; CJ) pollinosis is one of the most common allergic
diseases in Japan [1]. In an epidemiological study conducted
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ELISA Cross-Inhibition for Epitopes of Cry j 2 Recognized
by mAbs

in the central Hokuriku area of Japan in May and June of
both 2006 and 2007 [2], 36.7 % of the study participants
(566 of the 1,540 subjects) had allergic rhinitis to CJ pollen.
Impaired performance and a voluntary ban on leaving home
for patients with CJ pollinosis comprise the tremendous
social impact and economic loss associated with this disease. Therefore, CJ pollinosis is one of the most serious
public health problems in Japan.
Yasueda et al. [3] purified Cry j 1 as a major allergen from
CJ pollen, and we isolated Cry j 2 as another major allergen [4].
Of 145 patients with CJ pollinosis tested for specific IgE levels,
134 (92 %) had specific IgE antibodies to both Cry j 1 and Cry j
2 [5]. Cry j 2 is completely different from Cry j 1 in terms of its
chemical and immunophysical properties, N-terminal amino
acid sequence, and its molecular mass of 37 kDa under nonreducing conditions [4]. Furthermore, we also recently isolated
Cry j 3 as a causative allergen of CJ pollinosis [6].
The identification and characterization of allergenic epitopes
are important for establishing safer and more efficient immunotherapy protocols [7, 8]. Previously, we used monoclonal
antibodies (mAbs) to characterize the allergenic epitopes of
Cry j 1 in CJ pollens, and identified five independent epitopes
on Cry j 1 [9]. In our preliminary study [10], in which epitopes
on Cry j 2 were analyzed using a synthetic peptide of Cry j 2,
we found that 124KWVNGREI131 is an important major linear
epitope. However, we had not classified IgE epitopes on Cry j 2
with mAbs for the allergen, and the significance of a previously
identified epitopes remains to be evaluated.
In the present study, we identified four independent epitopes on Cry j 2 by using mAbs for Cry j 2; two are new
epitopes. Analysis of a large number of sera samples
obtained from patients with CJ pollinosis has confirmed that
they are also new epitopes for human IgE. We additionally
predicted whether amino acids that made synthetic peptides
recognizable by mAbs and human IgE could be exposed on
Cry j 2 by means of bioinformatics tools. Finally, fluorometric and inhibition ELISA assays were used to evaluate
the importance of conformational and sequential epitopes
recognized by mAbs and human IgE.

Epitopes recognized by the mAbs were grouped using the
ELISA cross-inhibition test. This test is based on the ability
of a mAb to inhibit the binding of a coexisting biotin-labeled
mAb to solid-phase Cry j 2. Briefly, Cry j 2 (0.5 μg/mL) was
adsorbed onto a microplate (F96 Maxisorp® NUNCImmuno™ Plate, ThermoFisher Scientific, Waltham, MA,
USA). Biotin-labeled mAbs (0.5 μg/mL) were then reacted
with the solid-phase antigen in the presence or absence of
unlabeled mAbs (5 μg/mL) for 1 h at room temperature. Next,
a streptavidin-peroxidase polymer (streptavidin-HRP, SigmaAldrich, St. Louis, MO, USA) was added to the wells. After a
1-h incubation period at room temperature, a substrate solution of o-phenylenediamine dihydrochloride was added. After
the enzyme reaction was quenched with 2 M H2SO4, the
optical density (OD) was measured using a multi-mode
microplate reader (Powerscan MX, DS Pharma Biomedical,
Osaka, Japan).
Patient Sera Samples
Informed consent was obtained from all subjects. The study
protocol was approved by the ethics committee at the Jikei
University School of Medicine. Sera samples from 80 patients with CJ pollinosis. The patents were selected on the
bases of clinical symptoms of seasonal allergic rhinitis and
positive CAP (Phadia AB, Uppsala, Sweden) to CJ pollen.
For the negative control, sera samples were obtained from
25 non-allergic subjects who had previously been confirmed
to be negative for the CJ pollen allergen.
Colorimetric ELISA for Overlapping Synthetic Peptides
with mAbs
As previously described, the reaction of mAbs to Cry j 2
peptides was measured using a colorimetric ELISA [10].
Briefly, Cry j 2 protein (1 μg/mL) or synthetic peptides
(10 μg/mL) were immobilized in the wells of a microplate
(F96 MaxiSorp® NUNC-Immuno™ Plate) overnight at 4 °C.
The microplate was then washed with phosphate-buffered
saline containing 0.05 % Tween 20 (PBST buffer) and incubated with biotin-labeled mAbs (0.1 μg/mL) for 1 h at room
temperature. The subsequent procedures were the same as
those for the cross-inhibition ELISA described above.

Methods
The Cry j 2 Antigen and Monoclonal Antibodies
Cry j 2 was purified as previously described [4]. A library of
peptides, consisting of 18, 20, 21, or 25 amino acids overlapping
by 10 to 12, was commercially synthesized (Hokkaido System
Science Co., Ltd., Sapporo, Japan) [10, 11]. The eight mAbs
(S1, S2, S3, N26, T27, 24, 9E7, and J2A01) against Cry j 2 used
in our laboratory were categorized according to cross-inhibition
ELISA. These mAbs were kindly provided or generated by
immunizing mice with Cry j 2 [10, 12–14].

Fluorometric ELISA for Overlapping Synthetic Peptides
with Human IgE in Patient Sera
As previously described, specific IgE in the sera of patients
with pollinosis for Cry j 2 peptides was measured using
fluorometric ELISA [5]. Briefly, Cry j 2 protein (1 μg/mL)
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or synthetic peptides (10 μg/mL) were immobilized in the
wells of a microplate (FLUOTRAC™ 600, Greiner Bio-One
GmbH, Frickenhausen, Germany) overnight at 4 °C. The
microplate was then washed with PBST buffer and finally
incubated with diluted (1:10) sera samples for 3 h at room
temperature. The plates were washed, and anti-human IgE
antibodies conjugated to β-D-galactosidase (diluted 1:10;
Phadia AB) were added to each well. As the enzyme reaction
substrate, 0.2 mM 4-methylumbelliferyl-β-D-galactoside
(Sigma-Aldrich) was added to the wells, and the plates were
incubated at 37 °C for 2 h. After quenching the reaction,
fluorescence units (FU) were measured on a multi-mode
microplate reader. Cutoff values were determined using sera
from pollinosis-negative patients as controls.

present study, the epitope on the Cry j 2 molecule related to
mAbs S1, S2, and S3 was defined as epitope #1, mAbs N26,
T27, and 24 as epitope #2, mAb 9E7 as epitope #3, and
mAb J2A01 as epitope #4 (Table I).
We examined the binding of these mAbs to synthetic
peptides of Cry j 2. Our observations were similar to those
of a previous report [10]; we reconfirmed that mouse Cry j
2-specific mAb S1 did not react with any of the peptides,
and mAbs N26 and 24 reacted with peptide No. 13
(121GQCKWVNGREICNDRDRPTA140). We found that
the mAbs 9E7 and J2A01 reacted with peptides No. 25
( 2 41 GRENSRAEVSYVHVNGAKFI 2 6 0 ) and No. 33
(321TYKNIRGTSATAAAIQLKCS340), respectively. It was
determined that epitope # 2 is relevant to peptide No. 13,
epitope #3 to peptide No. 25, and epitope #4 to peptide No.
33. We found that epitope #3 and epitope #4 were new
epitopes recognized by mAbs.

Inhibition ELISA for the Conformational and Sequential
Epitopes with the Use of mAbs

Binding of IgE in Sera of Human Patients to Synthetic
Peptides of Cry j 2

To evaluate the importance of the conformational and sequential epitopes, inhibition ELISA was conducted using
mAbs as inhibitors [9]. Briefly, Cry j 2 protein (1 μg/mL)
was immobilized in the wells of a microplate overnight at
4 °C. Non-labeled mAbs S1 or N26 (20 μg/mL) were
reacted with the immobilized protein for 1 h at room temperature. Plates were then washed with PBST buffer and
subsequently incubated with diluted (1:10) sera samples for
3 h at room temperature. Sera samples from 50 patients were
used for conducting the assay because of their sufficient
volume (>100 μL). Subsequent procedures were the same
as those of the fluorometric ELISA described above. The
inhibition ratio (%) was calculated as follows:

Figure 1 shows the reactivity of human IgE obtained from
80 patients with anti-Cry j 2 IgE to synthetic peptides. The
cutoff values for Cry j 2 and peptides were obtained in the
maximal FU values of 25 negative controls, because the
values were higher than mean value+3SD. We reconfirmed
that IgE from 61 patients (76 %) reacted with peptide No. 13
(relevant to epitope #2). We also found that IgE from 11
(14 %) patients reacted with peptide No. 25 (relevant to
epitope #3), and IgE from 19 (24 %) patients reacted with
peptide No. 33 (relevant to epitope #4). In our previous
study, none of the samples obtained from 20 patients reacted
with these peptides [10].



FU in presence of inhibitor
1
 100
FU in absence of inhibitor

Exposed Amino Acids of Sequential Epitopes on Cry j 2
The solvent-accessible amino acids of epitopes epitope
#2, epitope #3, and epitope #4 were predicted using
NetSurfP (Table II). Core amino acids for epitope #2
(124KWVNGREI131), which were identified using small
peptides of peptide No. 13 in the previous study [10], all
seemed to be exposed on the Cry j 2 surface. The exposed
regions of epitope #3 were predicted to be 242R243E244N
245 246 247 248 250 256 258 260
S R A E S G K I, and those of epitope #4
to be 323Y324N326R328T330A331T332A. All computed results are
shown in the Supplementary Table.

Bioinformatics Tool
The surface exposure of the Cry j 2 amino acids was predicted using NetSurfP (http://www.cbs.dtu.dk/services/
NetSurfP/) [15, 16].

Results
Epitope Specificity of Anti-Cry j 2 mAbs and Their Binding
to Synthetic Peptides of Cry j 2

Evaluating the Significance of the Epitopes, Epitope #1 and #2,
for Human IgE

Four independent epitopes were identified on the Cry j 2
molecule by using the ELISA cross-inhibition test with
mAbs. An inhibition reaction was not observed with a
non-labeled mAb that recognized different epitopes. In the

We determined the inhibition rates of mAbs S1 (for epitope #1)
and N26 (for epitope #2) against human IgE for comparison of
their importance. Table III indicated FU value of human IgE to
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ELISA
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Unlabeled mAba

Biotin-labeled mAb to
epitope #1

a

Inhibitor. +, >30 % inhibition.
Experiments were repeated at
least three times.

epitope #3

epitope #4

S1

S2

S3

N26

T27

24

9E7

J2A01

S1

+

+

+

−

−

−

−

−

S2

+

+

+

−

−

−

−

−

S3

+

+

+

−

−

−

−

−

N26

−

−

−

+

+

+

−

−

T27
24

−
−

−
−

−
−

+
+

+
+

+
+

−
−

−
−

9E7

−

−

−

−

−

−

+

−

J2A01

−

−

−

−

−

−

−

+

peptide No. 13 (relevant to epitope #2), and inhibition ratio of
mAbs to epitope # 1 and #2 against human IgE for each subject.
We found that their patterns were substantially different. Of the
10 sera samples that showed >50 % inhibition rates for mAb to
epitope #1, eight sera samples had negative FU value for IgE to
epitope #2 relative peptide.

amino acids play an important role in the binding between
antibody and epitope [18], and pentapeptides have been
reported as IgE epitopes in wheat gliadin [19]. All core amino
acids of epitope #2 determined in our previous study [10] were
predicted to be exposed, indicating that 124KWVNGREI131
was a completely sequential epitope. Epitope #3 was predicted
to contain seven consecutive amino acids, 242RENSRAE248,
exposed on Cry j 2, suggesting that these amino acids may
contribute as the epitope. Meanwhile, epitope #4 was not
expected to contain three or more consecutive amino acids.
Our result raises the possibility that the core determinants may
result from discontinuous amino acids within epitope #4.
Further study is needed to identify the core determinants of
those epitopes.
The mAb S1 did not react with any of the synthetic
peptides. This result coincides with that from our previous

Discussion

FU [log10]

The bioinformatics tool NetSurfP can predict solventaccessible regions on proteins. Using this tool, we predicted
exposed amino acids in Cry j 2 epitopes (epitope #2, #3,
and #4). A review article relevant to food allergies discussed
that the majority of IgE epitopes are eight amino acids or
longer [17]. However, it has been suggested that five to six

Fig. 1 Binding of human IgE
to Cry j 2 and synthetic
peptides. Related epitope
numbers are indicated within
parentheses below to the
synthetic peptide numbers.
Binding activity is expressed in
fluorescence units (FU). The
dashed line represents cutoff
values, which were determined
as highest FU in negative
control. The cutoff values are
233.5, 156.0, and 185.5 from
the left column. Sera samples
from 50 patients were used to
provide adequate amounts, and
experiments were repeated at
least three times

epitope #2

10

5

10

4

10

3

10

2

Pollinosis
Allergen

+

Cry j 2

91

+

-

No. 13
(epitope #2)

+

-

No. 25
(epitope #3)

+

-

No. 33
(epitope #4)
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Table II Prediction of solvent-accessible regions of Cry j 2 amino
acids using NetSurfP
Epitope

Position

Amino acids

epitope #2a

124–131

epitope #3

241–260

epitope #4

321–340

KWVNGREI
********
GRENSRAEVSYVHVNGAKFI
-*******-*-----*-*-*
TYKNIRGTSATAAAIQLKCS
--**-*-*--**--------

a

peptide No. 13 (relevant to epitope #2), the importance of
a conformational epitope on Cry j 2 for human IgE had not
been previously reported. Therefore, the responsiveness of
human IgE to epitope #1 (a conformational epitope) and
epitope #2 (a sequential epitope) was compared by inhibition ELISA. The reaction of mAb with the epitope #1
inhibited the binding of human IgE to Cry j 2 in a different
manner in the reaction of mAb with epitope #2. Eighty
percent of the tested sera samples showing >50 % inhibition
rates for mAb to epitope #1 were negative for epitope #2.
Conformational epitopes on allergens are considered to play
an important role in initiating human IgE-mediated allergic
reactions [21–23]. Our results suggested that not only conformational but also sequential epitope may play an important role in the CJ pollinosis. Variations in responsiveness to
Cry j 2 epitopes could have been influenced by unknown
factors such as an individual’s genetic background and/or
clinical history. It may be worthwhile to analyze IgEbinding epitopes to understand the etiology of this allergy
and develop safer and more efficient therapeutic strategies
for treating CJ pollinosis.

Core sequence for epitope #2 was identified by Tamura et al. [10]

Surface exposure of Cry j 2 amino acids was predicted by NetSurfP,
and each amino acid was assigned to “Exposed (*)” or “Buried (-)”.
See also supplementary table

study, in which the mAb S1 also did not bind to any
synthetic peptides [10]. Along with decreasing reaction of
S1 to heat treated Cry j 2 [20], these findings indicate that
epitope #1 could be a conformational epitope. Although it
has been shown that a number of patient IgE reacted to

Table III Inhibition rates of
mAbs binding to epitope #1 and
#2 for evaluating the importance
of the conformational epitope
(epitope #1) on Cry j 2 for
human IgE

FU values of human IgE were
calculated based on the activity
to epitope #2 relative peptide
No. 13, and the cutoff value is
233.5 (see also Fig. 1). The epitope #2 was chosen as a target
for comparison, since the affinity
of human IgE to peptide No. 13
was higher than to other peptides. Sera samples from 50 patients were used to have enough
volume (>100 μL) to conduct
inhibition ELISA. Inhibition rate
over 50 % is shown in bold. The
experiments were repeated at
least three times.

Inhibition rate (%)
Subject

epitope #1

epitope #2

0
0

27.1
46.3

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

0
0
1
7
8
30
47
52
56
80
93
135
219
226
230
235

19
20
21
22
23
24
25

1
2

FU value

Inhibition rate (%)
Subject

FU value

0.0
21.2

26
27

50.5
57.2
34.5
50.1
58.0
46.5
36.6
63.4
34.6
61.0
41.7
50.6
26.4
50.1
44.0
54.7

40.5
8.5
16.5
39.8
41.6
30.8
28.4
27.4
16.9
28.4
25.6
25.6
19.7
44.7
26.9
36.3

464
576
670

31.5
37.3
17.9

676
815
849
983

47.6
43.2
20.4
45.0

92

epitope #1

epitope #2

1038
1214

47.0
32.4

50.6
80.7

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

1229
1317
1719
1885
2061
2071
2207
2257
2303
2322
2371
2670
2953
3306
3857
4214

23.3
29.0
20.0
42.3
21.1
31.2
25.9
35.7
23.1
62.3
19.3
3.2
12.4
34.5
37.0
19.6

71.0
50.9
20.9
59.0
39.4
72.6
34.8
54.4
48.5
44.8
54.4
44.2
72.7
79.2
67.4
75.2

68.2
50.3
35.8

44
45
46

6490
6686
7944

29.1
22.7
9.4

54.5
59.6
57.1

28.9
41.5
42.5
44.6

47
48
49
50

9159
11372
13088
26236

24.6
12.2
6.4
7.5

71.7
65.6
35.7
22.2

982
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A previous study reported that no patients’ sera included
reactive IgE to the synthetic peptides No. 25 and No. 33
[10]. Our present results show that these peptides were
recognized by the mAbs and human IgE (Fig. 1), suggesting
that the determinants are newly detected epitopes. The lack
of detection in our previous analysis is probably because
those sites are minor epitopes and were thus incidentally not
recognized in the small sample size. In fact, we tested 80
patients with CJ pollinosis, and only 11 (14 %) patients for
peptide No. 25 (relevant to epitope #3) and 19 (24 %) patients
for peptide No. 33 (relevant to epitope #4) were detected as
being epitope-specific IgE-positive at low FU compared to
peptide No. 13 (relevant to epitope #2). Moreover, differences
between the methodologies used in previous studies and our
study, especially with regard to the detection procedures, may
have contributed to the fact that those epitopes were not
detected by the other investigators.
Many studies have analyzed IgE epitopes of group 1 conifer
pollen allergens, such as Cry j 1 and Jun a 1 [9, 21, 24–26].
Using mAbs for Cry j 1, a major allergen of the CJ pollen, we
identified five independent epitopes on Cry j 1 in human patients
[9]. Major mountain cedar allergen, Jun a 1, contains conformational and sequential IgE epitopes [26]. Other group 2 conifer
pollen allergens, such as Jun a 2 and Cha o 2 from cypress
pollen, have also been identified [27–29]. However, few studies
have analyzed IgE epitopes in group 2 conifer pollen allergens
[10]. In our previous study, we identified important sequential
IgE epitopes of Cry j 2 by using synthetic peptides on this
allergen [10]. In the present study, we have identified two new
IgE epitopes by using mAbs for Cry j 2. These studies
concerning IgE epitopes on Cry j 2 will help in developing
new allergen vaccines against cedar and cypress pollinosis [30].
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Conclusion
Four epitopes, including two new epitopes, were identified on
Cry j 2 by using mAbs, and IgE from patients with pollinosis
also reacted to the epitopes. The bioinformatics tool NetSurfP
could predict the candidate amino acids that accounted for the
core determinants in one of the two new epitopes. Our study
also demonstrated that inhibition ELISA using mAbs is a
viable method to evaluate the importance of the conformational and sequential epitopes for human IgE. These results are
useful for the development of safer and more efficient therapeutic strategies for treating CJ pollinosis.
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a b s t r a c t
The present study investigated IgE reactivity to a new Cryptomeria japonica pollen allergen
(Cry j 3) in dogs with atopic dermatitis by using a ﬂuorometric ELISA. Serum samples from
15 dogs that showed IgE sensitivity to crude C. japonica pollen allergen by ELISA were tested
for speciﬁc IgE to each allergen, individually. All 15 dogs had anti-Cry j 1 IgE, 6 (40%) had
anti-Cry j 2 IgE, and 11 (73%) had anti-Cry j 3 IgE. Further, we found that these anti-Cry j
3 IgE reacted to Cry j 3 with immunoblotting analysis. These ﬁndings indicate that Cry j 3
may be a major allergen in dogs.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction

C. japonica pollen allergen (Masuda et al., 2000a). These
ﬁndings suggested that C. japonica pollen allergen might
be associated with the pathogenesis of CAD.
Two major allergens have been previously isolated from
C. japonica pollen and characterized as Cry j 1 (Yasueda
et al., 1983) and Cry j 2 (Sakaguchi et al., 1990). Cry j 1
was identiﬁed as a 41−46 kDa allergen with pectate lyase
enzyme activity (Yasueda et al., 1983; Taniguchi et al.,
1995), while Cry j 2 was identiﬁed as a 45 kDa allergen with
polymethylgalacturonase enzyme activity (Sakaguchi et al.,
1990; Ohtsuki et al., 1995). We previously showed that
humans (Sakaguchi et al., 1990; Hashimoto et al., 1995),
Japanese monkeys (Macaca fuscata) (Sakaguchi et al., 1992;
Hashimoto et al., 1994), and dogs (Masuda et al., 2000b) had
speciﬁc IgE to Cry j 1 and Cry j 2.
Of the 100 human patients with C. japonica pollinosis, 27
serum samples contained IgE against the recently isolated
Cry j 3, suggesting that Cry j 3 is an important allergen in some patients (Fujimura et al., 2007). Further, we

Japanese cedar (Cryptomeria japonica) pollinosis is
one of the most common immediate-type allergic diseases in Japan (Yasueda et al., 1983), which has been
also reported in dogs (Sasaki et al., 1995) as well as
in humans. The dogs sensitive to C. japonica pollen
showed clinical symptoms of canine atopic dermatitis
(CAD) and positive immune reactions to the pollen allergen
in Prausnitz–Küstner test (Rupa et al., 2008). CAD is a common dermatitis in dogs and deﬁned as an inﬂammatory
and pruritic skin disease with IgE antibodies, most commonly directed against environmental allergens (Halliwell,
2006). Our epidemiological study in Japan reported that
approximately 20% of atopic dogs had speciﬁc IgE to crude

∗ Corresponding author. Tel.: +81 42 850 2481; fax: +81 42 850 2481.
E-mail address: sakagum@azabu-u.ac.jp (M. Sakaguchi).
0165-2427/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.vetimm.2012.06.007
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found that Cry j 3 is 27 kDa protein and has relatively high
homology with thaumatin-like protein categorized in the
pathogenesis-related-5 (PR-5) family protein which may
act as causative allergens of oral allergy syndrome (OAS)
in human patients (Fujimura et al., 2007). OAS is a condition characterized by IgE-mediated immediate allergic
symptoms restricted to the oral mucosa, which may involve
itching, and vascular edema of the lips, tongue, and pharynx
with a sudden onset (Kondo and Urisu, 2009). OAS symptoms occur in association with IgE cross-reactivity arising
from structural homologies between pollen allergens and
food proteins. A typical manifestation of OAS would be the
oral mucosal symptoms that appear when a patient with
birch pollen allergy has eaten some foods associated with
the family Rosaceae such as an apple, cherry, or peach. However, to date, there have been no studies to investigate the
allergic responses to Cry j 3 in dogs.
In the present study, we investigated IgE reactivity to
Cry j 3 in atopic dogs sensitive to crude C. japonica pollen
allergen by a ﬂuorometric ELISA.
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anti-mouse IgG1 (Zymed Laboratories, San Francisco, CA,
USA) at room temperature for 1 h. After washing, the plate
was incubated with ␤-d-galactosidase-conjugated streptavidin (Zymed Laboratories) at room temperature for 1 h.
After ﬁnal washing, the plate was incubated with 0.1 mM
4-methylumbelliferyl-␤-d-galactopyranoside (Sigma, St.
Louis, MO, USA) at 37 ◦ C for 2 h. The enzyme reaction was
stopped with 0.1 M glycine–NaOH (pH10.2), and the ﬂuorescence intensity was read as ﬂuorescence units (FU) on a
microplate ﬂuorescence reader (Fluoroskan; Flow Laboratories, McLean, VA, USA). The ﬂuorometric ELISA for speciﬁc
IgE in each sample was repeated more than three times.
The cut-off value was determined as the average + 3SD FU
in serum samples of 19 dogs as negative control.
2.4. Detection of allergen-speciﬁc IgE by immunoblotting
analysis
Cry j 1 and Cry j 3 were electrophoresed by SDSPAGE and then electrotransferred to PVDF membrane (GE
Healthcare, Piscataway, NJ, USA). The three sera showing higher FU values of anti-Cry j 1 or anti-Cry j 3 IgE
had been respectively pooled for immunoblotting analysis. After blocking with PBS containing 5% skimmed milk,
the membrane was incubated with pooled sera diluted
1:10 in PBS containing 0.1% Tween-20 and 5% non-fat
dried milk for 2 h. After washing, horseradish peroxidase
(HRP)-conjugated goat anti-dog IgE (0.1 g/ml) (Bethyl
Laboratories, Montgomery, TX, USA) was added on the
membrane and incubated for 2 h. After washing, the membrane was incubated with ECL reagent (GE Healthcare) for
5 min and exposed to a radiograph ﬁlm for 5–30 s.

2. Materials and methods
2.1. Crude and major C. japonica pollen allergens
Crude C. japonica pollen allergen was prepared as
described previously (Yasueda et al., 1983). Cry j 1 and Cry
j 2 as major allergens were puriﬁed as described previously
(Sakaguchi et al., 1990). Cry j 3 was puriﬁed as described
previously (Fujimura et al., 2007).
2.2. Sera
CAD was diagnosed based on Willemse’s criteria
(Willemse, 1986) and Prélaud’s major criteria (Prélaud
et al., 1998). The sera were obtained from 100 dogs with
AD visiting to Fujimura Animal Hospital owed by one of
the authors (M.F.) (Osaka, Japan). The sera used as negative controls in the pollen-speciﬁc IgE assay were obtained
from 19 dogs that had been kept indoors as experimental laboratory animals and had never been exposed to C.
japonica pollen. They had shown no signs of AD and demonstrated no speciﬁc reaction to crude C. japonica allergen by
intradermal skin testing (IDST).

3. Results and discussion
Speciﬁc IgE to crude C. japonica pollen allergen was measured in the sera of the 100 dogs with AD by ELISA (Fig. 1).
The cut-off value calculated from negative control samples
was 55 FU. Of the 100 dogs with AD, 15 had IgE sensitivity
to crude C. japonica pollen allergen similar to the results of
our previous epidemiological study (Masuda et al., 2000a).
Next, IgE reactivity to Cry j 1 and Cry j 2 was examined in
these 15 dogs sensitive with crude C. japonica pollen allergen by ELISA (Fig. 2A and B). The cut-off values of speciﬁc
IgE levels to Cry j 1 and Cry j 2 calculated from the negative
control samples were found to be 114 and 96 FU, respectively. Of the 15 serum samples which included speciﬁc IgE
to crude C. japonica pollen allergen, all had speciﬁc IgE to
Cry j 1, and 6 (40%) had speciﬁc IgE to Cry j 2. In humans,
more than 90% of the patients with C. japonica pollinosis
had speciﬁc IgE to Cry j 1 and Cry j 2 (Hashimoto et al.,
1995). Further, in wild Japanese monkeys, we found that of
the 45 monkeys sensitive to crude C. japonica pollen allergen, 23 (51%) had speciﬁc IgE to both Cry j 1 and Cry j 2, 21
(47%) had speciﬁc IgE only to Cry j 1, and 1 (2%) had speciﬁc
IgE only to Cry j 2 (Hashimoto et al., 1994). In humans and
monkeys, Cry j 1 and Cry j 2 are major pollen allergens.
In the present study, however, 40% of the dog sera that
had speciﬁc IgE to crude pollen had anti-Cry j 2 IgE. This
result was similar to that of our previous study (Masuda

2.3. Fluorometric ELISA for speciﬁc IgE to crude and
major C. japonica pollen allergens
Speciﬁc IgE to crude and major C. japonica pollen allergens were measured by a ﬂuorometric ELISA. A microplate
(NUNC-Immuno Plate Maxisorp F96; NalgeNunc International, Roskilde, Denmark) was coated with crude C.
japonica pollen allergen (4 g/ml) or the puriﬁed allergens, Cry j 1, Cry j 2, or Cry j 3 allergens (1 g/ml),
at 4 ◦ C overnight. After washing, the plate was incubated with diluted sera (1:10) at room temperature for
3 h. The plate was then washed and incubated with
a mouse monoclonal anti-dog IgE antibody (0.5 g/ml)
(DeBoer et al., 1993) was then added. The plate was
incubated at 4 ◦ C overnight. After washing, the plate
was then incubated with biotinylated rat monoclonal

96

S. Kubota et al. / Veterinary Immunology and Immunopathology 149 (2012) 132–135

134

(A)

Specific IgE to Cry j 1 (FU)

Specific IgE to crude pollen allergen (FU)

2000

1500

1000

500

1500

1200

900

600

300

0

(B)

Pollinosis

Control

Pollinosis

Control

Pollinosis

Control

500

0
Control

Specific IgE to Cry j 2 (FU)

Pollinosis

Fig. 1. IgE reactivity to crude C. japonica pollen allergen in dogs. The data
were obtained by using diluted sera (1:10). The dashed line shows the
cut-off value. The cut-off value calculated from negative control samples
was 55 FU.

et al., 2000b). These ﬁndings indicate that Cry j 1 is a major
allergen in dogs as well as humans and Japanese monkeys.
IgE reactivity to Cry j 3 was examined in these 15 dogs
sensitive to crude pollen allergen (Fig. 2C). The cut-off values of speciﬁc IgE to Cry j 3 calculated from negative control
samples were 126 FU. Of the 15 sera which contained speciﬁc IgE to crude C. japonica pollen allergen, 11 (73%) had
speciﬁc IgE to Cry j 3. Of 11 sera samples, ﬁve also reacted
with Cry j 1, and six with both Cry j 1 and 2. The IgE-binding
frequency of Cry j 3 in the human patients with C. japonica pollinosis was estimated as 27% (Fujimura et al., 2007).
More than 70% of CAD with speciﬁc IgE to crude C. japonica
pollen allergen had anti-Cry j 3 IgE. These ﬁndings suggest
that Cry j 3 may be a more important allergen in dogs than
in humans.
To further evaluate anti-Cry j 3 IgE in dogs reactivity
with Cry j 3, we conducted immunoblotting analysis. Cry j
1 and Cry j 3 were electrophoresed by SDS-PAGE and then
electrotransferred to PVDF membrane. The pooled serum
of 3 dogs with anti-Cry j 1 IgE was added to the membrane,
and Cry j 1 was detected with anti-Cry j 1 IgE (Fig. 3, lane
1). Similarly, the pooled serum of 3 dogs with anti-Cry j 3
IgE was added to the membrane, and Cry j 3 was detected
with anti-Cry j 3 IgE (Fig. 3, lane 3). In contrast, the pooled
serum of 3 dogs as negative controls with no anti-Cry j 1
and Cry j 3 IgE was added to the membrane, and Cry j 1

400
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0

Specific IgE to Cry j 3 (FU)

(C)

1000

800

600

400

200

0
Fig. 2. IgE reactivity to (A) Cry j 1, (B) Cry j 2, and (C) Cry j 3 in atopic dogs
sensitive to crude C. japonica pollen allergen. The data were obtained by
using diluted sera (1:10). The dashed line shows the cut-off value. The
cut-off values calculated from negative control samples were 114, 96 and
121 FU, respectively.
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Fig. 3. Immunoblotting analysis of Cry j 1 and Cry j 3. Cry j 1 (lanes 1
and 2) or Cry j 3 (lanes 3 and 4) was electrophoresed by SDS-PAGE and
then electrotransferred to PVDF membrane. Lane 1: pooled serum of 3
dogs with anti-Cry j 1 IgE (FU values: 1410, 1090, and 925), lanes 2 and 4:
pooled serum of 3 dogs as negative controls with no anti-Cry j 1 and Cry
j 3, lane 3: pooled serum of 3 dogs with anti-Cry j 3 IgE (FU values: 812,
507, and 412).

and Cry j 3 were not detected (Fig. 3, lanes 2 and 4). These
results reconﬁrmed that sera of dogs with anti-Cry j 3 IgE
reacted to Cry j 3 with immunoblotting analysis.
We found that Cry j 3 has signiﬁcant homology with the
thaumatin-like protein categorized in PR-5 family protein
which might act as a causative allergen in OAS (Fujimura
et al., 2007). Cross-reactivity between allergens from C.
japonica pollen and tomato has been reported in dogs
and humans (Fujimura et al., 2002; Kondo et al., 2002).
PR-5 protein, which was considered as one of the important
pollen allergens responsible for pollinosis and OAS, have
been identiﬁed as Jun a 3 from mountain cedar (Juniperus
ashei), Jun v 3 from eastern red cedar (Juniperus virginiana), and Cup a 3 from Arizona cypress (Cupressus arizonica)
(Midoro-Horiuti et al., 2000, 2001; Cortegano et al., 2004).
Fujimura et al. (2007) revealed that Cry j 3 has signiﬁcant
homology with the thaumatin-like protein and suggested
that Cry j 3 might act as a causative allergen for OAS in
human patients. Unfortunately, we could not evaluate the
presence of OAS in the dogs with IgE to Cry j 3. The present
results, however, suggest that Cry j 3 is an important allergen in dogs and might play an important role in the etiology
of OAS in dogs.
In conclusion, we found that many dogs with speciﬁc IgE
to crude C. japonica pollen had anti-Cry j 3 IgE. Our results
indicate that Cry j 3 can be considered as one of the major
allergens in CAD. Further studies are needed to reveal the
role of cross-reactivity to other allergens in the etiology of
OAS in CAD.
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a b s t r a c t
House dust mite (HDM), the most common allergen, activate both the IgE-associated and innate immune
responses. To clarify the process of sensitization, we investigated the role of the CCL21, CCL19, and CCR7
axis in a mouse model of HDM-induced allergic asthma. HDM inhalation without systemic immunization
resulted in a HDM-speciﬁc IgE response. CCR7-knockout (CCR7KO) mice exhibited greater airway inﬂammation and IgE responses compared to wild-type mice. We examined FoxP3 expression in these mice to
clarify the contribution of regulatory cells to the responses. FoxP3 expression was higher in the lungs but
not in the lymph nodes of CCR7KO mice compared to wild-type mice. In CCR7KO mice, FoxP3-positive
cells were found in lung, but we observed higher release of IL-13, IL-5, TGF-b, IL-17, and HMGB1 in bronchoalveolar lavage ﬂuid. We demonstrate here that immuno-regulation through CCR7 expression in T
cells plays a role in HDM-speciﬁc sensitization in the airway.
 2012 Elsevier Inc. All rights reserved.

1. Introduction
The inhalation of allergens induces airway inﬂammation, which
is a prominent feature of asthma [1–4]. Dendritic cells are antigenpresenting cells that initiate several immune responses [5]. After
dendritic cells take up allergens, they enter afferent lymphatic vessels through a process promoted by CCL21 [6,7]. Antigen-laden
antigen-presenting cells then induce activation, expansion, and
differentiation of antigen-speciﬁc T cells within the draining lymph
nodes. We previously showed that paucity of lymph node T cells
(plt) mice, which are deﬁcient in CCL21ser and CCL19, resulted in
reduced but still substantial airway inﬂammation, suggesting that
allergen sensitization and airway inﬂammation can be induced
without secondary lymph nodes [8]. In contrast, CCL21 and
Abbreviations: HDM, house dust mite; CCR7KO, CCR7-knockout; LPS, lipopolysaccharide; BALF, bronchoalveolar lavage ﬂuid; HE, haematoxylin-eosin; PAS,
periodic acid-Schiff; iBALT, inducible bronchus-associated lymphoid tissue; HMGB,
high-mobility group box; Treg, regulatory T; ACh, acetylcholine; Raw, airway
resistance.
⇑ Corresponding author. Address: Department of Pharmacotherapy, Research
Institute of Pharmaceutical Sciences, Musashino University, 1-1-20 Shinmachi
Nishitokyo-shi, Tokyo 202-8585, Japan. Fax: +81 424 68 8647.
E-mail address: naoyama@musashino-u.ac.jp (N. Yamashita).

CCL19 play a critical role in the resolution phase of airway inﬂammation, which is similar to their role in the mucosal immune system [8–10].
In animal asthmatic models, systemic immunization using
allergens formulated with alum is used to induce IgE. In plt mice
we used ovalbumin in alum to clarify the role of CCL21 [8]. Administration of house dust mite (HDM) by inhalation was recently
shown to induce airway inﬂammation without systemic immunization [11,12]. In many countries, HDM is one of the most common
allergens triggering asthma [13–15]. HDM allergens have proteinase activity, which is critical for sensitization [16,17]. HDM allergens react with toll-like receptor 4 (TLR4), which is a receptor for
lipopolysaccharide (LPS) [18,19]. In addition, Derf 2, a major
HDM allergen, possesses structural homology to myeloid differentiation factor (MD) 2, the LPS-binding component of the TLR4 signaling complex [20,21]. Taken together, these ﬁndings indicate
that allergen sensitization involves complex interactions between
antigen-speciﬁc and innate immune responses that have not yet
been clariﬁed.
CCR7 is the receptor for CCL19 and CCL21, and CCR7-knockout
(CCR7KO) mice possess similar impairment of the secondary
lymph nodes as plt mice [22]. The impairment of contact
sensitivity in CCR7KO mice is greater than that in plt mice [22].

0008-8749/$ - see front matter  2012 Elsevier Inc. All rights reserved.
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Furthermore, CCR7 is important in maintaining immune responses
and immune tolerance [23]. CCR7 is also essential to migrate and
exhibit regulatory function of regulatory T (Treg) cells [24–26].
To clarify the process of allergen sensitization and the role of
CCR7 expression in this process, we investigated the ability of
CCR7KO mice to exhibit HDM-speciﬁc airway inﬂammation. We
found that airway inﬂammation was signiﬁcantly augmented and
lymphocyte accumulation was prominent in CCR7KO mice.
Although FoxP3-positive cells were present in the lung, they did
not function effectively in CCR7KO mice. This ﬁnding suggests that
allergen sensitization is controlled by the expression of CCR7. The
targeted control of CCR7 expression has potential as an immunotherapy for asthma.

fuged at 1500 rpm for 10 min at 4 C. Pellets were dissolved in 1 ml
PBS and the number of cells counted. Cytospin preparations were
obtained by spinning at 640 rpm for 2 min, stained with Diff Quik
(International Reagents Corporation, Osaka, Japan), and then examined by microscopy.
The content of cytokine in the BALF was measured using the
ELISA kits; IL-13, IL-5 and TGF-b by Quantising kit (R&D System,
Inc. (Minneapolis, MN), IL-35 by speciﬁc ELISA kit (Cusabio Biotec,
P.R., China). HMGB1 was measured by using an HMGB1 ELISA Kit II
(Shino-test Co., Tokyo, Japan), which speciﬁcally detects HMGB1
[28].

2. Methods

The assessment of airway responsiveness was undertaken 24 h
after the last mite administration, as previously reported [27].
Brieﬂy, the anesthetized mice were tracheostomized and injected
with pancuronium bromide. The animals were connected to a Harvard ventilator with 0.25 ml tidal volume and a respiratory frequency of 150/min. Next, they were placed in the whole-body
plethysmograph (Buxco Electronics) to measure airway resistance
(Raw). To assess airway responsiveness, increasing dose of acetylcholine (ACh) (3.12–25 mg/mL) was administered by nebulization.
Data are expressed as [Raw after inhalation of ACh/Raw before
inhalation)  100 (%)].

2.1. Animals
C57BL/6. mice were purchased from SLC (Shizuoka, Japan).
CCR7/ C57BL/6 mice were established as previously reported
[22] and bred in the animal facilities of Musashino University
School of Medicine under speciﬁc pathogen-free conditions under
approval of Institutional Animal experiments Committee of
Musashino University. Care and use of the animals followed the
guidelines of the ‘‘Principles of Laboratory Animal Care’’ formulated by the National Society for Medical Research. To genotype
the pups, tail DNA was extracted by using a DNA Isolation Kit
(GENTRA, Minneapolis, MN, USA) and examined by PCR analysis
to detect the wild-type and knockout alleles. The sense and antisense primers to amplify the 600-bp CCR7 wild-type allele were
50 -CCCCGGGCAATGTCCTGA-30 and 50 -CGTGTCCTCGCCGCTGTT-30 ,
respectively. The sense and antisense alleles to amplify the 400bp knockout allele were 50 -CTCTCGTGGGATCATTGTTTTTCT-30 and
50 -GTCTCCGCCTCCATGCTTCACC-30 , respectively.
2.2. Treatment
Mice were treated by intranasal administration with 40 lg of
HDM extract dissolved in saline once per day for 7–10 days. The
HDM extract was kindly provided by ITEA Inc., Tokyo, Japan. Mice
treated with saline were used as controls.
2.3. Measurements of serum and HDM-speciﬁc IgE levels
For total IgE detection, total IgE ELISA kits (Morinaga Institute of
Biological Science, Yokohama, Japan) were used following the
manufacturer’s instructions. For mite-speciﬁc IgE detection, plates
were coated with 20 lg/ml HDM extract in 50 mM carbonate buffer (pH 9.0). After blocking the coated plates with SuperBlock
(Pierce, Rockford, In.), samples were diluted 20-fold and added to
the plates. Antibodies were detected with rat anti-mouse IgE speciﬁc monoclonal antibody (YAMASA, Chiba, Japan), followed by the
addition of Streptavidin-HRP (Dako, Corp., Glodtrup, Denmark).
The color was developed with tetramethylbenzidine + substrate
(BioFx Labo., MD, USA) and the reaction stopped by addition of
1 N H2SO4. Optical density at 450 nm (OD450) was measured using
a microplate reader. Antibody titers were calculated by comparison
with internal standards.
2.4. Bronchoalveolar lavage ﬂuid (BALF) cell analysis
BALF cell analysis was performed 24 h after the last HDM
administration, as previously reported [27]. BALF was obtained
by incubating and repeatedly washing the lung with 1 ml of saline
until the recovered volume was 2 ml. The isolated BALF was centri-

100

2.5. Assessment of airway responsiveness

2.6. Histological examination
Mice were perfused transcardially with PBS and then 4% paraformaldehyde in 100 mM phosphate buffer (pH 7.4). The lungs
were removed and then immersed in 4% paraformaldehyde for
2 h at 4 C. After washing with PBS, the specimens were soaked
overnight in 30% sucrose in PBS, embedded in optimal cutting temperature (OCT) compound (Miles, Elkhart, IN, USA), and then
quickly frozen. Cryostat sections were cut at a thickness of
10 lm by using a Leica CM3050 cryostat (Leica Microsystems,
Wetzlar, Germany), and thaw-mounted on poly-L-lysine-coated
glass slides (Matsunami Glass, Osaka, Japan). The samples were
analyzed by Haematoxylin-eosin (HE) and periodic acid-Schiff
(PAS) staining.
For immunohistological analysis, lung sections were preincubated overnight with anti-FoxP3 (1:1000; eBioscience, San Diego,
CA) and then incubated with Alexa Fluor 488-coupled donkey
anti-IgG (Molecular Probes, Eugene, OR, USA). Rat anti-mouse
CD4, CD8 and CD3 antibodies (BD Pharmigen) were used for CD4,
CD8and CD3 positive cell detection. Goat anti-mouse CD4 antibody
(R&D Systems) was used for double staining experiments. Sections
were counterstained with 40 ,60 -diamidino-2-phenylindole (DAPI;
Roche Diagnostics, GmbH, Mannheim, Germany) and mounted
with Vectashield Mounting Medium (Vector Laboratories, Burlingame, CA). Control tissues were prepared by omitting primary antibodies from the incubation solutions; no speciﬁc immunoreactivity
was observed. Immunoﬂuorescence images were examined with a
Leica TCS-SP2 confocal microscope (Leica Microsystems) with excitation wavelengths of 350, 488, and 543 nm. Images were collected
and analyzed in Leica Confocal Software (Leica Microsystems).
2.7. CD4+CD25+ and dendritic cell isolation
Lung was homogenized in 1% penicillin/streptomycin/
RPMI1640 using cell strainers with 70 lm pores (BD Falcon, NJ,
USA). Specimens were then centrifuged at 1500 rpm for 10 min at
4 C, and the cell pellets were washed twice. Lung cells were puriﬁed using NycoPrep (AXIS-SHIELD plc, Dundee, Scotland) followed
by separation using CD4+CD25+ regulatory T cell isolation kits
(Miltenyi Biotech GmbH, Nordrhein-Westfalen, Germany). In the
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Fig. 1. Airway inﬂammation and airway response. (A) IgE and HDM-speciﬁc IgE synthesis. Each bar represents the mean ± SEM of values obtained from 10–12 different mice.
Control indicated mice treated with saline. HDM indicated mice treated with house dust mite (HDM).⁄p < 0.05. (B) BALF cell analysis BALF cells were placed on glass slides
using Cytospin. Slides were then stained with Diff Quik, and cell differentiation was assessed microscopically. Control indicated mice treated with saline. HDM indicated mice
treated with HDM. The Y axis shows the number of cells in total BALF (2 mL). Each bar indicates mean ± SEM of 5–7 different mice. ⁄⁄p < 0.01. ⁄p < 0.05, CCR7KO compared
with wild type mice. (C) Airway response to acetylcholine. The indicated concentrations of ACh were inhaled for 3 min. Airway resistance (Raw) was measured using whole
body plethysmographs as described in the Methods. ACh-evoked changes in Raw are expressed as a percentage of the Raw observed before ACh inhalation (100%). The data
shown are means ± SEM for six mice.⁄p < 0.05, HDM-treated vs control mice.
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Fig. 3. Confocal micrographs. CD3 (green) and CD4 (red) (A) or CD8 (red) (B) were
stained using the speciﬁc antibodies. DNA was counterstained with DAPI (blue).
original magniﬁcation, 400. (For interpretation of the references to color in this
ﬁgure legend, the reader is referred to the web version of this article.)

mAb-coated microbeads (Miltenyi Biotech). Bead-bound cells were
then isolated using magnetic separation columns. The purities of
the CD11c+ cell populations were 90% as shown in Fig. 4.
For ﬂow cytometric analysis, anti-mouse CD16/CD32(Fc block),
CD11c, CD40, CD80, CD86, CD83 antibodies (BD Pharmigen) were
used. Data were collected using FACSAria (B D Biosciences).
2.8. Examination of mRNA expression using real-time PCR

Fig. 2. Histological analysis. Histological analysis was performed with HE and PAS
staining. (A) Wild type mice and (B) CCR7KO mice. Control indicated mice treated
with saline. HDM indicated mice treated with house dust mite (HDM). Figures are
representative data from histological examination of ﬁve mice.

ﬁrst step, CD4+ cells were separated from all non-CD4 cells, and in
the second step CD25+ cells were positively selected by using mAbcoated microbeads and magnetic separation columns. The purity of
the resultant CD4+CD25+ cell populations was 95% (data not
shown). After 2 days of culture, the supernatant was harvested.
For dendritic cells isolation, the lung cells were puriﬁed using
NycoPrep (AXIS-SHIELD), followed by incubation with anti-CD11c
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Total RNA was extracted with ISOGEN (Nippon Gene Co., Ltd.,
Tokyo, Japan) by a modiﬁed acid–guanidium thiocyanate–phenol–chloroform method. RNA purity was established by means of
a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
Wilmington, DE). The RNA had an OD260/280 ratio of 1.8 indicating high purity. After measuring the amount of total RNA, cDNA
synthesis was performed with a cDNA Synthesis Kit (Bio-Rad Laboratories Inc., Hercules, California, USA). The levels of mRNA were
examined by real-time PCR using a Light Cycler-Fast Start DNA
Master Syber Green I kit (Roche Diagnostics, Mannheim, Germany).
In this system, double-stranded DNA labeled with Syber Green I is
detected by real-time PCR. Quantiﬁcation was performed by
comparison to a standard curve generated from a serial dilution
of speciﬁc PCR products. mRNA levels were standardized according
to b-actin mRNA levels and were expressed as ratios of control values. The primers used were as follows: bactin, 50 -CCTGTATGCCTCTGGTCGTA-30 (sense) and 50 -CCATCTCCTGCTCGAAGTCT-30 (antisense) to amplify a 260 bp product; FoxP3, 50 -TCTTCGAGGAGCCAGAAGAG-30 and 50 -TACTGGTGGCTACGATGCAG-3 to amplify a
240 bp product.
2.9. Statistics
For comparisons of multiple parameters, we used multiple analysis of variance (MANOVA). The level of statistical signiﬁcance was
set at p < 0.05. Data were expressed as the mean ± SEM.
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Fig. 4. Flow cytometric analysis of dendritic cells. Dendritic cells positively separated from lung were analyzed for activation marker and co-stimulatory molecules.

103

29

M. Kawakami et al. / Cellular Immunology 275 (2012) 24–32
Table 1
Characteristics of CD11c positive dendritic cells in the lung.
Percentage of positive cells(%)

Wild type

CCR7KO

MHC class II positive
CD40
CD83
CD80
CD86

43.8 (8.9)
12.6 (4.9)
4.7 (2.3)
15.4 (6.5)
7.3 (4.0)

42.1(13.9)
11.5 (8,1)
5.8 (3.3)
16.4 (11.4)
17.1 (14.1)

NS
NS
NS
NS
NS

NS: not statistically signiﬁcant. The number is mean (SE), n = 3–4.

Table 2
Characteristics of CD4+CD25+ cells in the lung.

Number of cells (105)
IL-10 production (pg/ml)
IL-35 production (pg/ml)

Wild type

CCR7KO

3.4 (1.3)
1453 (134)
190 (23)

11.9 (3.4)
1714 (6)
256 (24)

p < 0.001
NS
NS

Number of cells was number of CD4+CD25+ cells separated from one lung. Cytokine
production was from 1  104 cells. NS: not statistically signiﬁcant. The number is
Mean (SE), n = 3–4.

3. Results
3.1. Total and HDM-speciﬁc IgE synthesis after HDM exposure
Total and HDM-speciﬁc IgE levels were measured in serum by
ELISA to assess the allergic sensitization induced by inhalation of
HDM. Inhaled HDM induced IgE synthesis (p < 0.01 compared to
control) and that IgE synthesis was signiﬁcantly augmented in
CCR7KO mice compared to the wild type (p < 0.01) (Fig. 1A).
HDM-speciﬁc IgE was also elevated in CCR7KO mice treated with
HDM. These results indicate that continuous HDM inhalation induced systemic allergic sensitization in both the wild type and
CCR7KO mice and that the level of sensitization was higher in
CCR7KO mice.

3.2. Role of CCR7 in HDM-induced airway inﬂammation

Fig. 5. FoxP3 expression. (A) Confocal micrographs. FoxP3 (green) was stained
using the speciﬁc antibodies. DNA was counterstained with DAPI (blue). (B) Number
of FoxP3 positive cells in lung sections examined by confocal microscopy. (C)
Number of FoxP3 positive cells in lymph node. (D) FoxP3 mRNA expression in the
lung. ⁄p < 0.05, ⁄⁄p < 0.01. (For interpretation of the references to color in this ﬁgure
legend, the reader is referred to the web version of this article.)
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We analyzed the inﬁltration of inﬂammatory cells into the BALF
to examine the role of CCR7 in HDM-induced airway inﬂammation
(Fig. 1B). Signiﬁcant inﬁltration of eosinophils and macrophages
was observed in mice exposed to HDM compared to controls a
(Fig. 1B, p < 0.01). The number of eosinophils, neutrophils, lymphocytes and macrophages were signiﬁcantly higher in CCR7KO mice
than in the wild type (p < 0.01 for eosinophils, p < 0.05 for neutrophils, lymphocytes and macrophages).
Airway responsiveness was also analyzed. CCR7KO mice exhibited signiﬁcant higher response compared with untreated mice at
12.5 and 25 mg/ml ACh. Wild type mice showed signiﬁcant response at 25 mg/ml ACh (Fig. 1C).
Histological analysis by HE staining revealed that HDM exposure caused more severe airway inﬂammation in CCR7KO mice
than in the wild type (Fig. 2). As shown by PAS staining, there were
signiﬁcantly more mucus-producing cells in the airways of
CCR7KO mice than in the wild type (Fig. 2). These data indicate that
HDM induced severe airway inﬂammation in CCR7KO mice. We
also observed prominent lymphoid aggregates in the bronchioles
of CCR7KO mice (Fig. 2). Immuno-histochemical examination
revealed that these aggregates were composed predominantly of
CD4+CD3+ cells and contained a few CD4 single positive cells
and few CD8+ cells (Fig. 3).
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Dendritic cells play a key role for cell differentiation and antigen
presentation [5]. When dendritic cell immobilize antigen, their
phenotype changes to mature type and express CCR7 to migrate
secondary lymph node [23,29,30]. We examined the mature status
of dendritic cells in the lung by ﬂow cytometric analysis. As shown
in the Fig. 4, dendritic cells with wild type and those from CCR7KO
mice expressed some amount of MHC class II, CD40, CD80, CD83
and CD86 molecules. The amount of expression varied but there
were no signiﬁcant difference between dendritic cells with wild
type and those from CCR7KO mice (Table 1). These data suggested
that dendritic cells acquired some activation without CCR7
expression.

CCR7 expression is critical for T cells to exit peripheral tissues
[31,32]. FoxP3 positive T cells, which are known to suppress airway
inﬂammation, express CCR7 and are activated by pulmonary
dendritic cells within secondary lymph nodes [26,33]. We next
examined FoxP3 expression in the lung. The results from immuno-histochemical analyses using Foxp3 antibodies are shown in
Fig. 5A. In lung sections, we observed signiﬁcantly more FoxP3positive cells in CCR7KO mice than in the wild type (Fig. 5B). In
the lymph node, however, there were signiﬁcantly more FoxP3positive cells in the wild type than in CCR7KO mice (Fig. 5C). FoxP3
mRNA expression was also signiﬁcantly higher in CCR7KO mice
than in the wild type in the lung (Fig. 5D).

Fig. 6. Analysis of cytokine production in the BALF. BALF supernatants were analyzed for cytokine production by cytokine-speciﬁc ELISA. Each bar indicates mean ± SEM of 5–
8 different mice. ⁄p < 0.05, ⁄⁄p < 0.01.
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Fig. 7. HMGB1 production in the BALF. BALF supernatants were analyzed for
HMGB1 production by speciﬁc ELISA. Each bar indicates mean ± SEM of four
different mice. ⁄⁄p < 0.01.

To further examine the Treg cell function in the lung, we separated Treg cell using CD4+CD25+ cell selection kits. The number of
CD4+CD25+ cells was signiﬁcantly increased in CCR7KO mice compared to wild type mice (Table 2). To examine the regulatory function of CD4+CD25+ cells, we examined the synthesis of IL-10 and
IL-35, which is reported the one of the key cytokine of regulatory
function [34,35]. When we examined the cytokine production,
CD4+CD25+ cells produced equal amount of IL-10 and IL-35 in wild
type and CCR7KO mice (Table 2).
3.3. Role of CCR7 in HDM-induced cytokine production
We examined cytokine production in BALF in CCR7KO and wildtype mice to explore the type of airway inﬂammation induced by
HDM in the absence of CCR7. Levels of the Th2 cytokines, IL-13
and IL-5, were signiﬁcantly higher in CCR7KO mice than in the wild
type (Fig. 6A and B). By comparison, levels of the Th1 cytokine, IFNc, were below the detection limit (9.4 pg/ml, n = 6 for each group),
suggesting that the inﬂammation in CCR7KO mice is Th2-dominant
allergic inﬂammation. We also analyzed the expression levels of
the regulatory cytokines TGF-b and IL-17 [36] and found that both
were expressed at higher levels in CCR7KO mice than in the wild
type (Fig. 6C and D). The formation of lymphocyte aggregates in
the CCR7KO mice is consistent with the increased expression of
IL-17 in these mice compared to the wild type and with the role
of IL-17 in the development of inducible bronchus-associated lymphoid tissue (iBALT) [37].
Next, we examined HMGB1 production in the BALF of CCR7KO
and wild-type mice. HMGB1 is a critical mediator of the innate immune response to inﬂammation and infection [38–40]. HMGB1 is
also a regulator of Treg cells [41,42]. We found that HMGB1 production is signiﬁcantly higher in CCR7KO mice than in the wild
type, suggesting that innate immune response is augmented and
Treg cell function is depressed in CCR7KO mice (p < 0.01, Fig. 7).
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CD4+ cells, but also contained a few CD8+ cells. We also observed
FoxP3-positive cells. Although there was an increased number of
FoxP3-positive cells in the lung of CCR7KO mice compared to
wild-type mice, the levels of Th2 cytokines as well as IL-17 and
TGF-b were also increased. In addition, HMGB1 production was
also increased in CCR7KO mice. These results suggest that CCR7deﬁcient FoxP3-positive cells, which down-regulate allergic airway
inﬂammation [43,44], did not function efﬁciently in CCR7KO mice.
Intra-tracheal continuous HDM exposure to mice induces the
asthmatic phenotype [11,12,45]. In the current study, we also
found that HDM exposure by inhalation induced IgE responses.
These responses were increased in CCR7KO mice, which was consistent with the increase in systemic immunization seen in
CCR7KO and plt mice [8,23,46]. CCR7 is a receptor of CCL21 and
CCL19 that plays a critical role in the development of secondary
lymph nodes [22,47]. CCR7, which is expressed by dendritic cells
and T cells, plays a critical role in the movement of lymphocyte
and dendritic cells from peripheral tissue into afferent lymphatics
[32,47]. Disruption of this process in CCR7KO mice causes lymphocytes to accumulate in the tissue of these mice [32] and is the reason why HDM exposure caused lymphoid aggregates to form in
their bronchioles.
Another reason for T cell accumulation in CCR7KO mice may be
related to an impairment of Treg cells in these mice [33]. CCR7KO
mice accumulate BALT from day 5 after birth [33]. Treg cells suppress effector T cell function by homing to lymphoid organs, which
is conﬁrmed by the fact that Treg cells from wild-type mice work
perfectly in CCR7KO mice [33]. Consistent with the previous report
that CCR7-deﬁcient T reg cells work normally in vitro [10], we
found that Treg cells, present in the BALT, produced IL-10 and IL35 in vitro. We also found that dendritic cells in the lung of
CCR7KO mice expressed activation makers such as MHC class II
and co-stimulatory molecules. It is possible that the structure of
BALT may not be sufﬁcient for FoxP3 positive cell to possess suppressive function with CCR7 deﬁcient condition. In the case of
inﬂuenza infection, iBALT, which is essential for local immunity
to inﬂuenza, is not efﬁciently formed in the absence of CCL21
and CCL19 [48]. Recently, Ishimaru et al. have reported that CCR7
negative FoxP3-positive cells have defects in the c-Jun and FoxP3
interaction [24]. Thus, it is also possible that FoxP3-positive cells
in CCR7KO mice possess defects in local migration to exhibit regulatory function in iBALT. To conﬁrm the Treg function of CCR7KO
mice in allergen sensitization, we should precede the experiments
by transfusion of Treg cells in vivo and precise functional analysis
in vitro, which is continuing subject to be solved.
HDM is known to accelerate not only antigen-speciﬁc immunity
but also innate immunity through the TLRs [19,20]. TLR, TLR2, and
TLR4 are thought to be required to induce allergic inﬂammation
[19,20]. A recent ﬁnding of homology between Derf2 and MD2,
the relation to TLR4 has been stressed, because MD2 is critical
for signal transduction through TLR4 [20]. HMGB1 was produced
in CCR7KO mice as an accelerated innate immune response. Beyond its role in maintaining chromosomal integrity, HMGB1 is secreted as a cytokine and is considered an alarmin [40].
In conclusion, we provide results here to highlight CCR7 expression as a promising target for regulation of HDM-induced innate
immunity and antigen responses. Further studies are needed to develop the targeted control of CCR7 expression as immunotherapy
for asthma.

4. Discussion
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a b s t r a c t
To advance the control of airway epithelial cell function and asthma, we investigated the effects of a new curcumin derivative, CNB001, which possesses improved pharmacological properties. Normal human bronchial
epithelial (NHBE) cells were stimulated with synthetic double-stranded RNA, Poly(I:C). CNB001 signiﬁcantly
suppressed IL-6, TNF-α, and GM-CSF production by NHBE cells, and did so more effectively than did curcumin
or dexamethasone (DEX). CNB001 signiﬁcantly inhibited the decrease of E-cadherin mRNA expression and
increase of vimentin mRNA expression observed in NHBE cells induced by a combination of TGF-β1 and
TNF-α, which are markers of airway remodeling. In NHBE cells stimulated by TGF-β1, CNB001 signiﬁcantly
downregulated the level of active serine peptidase inhibitor clade E member (SERPINE) 1, which is also
reported to be related to airway remodeling. Whereas DEX alone signiﬁcantly increased the active SERPINE1
level, the combination of DEX and CNB001 signiﬁcantly suppressed active SERPINE1. In addition, CNB001 signiﬁcantly suppressed neutrophil inﬁltration, IL-6, TNF-α, IL-13 and active SERPINE1 production in bronchoalveolar lavage ﬂuid of the murine asthma model, which was not observed in the case of DEX. In conclusion, the
curcumin derivative, CNB001, is a promising candidate to treat asthma associated with neutrophilic airway
inﬂammation and remodeling.
© 2012 Elsevier Inc. All rights reserved.

Introduction
Although various effector cells reside within asthmatic airways,
airway epithelial cells actively involved in airway inﬂammation and
remodeling, by producing inﬂammatory cytokines and inﬂuencing
other cells (Holgate, 2010; Holgate et al., 2000; Lee et al., 2009). Airway epithelial cells are the ﬁrst cells that encounter various stimulants in the airway and produce cytokines such as IL-6 and TNF-α,

Abbreviations: NHBE cells, normal human bronchial epithelial cells; SERPINE1, serine peptidase inhibitor clade E member 1; EMT, epithelial–mesenchymal transitions;
ECM, extracellular matrix; TNF, tumor necrosis factor; DEX, dexamethasone; Poly(I:
C), polyinosinic:polycytidylic acid; GM-CSF, granulocyte-macrophage colony stimulating factor; BALF, bronchoalveolar lavage ﬂuid; TLR3, Toll-like receptor 3; MAPK,
mitogen-activated protein kinases; CUR, curcumin; OPM, OVA + Poly(I:C) + house
dust mite.
⁎ Corresponding author at: Department of Pharmacotherapy, Research Institute of
Pharmaceutical Sciences, Musashino University, 1-1-20 Shinmachi Nishitokyo-shi,
Tokyo 202-8585, Japan. Fax: + 81 424 68 8647.
E-mail address: naoyama@musashino-u.ac.jp (N. Yamashita).

which are closely related to the pathophysiology of asthma (Ather
et al., 2011; Takizawa et al., 1996; Vieira et al., 2011; Yadav et al.,
2011). Viral infection of the respiratory tract is the most frequent factor involved in asthmatic exacerbations and may trigger neutrophilic
inﬂammation in asthmatic airways (Fahy et al., 1995; Wark et al.,
2002).
Airway remodeling, which is known to induce irreversible airﬂow limitation, as in the case of chronic obstructive pulmonary disease is another problem to be solved (Gizycki et al., 1997). Airway
remodeling is characterized by structural changes within the airway
wall, including smooth muscle hypertrophy, basement membrane
thickening, submucosal ﬁbrosis, mucus cell metaplasia, epithelial
shedding, and angiogenesis (Gizycki et al., 1997). Among the various factors involved in the pathogenesis of remodeling, we focused
on serine peptidase inhibitor clade E member 1 (SERPINE1, also
known as plasminogen activator inhibitor-1, PAI-1) and the process
of epithelial–mesenchymal transition (EMT) in epithelial cells
(Hackett et al., 2009; Kowal et al., 2008; Kucharewicz et al., 2003;
Kuramoto et al., 2009; Miyamoto et al., 2011). SERPINE1 regulates

0014-4800/$ – see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.yexmp.2012.04.011
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extracellular matrix (ECM) proteolysis (Kowal et al., 2008; Kucharewicz
et al., 2003), and the attenuation of SERPINE1 has been reported to
exhibit therapeutic properties for airway remodeling (Kuramoto et al.,
2009; Miyamoto et al., 2011). Although EMT is a complex process
involving various cells, the airway epithelial cells are one of the main
targets related to airway remodeling (Hackett et al., 2009; Holgate et
al., 2000; Lee et al., 2009).
Here, we explored the effects of a new curcumin derivative on
epithelial cell function. Curcumin is a polyphenol derived from turmeric (Curcuma longa), a plant that has been reported to possess anticancer, antioxidant, and anti-inﬂammatory properties (Aggarwal
and Harikumar, 2009; Fang et al., 2005; Ray et al., 2003; Santel et
al., 2008; Weber et al., 2005; Wong et al., 2010). Although curcumin
possesses good pharmacological properties, the utility of curcumin
as a potential therapeutic drug is limited because of its poor bioavailability (Anand et al., 2007). Curcumin blocks multiple sites of
transforming growth factor beta (TGF-β) signaling (Gaedeke et al.,
2004), which plays a key role in the production of SERPINE1
(Dennler et al., 1998) and induction of EMT (Zavadil and Bottinger,
2005). Therefore, we hypothesized that a new curcumin derivative
might control not only airway inﬂammation but also EMT in asthmatic conditions that currently cannot be satisfactorily controlled
by any other drugs, including steroids.
We used a curcumin derivative called CNB001, which is more stable
and shows stronger cell-protecting effects than curcumin (Liu et al.,
2008; Maher et al., 2010). We ﬁrst compared the anti-inﬂammatory
effect of CNB001 with that of dexamethasone (DEX) and curcumin. We
then evaluated the effects of CNB001 on pathways that are thought to
be involved in remodeling.
Materials and methods
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of CNB001, curcumin, and DEX (10 mmol/L) were prepared in ethanol
and diluted to the appropriate concentration with culture medium.
CNB001, curcumin, or DEX was added to the medium at the concentrations described in each experiment. One hour later, Poly(I:C) was
added at a concentration of 10 μmol/L. Cells and supernatants were
collected 18 h after treatment of Poly:IC. Preliminary experiments
showed that CNB001 was not toxic at the dose of 10 μmol/L. A
trypan-blue exclusion test of viability showed no signiﬁcant difference between the control and the CNB001 group (trypan-blue positive cells, 4.6% ± 0.6%, 3.2% ± 1.7%, respectively, P > 0.05 NS, n = 6).
Initial control experiments included solvent (ethanol) at doses of up
to 1 μL/mL, which did not signiﬁcantly affect cell viability or production of cytokines.
To induce EMT, cells were grown on 10-cm dishes until 80% to
100% conﬂuency. They were then incubated with TGF-β1 (5 ng/mL)
with or without TNF-α (10 ng/mL).
Real-time PCR and immunoassay
Total RNA was extracted by using Trizol Reagent (Invitrogen Corporation, Carlsbad, CA, USA) and then reverse transcribed by using a
cDNA Synthesis Kit (Bio-Rad Laboratories Inc., Hercules, CA, USA). A
Light Cycler-Fast Start DNA Master SYBR Green I kit (Roche Diagnostics, Mannheim, Germany) was used for real-time PCR. Primers are
listed in Table 1.
Interleukin-6 (IL-6), granulocyte-macrophage colony stimulating
factor (GM-CSF), and TNF-α levels were measured by using a Quantikine Immunoassay kit (R&D systems, Minneapolis, MN, USA). Active
human SERPINE1 (PAI-1) was measured by using a speciﬁc ELISA
Quantifying kit (Molecular Innovations, MI, USA).

Chemicals

Animals

Curcumin, dexamethasone (DEX), polyinosinic:polycystidylic acid
(Poly(I:C)), human recombinant tumor necrosis factor (TNF)-α, and
human TGF-β1 were purchased from Sigma-Aldrich (St. Louis, MO,
USA). House dust mite allergen (HDM) derived from Dermatophagoides farinae (Derf) was provided by Dr. Shirai (Itea Inc., Tokyo,
Japan), and contained 8 μg/mg major allergen Derf1. Ovalbumin
(OVA) was purchased from Sigma (St. Louis, MO, USA).

Speciﬁc-pathogen-free female BALB/c mice (8 weeks old) were
purchased from SLC (Shizuoka, Japan). The animals were housed in
a speciﬁc pathogen-free environment and allowed free access to
food and water. All experimental protocols were approved by the
Musashino University Animal Care Committee and were in accordance with the NIH Guide for the care and use of laboratory animals.
Mice were initially intraperitoneally immunized with 10 μg OVA and
2 mg aluminum hydroxide gel on days 0 and 14, as previously
reported (Matsuo et al., 2009; Yamashita et al., 2006). From day 16
onwards, the animals were treated every other day for 2 weeks as follows. Mice were intraperitoneally injected with 25 mg/kg CNB001,
25 mg/kg curcumin, 1 mg/kg DEX, or solvent alone. CNB001 and curcumin were dissolved in 100% ethanol (40 μL for 1 mg) and then diluted 10 fold with 1% (v/v) Tween80/Saline (Sigma). DEX was
dissolved in 100% ethanol to a concentration of 0.1% w/v and then diluted 10 fold with 1% Tween80/Saline. Thirty minutes after intraperitoneal injection, the mice were subjected to inhalation of OVA,
followed by intranasal administration of Poly(I:C) (500 μg/kg) and
HDM (8 μg/kg) dissolved in 80 μL of saline. Saline alone was used
for control mice. Inhalation of OVA (20 mg/mL) was conducted at a

CNB001
CNB001 was synthesized as a hybrid molecule between cyclohexyl
bisphenol A and curcumin, both of which have a proven neuroprotective effect (Liu et al., 2008). The purity of CNB001 was more than 98%.
CNB001 is reported to be superior to curcumin in neuroprotective effects in cell-culture assays for trophic factor withdrawal, oxidative
stress, and glucose starvation, as well as amyloid-induced toxicity
(Liu et al., 2008).
Cell culture and treatment
Normal human bronchial epithelial (NHBE) cells were purchased
from Lonza (Walkersville, MD, USA). The cells were cultured in bronchial epithelial growth medium (BEGM) supplemented with BulletKit
(Lonza Walkersville, Inc. MD, USA) on collagen type I-coated dishes at
37 °C in a 5% CO2/95% air incubator. BulletKit contains human recombinant epidermal growth factor, hydrocortisone, transferrin, insulin,
bovine pituitary extract, retinoic acid, triiodothyronine, gentamicin,
and amphotericin (concentrations not stated). Cells were used on
passage 3 for experiments pertaining to EMT, and on passages 4 to
6 for other experiments.
After the NHBE cells reached 80% to 100% conﬂuency, the cells
were incubated overnight in BEGM without BulletKit. Stock solutions
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Table 1
Primers used for real-time PCR.
Target
gene

Primer sequences

GAPDH

Forward 5′-TGCACCACCAACTGCTTAGC-3′
Reverse 5′-GGCATGGACTGTGGTCATGAG-3′
Forward 5′-TGAAGGTGACAGAGCCTCTGGAT3′
Reverse 5′-TGGGTGAATTCGGGCTTGTT-3′
Forward 5′-CCTTGAACGCAAAGTGGAATC-3′
Reverse 5′-CTGAGTTTCCGAATAGCCTG-3′

E-cadherin

Vimentin

Amplicon size (bp)
87
151

106
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A
IL-6 (pg/mL)

ﬂow rate of 0.3 mL/min for 10 min by using a micromist nebulizer
(Devilbiss, Somerset, PA, USA).
Twenty-four hours after the last treatment, the mice were sacriﬁced and bronchoalveolar lavage ﬂuid (BALF) was obtained by instilling and aspirating 3 times with 1 mL aliquots of PBS (recovery
>85%). BALF was centrifuged at 540 g for 10 min (at 4 °C) and the supernatants were stored at −80 °C for ELISA. The cell pellets were
resuspended in 1 mL PBS. After total BALF cell counts were obtained,
the resuspended cells were adhered onto glass slides at 640 rpm for
2 min by using a Shandon Cytospin 4 (Thermo Electron Corp., Waltham,
MA, USA). The BALF cells on glass slides were stained with Diff-Quik
(International Reagents Corp, Osaka, Japan) and were differentially
counted at 200 cells per slide (one slide per animal).
For histological examination, mice were perfused transcardially
with PBS and then 4% paraformaldehyde in 100 mM phosphate buffer
(pH 7.4). The lungs were removed and then immersed in 4% paraformaldehyde. After washing with PBS, the specimens were soaked
overnight in 30% sucrose in PBS, embedded in optimal cutting temperature (OCT) compound (Miles, Elkhart, IN, USA), and then quickly
frozen. Cryostat sections were cut and thaw-mounted on poly-L-lysinecoated glass slides (Matsunami Glass, Osaka, Japan). The samples were
analyzed by haematoxylin–eosin (HE) staining.
Concentrations of IL-6, TNF-α, IL-13, and active murine SERPINE1
(PAI-1) in BALF were measured by using a speciﬁc ELISA Quantifying
kit (R&D systems, MN, USA and Molecular Innovations, MI, USA, respectively) according to the manufacturers' instructions.
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Statistical analysis
The signiﬁcance of the difference between groups was assessed by
using the Wilcoxon/Kruskal–Wallis nonparametric test as implemented in JMP8.0.2 (SAS Institute, Cary, NC, USA). The test was conducted
as two sided. P values less than 0.05 were considered to be signiﬁcant.
The data were expressed as mean ± SEM.
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Results
Comparing the effects of CNB001, curcumin, and DEX on
Poly(I:C)-induced expression of inﬂammatory cytokines
Poly(I:C), a synthetic analog of viral double-stranded RNA and a
Toll-like receptor (TLR) 3 ligand, acts as a potent proinﬂammatory
stimulus for lung epithelial cells by inducing the secretion of cytokines, which are important for allergic airway inﬂammation (Bachar
et al., 2004; Groskreutz et al., 2006). As shown in Fig. 1A, and later
in Fig. 2, stimulation of NHBE cells with 10 μg/mL Poly(I:C) caused a
signiﬁcant increase in expression of inﬂammatory cytokines, IL-6,
GM-CSF, and TNF-α. We ﬁrst tested whether CNB001, DEX, or curcumin could suppress the expression of inﬂammatory cytokines. Pretreatment with either CNB001 or curcumin for 1 h signiﬁcantly
blocked the expression of IL-6 in a dose-dependent manner (Figs.
1A, B). DEX signiﬁcantly inhibited the expression of IL-6 in a dosedependent manner up to a concentration of 0.1 μmol/L; however,
higher concentrations of DEX did not further reduce the expression
of IL-6 (Fig. 1C). The maximum suppression was 94% at the dose of
10 μmol/L for CNB001, 88% at the dose of 10 μmol/L for curcumin,
and 73% at the dose of 0.1 μmol/L for DEX. In all further experiments,
we used CNB001 and curcumin at a concentration of 10 μmol/L, and
DEX at a concentration of 0.1 μmol/L.
We next compared the anti-inﬂammatory effects of CNB001 with
those of DEX and curcumin. CNB001 inhibited Poly(I:C)-induced production of IL-6, GM-CSF, and TNF-α to a signiﬁcantly greater extent
than did DEX or curcumin (Fig. 2). Addition of CNB001 to DEX suppressed inﬂammatory cytokines signiﬁcantly more effectively than
did DEX alone; however, the levels of inﬂammatory cytokines observed were almost the same as those obtained with CNB001 alone.

Fig. 1. Dose-dependent effects of CNB001, dexamethasone, and curcumin on Poly(I:C)induced expression of IL-6. NHBE cells were treated with CNB001 (panel A), curcumin
(panel B), or dexamethasone (DEX) (panel C) at the concentrations indicated for 1 h
prior to stimulation by Poly(I:C). Cell supernatants and cells were harvested 18 h
after the addition of Poly(I:C). Deﬁnition of abbreviations: CNB1, 1 μmol/L CNB001;
CNB2.5, 2.5 μmol/L CNB001; CNB5, 5 μmol/L CNB001; CNB10, 10 μmol/L CNB001;
CUR1, 1 μmol/L curcumin; CUR2.5, 2.5 μmol/L curcumin; CUR5, 5 μmol/L curcumin;
CUR10, 10 μmol/L curcumin; DEX0.01, 0.01 μmol/L DEX; DEX0.1, 0.1 μmol/L DEX;
DEX1, 1 μmol/L DEX; DEX10, 10 μmol/L DEX. Data represent means ± SD, *P b 0.05,
n = 3 for each group. Similar experiments were conducted 3 times, and one representative experiment is shown.

CNB001 reduces EMT induced by TGF-β1 plus TNF-α
Next, we examined the effect of CNB001 on EMT, which is related
to airway remodeling. TGF-β1 is the best-known inducer of EMT in
airway epithelial cells, and induction of EMT is enhanced by combining TGF-β1 with TNF-α (Doerner and Zuraw, 2009; Takahashi et al.,
2010). To examine the suppressive effects of CNB001, we used
TGF-β1 and TNF-α together as stimulants to induce EMT in NHBE
cells. We examined the expression of E-cadherin and vimentin,
which are markers of EMT (Zavadil and Bottinger, 2005). After 72 h,
the cells were harvested, and the expression levels of E-cadherin
and vimentin were analyzed by performing real-time PCR. Costimulation by TGF-β1 and TNF-α signiﬁcantly decreased the expression of E-cadherin and signiﬁcantly increased the expression of
vimentin (Fig. 3). Treatment with CNB001 signiﬁcantly suppressed
the decrease in E-cadherin expression and the increase of vimentin
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Fig.3. Effects of CNB001 and dexamethasone on the expression of E-cadherin and
vimentin. EMT was induced in NHBE cells by 72-h treatment with TGF-β1 (2 ng/mL)
plus TNF-α (4 ng/mL). The cells were either treated with TGF-β1 plus TNF-α, or TGFβ1 plus TNF-α in combination with CNB001 (10 μmol/L) or dexamethasone (DEX;
0.1 μmol/L). At the end of the induction period, the E-cadherin (panel A) and vimentin
(panel B) mRNA expression levels in the cells were measured and normalized to levels
of GAPDH mRNA. Data represent means ± SD, *P b 0.05, n = 3 for each group. Similar
experiments were conducted 3 times, and one representative experiment is shown.
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the production of active SERPINE1. When CNB001 was added to the
DEX, the induction of active SERPINE1 was signiﬁcantly and greatly suppressed (Fig. 4).

expression, suggesting that CNB001 efﬁciently suppresses EMT. In
contrast, DEX caused no signiﬁcant change either in E-cadherin or
vimentin expression.
CNB001 inhibits active SERPINE1 synthesis
We next evaluated active SERPINE1 (PAI-1), which plays an important role in airway remodeling by regulating ECM proteolysis. SERPINE1
acts directly through plasmin formation and indirectly through
plasmin-mediated activation of matrix metalloproteinases (Kowal et
al., 2008; Kucharewicz et al., 2003). For the stimulant, we used TGFβ1 (2 ng/mL), which is an inducer of SERPINE1 and is related to airway
remodeling (Dennler et al., 1998; Kowal et al., 2008; Miyamoto et al.,
2011). Both CNB001 and curcumin suppressed TGF-β1-induced active
SERPINE1 (Fig. 4). CNB001 showed a signiﬁcantly stronger effect than
that of curcumin. In contrast to CNB001, DEX signiﬁcantly augmented
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Comparing the in vivo effects of CNB001, DEX, and curcumin by using
a murine model of asthma
We next evaluated the effect of CNB001 on the prevention of airway inﬂammation in vivo. An OVA-speciﬁc IgE induced mouse
model has been commonly used to examine allergic inﬂammation,
which can be efﬁciently suppressed by treatment of the model with
DEX alone (Brusselle et al., 1995; Chi et al., 2011; Wills-Karp et al.,
1998). Intra-tracheal administration of HDM, which is a common allergen in humans, is recently shown to be a new asthmatic model

Active SERPINE1
(U/mL)

Fig. 2. Anti-inﬂammatory effects of CNB001, curcumin, and dexamethasone. NHBE cells
were treated with CNB001, curcumin, or dexamethasone (DEX) for 1 h prior to stimulation by Poly(I:C). Control cells were not treated or stimulated. Eighteen hours after
the addition of Poly(I:C), cell supernatants and cells were harvested. Protein expression of IL-6 (panel A), GM-CSF (panel B), and TNF-α (panel C) was compared between
cell supernatants obtained from control cells, Poly(I:C)-stimulated cells, and Poly(I:C)stimulated cells treated with CNB001, curcumin, DEX, or CNB plus DEX. Deﬁnition of
abbreviations: CNB, 10 μmol/L CNB001; DEX, 0.1 μmol/L DEX; CUR, 10 μmol/L curcumin. Data represent means ± SD, *P b 0.05, n = 3 for each group. Similar experiments
were conducted 3 times, and one representative experiment is shown.
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Fig. 4. Effect of CNB001 and dexamethasone on levels of active human SERPINE1. NHBE
cells were treated with CNB001 (10 μmol/L) or dexamethasone (DEX; 0.1 μmol/L) for
1 h prior to stimulation by TGF-β1 (2 ng/mL). *P b 0.05, n = 3 for each group. Similar experiments were conducted 3 times, and one representative experiment is shown.
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without systemic immunization (Fattouh et al., 2005; Gough et al.,
2003; Phipps et al., 2009; Trompette et al., 2009). In addition, combining Poly(I:C) stimulation with the OVA-speciﬁc IgE induced
model represents exacerbation of asthma induced by respiratory
viral infections and induced neutrophil accumulation in the BALF
(Kim et al., 2007; Takayama et al., 2011). To examine the effects of
various treatments on the control of severe airway inﬂammation,
we used the mouse model exposed to OVA plus HDM plus Poly(I:C).
In these mice, the total cell counts in BALF, especially neutrophil
counts, were signiﬁcantly suppressed by CNB001 treatment (Figs.
5A, B), but not by curcumin treatment. In addition, adding CNB001
to DEX signiﬁcantly increased the suppressive effects compared
with those of DEX alone. Eosinophil counts were not signiﬁcantly
suppressed by CNB001 alone, but were signiﬁcantly suppressed when
CNB001 was used in combination with DEX (Fig. 5C). Histological

Discussion

Fig. 5. In vivo effect of CNB001, curcumin, and dexamethasone on blood cell counts in
bronchoalveolar lavage ﬂuid of a murine asthmatic model. OVA-sensitized BALB/c
mice were intraperitoneally injected with 25 mg/kg CNB001 (CNB), 25 mg/kg curcumin (CUR), 1 mg/kg dexamethasone (DEX), or solvent alone. Thirty minutes after,
the mice were intranasally administered house dust mite and Poly(I:C), and OVAimmunized by inhalation of ovalbumin (OVA) (indicated as OPM in the ﬁgure). Control
mice were treated with saline alone. Total cell numbers (A), neutrophil (B) and eosinophil numbers (C) in bronchoalveolar lavage ﬂuid are shown. Data represent means
± SD, *P b 0.05, n = 7–8 for each group.

We studied the effects of a new curcumin derivative, CNB001, as a
therapeutic agent for airway inﬂammation and remodeling. By using
epithelial cells stimulated by Poly(I:C) in vitro, we showed that
CNB001 suppressed the cytokines IL-6, TNF-α, and GM-CSF, which
are produced by epithelial cells during the inﬂammation and play important roles in the pathogenesis of asthma (Doherty and Croft, 2011;
Morjaria et al., 2011; Saha et al., 2009). Moreover, CNB001 suppressed these cytokines more effectively than did DEX or curcumin.
Our in vivo study of a mouse model of asthma showed that CNB001
suppressed IL-6, TNF-α, and IL-13 production, and reduced the number of inﬂammatory cells, especially neutrophils, in BALF. Furthermore, CNB001 prevented EMT in vitro, and suppressed the activity
of SERPINE1, a protein that is associated with airway remodeling
both in vitro and in vivo. In addition, combining CNB001 with DEX
suppressed the activity of SERPINE1, which was augmented by DEX
alone. Our results showed the promising effects of CNB001, in combination with DEX, on airway inﬂammation and remodeling.
The anti-inﬂammatory effects of curcumin are mediated through
inhibition of the activation of NF-κB and p38MAPK (mitogen-activated protein kinases) (Camacho-Barquero et al., 2007; Jang et al., 2007;
Song et al., 2010; Sugimoto et al., 2002; Venugopal et al., 2007). Curcumin inhibits the phosphorylation of I-κB (inhibitor of NF-κB) and
prevents translocation of NF-κB into the nucleus (Oh et al., 2011;
Song et al., 2010). NF-κB is activated by Poly(I:C), which we used
here for stimulation. NF-κB plays a central role in the production of
inﬂammatory cytokines such as TNF-α, IL-6, and IL-8 (Bruewer et
al., 2003; Wong and Tergaonkar, 2009). In our in vitro and in vivo
study, CNB001 suppressed the synthesis of inﬂammatory cytokines
to a signiﬁcantly greater extent than did curcumin. By using the in
vivo model, we also showed signiﬁcant inhibition of IL-13, which is
a critical cytokine for asthma pathogenesis (Wills-Karp et al., 1998).
Airway remodeling, which is a cause of decreased respiratory
function in asthma and cannot be effectively treated by standard
therapies, has become one of the major targets of therapies for asthma. In airway remodeling, epithelial cells produce inﬂammatory cytokines that induce smooth muscle cell hyperplasia and an increase in
activated ﬁbroblasts and myoﬁbroblasts that deposit excessive extracellular matrix (Skold, 2010; Westergren-Thorsson et al., 2010). Recent evidence suggests that epithelial cells play an active role in
initiating this process (Hackett et al., 2009; Holgate et al., 2000;
Willis et al., 2006). Because there is no generally accepted methods
to deﬁne airway remodeling yet, the evidence of reduced EMT is acceptable to explain the prevent airway remodeling, we examined
the effect of CNB001 on EMT. Loss of E-cadherin deﬁnes epithelial dedifferentiation, and an increase in vimentin represents differentiation
to mesenchymal cells, which represents EMT (Willis et al., 2006;
Zavadil and Bottinger, 2005). EMT can be induced by TGF-β1 and enhanced by TNF-α, IL-1β, and ﬁbronectins (Dennler et al., 1998;
Takahashi et al., 2010). Here, we conﬁrmed the loss of E-cadherin expression and the increase in vimentin expression in epithelial cells

analysis also demonstrated that CNB001 suppressed airway inﬂammation beneath airway epithelial cells (Fig. 6C).
We then measured cytokine production in the BALF of the mouse
model exposed to OVA plus HDM plus Poly(I:C). CNB001 signiﬁcantly
suppressed IL-6, TNF-α, and IL-13 expression in these mice (Figs. 7A–C).
We chose IL-6 and TNF-α in order to compare effects of CNB001 in vivo
with that in vitro. We also examined IL-13 to analyze the effects of
CNB001 on Th2 allergic inﬂammation in vivo. Furthermore, the concentration of active murine SERPINE1 in BALF was signiﬁcantly suppressed by
CNB001, and signiﬁcantly enhanced by DEX (Fig. 7D). Addition of
CNB001 plus DEX tended to suppress the level of active SERPINE1 when
compared with that observed after addition of DEX alone, though the difference was not statistically signiﬁcant (Fig. 7D).
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Fig. 6. Histological analysis by hematoxylin and eosin staining. OVA-sensitized BALB/c mice, treated as described in the legend of Fig. 5, were subjected to histological examination.
The mice were perfused transcardially with PBS and then 4% paraformaldehyde in 100 mM phosphate buffer (pH 7.4). A, control; B, OVA + Poly(I:C) + house dust mite (OPM);
C, OPM plus CNB001; D; OPM plus curcumin; E; OPM plus dexamethasone (DEX), F; OPM plus CNB001 plus DEX. → eosinophils ➨ neutrophils (arrows indicated some of typical
cells, original magniﬁcation × 1000).

treated with TGF-β1 and TNF-α in vitro, suggesting the occurrence
of EMT.
We also focused on the production of active SERPINE1, which is
reported to play an essential role in tissue remodeling of lung, kidney,
and cardiovascular systems after inﬂammation (Ha et al., 2009; Huang
et al., 2008; Kuramoto et al., 2009; Shetty et al., 2008; Sisson et al.,
2009). Kuramoto et al. reported increased expression of SERPINE1 in

BALF of murine asthma models compared with that of healthy mice
(Kuramoto et al., 2009). In addition, they showed that inhalation of
urokinase-type plasminogen activator reduces the level of active
SERPINE1 and suppresses airway remodeling in these mice
(Kuramoto et al., 2009). Miyamoto et al. report that airway remodeling is suppressed in Serpine1-deﬁcient mice compared to wildtype mice, and following intra-airway administration of Serpine1
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Fig. 7. In vivo effect of CNB001, curcumin, and dexamethasone on cytokine synthesis in a murine asthma model. IL-6 (A), TNF-α (B), IL-13 (C), and active murine SERPINE1
(D) levels were measured in bronchoalveolar lavage ﬂuid obtained from OVA-sensitized BALB/c mice that were treated as described in the legend of Fig. 5. OPM indicates OVA
+ Poly(I:C) + house dust mite. Data represent means ± SD, *P b 0.05, n = 5–6 for each group.
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siRNA in wild-type mice (Miyamoto et al., 2011). Although DEX possesses strong anti-inﬂammatory effects, DEX and its receptor complex promote the expression of Serpine1 by affecting the promoter
region of the Serpine1 gene (Kimura et al., 2009; Wickert et al.,
2007; Yamamoto et al., 2004). This may be one of the reasons that
glucocorticoids cannot prevent airway remodeling (Kuramoto et
al., 2009). Here, we observed that DEX increased the level of active
SERPINE1 both in vivo and in vitro, but, when combined with
CNB001, it suppressed the level of active SERPINE1. These results
suggest that a combination of glucocorticoids and CNB001 might
prevent increased expression of SERPINE1, and thereby suppress
airway remodeling.
Our results suggest that a new curcumin derivative, CNB001, could
potentially be used for controlling the function of airway epithelial
cells by reducing inﬂammation and airway remodeling in asthma.
We focused on epithelial cells in this study, and further studies are
needed to determine the effects of this derivative on other cell
types involved in EMT and airway remodeling.
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a b s t r a c t
Canine non-rabies combined vaccines are widely used to protect animals from infectious
agents, and also play an important role in public health. We performed a large-scale survey
to investigate vaccine-associated adverse events (VAAEs), including anaphylaxis, in Japan
by distributing questionnaires on VAAEs to veterinary hospitals from April 1, 2006 through
May 31, 2007. Valid responses were obtained for 57,300 vaccinated dogs at 573 animal
hospitals; we obtained VAAEs information for last 100 vaccinated dogs in each veterinary
hospital. We found that of the 57,300, 359 dogs showed VAAEs. Of the 359 dogs, death was
observed in 1, anaphylaxis in 41, dermatological signs in 244, gastrointestinal signs in 160,
and other signs in 106. Onset of VAAEs was mostly observed within 12 h after vaccination
(n = 299, 83.3%). In this study, anaphylaxis events occurred within 60 min after vaccination,
and about half of these events occurred within 5 min (n = 19, 46.3%). Furthermore, where
anaphylaxis was reported, additional information to support the diagnosis was obtained
by reinvestigation. Our resurvey of dogs with anaphylaxis yielded responses on 31 dogs;
27 of these demonstrated collapse (87.1%), 24 demonstrated cyanosis (77.4%), and both
signs occurred in 22 (71.0%). Higher rates of animal VAAEs, anaphylaxis, and death were
found in Japan than in other countries. Further investigations, including survey studies,
will be necessary to elucidate the interaction between death and vaccination and the risk
factors for VAAEs, and thus develop safer vaccines. Moreover, it may also be necessary to
continually update the data of VAAEs.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction

protecting animals from infectious agents and plays an
important role in public health. No vaccine, however, is
completely effective or without adverse reactions, and
vaccine-associated adverse events (VAAEs) do occur, albeit
infrequently, after vaccinations. Epidemiological surveys in
the United Kingdom (Gaskell et al., 2002) and the United
States (Moore et al., 2005) identiﬁed the rates for VAAEs as
0.093 and 38.2/10,000 vaccinated dogs, respectively.
VAAEs can include anaphylaxis, which is an acute multisystem, severe type I hypersensitivity reaction (Sakaguchi

Canine non-rabies combined vaccines, containing
zoonotic pathogen leptospira, are widely used in small
animal veterinary medicine. Vaccination is aimed at
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E-mail address: sakagum@azabu-u.ac.jp (M. Sakaguchi).
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Fig. 1. The questionnaire form used for the investigation of vaccine-associated adverse events (VAAEs). The questionnaire was distributed by the Japan
Small Animal Veterinary Association to veterinary hospitals in Japan from April 1, 2006 through May 31, 2007.

hospitals in Japan from April 1, 2006 through May 31, 2007.
The questionnaires not only recorded standard information: date of birth, breed, sex and neuter status, weight,
and date of vaccination, but also included important factors
associated with adverse reactions, such as type of vaccination, signs, and time of their onset since vaccination (Fig. 1).
Practicing veterinarians diagnosed adverse reactions and
classiﬁed them into 5 groups according to clinical signs:
death, anaphylaxis, dermatological signs (swelling of face,
pruritus, urticaria, ﬂush, and erythema), gastro-intestinal
signs (vomiting and diarrhea), and other signs (including hypodynamia and anorexia). In cases of anaphylaxis,
additional information was obtained by reinvestigation
to support the diagnoses. To deﬁne the population, each
responding veterinarian also stated the number of affected
cases per last 100 vaccinated dogs.

et al., 1995; Roth, 1999) occasionally observed in humans
and dogs after vaccination, and which sometimes causes
death (Brooks, 1991; Sakaguchi et al., 2000). According
to large epidemiological studies on canine VAAEs, the
incidences of anaphylaxis were 0.018/10,000 vaccinated
dogs in the United Kingdom (Gaskell et al., 2002) and
0.65/10,000 vaccinated dogs in the United States (Moore
et al., 2005). Based on a survey of a small number (35)
of Japanese veterinary hospitals, the anaphylaxis rate in
Japan appeared to be somewhat higher, at 0.17% (6/3477
vaccinated dogs) (Fujimura, 2006). However, to date, no
large-scale investigation had been carried out on VAAEs
associated with canine non-rabies combined vaccine in
Japan. Moreover, although incidences of anaphylaxis were
provided, none of the previous studies (Gaskell et al., 2002;
Moore et al., 2005; Fujimura, 2006) considered important
details, such as concurrent symptomatic states.
Here, we report the results of a large-scale survey of
VAAEs in Japan, based on diagnosis made by experienced
veterinarians in their practices. Our results reveal useful
information on VAAEs, including critical detail on anaphylaxis and death caused by canine non-rabies combined
vaccines. It is useful to record vaccine reactions routinely,
and report VAAEs to speciﬁc agents such as local governments in veterinary medicine as well as human medicine.

2.2. Vaccines
The following non-rabies combined vaccines for dogs
are commonly used in Japan: combined live vaccines composed of canine parvovirus, canine distemper virus, canine
adenovirus type 2, and canine parainﬂuenza virus (group
1); adding live or inactivated coronavirus to group 1 (group
2); adding inactivated leptospira to group 1 (group 3);
adding inactivated coronavirus and leptospira to group 1
(group 4); adding live coronavirus and inactivated leptospira to group 1 (group 5). Duramune MX5 (Kyoritsu
Seiyaku Corporation, Tokyo, Japan; Fort Dodge Animal
Health, Iowa, USA), Eurican 5 (Merial Animal Health,
Lyon, France), and Nobivac DHPPi (Intervet, Boxmeer,
Netherlands) were classiﬁed as group 1; Canine-6II (Kyoto
Biken Laboratories, Kyoto, Japan), Duramune DX6, and Vanguard Plus 5/CV (Pﬁzer Animal Health, New York, USA)

2. Materials and methods
2.1. Experimental design and questionnaire for study of
canine vaccine associated adverse events
The questionnaires about adverse reactions to canine
non-rabies combined vaccines were distributed by the
Japan Small Animal Veterinary Association to veterinary
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Table 1
Number and incidence of clinical signs of vaccine-associated adverse
events (VAAEs) in 57,300 vaccinated dogs.
Clinical signs

Numbers of VAAEsa
(per 10,000 dogs)

Anaphylaxis
Death
Dermatological signs
Gastrointestinal signs
Others

41 (7.2)
1 (0.2)
244 (42.6)
160 (27.9)
106 (18.5)

a
Total number was over 359 because multiple signs were present in
some dogs.

were classiﬁed as group 2; Canine-8, Eurican 7, and Nobivac DHPPi+L as group 3; Duramune DX8 and Vanguard Plus
5/CV-L as group 4; and Canine-9 (II) as group 5.

Fig. 2. Numbers of dogs with vaccine-associated adverse events (VAAEs),
grouped by time of onset of signs. A total of 359 dogs exhibited VAAEs,
including one death. Signs manifested within 12 h of vaccination in 299
cases.

2.3. Statistical analyses
events (n = 299, 83.3%) were observed within 12 h after vaccination (Fig. 2).

Sex and neuter status were analyzed as categorical
data. Continuous variables of age and weight were converted to categorical variables because nonlinear trends
were detected in the model-ﬁtting process. Dogs were
grouped on the basis of age at date of vaccination as
follows: 2–9 months, 9 months to 1.5 years, 1.5–2.5 years,
2.5–3.5 years, 3.5–5.5 years, 5.5–8.5 years, and >8.5 years.
Weight was converted from continuous to categorical data
of 0–5 kg, 5–10 kg, and > 10 kg. The P values for anaphylaxis
in total VAAEs were evaluated using a multivariate unconditional logistic regression model. The variants included
sex and neuter status, weight, age, and vaccine group.
The model was assessed for signiﬁcance by use of the le
Cessie–van Houwelingen test. A value of P < 0.05 was considered signiﬁcant. Statistical analysis was performed with
R version 2.11.1 (www.r-project.org/).

3.2. Anaphylaxis and death
More detailed information about vaccine-associated
anaphylaxis is provided in Tables 2 and 3, as well as
Fig. 3. Miniature Dachshunds (n = 13) accounted for approximately 30% of the anaphylaxis cases. Anaphylaxis occurred
in four Miniature Schnauzers out of a population of the
eight with VAAEs. Of 41 dogs diagnosed with anaphylaxis,
17 (41.5%) were sexually intact males, 18 (43.9%) were
intact females, 3 (7.3%) were castrated males, and 3 (7.3%)
were spayed females. According to age and weight, the
greatest frequency of anaphylaxis was recorded among
dogs aged 2–9 months (n = 20, 48.8%) and among dogs
weighting less than 5 kg (n = 27, 65.9%), respectively. A
multivariate logistic regression model, including sex and
neuter status, weight, and age satisﬁed requirements for
goodness of ﬁt (P = 0.12). In the ﬁnal model, there was no
signiﬁcant relationship between anaphylaxis and the factors of sex and neuter status (P = 0.58), weight (P = 0.15), age
(P = 0.24), or vaccine group (P = 0.96). All cases of anaphylaxis occurred within 60 min after vaccinations, and about
half occurred within 5 min (n = 19, 46.3%) (Fig. 3).

3. Results
3.1. Total adverse reactions
Valid responses were obtained for 57,300 vaccinated
dogs, from 573 animal hospitals; of these, 359 dogs
were diagnosed with VAAE (62.7/10,000 vaccinated dogs).
Unfortunately, the detailed information regarding dogs
with no adverse events could not be obtained in the present
study. Of the 359 dogs, anaphylaxis was observed in 41,
dermatological signs in 244, gastrointestinal signs in 160,
and other signs in 106 (Table 1). A single death (0.2/10,000
vaccinated dogs) was reported within a few days after vaccination.
In decreasing order of frequency, 181 (50.4%) Miniature
Dachshunds, 37 (10.3%) Chihuahuas, 18 (5.0%) Mixedbreeds, and 17 (4.7%) Toy Poodles were reported to have
VAAEs in the present survey; other breeds were involved
less frequently. The population with VAAEs included 145
(40.4%) sexually intact males, 156 (43.5%) sexually intact
females, 24 (6.7%) castrated males, 24 (6.7%) spayed
females, and 10 (2.8%) unknown. Almost half these dogs
(n = 164, 45.7%) were between the ages of 2 and 9 months.
Dogs in the weight category of 0–5 kg had the highest frequency of adverse reactions (n = 249, 69.4%). Most adverse

Fig. 3. Numbers of dogs with anaphylaxis, grouped by time of onset. A
total of 41 dogs exhibited anaphylaxis signs; anaphylaxis set in within
60 min of vaccination, and within 5 min for 19 cases.
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Table 2
Data obtained for 41 cases, where anaphylaxis followed vaccination.
Breeda

Sexb

Age (years)

Weight (kg)

Beagle
C.K.C. Spaniel
Chihuahua
J.R. Terrier
M. Dachshund

M
F
F
M
F
F
F
F
F
M
S
M
C
S
M
C
M
M
M
F
F
M
M
F
M
M
M
F
M
F
F
F
M
F
F
F
S
M
M
F
C

3.4
0.2
0.2
1.8
0.2
0.2
0.2
0.2
0.3
0.4
1.4
2.1
3.3
3.5
4.7
5.3
6.8
0.2
0.4
2.2
2.4
0.2
4.2
7.1
0.3
2.6
0.3
3.0
0.2
NA
9.6
0.2
0.3
0.3
0.2
0.2
1.4
1.4
13.3
0.2
1.3

8.0
2.2
0.8
4.4
1.7
1.7
2.4
2.6
1.5
1.7
4.9
4.4
5.6
6.8
5.6
4.4
4.6
0.6
3.7
6.2
9.5
2.0
11.0
3.7
16.1
5.9
1.0
7.2
10.5
9.0
11.5
1.6
1.9
2.2
1.3
2.4
2.5
2.6
3.8
1.7
14.8

M. Schnauzer

Mix

Newfoundland
Pekingese
Pomeranian
Pug
Shiba
S. Sheepdog
Shih Tzu

Toy Poodle

Welsh Corgi

Onset time (min)
10
1
3
2
5
10
5
10
5
30–40
15
30
30
40
<5
30
15
1
15
10
10
10
<10
15
11
1
15
5
10
5
5
<5
1
60
<5
<5
5–10
5
5
1
60

Diagnostic reasonc
ND
Collapse, Cyanosis, Hyperpnea
ND
Collapse, Cyanosis
Collapse, Cyanosis, Hyperpnea
Collapse, Cyanosis
Collapse, Cyanosis
Collapse, Cyanosis
ND
Collapse, Cyanosis
ND
Cyanosis
Collapse, Cyanosis, Hypothermia
Collapse, Cyanosis
Collapse, Cyanosis
Collapse, Cyanosis
ND
Collapse, Hyperpnea
Collapse, Cyanosis
ND
Collapse, Cyanosis, Hypothermia, Dyspnea
Collapse, Cyanosis
ND
ND
Collapse, Cyanosis
ND
Collapse
Collapse, Cyanosis
Collapse, Cyanosis
Collapse, Cyanosis
Collapse, Cyanosis
ND
Collapse, Hyperpnea
Cyanosis, Hyperpnea
Collapse
Collapse, Cyanosis
Collapse, Cyanosis, Hyperpnea
Collapse, Cyanosis
ND
Collapse
ND

ND: no data.
a
C.K.C. Spaniel: Cavalier King Charles Spaniel, J.R. Terrier: Jack Russell Terrier, M. Dachshund; Miniature Dachshund, M. Schnauzer: Miniature Schnauzer,
S. Sheepdog: Shetland Sheepdog.
b
M: sexually intact male, F: sexually intact female, C: castrated male, S: spayed female.
c
Diagnostic reasons were obtained from reinvestigation.

When we attempted to resurvey the 41 dogs that experienced anaphylaxis, responses were received for 31 of these
dogs (recovery ratio = 75.6%). As shown in Table 3, collapse
and cyanosis were observed in almost all 31 of the dogs,
with 27 (87.1%) demonstrating collapse, 24 (77.4%) demonstrating cyanosis, and 22 (71.0%) showing both signs. A
single death (Chihuahua, intact female, 2 months, 0.9 kg),

occurring 38 h after vaccination, was reported in our questionnaire.
4. Discussion
The risks involved in vaccination of dogs were highlighted by previous large epidemiological studies (Gaskell
et al., 2002; Moore et al., 2005); however, surveys on
VAAEs had only been performed on a small scale in Japan
(Ohmori et al., 2002, 2005a; Fujimura, 2006). Here, we
present the results of a large-scale investigation of VAAEs
at Japanese veterinary hospitals. We found a VAAE rate of
62.7/10,000 vaccinated dogs, which is much higher than
the rates reported in the United Kingdom (0.093/10,000
vaccinated dogs) (Gaskell et al., 2002) and the United States
(38.2/10,000 vaccinated dogs) (Moore et al., 2005). Previous reports suggested that small breed dogs (<10 kg),
especially Dachshunds, were more prone to VAAEs than

Table 3
Number of signs exhibited by anaphylactic dogs (n = 31).
Anaphylactic signs

na

%

Collapse
Cyanosis
Hyperpnea
Hypothermia
Dyspnea

27
24
6
2
1

87.1
77.4
19.4
6.5
3.2

a
Total number was over 31 because multiple signs were present in
some dogs.
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larger dogs (Gaskell et al., 2002; Moore et al., 2005; Moore
and Hogenesch, 2010). According to the Japan Kennel Club
(http://www.jkc.or.jp), Miniature Dachshund, Chihuahua,
and Toy Poodle are the most popular breeds in this country, and account for just over half of the total registrations
in the Club (50.3%). This popular breed bias and the proposed breed susceptibility may contribute to higher VAAEs
rate in Japan than in other countries.
Factors known to cause vaccine reactions include the
primary vaccine agent or antigen, adjuvants, preservatives, stabilizers, and residues from tissue culture used in
vaccine production (Hogenesch et al., 1999; Roth, 1999;
Georgitis and Fasano, 2001). Our previous study reported
large amounts of bovine serum albumin (BSA) and bovine
IgG contents in canine vaccines (Ohmori et al., 2005b). Furthermore, we found IgE reactivity against fetal calf serum
(FCS) components in dogs with allergic reactions after vaccination, suggesting that most of these reactions might
be caused by FCS components derived from the culture
media used to produce vaccines (Ohmori et al., 2005b,
2007). Many vaccines that are commonly used in Japan are
imported from abroad, although a few are made in Japan.
Multilateral studies are necessary to clarify the relationship
between VAAEs and vaccine by-products, and to ascertain
whether certain vaccines are more likely to give rise to
VAAEs.
Among the many clinical signs of adverse reactions to
vaccines, anaphylaxis is the most dramatic (Roth, 1999).
In the present investigation, the incidence of anaphylaxis (7.2/10,000 vaccinated dogs) in dogs was remarkably
higher than those reported in previous studies (Gaskell
et al., 2002; Moore et al., 2005; Moore and Hogenesch,
2010). The dogs showing anaphylaxis in the present study
included many small breeds such as Miniature Dachshund
and Miniature Schnauzer. This implies that a breed predisposition may play a key role in anaphylaxis after
vaccination of dogs, just as in total VAAEs, and that genetic
factors may be involved in these clinical signs.
Moore et al. (2005) have indicated that the risk of VAAEs
was signiﬁcantly increased for small and neutered dogs,
highest for dogs approximately 1–3 years old, and least
for dogs ≥6 years of age. Unfortunately, as the information regarding dogs with no adverse events could not be
obtained in the present study, the odds ratios of VAAEs
could not be estimated; however, we did estimate the P
values for anaphylaxis according to adverse reactions after
vaccine administrations using a logistic regression model.
Additionally, we were not able to analyze the relationship between breed and anaphylaxis due to small sample
numbers for many breeds. However, no signiﬁcant differences were observed in the anaphylaxis risk by sex and
neuter status, weight, and age; thus, our data seem to
show the same tendency of potential risk factors for VAAEs
in the results of Moore et al. (2005). The results of the
present study suggest that various factors such as weight
and age could predict the potential risk of adverse reactions, including anaphylaxis after vaccination, which may
allow practicing veterinarians to allay the anxiety of at least
a few owners regarding vaccination.
As only a single death was reported in this investigation, a direct association between death and vaccine
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administration was not clear; however, as an incidence of
0.02/10,000 vaccinated dogs was reported in the United
State (Moore et al., 2005), the mortality rate also appeared
to be increased in Japan. This case did not show anaphylactic signs, although other clinical sign was observed. Further
extensive surveys are needed to uncover the predictive factors and clinical signs that precede such outcomes, in order
to prevent such unfortunate events. Moreover, to clarify
the interaction between death and vaccination, comparison with randomized unvaccinated dogs may be effective.
5. Conclusions
We present data regarding VAAEs, and in particular, on
anaphylaxis, based on a large-scale study in Japanese veterinary hospitals. Higher rates of VAAEs, anaphylaxis, and
death were observed in Japan compared to other countries.
Further international studies aimed at obtaining similar
information will be necessary to elucidate the risk factors, including breed predisposition, the quality of vaccine
products, and prior sensitization with variable allergens,
for VAAEs, with a view to developing safer vaccines. In
addition, as our study was not current, it may be also be
necessary to continually update the data of VAAEs.
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a b s t r a c t
We determined whether a major Japanese cedar pollen allergen (Cry j 1) conjugated with
CpG oligodeoxynucleotide would enhance allergen-speciﬁc Th1 responses in mice. Cry j 1
conjugated with CpG (Cry j 1–CpG) induced IL-12 in the spleen cells of naïve mice. Cry j
1–CpG immunization of BALB/c mice suppressed anti-Cry j 1 IgE response and enhanced
anti-Cry j 1 IgG2a to subsequent Cry j 1 and alum adjuvant injection. CD4+ T cells isolated
from the spleens in mice immunized with Cry j 1–CpG produced higher IFN-␥ levels than
did CD4+ T cells obtained from mice as negative controls. Our results suggested that Cry j
1–CpG immunization can induce Cry j 1-speciﬁc Th1 immune responses, thereby inhibiting
IgE response to the pollen allergen.
© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

and Cry j 2 [5]. Recently, we isolated Cry j 3, which may
play crucial roles in the cross-reactivity with oral allergy
syndrome [6].
Bacterial DNA and synthetic oligodeoxynucleotides
containing CpG are potent adjuvants of Th1 responses characterized by production of IFN-␥ and IgG2a [7–9]. Tokunaga
and his colleagues had found that DNA extracted from
Mycobacterium bovis activated NK cells to induce interferon and anti-tumor activities [10,11]. Several short DNA
sequences containing CpG motif were determined by the
sequencing of mycobacterium DNA.
The administration of allergen conjugated to CpG is an
attractive approach to the prevention and treatment of
allergic diseases [9]. In a clinical study, ragweed pollen
allergen (Amb a 1) conjugated with CpG vaccine showed
clinical efﬁcacy in the treatment of ragweed allergic rhinitis

Japanese cedar (Cryptomeria japonica; CJ) pollinosis is a
typical type I allergy induced by CJ pollen and one of the
most common allergic diseases in Japan. In areas where
there are CJ trees, approximately 10% of the population suffers from CJ pollinosis [1]. Two major allergens, Cry j 1 [2]
and Cry j 2 [3] have been isolated from CJ pollen. More than
90% of 145 CJ pollinosis patients had speciﬁc IgE antibodies to both Cry j 1 and Cry j 2 allergens: the remainder had
speciﬁc IgE to either one or the other [4]. The patients with
CJ pollinosis had high levels of T-cell reactivity to Cry j 1

∗ Corresponding author. Tel.: +81 42 850 2481; fax: +81 42 850 2481.
E-mail address: sakagum@azabu-u.ac.jp (M. Sakaguchi).
0147-9571/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
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128

158

Y. Kaburaki et al. / Comparative Immunology, Microbiology and Infectious Diseases 34 (2011) 157–161

2.5. Immunization

[12]. Moreover, allergens conjugated with CpG reduced the
binding activity of speciﬁc IgE to native allergens and also
reduced allergenesis of the allergens [9,13]. Recently, it was
reported that Cry j 2 T-cell epitope peptides conjugated to
CpG vaccine have no allergencity [14].
In this study, we investigated whether Cry j 1–CpG
immunization suppressed the development of Cry j
1-speciﬁc IgE production in mice. Furthermore, we investigated the effect of Cry j 1–CpG on Th1 and Th2 cytokine
production in Cry j 1-speciﬁc CD4+ T cells.

Ten BALB/c mice in each group were subcutaneously
immunized with Cry j 1 (5 g)–CpG, Cry j 1 (5 g)–mCpG,
or Cry j 1 (5 g) in PBS three times weekly. All mice were
intraperitoneally immunized with 5 g of Cry j 1 and 2 mg
of aluminum hydroxide (alum)(Pierce, Rockford, IL, USA)
mixture at 3 and 6 weeks. Blood samples were collected by
tail bleeding at weeks 1, 2, 4, 5, and 7 weeks, and serum
samples were stored at −30 ◦ C. Spleens for assays of IFN-␥,
IL-4, and IL-5 were collected at 7 weeks.

2. Materials and methods

2.6. Measurement of mouse anti-Cry j 1 IgG1, IgG2a , IgE

2.1. Mice

IgG1 and IgG2a antibody responses to Cry j 1 were
assayed by ELISA as described previously [20]. The IgE antibody response to Cry j 1 was analyzed by ﬂuorometric ELISA
as described previously [20].

Female BALB/c mice (7 weeks old) were obtained from
Japan SLC Inc (Shizuoka, Japan). They were housed under
speciﬁc pathogen-free conditions.

2.7. ELISA inhibition with human anti-Cry j 1 IgE
2.2. Antigens
The ability of Cry j 1–CpG to bind human Cry j 1-speciﬁc
IgE was measured by using ﬂuorometric ELISA inhibition
as described previously [21].

Cry j 1 is a basic glycoprotein isolated from CJ pollen
by afﬁnity chromatography using monoclonal antibodies
(mAb) speciﬁc to Cry j 1 [15,16].

2.8. Cytokine assays in CD4+ T cells from spleens of
immunized mice

2.3. Conjugation of CpG oligodeoxynucleotides to Cry j 1

CD4+ T cells were puriﬁed from the spleens of mice by
MACS [22]. Puriﬁed CD4+ T cells (2 × 105 ) were cultured
with irradiated syngenic splenocytes (3 × 105 ) as antigenpresenting cells in 96-well plates for 3 days in the presence
or absence of Cry j 1 (10 g/ml). The culture supernatant
was collected 3 days after cultivation and kept at −30 ◦ C
until use. IFN-␥, IL-4, and IL-5 levels were determined by
ELISA using anti-IFN-␥ mAb, anti-IL-4 mAb, and anti-IL-5
mAb (BD Biosciences) [20].

The phosphorothioated CpG, consisting of 22 bases containing two CpG motifs 5 -TGACTGTGAACGTTCGAGATGA3 (immunostimulatory sequence: ISS 1018) [17,18] was
produced by Invitrogen Corp. (Carlsbad, CA, USA). As
a negative control, phosphorothioated oligodeoxynucleotide consisting of 22 bases containing the mutated
5 -TGACTGTGAAGGTTAGAGATGA-3 (mCpG) was used in
this study. Each of these CpGs had a molecular mass of
approximately 7000. The 5 -phosphorothioate CpG was
coupled to amino groups on Cry j 1. Cry j 1 was modiﬁed to
incorporate thiol moieties by reacting to it with excess of
succinimidyl-S-acetyl thiol acetate (Pierce Biotechnology,
Rockford, IL, USA), as described previously [19]. Endotoxin
levels were measured by Bio-Whittaker, QCL-1000 (Cambrex Bio Science Walkersville, Walkersville, MD, USA). The
endotoxin levels of Cry j 1–CpG and Cry j 1–mCpG were
<0.03 endotoxin unit/g.

2.9. Statistics
The Kruskal–Wallis test was applied to compare data
among the four groups. If the difference was signiﬁcant, post hoc analysis using the Mann–Whitney U-test
with Bonferroni correction in antibody levels and the
Turkey–Kramer test in cytokine levels were performed to
analyze the difference between the ODN-Cry j 1 group
and the other group. Statistical signiﬁcance was deﬁned as
p < 0.05.

2.4. In vitro assay for IL-12 p40 assays in the naive
spleen cells

3. Results

Mice were sacriﬁced by means of anesthesia and their
spleens were removed. Spleen cells (2 × 105 ) were added
to wells in a total volume of 100 L and stimulated with
Cry j 1–CpG, CpG, and mCpG. Cultures were incubated for
0, 6, 11, 24, 35, and 48 h at 37 ◦ C in 5% CO2 . Supernatants
were harvested after each incubation period and frozen at
−30 ◦ C before being analyzed. The levels of IL-12 p40 in the
culture supernatant were determined by sandwich ELISA
(BD Biosciences, Franklin Lakes, NJ, USA).

3.1. IL-12 p40 from naïve spleen cells
We investigated whether Cry j 1–CpG induced IL-12
p40 in the spleens of naïve mice. After spleen cells were
cultivated for 36 h, signiﬁcant IL-12 p40 production was
observed in the cells stimulated with CpG-Cry j 1 and CpG
as compared with mCpG as a negative control (Fig. 1).
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Fig. 1. IL-12 p40 production by Cry j 1–CpG or CpG stimulation in
the spleens of naive mice. mCpG (1 g/ml: 142 pmol), CpG (1 g/ml:
142 pmol), Cry j 1–CpG (1 g/ml: 142 pmol). *p < 0.05 for Cry j 1–CpG
compared with mCpG.

159

Fig. 3. Inhibition of anti-Cry j 1 IgE production by Cry j 1–CpG inoculation.
BALB/c mice were immunized with 5 g each of Cry j 1, Cry j 1–CpG, Cry
j 1–mCpG, or PBS. **p < 0.01 for the group immunized with Cry j 1–CpG
compared with other groups.

3.2. Human anti-Cry j 1 IgE binding to Cry j 1–CpG
To determine whether the conjugation of CpG to Cry j
1 diminished the ability of Cry j 1 to react with anti-Cry j
1 IgE in pooled serum from patients with CJ pollinosis, the
ability of Cry j 1–CpG to bind anti-Cry j 1 IgE was tested by
the ELISA inhibition. Cry j 1–CpG reacted less well with antiCry j 1 IgE than did Cry j 1. An approximate 50-fold higher
concentration of Cry j 1–CpG was necessary to achieve 50%
inhibition compared with Cry j 1 (Fig. 2).

IgE production to a secondary immunization of Cry j 1 and
alum.
3.4. Anti-Cry j 1 IgG1 and IgG2a in mice immunized with
Cry j 1–CpG
The effects of initial immunization of Cry j 1–CpG on the
production of anti-Cry j 1 IgG1 production were examined.
After ﬁrst immunization of Cry j 1 and alum at 3 weeks, antiCry j 1 IgG1 production in groups immunized with Cry j 1
and Cry j 1–mCpG was enhanced (Fig. 4A). After secondary
immunization of Cry j 1 and alum at 7 weeks, anti-Cry j 1
IgG1 production showed no signiﬁcant difference among
any of the groups.
The effects of initial immunization of Cry j 1–CpG on the
production of anti-Cry j 1 IgG2a production were examined.
At 1 and 2 weeks, anti-Cry j 1 IgG2a levels showed no differences among any of the groups. After immunization of
Cry j 1 and alum at 7 weeks, Cry j 1–CpG immunization
developed signiﬁcantly higher levels of anti-Cry j 1 IgG2a
compared with groups immunized with PBS, Cry j 1, or Cry
j 1–mCpG (p < 0.01) (Fig. 4B).

3.3. Anti-Cry j 1 IgE in mice immunized with Cry j 1–CpG
We investigated whether initial immunization of Cry
j 1–CpG suppressed anti-Cry j 1 IgE development after
immunization of Cry j 1 and alum. In groups immunized
with Cry j 1 or Cry j 1–mCpG, anti-Cry j 1 IgE production
was induced by boosting with Cry j 1 and alum at 4 and 6
weeks. Anti-Cry j 1 IgE production was signiﬁcantly inhibited in mice immunized with Cry j 1–CpG up to 7 weeks
(Fig. 3). Cry j 1–CpG immunization suppressed anti-Cry j 1

3.5. Cytokine production in Cry j 1-speciﬁc CD4+ T cells
cultures
The levels of IFN-␥, IL-4, and IL-5 in response to Cry j 1
were measured in CD4+ T cells obtained 2 weeks after the
second boosting of Cry j 1 in alum. CD4+ T cells from mice
immunized with Cry j 1–CpG secreted signiﬁcantly higher
levels of IFN-␥ than did CD4+ T cells obtained from mice
immunized with PBS, Cry j 1, or Cry j 1–mCpG (p < 0.05)
(Fig. 5A).
Cry j 1-speciﬁc IL-5 levels in mice immunized with Cry
j 1–CpG showed signiﬁcantly lower than those in mice
immunized with Cry j 1–mCpG, but showed no signiﬁcant
differences among other groups (Fig. 5B). Cry j 1-speciﬁc
IL-4 levels in mice immunized with Cry j 1–CpG showed no
signiﬁcant differences among other groups (Fig. 5C).

Fig. 2. Inhibition of human anti-Cry j 1 IgE from CJ allergic patients by Cry
j 1 or Cry j 1–CpG.
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Fig. 4. Anti-Cry j 1 IgG1 and IG2a production by Cry j 1–CpG inoculation.
BALB/c mice immunized with 5 g each of either Cry j 1, Cry j 1–CpG, Cry j
1–mCpG, or PBS. (A) IgG1 and (B) IgG2a . **p < 0.01 for the group immunized
with Cry j 1–CpG compared with other groups.

4. Discussion
It has been reported that IFN-␥ induction is an IgM to
IgG2a switch factor, which accounts for the association of
IgG2a with a Th1 response [23]. Cry j 1–CpG immunization signiﬁcantly induced the production of IFN-␥ from
Cry j 1-speciﬁc CD4+ T cells. These observations are similar
to those from the study of Iho et al. [24]. Those investigators showed that CpG oligodeoxynucleotide containing
AACGTT induced the production of IFN-␥ and the expansion
of antigen-speciﬁc human peripheral blood mononuclear
cells. In our study, we used CpG oligodeoxynucleotide
containing AACGTT. This CpG might be a Th1 cell differentiation inducer and promote IFN-␥ production.
In this study, inoculation with Cry j 1–CpG reduced
anti-Cry j 1 IgE antibody and enhanced IgG2a responses
after immunization with alum-precipitated Cry j 1. Cry
j 1–CpG induced the allergen-speciﬁc Th1-type immune
response, resulting in the inhibition of the IgE response to
the allergen. Tight et al. reported that in mice primed for
Th2 response, injection with Amb a 1 (a major ragweed
allergen)-conjugated CpG suppressed speciﬁc Amb a 1 IgE
[9]. Also, Suzuki et al. reported that anti-Cry j 2 IgE levels
were lower in mice immunized with Cry j 2 T-cell peptide conjugated with CpG [14]. These ﬁndings indicated the

Fig. 5. The effect of Cry j 1–CpG on cytokine production in Cry j 1-speciﬁc
CD4+ T-cell cultures. CD4+ T cells from mice immunized with Cry j 1, Cry j
1–CpG, Cry j 1–mCpG, or PBS were stimulated with 10 g/ml of Cry j 1 for
3 days. (A) IFN-␥, (B) IL-5 and (C) IL-4. *p < 0.05 for the group immunized
with Cry j 1–CpG compared with other groups.

potential for a CpG-conjugated allergen or T-cell peptide
vaccine to serve as a tool for the prevention and treatment
of CJ pollinosis.
In the present study, IL-4 levels in mice immunized with
Cry j 1–CpG were no different from those in any other
immunized mice. IL-5 levels in mice immunized with Cry
j 1–CpG showed signiﬁcantly lower than those in mice
immunized with Cry j 1–mCpG, but showed no signiﬁcant
differences among other groups. Similarly, our previous
study showed that the inoculation of DNA vaccine encoding the CD4+ T-cell epitope in Cry j 2 (a major CJ allergen)
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inhibited the allergen-speciﬁc IgE response to subsequent
allergen and alum injection, but did not inhibit allergenspeciﬁc IL-4 and IL-5 production [22]. The alum can induce
strong antigen-speciﬁc Th2 response and Th2-associated
IL-4 production [25,26]. The subsequent allergen and alum
injection in the present study might induce too strong Th2
responses to suppress Th2-cytokines in mice.
CpG oligodeoxynucleotide is a potent adjuvant of Th1
response, so it is hoped that it will be useful in the development of immunotherapies for allergic diseases and cancer.
Marshall et al. demonstrated that ISS 1018-conjugated
Amb a 1 allergen would induce IFN-␥ production in peripheral blood mononuclear cells from human patients with
ragweed allergy [18]. We used the same single strand synthetic ISS 1018-conjugated Cry j 1. Our data suggested that
CpG played a role in switching on Th1 immunity to a protein antigen through the upregulation of IgG2a and IFN-␥.
Furthermore, Cry j 1–CpG induced Th1 cell differentiation
and suppressed anti-Cry j 1 IgE. This immunization may be
useful as an immunotherapy for CJ pollinosis.
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Abstract The aims of this study were to examine the therapeutic effects of sublingual
immunotherapy (SLIT) and to identify potential biomarkers that would predict the therapeutic
response in a randomized, double-blind, placebo-controlled clinical trial. The trial was carried
out over two pollinosis seasons in 2007 and 2008. Carry-over therapeutic effects were analyzed in
2009. SLIT significantly ameliorated the symptoms of pollinosis during the 2008 and 2009 pollen
seasons. Cry j 1-specific cytokine production in a subgroup of patients with mild disease in the
SLIT group was significantly attenuated. The ratio of specific IgE to total IgE before treatment
correlated with the symptom-medication score in the SLIT group in 2008. Patients with increased

Abbreviations: DBPC, double-blind, placebo-controlled; ELISA, enzyme-linked immunosorbent assay; ELISPOT, enzyme-linked immunospot
assay; iTreg, induced regulatory T cells; ITT analysis, intention-to-treat analysis; JAU, Japanese allergy unit; N.S., not significant; OT analysis,
on-treatment analysis; PBMCs, peripheral blood mononuclear cells; RAST, radioallergosorbent test; SLIT, sublingual immunotherapy; SMS,
symptom-medication score; Treg, regulatory T cells; QOL, quality-of-life.
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Cry j 1-iTreg in the SLIT group had significantly improved QOL and QOL-symptom scores. In
summary, the specific IgE to total IgE ratio and upregulation of Cry j 1-iTreg are candidates for
biomarker of the clinical response to SLIT.
© 2011 Elsevier Inc. All rights reserved.

1. Introduction
Japanese cedar (Cryptomeria japonica) pollinosis is a
common allergy in Japan, with a prevalence estimated to
be 26.5% in a nationwide survey conducted in 2008 [1].
A 2000 Japanese allergy unit (JAU) sample of standardized
extract from Japanese cedar pollen is the only available
allergen for subcutaneous and sublingual immunotherapy
(SLIT) against pollinosis in Japan. The 2000 JAU extract
contains 1.5 to 4.2 μg of the major allergen, Cry j 1 [2]. The
common monthly cumulative dose for SLIT is 8000 JAU, which
contains approximately 10 μg of Cry j 1. This maintenance
dose is 200-fold higher than that used in traditional
subcutaneous immunotherapy using 0.2 ml of a 200 JAU/ml
extract, which contains approximately 50 ng of Cry j 1.
Despite using a low dose of the major allergen compared with
that in European trials, positive effects on pollinosis have
been shown in randomized double-blind, placebo-controlled
(DBPC) studies, in which SLIT significantly ameliorated the
symptom score, symptom-medication score (SMS), and
quality-of-life (QOL) score [3,4].
SLIT induces Cry j 1-specific IgG4 production and attenuates
the seasonal increase in the number of Th2 cells specific to
epitopes from Cry j 1 and Cry j 2 [3]. Involvement of antigenspecific Tr1 cells or regulatory T cells (Treg) in the therapeutic
mechanism has also been suggested [5,6]. We previously found
that SLIT increased the levels of Cry j 1-specific induced Treg
cells (Cry j 1-iTreg; IL10+Foxp3+ cells in CD25+CD4+ leukocytes)
and that the increase in Cry j 1-iTreg after the pollen season
may serve as a response monitoring biomarker that correlates
with a positive therapeutic effect based on the QOL-symptom
score and distinguishes responders from non-responders after
SLIT [6].
In this report, we examined the reproducibility of the
positive therapeutic effects and safety of SLIT and upregulation of iTregs as a response monitoring biomarker, with the
goal of confirming our previous results in a larger randomized
DBPC study. Therefore, the safety and clinical effect of SLIT
for Japanese cedar pollinosis were used as the primary
endpoint, and carry-over effects, immunological changes,
and biomarkers for a positive clinical effect induced by SLIT
were secondary endpoints.

2. Materials and methods
2.1. Study population
The study was conducted as a randomized, DBPC, parallelgroup, single center trial in subjects with Japanese cedar
pollinosis. This study was performed for two pollen seasons
between September 2006 and May 2008, with follow-up in
the pollen season in 2009. We recruited 130 participants in
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September 2006. Diagnosis of Japanese cedar pollinosis was
based on clinical history and the presence of IgE specific to
Japanese cedar pollen of at least class 2 (CAP-RAST method,
Phadia, Tokyo, Japan). Participants with a history of
immunotherapy or a diagnosis of asthma, or those who
were pregnant, were excluded from the study. Patients who
suffered seasonal or chronic rhinitis that required medical
treatment were also excluded.
A total of 103 patients were eligible for the study, and all
had moderate or severe symptoms in the previous pollen
season [7]. We anticipated that some participants in the SLIT
group would drop out from the study due to side effects and
we planned to evaluate the risk of mild or severe side effects
due to the vaccination. Therefore, we randomly divided the
patients into treatment (SLIT) and placebo groups with a
ratio of 6:4 according to the table of random numbers
prepared by the Department of Pharmacy at Chiba University
Hospital (Fig. 1). The sample size was determined based on a
previous study [3]. Briefly, we planned to have 50 patients in
each group with anticipation of dropout. We set 1.0 as a
magnitude for the difference of average SMS between that
from the SLIT and placebo groups and 1.5 as a standard
deviation according to the result of previous study. Therefore, when the power was set to 0.8 and the α-error to 0.05,
the number of required cases was 35 in each group. A person
who was not directly involved in the study was responsible
for group allocation. To prevent leakage of information, the
allocation table was kept by this person and a member of the
ethics committee who was also not directly involved in the
study, until accessed with the key after completion of the
study. The protocol was approved by the Ethics Committee of
Chiba University, and written informed consent was obtained
from each patient prior to participation in the study.

2.2. Clinical protocols
The SLIT group included 58 patients who received standardized Japanese cedar pollen extract (Torii Pharmaceutical Co.
Ltd., Tokyo, Japan) [8], and the placebo group included 45
patients who received an inactive placebo. The protocol
consisted of treatment with graded courses of the extract in
50% glycerol, followed by maintenance therapy [6]. Briefly,
the extract was graded in three strengths: 20, 200, and 2000
JAU/ml. Patients received increasing doses with each vial,
beginning with 0.2 ml from the 20 JAU/ml vial and increasing
by 0.2 ml a day for 5 days per week. The vaccine was taken
sublingually, kept in place for 2 min without a retention
reagent, and then spit out. The procedure was repeated until
the maximum dose (1.0 ml of 2000 JAU/ml) was reached.
The maintenance dose was 1.0 ml of 2000 JAU/ml given once
a week until the end of May 2008. The patients in the placebo
group received inactive 50% glycerol in saline. All participants were allowed to take symptom-reducing drugs as
needed.
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Assessed for eligibility
(N=130)
Excluded (N=27)
Not meeting inclusion criteria (N=10)
Refused to participate (N=2)
Other reasons (N=15)

Enrollment
Randomized

Active group
Allocated intervention
(N=58)

<ITT analysis>

Placebo group
Allocated intervention
(N=45)

Analyzed (N=51)

<OT analysis>

Analyzed (N=37)

Double-blind in 2006 to 2008
Broke blind to physicians and researchers
Analyzed (N=36)

<Follow-up>
Single-blind in 2009

Analyzed (N=27)

Figure 1 Flow diagram for groups and individuals in the phases of the randomized trial. Fifteen participants from the SLIT (N = 7) and
placebo (N = 8) groups were lost to follow-up due to reasons such as moving house and transfer. The double-blind status was maintained
until completion of analysis of all clinical and immunological parameters (December 2008). Follow-up analysis in 2009 was undertaken
in a single-blind manner.

2.3. Clinical symptoms and safety measurements
The patients completed a pollinosis diary to record their
nasal symptoms and use of symptom-reducing drugs in the
2007, 2008, and 2009 pollen seasons. The total amounts of
pollen scattered from Japanese cedar and Japanese cypress
(Chamaecyparis obtusa) in Chiba prefecture were 2777,
6596, and 5486 grains/cm2 during the 2007, 2008, and 2009
pollen seasons, respectively, based on measurements with a
Durham pollen sampler. The duration and amount of
scattered Japanese cedar pollen differed greatly among
these years, but the daily amount of scattered pollen
typically followed a wide-based bell-shaped curve over the
whole pollen season from the middle of January or early
February to the middle or end of May. The duration of the
peak pollen season was relatively constant in the 3 years,
and therefore, we analyzed the SMS during the peak period.
The peak pollen season was defined as the period from the
first day that the pollen count was ≥20 grains/cm2/day for 3
consecutive days until the last day that the pollen count was
≥ 20 grains/cm2/day before a period in which the pollen
count was b 20 grains/cm2/day for 7 consecutive days.
The daily SMS was calculated as described previously [3].
Briefly, daily episodes of sneezing and nose blowing were rated
as 0–4: none, 0; 1–5 episodes, 1; 6–10 episodes, 2; 11–20
episodes, 3; N 20 episodes, 4. Daily medication was recorded
based on drug types and duration of usage using the following
guidelines: antihistamines, mast cell stabilizers, and vasoconstrictors, 1; topical ocular or nasal steroids, 2. Patients with an
average daily SMS in the peak pollen season of ≤4 were

judged to have mild symptoms based on guidelines for allergic
rhinitis [7].
In the middle of the 2007 and 2008 pollen seasons, the
participants completed the Japanese Allergic Rhinitis QOL
Standard Questionnaire No.1 (JRQLQ No.1) for assessment of
QOL-symptom and total QOL scores [9]. These scores were
calculated as previously described [4,6]. The total QOLsymptom score was calculated as the sum of each component
score: none, 0; mild, 1; moderate, 2; severe, 3; and very
severe, 4. Nasal and ocular symptoms covered by the
questionnaire included runny nose, sneezing, nasal congestion, itchy nose, itchy eyes, and watery eyes. Adverse events
were graded using Common Terminology Criteria for Adverse
Events (CTCAE) v.3.0 [10]. Briefly, adverse events were
graded as mild, grade 1; moderate, grade 2; severe, grade 3;
life threatening, grade 4; death, grade 5 according to a
category for allergy/immunology in the CTCAE v.3.0 scoring
system.

2.4. Blood samples
Peripheral blood was obtained from each patient before
treatment (September to October 2006) and before and after
the pollen seasons in 2007 (December 2006 to January 2007,
and May to June 2007, respectively) and 2008 (November to
December 2007, and May 2008, respectively). Peripheral
blood mononuclear cells (PBMCs) were isolated, frozen, and
stored in liquid nitrogen [6]. However, the PBMCs isolated
before treatment, and before and after the 2007 pollen
season were damaged during storage and we were unable to
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analyze their immunological responses. Therefore, immunological data were obtained only from PBMCs collected before
and after the 2008 pollen season.

2.5. Total and antigen-specific immunoglobulin titer
The Cry j 1-specific IgE and IgG4 titers in plasma were
measured by ELISA [3,11]. Total IgE and specific IgE titers for
Japanese cedar, orchard grass, mugwort, and house dust
mites were evaluated by the CAP-RAST method (Phadia).

2.6. Flow cytometric analysis
The levels of Cry j 1-iTreg were analyzed by flow cytometry
[6]. Briefly, PBMCs were cultured with or without Cry j 1 for
3 days, followed by a culture with 10 ng/ml phorbol 12myristate 13-acetate, 1 μM ionomycin, and 2 μM monensin
for 6 h. The PBMCs were stained with PE-Cy7-anti-CD4
antibody, APC-anti-IL10 antibody (BD Biosciences, San
Diego, CA, USA), PE-anti-CD25, and FITC-anti-Foxp3 (clone:
PCH101) using a Foxp3 staining buffer set (eBioscience, San
Diego, CA, USA).

2.7. Analysis of the number of IL4-producing cells
and the concentration of cytokines
The number of IL4-producing cells stimulated with Cry j 1
was determined by enzyme-linked immunospot (ELISPOT)
assay, and the concentrations of IL2, IL5, and IL13 in the
culture supernatant were measured using a BD™ Cytometric
bead assay (CBA) Flex system (BD Biosciences) [6]. Briefly, a
96-well sterile filter plate (Millipore, Billerica, MA, USA) was
coated with monoclonal antibody to human IL4 (Mabtech AB,
Nacka Strand, Sweden). The plate was pre-incubated with
AIM-V medium at 37 °C for 1 h. The medium was discarded,
and then PBMCs (3 × 105 cells/well) were cultured with fresh
medium alone or with 10 μg/ml Cry j 1 for 17 h at 37 °C in
AIM-V medium containing 5% human AB serum (SigmaAldrich, St. Louis, MO, USA). The plates were then incubated
with a biotinylated monoclonal antibody to human IL4 for
2 h, and then with streptavidin-conjugated alkaline phosphatase for 1 h at room temperature. After washing with
PBS, the plates were incubated with BCIP/NBTPLUS (Mabtech)
for 5 min at 37 °C. For the CBA, isolated PBMCs were cultured
at 2.5 × 106 cells/ml with or without 5 μg/ml Cry j 1 for 3 days
at 37 °C in AIM-V medium containing 5% human AB serum
(Sigma-Aldrich). After centrifugation at 300×g for 10 min, the
supernatant was divided into aliquots and stored at − 20 °C
until the cytokine assay was performed.

2.8. Data representation

2.9. Statistical analysis
Two-group comparisons were performed using a Wilcoxon t-test
or Mann–Whitney U-test to determine the significance of
differences, or using an unpaired t-test as indicated. P-values
b 0.05 were considered to be significant.

3. Results
3.1. Clinical effects and adverse events
A total of 103 patients were included in the overall analysis of
efficacy for the 2007 and 2008 pollen seasons. These patients
were randomly divided into the SLIT (N = 58) and placebo
(N = 45) groups at a ratio of 6:4. Diaries and QOL questionnaires
for 88 patients were available at the end of the DBPC study.
The overall randomized population was considered to be the
ITT population. The SMS in the SLIT group did not differ
significantly from that in the placebo group in ITT analysis after
2-year SLIT (P = N.S.; Student t-test, data not shown).
The final sample size included 88 subjects for OT analysis
(SLIT; N = 51, placebo; N = 37, ratio 4:3). The demographic
characteristics of the OT population before treatment are
shown in Table 1. The SMS in the SLIT group did not differ
significantly from that in the placebo group in the 2007
peak pollen season (February 19 to March 31, P = N.S.;
Student t-test). However, the average SMS in the 2008 peak
pollen season (February 29 to April 1) was significantly
ameliorated in the SLIT group compared with the placebo
group (4.2 vs. 5.3, P = 0.02; Student t-test). The percentages
of subjects with mild symptoms (SMS ≤ 4) were 55% and 28% in
the SLIT and placebo groups, respectively, in the peak pollen

Table 1
study.
Group

SLIT

Placebo

Number
Sex (M/F)
Mean age
Range
Total IgE [IU/ml]
Range
Specific IgE c
Range
Class [mean]
Range
Other allergies d (%)
Orchard grass
Mugwort
House dust mite

51
17/34
44.4
16–73
198
6.8–1480
27
0.8–100
3.5
2–6

37
8/29
42.3
19–70
258
8.6–2090
29
1.5–100
3.8
2–6

16 (31%)
5 (10%)
24 (47%)

11 (30%)
3 (8%)
13 (35%)

a

The full analysis set (N = 103) was used for the intention-totreat (ITT) analysis and per protocol populations (N = 88) were
used for on-treatment (OT) analysis (Fig. 1). Cry j 1-specific
cytokine production is shown as the difference between cells
stimulated with Cry j 1 and controls stimulated with medium
only. Changes after the 2008 pollen season are shown as
differences between pre- and post-pollen season values.
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Clinical data of participants at the start of the
P-value
N.S.a
N.S.b
N.S.b
N.S.b
N.S.b

N.S.e
b 0.05 f
N.S.e

Yates2 × 2 Chi-squared test.
Student t-test.
c
Specific IgE to Japanese cedar pollen; CAP-RAST raw value
[kAU/L], mean.
d
Number of subjects with specific IgE of at least CAP-RAST
class 2.
e
2 × 2 Chi-squared test.
f
Fisher exact probability.
b
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season (Fig. 2A). QOL-symptom and total QOL scores were
also significantly ameliorated in the SLIT group compared to
those in the placebo group in the middle of the 2008 pollen
season (Fig. 2B).
There were no severe adverse events that required a
patient to withdraw from the study; however, some subjects
reported adverse events of mild discomfort: six of grade 2
(oral pruritus: 2; gingivostomatitis: 2; asthma: 1; rash in
nasal cavity: 1) in the SLIT group (6/51; 11.8%); and one of
grade 1 (bitter taste) in the placebo group (1/37; 2.7%).

3.2. Immunoglobulin production
There were no significant differences in Cry j 1-specific IgE
and IgG4 production between patients in the SLIT and
placebo groups before treatment, or before and after the
pollen seasons. The SLIT group was divided into subgroups
based on the SMS in the 2008 peak pollen season: a mild
subgroup with SMS ≤ 4 (classified as responders; N = 28) and a
severe subgroup with SMS N4 (non-responders; N = 23). IgE

14

SMS in 2008 peak pollen season

SMS in 2007 peak pollen season

(A)

12
10
8
6
4
2
0

Act.

*

14
12
10
8

2
0

Act.

Total QOL score

QOL-symptom score

80

25
20
15
10

Plc.

**

60

40

20

5
0

0
Act.

Plc.

IL2, IL5, and IL13 levels were analyzed in the culture
supernatant. The number of IL4-producing cells was measured by ELISPOT because IL4 was undetectable in the
supernatant. There were no significant differences between
the SLIT and placebo groups in the production of each
cytokine following stimulation with Cry j 1 (Fig. 3A). IL5 was
significantly increased after the pollen season in all groups
(P b 0.05; Wilcoxon t-test), and the IL2 and IL13 levels and
the number of IL4-producing cells were significantly
increased after the pollen season in the SLIT and placebo
groups and in the severe subgroup (P b 0.05; Wilcoxon t-test).
Patients in the mild subgroup (responder to SLIT) did not
show significant increase of IL2 and IL13 or of IL4-producing
cells after the pollen season (P = N.S.; Wilcoxon t-test). The
increases in the number of IL4-producing cells and IL5 level
after the pollen season in the mild subgroup were significantly
less than those in the severe subgroup (non-responders) and
the placebo group. The increase of IL13 in the mild subgroup
was significantly less than that in the severe subgroup and
showed a tendency to be attenuated compared with the
placebo group (P = N.S.; Mann–Whitney U-test). The increase
of IL2 in the mild subgroup was significantly less than that in
the placebo group (P b 0.05) and showed a tendency to be
attenuated compared with the severe subgroup (P = 0.053;
Mann–Whitney U-test, Fig. 3B).

3.4. Prognostic biomarkers for clinical effects

4

Plc.

*

3.3. Cry j 1-specific cytokine production

6

(B)
30

and IgG4 production in patients in the mild subgroup were
both similar to those in patients in the severe subgroup and in
the placebo group at various time points (data not shown).

Act.

Plc.

Figure 2 Clinical scores after 2-year SLIT. (A) Average daily
symptom-medication scores (SMS) in the SLIT (Act.; N = 51) and
placebo (Plc.; N = 37) groups in the 2007 and 2008 peak pollen
seasons. (B) QOL-symptom and total QOL scores from the QOL
questionnaire were plotted for the SLIT (Act.; N = 51) and placebo
(Plc.; N = 37) groups in the middle of the 2008 pollen season. Each
diamond shows a value for an individual. Two-group comparisons
were performed using an unpaired Student t-test. *P b 0.05,
**P b 0.01.

The average ratio of Japanese cedar pollen-specific IgE to
total IgE (sIgE/tIgE ratio) in all patients in the study was
0.193 before treatment. The SLIT group was divided into
subgroups with a sIgE/tIgE ratio ≤ 0.19 (low, N = 28) and
N 0.19 (high, N = 23) before treatment. Similar subgroups
were established in the placebo group. The SMS in the 2008
peak pollen season for the low subgroup was significantly
improved compared to that in the high subgroup in the SLIT
group (P = 0.02; Mann–Whitney U-test); however, in the
placebo group, the low and high subgroups had comparable
SMSs (P = N.S.; Mann–Whitney U-test, Fig. 4A). Furthermore,
the SMS was correlated with the sIgE/tIgE ratio in the SLIT
group (Rs = 0.39, P b 0.01; Spearman correlation analysis), but
not in the placebo group (Rs = 0.08, P = N.S.; Spearman
correlation analysis, Fig. 4B).

3.5. Upregulation of Cry j 1-iTreg levels as a
response monitoring biomarker
A population of IL10+Foxp3+ cells in CD25+CD4+ leukocytes
was evaluated as a potential marker for iTreg after
stimulation with Cry j 1 or medium only before and
after the pollen season in 2008. Neither the changes in Cry
j 1-iTreg levels after stimulation with and without Cry j 1 nor
the upregulation of Cry j 1-iTreg from pre- to post-pollen
season differed significantly different between the groups
(data not shown).
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We previously reported that upregulation of Cry j 1-iTreg
is a candidate biomarker that may distinguish SLIT responders from non-responders based on QOL-symptom scores [6].
Therefore, we divided the SLIT group into subgroups based
on an increase (N = 24) or decrease (N = 27) in Cry j 1-iTreg
levels from before to after the pollen season in 2008. QOLsymptom and total QOL scores in the increased iTreg
subgroup significantly improved compared with those in
the placebo group. In contrast, the scores in the decreased
iTreg subgroup were similar to those in the placebo group
(Fig. 4C).

3.6. Carry-over effects in the year after treatment
A total of 63 patients completed a pollinosis-symptom diary
during the 2009 pollen season; 1 year after the 2-year SLIT

treatment (Fig. 1). All participants remained blinded to their
treatment with SLIT or a placebo. The SMS in the peak pollen
season in 2009 (February 15 to March 6) in the SLIT group
(N = 36) was significantly attenuated compared to the
placebo group (N = 27, P = 0.03). The average SMSs for the
SLIT and placebo groups were 3.5 and 4.5, respectively, in
the peak pollen season (Fig. 5).

4. Discussion
The primary endpoint of this randomized DBPC trial was the
therapeutic effect evaluated in ITT analysis. No significant
positive effect was observed between the SLIT and placebo
groups after exchanging the perceived improvement of
patients who dropped out with each median score from the
counter group. In OT analysis, the SMS in the SLIT group was
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Figure 3 Cytokine production from PBMCs. (A) Number of Cry j 1-specific IL4-producing cells and Cry j 1-specific cytokine levels in
the SLIT group (A; N = 51), the mild subgroup of the SLIT group (M; N = 28), the severe subgroup of the SLIT group (S; N = 23), and the
placebo group (P; N = 37) at before and after the 2008 pollen season. Comparisons with a significant difference are indicated as * and **;
otherwise, comparisons are not significantly different (P = N.S.). (B) Increases in the number of Cry j 1-specific IL4-producing cells and
Cry j 1-specific cytokine levels occurred from before to after the 2008 pollen season in the SLIT group (Act.; N = 51), the mild subgroup
of the SLIT group (Mild; N = 28), the severe subgroup of the SLIT group (Sev.; N = 23), and the placebo group (Plc.; N = 37). Each diamond
shows the value for an individual. Two-group comparison was performed using a Mann–Whitney U-test. *P b 0.05, **P b 0.01.
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Figure 3 (continued).

significantly ameliorated compared to the placebo group in
2008. The percentage of mild subjects (SMS ≤ 4) in the SLIT
group was 28% higher than that in the placebo group (SLIT,
55%; placebo, 27%), and the SMS was reduced by approximately 21% in the SLIT group compared with the placebo
group (SLIT, 4.2; placebo, 5.3). This percentage of mild
subjects differ significantly between the SLIT and placebo
groups (P = 0.009; 2 × 2 Chi-squared test). These effects
following 2-year treatment were comparable to those in a
trial of 1-year daily treatment using grass pollen tablets [12].
The low dose of the extract (about 1/40th of that used in
Europe) may be one reason for the poor clinical outcome in
the first year [13]. An extract of concentration N 2000 JAU is
not available for clinical use in Japan, and the clinical
effects, safety, and optimum schedule for administration of
an extract with a much higher allergen concentration remain
unclear.
Positive clinical therapeutic effects were not obtained
following 1-year treatment in our study, even in OT analysis

(data not shown). In contrast, two previous reports demonstrated positive therapeutic effects after 1-year SLIT for
Japanese cedar pollinosis [3,4]. However, in these studies,
the annual pollen count (1154 grains/cm2/season) [3] was
less than in our study, and daily SMS was significantly
attenuated on only 4 days in the pollen season [4]. The
severity of SMS is affected by the amount of Japanese cedar
pollen in the total and peak pollen season. Natural resolution
and tolerance are not usually induced by natural exposure to
Japanese cedar pollen, regardless of the amount of pollen
[14].
Whether there are detectable alterations in peripheral
T-cell responses after specific immunotherapy is still under
debate [15–18]. The Cry j 1-specific cytokine profile from the
SLIT group did not differ significantly from that in the placebo
group. However, the increases in IL2, IL4, IL5, and IL13
production in the mild subgroup in the SLIT group were
significantly attenuated (or showed a tendency to be
attenuated) compared to the severe subgroup and the placebo
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Figure 4 Biomarkers for positive therapeutic effects following SLIT. (A) SMSs in the 2008 peak pollen season for patients with low
(low; N = 28) and high (high; N = 23) sIgE/tIgE ratios in the SLIT group (Act.), and for those with low (N = 25) and high (N = 12) sIgE/tIgE
ratios in the placebo group (Plc.). *P b 0.05. (B) Correlation between SMSs in the 2008 peak pollen season and sIgE/tIgE ratios before
treatment in the SLIT (Act.; N = 51) and placebo (Plc.; N = 37) groups. Statistical data were obtained with Spearman correlation
analysis. (C) QOL-symptom and total QOL scores from the QOL questionnaire plotted for a subgroup with increased Cry j 1-iTreg in the
SLIT group (Inc.; N = 24), a subgroup with decreased Cry j 1-iTreg in the SLIT group (Dec.; N = 27), and the placebo group (Plc.; N = 37) in
the middle of the 2008 pollen season. Each diamond shows the value for an individual. *P b 0.05, **P b 0.01.

group (Fig. 3B). The SMS in all patients in the study correlated
with the seasonal increases in IL4 (R = 0.35, P b 0.01), IL5
(R = 0.35, P b 0.01), and IL13 (R = 0.36, P b 0.01). The discrepancy in our current results and the results of previous studies
with regard to downregulation of cytokine production from
PBMCs may depend on the extent of the therapeutic effects
achieved in each clinical trial.
Cry j 1-specific IgE production was not changed by
treatment, even in the mild subgroup, as also found in our
preliminary study [6]. We speculate that more time is
required for changing antibody production following the
changes of antigen-specific T cell profiles, because the
alteration of T cell profiles strongly influences subsequent
class switch recombination of B cells and antibody produc-
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tion. Another possibility is that the dose for SLIT used in this
study was not high enough to alter the antibody profiles.
The sIgE/tIgE ratio has been found to be significantly higher
in responders than in non-responders following 4-year immunotherapy [19]. In our trial, this ratio did not differ significantly
between responders and non-responders (P = N.S.; Mann–
Whitney U-test). However, subjects with a low sIgE/tIgE ratio
before treatment were more likely to be responders to 2-year
SLIT, and the ratio correlated with the SMS only in patients
treated with SLIT (Fig. 4A, B). This suggests that SLIT was more
effective in patients with a low sIgE/tIgE ratio than in those
with a high sIgE/tIgE ratio. The range of total IgE levels for the
participants were relatively wide (6.8–2090 IU/ml in all
patients); however, the change of the total IgE for each
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Biomarkers for the clinical effects of SLIT

Figure 5 Carry-over effects following 2-year treatment with
SLIT. SMSs in the 2009 peak pollen season were plotted for the
SLIT (Act.; N = 36) and placebo (Plc.; N = 27) groups. Each
diamond shows the value for an individual. Two-group comparisons were performed using an unpaired t-test.

individuals after 2-year treatment was not significantly
different compared to before treatment (1.5 ± 1.0 times
higher, P = N.S.; paired t-test). Therefore, the wide range of
total IgE levels was due to the variability on the allergic status
for individuals, but not on method for measurement. The
serum IgE level may affect the surface IgE level on effector
cells such as mast cells and basophils, and Tregs can downregulate activation of mast cells and eosinophils [20,21]. We
speculate that effector cells with a low specific IgE level are
less likely to be activated by antigen crosslinking or are more
susceptible to downregulation by Tregs than those with a high
specific IgE level. It is also possible that the symptoms of
patients with a low sIgE/tIgE ratio may be more readily
attenuated by suboptimal potentiation of iTreg induced by
SLIT.
We previously reported that an increased count of Cry j
1-iTregs was a candidate biomarker that could be used to
distinguish between responders and non-responders to SLIT, as
evaluated by the QOL-symptom score. In this report, the
subgroup with increased Cry j 1-iTregs showed significant
amelioration of the QOL-symptom and total QOL scores
compared to the placebo group, while the subgroup with
decreased Cry j 1-iTregs did not show this response (Fig. 4C).
However, there was no significant difference in Cry j 1-specific
cytokine production from PBMCs among patients with increased
iTregs and decreased iTregs, and those in the placebo group
(data not shown). Foxp3-expressing CD25+CD3+ cells and IL10expressing CD3+ cells, which are induced in the nasal mucosa
after subcutaneous immunotherapy, have been linked to the
clinical efficacy and suppression of seasonal inflammation
[22]. Immunotherapy using an Amb a 1-immunostimulatory
oligodeoxynucleotide conjugate also induced CD4+CD25+ T cells
and IL10-producing cells in the nasal mucosa after the pollen
season [23]. These data suggest that iTregs may downregulate
effector cells at local sites of inflammation to suppress clinical
symptoms. Induction of iTregs in the nasal mucosa and
functional analysis of these cells may be necessary to determine
the regulatory mechanisms affected by SLIT. Mucosal biopsy in
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the peak pollen season is useful for evaluation of local induction
of iTregs and downregulation of effector cells. However, nasal
biopsy in the pollen season significantly influences the daily SMS
in the peak pollen season. Mucosal biopsy outside the pollen
season after exposure using an artificial pollen chamber may be
a powerful tool for evaluation of local regulatory mechanisms
induced by SLIT [24]. Upregulation of iTregs in nasal mucosa
may be difficult to determine since the evaluation may be
painful for patients. However, upregulation of iTregs in
peripheral blood is simple to analyze and may be a useful
biomarker because an increase of peripheral Cry j 1-iTregs is
correlated with QOL and QOL-symptom scores in the pollen
season, as discussed here and elsewhere [6].
Cry j 1-specific IgG4 production was not induced by SLIT in
this study to the same extent as that in our previous study
[6]. A clinical trial showing that daily 2500 SQ-T (14 μg Phl p 5
per 4 weeks) tablets failed to induce IgG production supports
our current results [13]. A change in the immunoglobulin
profile may require a higher allergen dose or longer duration
of exposure. However, our study suggests that detectable
quantitative changes in IgG4 are not essential for the
amelioration of clinical symptoms.
In summary, we suggest that the sIgE/tIgE ratio and
upregulation of iTregs may be considered as prognostic and
response monitoring biomarkers, respectively, for SLIT.
However, further investigation of induction of iTregs at
local inflammatory sites and downregulation of inflammatory cells is needed. Furthermore, validation studies with
larger sample size would be required before either biomarkers should be applied widely in the clinical management of
pollinosis patients. Development of a more effective vaccine
and better protocols may reveal more significant differences
in the Cry j 1-specific cytokine profiles and iTreg induction,
and these results may increase our understanding of the roles
of iTregs or Tr1 in the therapeutic mechanisms underlying
the efficacy of SLIT.
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a b s t r a c t
As IgE plays a pivotal role in type I hypersensitivity-mediated allergic diseases, it is valuable
to measure absolute quantity of serum antigen-speciﬁc IgE for clinical and research purposes. Here we describe a novel ELISA system that enables quantiﬁcation of antigen-speciﬁc
IgE in ng/ml in dogs. A newly developed monoclonal antibody (CRE-DM) was shown to recognize canine and mouse IgE equally in a dose dependent manner, but it did not recognize
canine IgG. The reactivity of CRE-DM to canine IgE was also conﬁrmed by an inhibition
ELISA using canine IgE as an inhibitor and the maximum inhibition rate was 91.3%. In order
to know whether canine IgE speciﬁc to an allergen could be quantitatively measured with
an ELISA using CRE-DM, we established a quantitative ELISA that could measure canine IgE
recognizing Cry j 1, one of the major allergens of Japanese cedar pollen. In this ELISA, a
standard curve was created by using concentration-predetermined Cry j 1-speciﬁc monoclonal mouse IgE. According to the standard curve, the concentration of Cry j 1-speciﬁc IgE
in dogs that were experimentally sensitized to Japanese cedar pollen could be calculated
and determined in ng/ml. The speciﬁcity of the Cry j 1-speciﬁc IgE ELISA using CRE-DM was
also conﬁrmed by inhibition ELISA using canine IgE as an inhibitor and the inhibition rate
was 97.0%. Reproducibility of the ELISA in three independent assays was determined using
groups of pooled canine sera whose Cry j 1-IgE titers ranged from 155.9 to 888.2 ng/ml.
Intra- and inter-assay reproducibility was determined with coefﬁcient of variation ranging
between 3.1–5.2% and 2.2–8.0%, respectively. These results demonstrated that the ELISA
utilizing CRE-DM was a speciﬁc, reliable and robust new laboratory test that could quantify
absolute amount of antigen-speciﬁc IgE in canine serum. The ELISA will serve as a useful
tool in the clinics to evaluate the change of serum IgE titers during anti-allergic treatments
as well as during seasonal ﬂuctuation of allergen exposure.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
∗ Corresponding author. Tel.: +81 042 770 9437; fax: +81 042 770 9438.
E-mail address: masuda@aacl.co.jp (K. Masuda).

IgE plays a pivotal role in provoking IgE-mediated allergic reaction and inducing various allergic diseases such
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the amount of IgE in the tested serum. The intensity of signals is further converted into units, scores or grades that are
deﬁned by each laboratory and reported to the clinicians.
Because the reference reagents and the data processing
platforms used in the tests differ for each laboratory, it
is difﬁcult to compare results among the different laboratories. Also the results must be regarded as qualitative or
semi-quantitative because the results are not given in an
absolute quantiﬁcation such as in ng/ml but in comparative
scales. Moreover, there have been continuous debates until
now on how to interpret and link the serum IgE test results
with clinical ﬁndings (DeBoer and Hillier, 2001b; Zur et al.,
2002). For these reasons, a truly quantitative serum IgE test
has been sought.
In basic immunological research utilizing mice, there
are a number of reports that utilize ELISAs which are able
to quantify allergen-speciﬁc mouse IgE in g/ml. In these
ELISAs, anti-mouse IgE antibodies are used for the detection of IgE and pre-quantiﬁed allergen-speciﬁc monoclonal
mouse IgEs are used to create standard curves. Then, the
concentrations of allergen-speciﬁc IgE in mouse sera are
calculated according to the standard curves. For instance,
a quantitative ELISA system for ovalbumin (OVA)-speciﬁc
mouse IgE was established with a monoclonal mouse IgE
recognizing OVA and used to detect the serum titer of OVAspeciﬁc IgE at g/ml in mice (Hamada et al., 2003). As in
dogs, monoclonal canine IgE speciﬁc to ﬁlarial antigen has
been developed and reported (Gebhard et al., 1995). However, the IgE described in the literature can only be used
as a standard reference to measure the worm-speciﬁc IgE,
which seems to have little use in allergy testing. In order
to establish an ELISA for the measurement of allergen speciﬁc IgE in dogs by such systems, it is required to establish
monoclonal canine IgE for each allergen to be tested, which
seems to be difﬁcult to achieve.
To overcome these issues, we attempted to establish a
novel ELISA system that could measure the absolute quantity of antigen-speciﬁc serum IgE in dogs by using a newly
developed anti-IgE antibody that cross reacts equally to
IgEs of dog and mouse (CRE-DM). A monoclonal mouse IgE
speciﬁc to Cry j 1, one of the major allergens of Japanese
cedar pollen, was used as a reference standard to quantify
Cry j 1-speciﬁc IgE in canine sera. This is the ﬁrst report to
demonstrate the method of an absolute quantiﬁcation of
allergen-speciﬁc IgE in ng/ml scale in canine sera.

as canine atopic dermatitis (AD) and cutaneous adverse
food reactions in dogs. The relationship between IgE and
allergic diseases has been extensively investigated in dogs.
Allergen-speciﬁc IgE has been known to initiate degranulation of the basophils in the skin of experimental ﬂea allergy
model dogs (Halliwell and Schemmer, 1987). It was also
shown that the basophils of the peripheral blood of dogs
with AD (Masuda et al., 2000) and food allergy (Ishida et al.,
2003) are initiated to release histamines through antigenIgE mediated stimulation. The serum titer of Japanese cedar
pollen was reported to ﬂuctuate in parallel to the manifestation of allergy-related clinical signs and the pollination
season (Masuda et al., 2002). An oral exposure to food antigens in dogs with food allergy induced clinical signs, which
were accompanied by the increase of allergen-speciﬁc IgE
in the sera (Jackson et al., 2003). Because of the accumulating evidence suggesting the involvement of IgE in the
pathogenesis of IgE-mediated allergic diseases in dogs, it
is becoming quite important to detect allergen-speciﬁc
IgE in clinical cases of canine AD and food allergy for
diagnosis and therapeutic purposes (DeBoer and Hillier,
2001a).
Two major test methods have been used in dogs to
detect allergen-speciﬁc IgE; intradermal test (IDT) and
serum antigen-speciﬁc IgE test (serum IgE test). IDT is
the in vivo test to see whether wheals are formed at the
sites of intradermal injection of allergens. When a positive immediate reaction to an allergen solution is detected
in IDT, it can be concluded that the patient has an IgEmediated hypersensitivity to that allergen, thus supporting
the diagnosis of IgE-mediated allergic disease. IDT has been
popularly used in veterinary practice (Hillier and DeBoer,
2001), but however, there are some limitations for its clinical use. Because of the nature of this test as a qualitative
method, the test results are only obtained as negative or
positive. Therefore, it is difﬁcult for clinicians to understand the magnitude of sensitization and to monitor the
therapeutic efﬁcacies using IDT results. It is also reported
that IDT is prone to false negative results because the sufﬁcient allergen concentrations that give the proper test
results differ from allergen to allergen and from patient to
patient (Hensel et al., 2004). Moreover, IDT is also reported
to exhibit false positive reactions due to sub-clinical hypersensitivity (Pastorello, 1993; Codner and Tinker, 1995). In
addition, because IDT requires particular procedures such
as intradermal injections, antigen preparation and animals
to be immobilized during the test, IDT is inconvenient for
veterinary practitioners who are not specialized in allergic
diseases to perform as a routine clinical test.
Serum IgE tests have been developed during the last
three decades in expectation to overcome the limitations
of IDT. Serum IgE tests are the methods to detect allergenspeciﬁc IgE in canine sera. Currently in most commercial
tests available in the veterinary ﬁeld, various forms of
ELISAs are utilized as assay systems. For the detection of
canine IgE, anti-IgE antibodies or recombinant extracellular segments of the human high afﬁnity IgE receptor
(rhFcRI␣) are used (DeBoer and Hillier, 2001b). The
amount of the detecting reagent bound to IgE is measured
by detecting the signals developed by enzyme-mediated
methods. Thus the generated signals are deemed to reﬂect

2. Materials and methods
2.1. Preparation of anti-IgE mAb cross-reactive to canine
and mouse IgE
Six female rats (Wistar/ST) were all immunized with
20 g of mouse IgE (BD Bioscienses, San Jose, CA, USA) and
canine IgE (Bethyl Laboratories, Montgomery, TX, USA) two
times with a 2-week interval. After 4 weeks, the spleen
cells were obtained and fused with a mouse myeloma cell
line, X63Ag8.653. A hybridoma cell clone that produced an
antibody reacting with canine and mouse IgE in the culture supernatant was selected by direct ELISAs using mouse
IgE or canine IgE as antigens. The cell clone was expanded
and injected intraperitoneously into rats (Wistar/ST) and
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To obtain serum of various titers of IgE to Cry j 1, four
Maltese-beagle atopic (MBA) dogs were sensitized with
Cry j 1 with a combination of intraperitoneal and epicutaneous antigen stimulations. Dogs ﬁrst received two
intraperitoneal injections of 200 g of a mixture of Cry
j 1 and 2 (ratio: 5:2). Dogs were further sensitized with
additional epicutaneous applications of 200 g of crude
Japanese cedar pollen in mineral oil, with or without tape
stripping, on a weekly to monthly basis depending on their
allergen-speciﬁc IgE serum levels. The serum samples were
collected at several time points before and after the sensitization procedure. Successful sensitization was conﬁrmed
by the positive reactions to Cry j 1 in IDT, which showed
wheal formation comparable to that of the histamine positive control. The sera were used for the quantiﬁcation
of serum Cry j 1-speciﬁc IgE pre- and post-sensitization
and for determining the reproducibility of the Cry j 1speciﬁc IgE ELISA utilizing CRE-DM. All aspects of the
study were approved beforehand by North Carolina State
University Institutional Animal Care and Use Committee
(IACUC).

ascites was obtained 6 months after the injection. From
the ascites, rat IgG was puriﬁed with ammonium sulfate
precipitation and biotinylated with a kit (EZ-Link, Pierce
Biotechnology, Rockford, IL, USA). The IgG concentration
was determined with a spectrophotometer at 280 nm. This
anti-IgE antibody was supposed to be cross-reactive to IgEs
of dog and mouse, thus the antibody was named CRE-DM.
All aspects of this experiment were approved by Animal
Care and Use Committee of Zenoaq Nippon Zenyaku Kogyo
Co., Ltd. (Zenoaq, Fukushima, Japan).
2.2. Evaluation of the reactivity and the speciﬁcity of
CRE-DM
Reactivity of the CRE-DM to canine IgE, canine IgG and
mouse IgE were evaluated by ELISA using biotinylated CREDM as a detecting antibody. The microwells were coated
with various concentrations ranging from 1 to 100 ng/ml
of canine IgE (Bethyl Laboratories), canine IgG (Rockland
Immunochemicals, Inc. Gilbertsville, PA, USA), or mouse IgE
(BD Bioscienses). The wells were blocked with 1% gelatin
in PBS for 2 h at room temperature. After washing three
times with PBST, 100 l of 0.5 g/ml biotinylated CREDM diluted in dilution buffer (1% gelatin in PBST) was
added to each well. After 2-h incubation at room temperature, the wells were washed three times with PBST
and 100 l of 0.05 U/ml Streptavidin-beta-Gal conjugate
(Roche Diagnostics GmbH, Penzberg Germany) in dilution
buffer was added to each well and incubated for 2 h at room
temperature. The wells were then washed three times
with PBST and 100 l of 0.1 mM 4-methylumbelliferyl ␤d-galactopyranoside (4MU, Sigma–Aldrich, Saint Louis, MS,
USA) in reaction buffer (0.1% gelatin, 0.1 M NaCl and 1 mM
MgCl2 in phosphate buffer, pH 7.4) was added. Following 1-h incubation at room temperature, 100 l of stop
solution (0.25 M Na2 CO3 ) was added and detected with
microplate reader Gemini XPS (Molecular Devices, Sunnyvale, CA, USA). The data were analyzed using Softmax Pro
(Molecular Devices). In the inhibition ELISA assay, which
aims to qualify the speciﬁcity of the reaction, biotinylated
CRE-DM was pre-incubated overnight at 4 ◦ C with various
amounts of canine IgE, and the assays were performed similarly as described above.

2.4. Determination of the optimal dilution rate for the
dog serum sample
To address an issue that IgGs in the serum that share
reactive antigens with IgEs could possibly inﬂuence the
reactions between antigens and IgEs in the ELISA, it was
considered essential to use the appropriate serum dilution rate to measure antigen-speciﬁc IgE in the serum. To
determine the optimal dilution rate for serum samples,
high Cry j 1-IgE titer serum described above was diluted
to various dilution rates ranging from 10 to 100,000 and
used in the ELISA. Because the dog was intensely immunized so as to produce large amounts of antibodies, the
sample was considered to contain large amounts of IgGs
speciﬁc for Cry j 1 as well, which should well exceed
the amount of IgGs that could possibly be produced in
the spontaneous sensitization to the allergen. From these
reasons we used this serum as a representative sample.
A serum of healthy beagle, obtained from Zenoaq, was
diluted simultaneously and used in the assay to serve as
a blank control for each dilution rates. Microwells were
coated with 100 l of 1 g/ml Cry j 1 (Hayashibara Biochemical Labs., Inc., Okayama, Japan). Wells were blocked
with 1% gelatin PBS for 2 h at room temperature and then
washed three times with PBST. Then the diluted samples
were applied to wells and incubated overnight at 4 ◦ C.
After washing three times with PBST, 100 l of biotinylated CRE-DM in dilution buffer was added to each well.
The rest of the procedure was carried out as described
above.

2.3. Serum samples from experimentally sensitized dogs
To obtain high titer serum used for the measurement
and inhibition experiments in Cry j 1-speciﬁc IgE ELISA,
a dog was experimentally sensitized to Japanese cedar
pollen. The sensitization procedure was carried out as
previously described (Yamashita et al., 2000). A dog was
maintained and the experiment was carried out at Zenoaq.
Brieﬂy, a healthy beagle was subcutaneously injected twice
at 2-week interval with 100 g of Japanese cedar pollen
antigen in 3 ml of saline-emulsiﬁed alum. Two weeks after
the second injection, production of IgE to Japanese cedar
pollen antigen was conﬁrmed by IDT (data not shown),
and serum sample was collected. All aspects of this experiment were approved by Animal Care and Use Committee
of Zenoaq.

2.5. Quantiﬁcation of Cry j 1-speciﬁc IgE in canine serum
To determine whether canine IgE speciﬁc to an allergen could be quantitatively measured with an ELISA using
CRE-DM and Cry j 1-speciﬁc monoclonal mouse IgE, we
performed a quantitative ELISA speciﬁc for canine IgE to
Cry j 1. Microwells were coated with 100 l of 1 g/ml
Cry j 1 (Hayashibara Biochemical Labs., Inc.). Wells were
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blocked with 1% gelatin PBS for 2 h at room temperature
and then washed three times with PBST. Sera from clinical cases were diluted 1:1000 in dilution buffer and 100 l
were applied to microwells. To create a standard curve,
anti-Cry j 1 monoclonal mouse IgE was obtained by a standard method to be used as a standard reference. Brieﬂy,
BALB/c mice were immunized twice in a week interval with
5 g of Cry j 1 and 2 mg of alum per mouse. Three days after
the last immunization, the mice were sacriﬁced and their
splenic cells were fused with P3U1 myeloma cells at 3:1
ratio with polyethylene glycol 4000 (Wako Pure Chemical
Industries, Osaka, Japan). The fused cells were seeded in
96 well ﬂat bottom plate at the concentration of 6 × 104
cells per well (splenic cells) and cultured in HAT selection
medium (complete RPMI with 10% FCS containing 0.1 mM
hypoxanthine, 0.016 mM thymidine 0.4 nM aminopterin)
for 10 days. The culture supernatants of growing cells were
screened for the presence of mouse IgE with the Cry j 1-IgE
ELISA using anti-mouse IgE monoclonal antibody (Yamasa
Corporation, Chiba, Japan). Finally, a positive clone was
established as a hybridoma secreting IgE speciﬁc to Cry j
1.
Obtained anti-Cry j 1 monoclonal mouse IgE was quantiﬁed with mouse IgE EIA kit (Yamasa Corporation) and
diluted to concentrations ranging 0.156–10 ng/ml and
100 l of each solution was applied to wells of ELISA plates.
After incubating overnight at 4 ◦ C, wells were washed and
100 l of biotinylated CRE-DM diluted in dilution buffer at
0.5 g/ml was added to each well. The rest of the procedure
was carried out as described above. To further investigate
whether CRE-DM could speciﬁcally detect IgE in canine
serum, CRE-DM was incubated beforehand with canine
IgE as an inhibitor for overnight at 4 ◦ C (pre-treated CREDM). Inhibition ELISA was performed similarly as described
above but replacing CRE-DM with the pre-treated CREDM.

Fig. 1. Reactivity of CRE-DM against canine IgE, canine IgG and mouse
IgE. Reactivity of the CRE-DM was evaluated in ELISA by applying the
CRE-DM to the wells coated with canine IgE, canine IgG or mouse IgE.
Resulting signals are plotted as ﬂuorescence unit. Open diamonds, squares
and triangles indicate signals from mouse IgE, canine IgE and canine IgG,
respectively. The result is the representative of three independent experiments which gave similar results.

3. Results
3.1. Reactivity and speciﬁcity of CRE-DM
The reactivity of CRE-DM to IgE was ﬁrst determined
by the direct ELISA. It was shown that the CRE-DM reacted
equally to canine IgE and mouse IgE in a dose dependent
manner (Fig. 1). However, the CRE-DM did not react to
canine IgG. The reactivity was further analyzed by an inhibition ELISA using canine IgE as an inhibitor. When CRE-DM
was pre-incubated with various amounts of canine IgE, the
reaction was obviously reduced. The inhibition rate ranged
from 83.0% to 91.3% with the inhibitor/CRE-DM ratio varying from 0.5 to 10. The maximum reduction was obtained
when the ratio was 10 (Fig. 2). Taken together, the CREDM was considered to react speciﬁcally to canine IgE and
mouse IgE, but not to canine IgG.

2.6. Evaluation of the reproducibility of the ELISA
utilizing CRE-DM
The reproducibility of the ELISA utilizing CRE-DM was
evaluated by comparing results among the wells in three
different plates within an assay (intra-assay) and among
the wells of three independent assays which were performed on different days (inter-assay). Canine sera with
various titers were prepared from the Cry j 1-sensitized
MBA dogs as described above and the concentrations of
Cry j 1-speciﬁc IgE in each serum were determined beforehand with the ELISA using CRE-DM. According to the
concentrations, sera were divided into three groups, high,
intermediate and low. Three serum samples were chosen
from each group and pooled. On each plate the sera of
high, intermediate and low groups were applied to wells.
The ﬁrst assay was carried out with three plates in parallel and the data were used for intra-assay evaluation. The
second and third assays were carried out with one plate
each. For inter-assay evaluation, data from three plates,
each from three independent assays, were collected and
analyzed. Coefﬁcient of variation (CV) was calculated as
(SD/mean) × 100 (%) for each sera group.

3.2. Determination of the optimal dilution rate for the
dog serum sample
To determine the serum dilution rate that is optimal for
the quantiﬁcation of Cry j 1-speciﬁc IgE in the dog serum,
the serum with high IgE titer was diluted into indicated
dilution rates and the ELISA was performed (Fig. 3). As the
result, the ﬂuorescence units and the dilution rates showed
good correlation at the dilution rates between 100,000 and
1000 but plateaued at the dilution rates lower than 300.
This was considered to indicate that the reactions between
the Cry j 1-speciﬁc IgEs and the antigens were inhibited at
the dilution rates <300 possibly due to the inﬂuence of the
Cry j 1-speciﬁc IgGs in the serum that shared antigens with
IgEs. From these results, we concluded that the dilution
rate of 1000 was optimal in the measurement of allergen
speciﬁc IgE in dog sera.
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Fig. 2. Inhibition ELISA using canine IgE as an inhibitor. The CRE-DM was
pre-incubated prior to ELISA with canine IgE to evaluate the speciﬁcity of
the reaction. Resulting signals are plotted as ﬂuorescence units with open
diamonds. Percentages of the reductions are shown in the table. The result
is the representative of three independent experiments that gave similar
results.

Inhibitor

To test whether allergen-speciﬁc IgE in canine serum
could be measured with an ELISA using CRE-DM, Cry j
1-speciﬁc IgE was measured in serum from the dog experimentally sensitized to Japanese cedar pollen. A standard
curve in the ELISA was created by using the concentrationpredetermined monoclonal mouse IgE speciﬁc to Cry j 1. As
a result, Cry j 1-speciﬁc IgE in the serum could be measured
and the concentration was determined as 11951.6 ng/ml.
Furthermore, in order to conﬁrm the speciﬁcity of this
ELISA, an inhibition ELISA was performed with canine IgE
as an inhibitor. When canine IgE was used as an inhibitor,
the concentration of Cry j 1-speciﬁc IgE in the serum was

reduced to 85.1 ng/ml, which indicated that the inhibition
rate was 97.0% (Fig. 4). These data indicated that the reactivity of CRE-DM to canine IgE was maintained in the ELISA
for canine serum as samples and allergen-speciﬁc IgE concentration in dog serum could be measured. To further
conﬁrm that serum antigen-speciﬁc IgE could be measured
in other dog serum samples with different sensitization statuses, we measured the concentrations of Cry j 1-speciﬁc
IgE in MBA dogs during pre- and post-sensitization with
Cry j 1 (Table 1). The results clearly demonstrated that
Cry j 1-speciﬁc IgE concentrations increased from nearly
undetectable levels before the sensitization to high concentrations such as 544.8–1852.5 ng/ml after the sensitization.
From these results, it was concluded that the ELISA utilizing
CRE-DM could be used to measure allergen-speciﬁc IgE in
the serum of dogs hypersensitive to Japanese cedar major
allergens.

100000

Fluorescence units

(+)

Fig. 4. Cry j 1-speciﬁc ELISA utilizing CRE-DM in canine serum samples.
The absolute concentration of Cry j 1-speciﬁc IgE in canine sera was
analyzed. Measurement of Cry j 1-speciﬁc IgE in a dog experimentally
sensitized to Japanese cedar pollen. Also, the speciﬁcity of the ELISA was
evaluated by pre incubating CRE-DM with canine IgE as an inhibitor. Inhibition rates are indicated in the ﬁgure. The result is the representative of
two independent experiments that gave similar results.

3.3. Quantiﬁcation of Cry j 1-speciﬁc IgE in canine serum
samples

10000

3.4. Reproducibility of the Cry j 1-speciﬁc IgE ELISA
utilizing CRE-DM
Using sera from MBA dogs experimentally sensitized to
Cry j 1, the reliability of the Cry j 1-speciﬁc IgE ELISA was
determined by evaluating the reproducibility of the values in pooled sera with the high, intermediate, and low

1000

100
100000

(-)

10000

1000

100

10

Table 1
Cry j 1-speciﬁc IgE concentration in MBA dogs sensitized with Cry j 1.

1

Dilution factor

Dog no.

Fig. 3. Determination of the optimal dilution rate for the dog serum sample. The dog serum with high Cry j 1-speciﬁc IgE was diluted at various
dilution rates as indicated. The resulting signals from each dilution rates
are indicated as ﬂuorescence units and plotted with solid diamonds. The
result is the representative of two independent experiments that gave
similar results.

1
2
3
4
a

147

Pre-sensitization (ng/ml)
15.6
naa
0
0

Post-sensitization (ng/ml)
1852.5
1513.4
613.1
544.8

Not applicable due to a failure in sample collection.
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Table 2
Reproducibility of the Cry j 1-speciﬁc IgE ELISA utilizing CRE-DM.
Comparison

Groups

Data1 (ng/ml)

Data2 (ng/ml)

Data3 (ng/ml)

Mean (ng/ml)

CV (%)

Intra-assay

Low
Intermediate
High

155.9
413.4
841.3

172.2
391.2
888.2

168.7
388.5
841.9

165.6
397.7
857.1

5.2
3.4
3.1

Inter-assay

Low
Intermediate
High

172.2
391.2
888.2

156.0
411.6
887.4

180.0
456.5
854.2

169.4
419.8
876.6

7.2
8.0
2.2

so far is against ﬁlarial antigen (Gebhard et al., 1995).
Alternatively, the pooled serum of clinical cases sensitized
to an allergen such as Japanese cedar pollen has been
used as a reference in a comparative measurement ELISA
whose test results were expressed at units/ml (Masuda
et al., 2000). However, in a comparative measurement
ELISA, the results must be considered as semi-quantitative
and, as a drawback of this method, results cannot be
compared among different allergens since the references
must differ from assay to assay. In contrast, allergenspeciﬁc mouse IgE measurement has been implemented for
different allergens by establishing pre-quantiﬁed allergenspeciﬁc monoclonal mouse IgE as reference standards
for each allergen (Hamada et al., 2003). Therefore, the
results could be expressed in, for example, g/ml, which
enables the comparison of the amount of allergen-speciﬁc
IgE among different allergens. With this information, we
conceived the objective that we could measure canine
allergen-speciﬁc IgE by using allergen speciﬁc mouse IgE
as a reference standard if we had an antibody that could
cross-react to both canine and mouse IgE. Therefore, it was
a great advantage to obtain an anti-IgE antibody, CRE-DM,
which was proven to recognize both canine and mouse
IgE in a dose dependent manner. In fact, we could quantify Cry j 1-speciﬁc IgE in canine sera at ng/ml by using
Cry j 1-speciﬁc monoclonal mouse IgE as a reference standard in this study. The established method in this study
can be applied to other allergen-speciﬁc IgE ELISAs by creating pre-quantiﬁed allergen-speciﬁc mouse IgE to various
allergens. For this purpose, we are currently working on to
expand the test system to measure allergen-speciﬁc canine
IgE to various allergens by establishing reference standards
using mouse sera sensitized with different allergens. With
such a multi-allergen quantiﬁcation system, it will become
possible to compare the exact amount of allergen-speciﬁc
IgEs among the different allergens in dogs. Since serum IgE
levels have been shown to increase and decrease in parallel
to allergen exposure (Masuda et al., 2002; Horiguchi et al.,
2008), it will become possible to estimate the exposure levels of each allergen at the tested time point by comparing
the serum IgE levels among allergens.
We conclude that the results obtained from the anti-Cry
j 1 IgE ELISA were reliable since the dispersion of the results
obtained by this assay had low CV (3.1–5.2% and 2.2–8.0%
in intra- and inter-assay comparisons, respectively). These
CV values are low compared to those in a previous report
(Lee et al., 2009), which was considered to demonstrate
the reliability of this assay. With such a low inter-assay
variance among the results, this ELISA could be an appropriate test to monitor the possible seasonal ﬂuctuation of
serum allergen-speciﬁc IgE in dogs, since the amounts of

concentrations of Cry j 1-speciﬁc IgE in three independent experiments. As the results, the intra-assay CV was
found to be 5.3%, 3.4% and 3.1% in the pooled sera of low,
intermediate and high IgE groups, respectively. Likewise,
the inter-assay CV was 7.2%, 8.0% and 2.2% in the pooled
sera of low, intermediate and high IgE groups, respectively
(Table 2). These results indicated that the values obtained
with the Cry j 1-speciﬁc IgE ELISA in this study were highly
reproducible and reliable.
4. Discussion
In order to measure an absolute concentration of
allergen-speciﬁc IgE in canine sera, it is necessary to use
a monoclonal antibody that is highly speciﬁc to canine
IgE. Since there are an excess amount of IgG which share
reactive antigen with IgE in the serum (Hill et al., 1995),
and that IgE and IgG have high similarities (Patel et al.,
1995), IgE measurement will be inﬂuenced if the anti-IgE
antibody used in the measurement can cross-react to IgG
even at a low level. Therefore, an anti-IgE antibody used
in the detection of IgE must be highly speciﬁc to IgE and
required to be conﬁrmed by proper assays so that the antibody does not react to IgG. We ﬁrst examined the reactivity
of the anti-IgE antibody, CRE-DM, especially focusing on
the reactivity to canine IgE and IgG. In our study, it was
shown that CRE-DM reacted speciﬁcally to puriﬁed canine
IgE and mouse IgE in a dose dependent manner, but not to
canine IgG, which was further conﬁrmed by the inhibition
ELISA. The speciﬁcity of CRE-DM was also conﬁrmed in the
ELISA for canine antigen-speciﬁc IgE using the serum of an
experimentally sensitized dog. Unlike in the other previous
studies that evaluated the reactivity of anti-IgE antibody or
rhFcRI␣ to canine IgE only by heating the serum at 56 ◦ C
(Stedman et al., 2001; Lee et al., 2009), we could obtain
direct evidence that veriﬁed the reactivity of CRE-DM by
the combination of ELISA and inhibition ELISA experiments.
Also, in a currently ongoing study, we could determine the
linear epitope sequence that is recognized by CRE-DM. CREDM was found to recognize an epitope located in the CH3
regions of dog and mouse IgEs that showed high amino acid
sequence similarity between both species (Tsukui T., et al.,
article in preparation). Furthermore, the identical sequence
was not found in the amino acid sequence of dog IgG.
According to these results, it was concluded that the ELISA
using CRE-DM was highly speciﬁc for the measurement of
canine IgE.
To measure an allergen-speciﬁc IgE by a quantitative
ELISA, pre-quantiﬁed allergen-speciﬁc IgE is required as
the reference standard for each allergen to be tested. However, the only puriﬁed canine allergen-speciﬁc IgE reported

148

Author's personal copy
T. Okayama et al. / Veterinary Immunology and Immunopathology 139 (2011) 99–106

105

To summarize, we have established a novel ELISA system for the quantitative measurement of allergen-speciﬁc
IgE in ng/ml in dogs. As we could demonstrate the reliability of the ELISA utilizing CRE-DM, we are aiming at
the implementation of CRE-DM in multi-allergen IgE test,
which might possibly become a standard allergy test. Since
the concept of the quantitative measurement of serum
allergen-speciﬁc IgE by ELISA utilizing CRE-DM can be further applied not only to dogs but also to other animal
species including humans, the ELISA has a potential to be
expanded to IgE testing in various species. In the future,
comparison of the results on a same scale from medical, veterinary and experimental allergy model studies
should enhance the understanding of the pathophysiological mechanism of IgE-mediated allergic diseases.

serum allergen-speciﬁc IgE in dogs were reported to ﬂuctuate depending on seasonal allergen exposure (Masuda
et al., 2002; Horiguchi et al., 2008). By monitoring the
ﬂuctuations of IgE to seasonal environmental allergens,
it is possible to understand which environmental allergen might be associated with the manifestation of clinical
signs in each patient at certain time points. This should
aid clinicians to deﬁne more accurate therapeutic strategies by determining the speciﬁc target allergens at each
time point. Another possible application of this ELISA is
the evaluation of treatment effect of anti-allergic drugs,
allergen avoidance and allergen immunotherapy. Efﬁcacies
of the therapies can be evaluated by comparing allergenspeciﬁc IgE concentrations before and after treatment (van
Halteren et al., 1997; Takagi et al., 2005), which will serve
as a valuable tool to evaluate the proof of concept of
novel therapies under investigation. The other advantage
of a quantitative system is the possible introduction of a
standardization system by using pre-quantiﬁed reference
standard as a universal calibrator. It will be beneﬁcial for
veterinarians and pet owners if the test results become able
to be compared among different tests and the consistency
of the test results are validated by a proper standardization
program (DeBoer and Hillier, 2001b). Thus, the quantitative measurement of canine antigen-speciﬁc IgE utilizing
this ELISA could be beneﬁcial in many aspects of veterinary
allergy.
A relationship between the concentration of serum
antigen-speciﬁc IgE and the onset of in vivo allergic reaction has not yet been elucidated in dogs. In general, the
test results in antigen-speciﬁc IgE ELISA have been compared with those from IDT, since IDT was long considered
as a gold standard of the diagnosis of allergy (Mueller et
al., 1999; Foster et al., 2003). However, in dogs, since IDT
has been shown to exhibit false-positive reactions due to
sub-clinical hypersensitivity (Pastorello, 1993; Codner and
Tinker, 1995) and false negative results due to the insufﬁcient antigen concentrations that are required to provoke in
vivo reactions (Hensel et al., 2004), it is difﬁcult to consider
IDT as the deﬁnitive allergy test in dogs (DeBoer and Hillier,
2001b). Because it is advantageous to measure an absolute quantity of serum allergen-speciﬁc IgE by this ELISA,
we are currently attempting to evaluate the threshold of
IgE concentrations that are associated with in vivo allergic
reactions instead of comparing the results between ELISA
and IDT. In a currently on-going study, we have shown that
a concentration of 100–200 ng/ml of antigen-speciﬁc IgE
in dog serum is sufﬁcient to provoke in vivo allergic reaction by Prausnitz–Kustner test using experimental dogs
(unpublished data). Similar attempts have been made in
human medicine to predict the outcome of food provocation test in human patients with food allergy by deﬁning
the threshold of serum allergen-speciﬁc IgE titers that
elicit allergic reactions (Sampson and Ho, 1997; Sampson,
2001; Komata et al., 2009). However, because the levels of
allergen-speciﬁc IgE are usually measured in speciﬁc units
(kUA /L) in human studies, it is not possible to extrapolate
the results to dogs. By further accumulating data in dogs,
we consider that this ELISA could be useful to determine
a threshold concentration of serum IgE that elicit in vivo
allergic reaction or clinical symptoms of allergy.
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ุ᫂ࡋࡓࠋrs8655283 ࡢ T ࣞࣝࡀ 2.20 ಸ㸦P=0.016㸧 rs22018514 ࡢ G ࣞࣝࡀ 2.56
ಸ㸦P=0.0037㸧ࣜࢫࢡࡀ㧗ࡃ࡞ࡿࡇࡀุ᫂ࡋࡓࠋࢩ࣮ࢬ࣮࡛ࡣ rs9172407 ࡢ G ࣞࣝ
ࡀ 5.25 ಸ㸦P=0.0014㸧ࣜࢫࢡࡀ㧗ࡃ࡞ࡿࡇࡀุ᫂ࡋࡓࡀࠊࢩࣂࢾ࡛ࡣ᭷ពᕪ࡞ࡽ
࡞ࡗࡓࠋࢩ࣮ࢬ࣮࡛ࡣ rs8655283 ࡢ T ࣞࣝࠊrs22018514 ࡢ G ࣞࣝࠊrs22019922 ࡢ
A ࡛ࣞࣝ࢜ࢵࢬẚࡀࡑࢀࡒࢀ 2.43ࠊ2.43ࠊ2.49 ಸ㧗ࡃ࡞ࡗࡓࡀ᭷ពᕪࡣ⮳ࡽ࡞ࡗ
ࡓࠋ
ࢩࣂࢾ࡛ࡣ rs8655283ࠊ
ᅗ㸯ࡣ SRBD1 㑇ఏᏊࡢ 5 ᡤࡢ SNP ࡢ LD ࣈࣟࢵࢡࢆ♧ࡍࠋ
rs22018514ࠊrs22018513 ࡢ D’್ࡀ 0.78 ௨ୖ᭷ព࡞┦㛵ࢆ♧ࡋࡓࠋࢩ࣮ࢬ࣮࡛ࡣ
rs22019922  rs22018513 ࡢ D’್ࡣ 0.68 ௨ୖ᭷ព࡞┦㛵ࢆ♧ࡋࡓࠋ
ࢩࣂࢾ⥳ෆ㞀Ⓨࡢ rs8655283ࠊrs22018514ࠊrs22018513 ࡢᙳ㡪ࢆゎ᫂ࡍࡿࡓࡵ
ࣟࢪࢫࢸࢵࢡᅇᖐศᯒࢆ⾜ࡗࡓ⤖ᯝࢆ⾲㸱♧ࡍࠋrs22018513 ࡢ㛵ࡀ᭱ࡶ㧗࠸ࡇ

152

ࡀุ᫂ࡋࡓࠋ
 ⾲㸲ࡣ ELOVL5  ADAMTS10 㑇ఏᏊࡢゎᯒ⤖ᯝ࡛࠶ࡿࠋ
ELOVL5 㑇ఏᏊࡢ rs9194033
 rs22202438 ࡣࢩࣂࢾࠊ
ࢩ࣮ࢬ࣮ࡶከᆺ࡛࠶ࡗࡓࡀ⥳ෆ㞀ࡢ┦㛵ࡣ࡞ࡗࡓࠋ
ELOVL5  ADAMTS10 㑇ఏᏊࡢࡑࡢࡢ SNP ࡛ࡣከᆺࡀᏑᅾࡋ࡞ࡗࡓࠋ
ࡇࡢ◊✲ࡢ┠ⓗࡣ SRBD1ࠊELOVL5ࠊADAMTS10 㑇ఏᏊࡢ 11 ᡤࡢ SNP ࡢࢩࣂ
ࢾ࣭ࢩ࣮ࢬ࣮⥳ෆ㞀Ⓨࡢ㛵ࢆゎᯒࡍࡿࡇ࡛࠶ࡗࡓࠋࡑࡢ⤖ᯝࠊࢩࣂࢾ࡛ࡣ
SRBD1 㑇ఏᏊࡢ࢚ࢡࢯࣥ 4 Ꮡᅾࡍࡿ rs22018513 ࡀࠊࢩ࣮ࢬ࣮࡛ࡣࣥࢺࣟࣥ 1 Ꮡ
ᅾࡍࡿ rs9172407 ࡀ⥳ෆ㞀Ⓨ᭷ព࡞┦㛵ᛶࢆ♧ࡋࠊ⥳ෆ㞀ឤཷᛶೃ⿵㑇ఏᏊ⪃࠼
ࡽࢀࡓࠋBLAST ゎᯒ࡛ࡣࢾ SRBD1 㑇ఏᏊࡣࣄࢺ SRBD1 㑇ఏᏊ 90%ࡢ┦ྠᛶࢆ♧
ࡋࡓࠋࢾ SRBD1 㑇ఏᏊࡢ rs22018513  rs9172407 ┦ᙜࡍࡿ㓄ิࡣࣄࢺ SRBD1 㑇
ఏᏊࡢ࢚ࢡࢯࣥ 4 ࣥࢺࣟࣥ 1 Ꮡᅾࡍࡿࡀ SNP ࡋ࡚ࡣሗ࿌ࡉࢀ࡚࠸࡞࠸ࠋࣄࢺ
NTG ឤཷᛶೃ⿵㑇ఏᏊ࡛࠶ࡿ SRBD1 㑇ఏᏊࡢ rs32137871 ࡣࣥࢺࣟࣥ 17 ⨨ࡍࡿ
ࡀࠊ࢚ࢡࢯࣥ 4 ࣥࢺࣟࣥ 1 ࡢ㐃㙐ࡀ㠀ᖖᙉ࠸ࠋࣄࢺ SRBD1 㑇ఏᏊࡢࡉࡽ࡞ࡿ
ゎᯒࡀᚲせ࡛࠶ࡿࠋ
SRBD1 㑇ఏᏊࡣ᭱ึ⭠⳦ࡢ S1 RNA ⤖ྜᛶࢻ࣓ࣥࡋ࡚Ⓨぢࡉࢀࠊࣄࢺ࡛ࡣ
DNA ⤖ྜᛶࢱࣥࣃࢡ㉁ࡢ୍㒊ศ⪃࠼ࡽࢀ࡚࠸ࡿࠋࣄࢺࢾࡢ SRBD1 㑇ఏᏊࡢᶵ⬟
ࡣ࡛᫂࠶ࡿࠋࢾ SRBD1 ࡣ➨ 10 ᰁⰍయ㏫㓄ิࡋ࡚Ꮡᅾࡍࡿ㛗 186kb ࡢ㑇ఏᏊ
࡛࠶ࡾࠊ3kb ࡢ࢚ࢡࢯࣥࢆྵࡴࠋ࣐࢘ࢫ࡛ࡣ⥙⭷⚄⤒⠇⣽⬊ࡢᒁᅾࡀ▱ࡽࢀ࡚࠸ࡿࡀ
ࢾ࡛ࡢሗ࿌ࡣ࡞࠸ࠋ
ᅇⓎぢࡋࡓ rs22018513  rs9172407 ࡢኚ␗ࡣ࢚ࢡࢯࣥྠ⩏ⓗ⨨ࣥࢺࣟࣥኚ␗
࡛࠶ࡾࠊ㑇ఏᏊࡢⓎ⌧㛵㐃ࡋ࡚࠸ࡿ⪃࠼ࡽࢀࡓࠋࣄࢺ࡛ࡢ◊✲ࡢࡼ࠺ mRNA ࣞ
࣋ࣝࡢゎᯒࡀᚲせ࡛࠶ࡿࠋSRBD1 ࡣ㛫᥋ⓗࡣ⣽⬊ቑṪࠊࢱࣥࣃࢡ㉁ྜᡂࠊ࣏ࢺ࣮
ࢩࢫㄏᑟࠊ࣓࣍࢜ࢫࢱࢩࢫ㛵ࡍࡿࡇࡀ▱ࡽࢀ࡚࠾ࡾࠊSRBD1 ࡢάᛶࡣ⥙⭷⚄
⤒⠇⣽⬊ࡢ⣽⬊Ṛࡽ⥳ෆ㞀ࢆច㉳ࡍࡿ⪃࠼ࡽࢀࡓࠋ
ELOVL5 ࡣ㛗㙐㣬⬡⫫㓟ࡢ⏕ྜᡂ㛵ࡍࡿࡇࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ᪥ᮏ⥳ෆ㞀
Ꮫ◊✲ࢢ࣮ࣝࣉࡣࣄࢺ ELOVL5 㑇ఏᏊࡀ NTG ឤཷᛶ㑇ఏᏊࡢೃ⿵࡛࠶ࡿࡇࢆሗ࿌
ࡋࡓࡀࠊࡇࡢ◊✲࡛ࡣࢾ⥳ෆ㞀ࡢ┦㛵ᛶࡣ࡞ࡗࡓࠋࡇࢀࡣࣄࢺ㸦NTG㸧ࢾ
㸦POAG㸧ࡢ⥳ෆ㞀ࢱࣉࡢ┦㐪ࡼࡿ⪃࠼ࡽࢀࡿࠋ୍᪉ࠊSRBD1 㑇ఏᏊࡣࣄࢺ
ࢾࡢ⥳ෆ㞀ඹ㏻ࡋ࡚࠸ࡓࠋࡼࡗ࡚ࢾ⥳ෆ㞀Ⓨ࠾ࡅࡿ SRBD1 㑇ఏᏊࡢᶵ⬟ࢆゎ
᫂ࡍࢀࡤࣄࢺ⥳ෆ㞀ࡢⓎ࣓࢝ࢽࢬ࣒ゎ᫂ࡘ࡞ࡀࡿྍ⬟ᛶࡀ࠶ࡾࠊࢾࡀዲ㐺࡞ື≀
ࣔࢹࣝ࡞ࡿᛮࢃࢀࡿࠋ
 ຍ⸨ࡽࡢሗ࿌ࡼࡿࣅ࣮ࢢࣝ≟ࡣࢩࣂࢾࠊࢩ࣮ࢬ࣮ࠊ࣓ࣜ࢝ࣥࢥࢵ࣮࢝ࢫࣃ
ࢽ࢚ࣝ⥆ࡃ 4 ␒┠ࡢ⥳ෆ㞀ዲⓎ≟✀࡛࠶ࡿࠋKuchtey ࡽࡣ᭱㏆ࠊࣅ࣮ࢢࣝ≟ POAG 㛵
㐃㑇ఏᏊࡋ࡚ ADAMTS10 ࡢ Gly661Arg ኚ␗ࢆሗ࿌ࡋࡓࠋᡃࠎࡶࡇࡢ SNP ࢆࢩࣂࢾ
ࢩ࣮ࢬ᳨࣮࡛ᰝࡋࡓࡀࠊ
ኚ␗ࢆ☜ㄆ࡛ࡁࡎ≟✀౫Ꮡࡋࡓ SNP ⪃࠼ࡽࢀࡓࠋ
Kuchtey
ࡽࡣ᭱㏆ࡉࡽࡇࡢ SNP ࡀࣅ࣮ࢢࣝ≟≉␗ⓗ࡛࠶ࡾࠊࡢ≟✀࡛ࡣᏑᅾࡋ࡞࠸ࡇࢆ
ሗ࿌ࡋࡓࠋࢾ㑇ఏᏊࢹ࣮ࢱ࣮࣋ࢫ࡛ࡣ ADAMTS10 㑇ఏᏊ 16 ᡤ SNP ࡀᏑᅾࡍࡿ
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ࡇࡀࢃࡗ࡚࠾ࡾࠊࡇࢀࡽ SNP ࡢ⥳ෆ㞀ࡢ┦㛵ᛶࢆゎᯒࡍࡿᚲせࡀ࠶ࡿࠋ
 ࢾ⥳ෆ㞀Ⓨࢆணࡍࡿ᭷ຊ࡞㑇ఏᏊ᳨ᰝ᪉ἲࡣࡲࡔ࡞࠸ࠋᡃࠎࡀᅇࢩࣂࢾ
ࢩ࣮ࢬ࣮࡛Ⓨぢࡋࡓ SNP ࡣ⥳ෆ㞀㑇ఏᏊ᳨ᰝᑐ㇟ࡋ࡚᭷ຊ⪃࠼ࡽࢀࡓࠋ
ࡋࡋࠊ
ࡢࡼ࠺࡞ᶵᵓ࡛ࢾ⥳ෆ㞀ࡀ㉳ࡁࡿࡢ◊✲ࡣࡁ࡞ㄢ㢟࡛࠶ࡿࠋࣄࢺࢾ࡛ࡢ
SRBD1 㑇ఏᏊࡢᶵ⬟ࡢࡉࡽ࡞ࡿ◊✲ࡣ⥳ෆ㞀ࡢⓎࣜࢫࢡࡢண

ࠊண㜵་Ꮫࠊ⒪᪉

ἲࡢᶞ❧ࡁࡃ㈉⊩ࡍࡿᮇᚅࡉࢀࡿࠋࡲࡓࠊSRBD1 㑇ఏᏊ᳨ᰝࡼࡾࠊࢾࡢ⥳
ෆ㞀ࢆ᪩ᮇṇ☜デ᩿ࡍࡿࡇࡀྍ⬟࡞ࡿࠋࡍ࡛⥳ෆ㞀ࢆⓎࡋࡓಶయ࡛ࡣ☜ᐃ
デ᩿ࡀྍ⬟࡞ࡾࠊ✚ᴟⓗ࡞⒪ࢆ᪩ᮇ㛤ጞࡍࡿࡇ࡛ኻ᫂ࡢ༴ᶵࢆᅇ㑊࡛ࡁࡿྍ⬟
ᛶࡶ⪃࠼ࡽࢀࡿࠋ
⾲㸯 ⥳ෆ㞀㑇ఏᏊゎᯒ⏝࠸ࡓࣉ࣐࣮ࣛࡢሷᇶ㓄ิ

⾲㸰 SRBD1 㑇ఏᏊゎᯒ⤖ᯝ
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ᅗ㸯 SRBD1 㑇ఏᏊࡢ LD ࣈࣟࢵࢡ㸦A ࡣࢩࣂࢾࠊB ࡣࢩ࣮ࢬ࣮ࡢ⤖ᯝࢆ♧ࡍ㸧

⾲㸱 ࢩࣂࢾ SRBD1 㑇ఏᏊࡢࣟࢪࢫࢸࢵࢡᅇᖐศᯒ

⾲㸲 ELOVL5 㑇ఏᏊ ADAMTS10 㑇ఏᏊࡢゎᯒ⤖ᯝ
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㸰㸬≟ࡢⓑෆ㞀ࡢ㑇ఏᏊゎᯒ
༳∾ಙ⾜ࠊᕝཎᖹ㸦㯞ᕸᏛ㝃ᒓື≀㝔㸧㜰ཱྀ㞞ᘯࠊᒸᮏ᠇᫂ࠊ㧗℩᭷ຍ㔛㸦㯞
ᕸᏛᚤ⏕≀Ꮫ➨㸯㸧
◊✲せ᪨
࣓࣭ࣜ࢝ࣥࢥࢵ࣮࣭࢝ࢫࣃࢽ࢚ࣝࡣⱝᖺᛶⓑෆ㞀࠾ࡅࡿཎᅉ㑇ఏᏊࡢ㑇ఏᏊゎᯒࢆ
⾜ࡗࡓࠋ௨๓ࡽ࣎ࢫࢺ࣭ࣥࢸࣜ࡞࡛ሗ࿌ࡢ࠶ࡗࡓ㑇ఏᏊࡢኚ␗ࡣㄆࡵࡽࢀ࡞ࡗ
ࡓࠋⱝᖺᛶⓑෆ㞀࣓࣭ࣜ࢝ࣥࢥࢵ࣮࣭࢝ࢫࣃࢽ࢚ࣝࢆ DNA ᥇ྲྀ㡰 A  B ࡢ 2
ࡘࡢ㞟ᅋศࡅ࡚ゎᯒࢆ࠾ࡇ࡞ࡗࡓࠋA 㞟ᅋ࠾࠸࡚ࡣ⥙⨶ⓗ࡞ SNP ࣮ࣞࢆ⾜࠸ࠊ
15 ␒ᰁⰍయୖࡢ rs22428454(࢚ࣥࢻࢭࣜࣥཷᐜయࢱࣉ A 㑇ఏᏊ) 31 ␒ᰁⰍయୖࡢ
㑇ఏᏊ㠀ࢥ࣮ࢻ㡿ᇦ rs23685575㸦㑇ఏᏊ㠀ࢥ࣮ࢻ㡿ᇦ㸧ࡀⓎࡢ㛵㐃ࢆ♧၀ࡍࡿ⤖
ᯝࡀᚓࡽࢀࡓࠋࡋࡋࠊB 㞟ᅋ࠾࠸࡚ࡣࡇࡢ⤖ᯝࡢ⌧ᛶࡀᚓࡽࢀ࡞ࡗࡓࠋ
◊✲┠ⓗ
࣓࣭ࣜ࢝ࣥࢥࢵ࣮࣭࢝ࢫࣃࢽ࢚ࣝࡣⱝᖺᛶⓑෆ㞀ࡢዲⓎ≟✀▱ࡽࢀ࡚࠸ࡿࠋⱝᖺᛶ
ⓑෆ㞀ࡣ⏕ᚋ 3 ṓࡃࡽ࠸ࡲ࡛Ỉᬗయࡢΰ⃮ࢆ♧ࡋࠊどຊࡀኻࢃࢀࡿᝈ࡛ᖖᰁⰍయᛶ
ຎᛶ㑇ఏ⪃࠼ࡽࢀ࡚࠸ࡿࡀཎᅉ㑇ఏᏊࡣ࡛᫂࠶ࡿࠋᮏ◊✲ࡣ࣓࣭ࣜ࢝ࣥࢥࢵ࢝
࣮࣭ࢫࣃࢽ࢚ࣝ࠾ࡅࡿⱝᖺᛶⓑෆ㞀ࡢཎᅉ㑇ఏᏊࢆ᳨ウࡍࡿࡓࡵࡇࡢ≟ࡢⱝᖺᛶⓑ
ෆ㞀ࡢ DNA ࢆ㞟ࡋࠊ⥙⨶ⓗ࡞ SNP ࣮ࣞࢆ⾜࠸ࠊࡑࡢ㑇ఏᏊゎᯒࢆ⾜ࡗࡓࠋ
ᮦᩱ᪉ἲ
㯞ᕸᏛ㝃ᒓື≀㝔⤂ࡉࢀࡓ࣓࣭ࣜ࢝ࣥࢥࢵ࣮࣭࢝ࢫࣃࢽ࢚ࣝ≟࡛ⱝᖺᛶⓑෆ
㞀デ᩿ࡉࢀࡓࢆ㝧ᛶࠊⱝᖺᛶⓑෆ㞀ࢆⓎࡋ࡚࠸࡞࠸ࢆ㝜ᛶࡋࡓࠋ᭱ึ
᥇ྲྀࡉࢀࡓ㝧ᛶ 32 ࠊ㝜ᛶ 8 ࢆ A 㞟ᅋࡋࡓࠋࡲࡓࠊA 㞟ᅋࡣู㞟ࡉࢀ
ࡓ㝧ᛶ 17 ࠊ㝜ᛶ 16 ࢆ B 㞟ᅋࡋࡓࠋࡇࢀࡽࡢ≟ࡽ DNA ࢆ⢭〇ࡋࠊA 㞟
ᅋ࠾࠸࡚⥙⨶ⓗ࡞ゎᯒࡋ࡚ SNP ࣮ࣞ㸦࣑ࣝࢼ♫㸧ࢆ⾜ࡗࡓࠋࡑࡢ SNP ゎᯒ
ࡢ⤖ᯝࡽᚓࡽࢀࡓᡤぢࡽⱝᖺᛶⓑෆ㞀ࡢ㛵㐃ࡀࢃࢀࡿ SNP ࢆྵࡴ࢚ࣥࢻࢭࣜ
ࣥཷᐜయࢱࣉ A 㑇ఏᏊࡢ࢚ࢡࢯࣥ㒊ศࡢ㑇ఏᏊࡢࢩ࣮ࢡ࢚ࣥࢫࢆ A 㞟ᅋࡢ୰ࡽ
㝧ᛶ 21 ࠊ㝜ᛶ 5 ࢆ㑅ࢇ࡛ㄪࡓࠋࡲࡓࠊSNP ゎᯒࡢ⤖ᯝࡽᚓࡽࢀࡓ㛵㐃ࡍ
ࡿ㑇ఏᏊࡢ SNP ࡘ࠸ู࡚ࡢ㞟ᅋ࡛࠶ࡿ B 㞟ᅋ࠾࠸࡚㑇ఏᏊゎᯒࢆ⾜࠸ࠊ⥙⨶ⓗ࡞
SNP ࣮ࣞࡢ⤖ᯝࡢ☜ㄆࢆ⾜ࡗࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
ࡇࢀࡲ࡛㑇ఏᛶⓑෆ㞀ࡢཎᅉ㑇ఏᏊࡋ࡚ࡣࠊ࣎ࢫࢺ࣭ࣥࢸࣜࠊ࣮࢜ࢫࢺ࣭ࣛࣜࣥ
ࢩ࢙ࣃ࣮ࢻࠊࢫࢱࢵࣇ࢛࣮ࢻࢩ࣮࣭ࣕࣈ࣭ࣝࢸࣜ࠾࠸࡚ࠊHeat shock transcription
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factor 4 㑇ఏᏊࡢኚ␗ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋࡇࢀࡣࡇࡢ㑇ఏᏊࡢ࢚ࢡࢯࣥ㸷࠶ࡿ C ࡀ
୍ሷᇶḞኻࡋ࡚ࠊࡑࡢ⤖ᯝࠊࣇ࣮࣒ࣞࢩࣇࢺࡀ࠾ࡇࡾࠊṆࢥࢻࣥࡀฟ⌧ࡍࡿ࠸࠺ࡶ
ࡢ࡛࠶ࡗࡓࠋᮏ◊✲࠾࠸࡚ A 㞟ᅋࡢⱝᖺᛶⓑෆ㞀ࡢ㸰㸳ࡘ࠸࡚ྠࡌኚ␗ࡀᏑᅾ
ࡍࡿㄪࡓࠋᮏ◊✲࠾࠸࡚㸰㸳ࡍ࡚ C 㑇ఏᏊࡢḞᦆࡣㄆࡵࡽࢀ࡞ࡗࡓࠋࡑ
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麻布大学眼科に来院した緑内障症例の随伴症の分類
印牧信行 1）

市川陽一朗 2）

川原井晋平 1）

1）麻布大学附属動物病院（〒 252‑5201
2）千葉県

落合秀治 3）†

相模原市中央区淵野辺 1‑17‑71）

開業（いちかわ動物病院：〒 270‑0011

3）麻布大学生物科学総合研究所（〒 252‑5201

松戸市根木内 168‑1）

相模原市中央区淵野辺 1‑17‑71）

（2013 年 1 月 30 日受付・2014 年 9 月 22 日受理）

要

約

麻布大学眼科に来院した犬の緑内障症例の発生状況と随伴症について調べた．1994 年 4 月から 2011 年 12 月までに
麻布大学附属動物病院眼科に来院した犬 2,981 頭を対象とした．柴犬の緑内障罹患率は，来院数の上位 21 犬種のうちで，
最も高かった（84 頭 /196 頭＝42.9％）
．柴犬の緑内障眼 121 眼において，角膜混濁 57 眼（47.1％）
，眼球拡張 102 眼
（84.3％）
，網膜視神経乳頭の萎縮及び陥凹 66 眼（54.5％），水晶体脱臼 50 眼（41.3％）が認められた．眼球拡張，視
神経乳頭萎縮，水晶体脱臼を示す緑内障眼は高眼圧値を示した．水晶体脱臼を示す緑内障眼の 90％は水晶体亜脱臼で
あった．─キーワード：臨床徴候，緑内障，柴犬．
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緑内障は眼圧上昇に起因して視覚障害をもたらす疾患

る症例では主原因あるいは症候が重度であった原因の疾

で，犬種依存性の高い眼科疾患の一つであることが知ら

患を診断名として集計した．緑内障症例は臨床症候と眼

れる［1‑3］
．その罹患犬種には，アメリカンコッカー

圧値 25mmHg 以上を示したものを緑内障と診断した．

スパニエル，ビーグル，バゼットハウンド，チャウチャ

眼 圧 測 定 は 眼 圧 計（TONO-PEN XL, Reicher t,

ウ，シャーペイ，ボストンテリア，ワイヤーフォックス

U.S.A.）を用いて，午前 9 時から午後 5 時までの外来診

テリア，柴犬などがある［4, 5］
．

療時間帯で計測した．また，今回の調査では初診来院時

緑内障の臨床徴候は病期によって変化し，急性期には

に眼圧値が記録されていなかった症例で臨床症候，病歴

赤目，角膜浮腫，突発的な視覚喪失がみられ，次いで慢

から診断された緑内障を症候性緑内障とした．これらの

性期には急性期の症候に加えて，網膜視神経乳頭の陥凹

症例はすべて，カルテの記載データ及び記録写真の所見

または萎縮，眼球拡張や水晶体脱臼がみられる［1］．

から判断した．随伴所見は角膜混濁，眼球拡張，眼底像

緑内障好発犬種では原発緑内障と続発緑内障が混在し

の視神経乳頭所見，水晶体脱臼について調べた．角膜混

て発症することがある．また，原発緑内障は犬種間で，

濁の程度は，肉眼では認めがたく細隙灯顕微鏡で識別可

発症年齢，性差及び発症病態は異なる［2］．そのため，

能な軽度の混濁を軽度，虹彩が透視できる中等度の混

犬種間における緑内障の発生状況は，日常診療で遭遇す

濁を中等度，また虹彩や瞳孔が見えない重度の混濁を重

る臨床所見を知る重要情報と考えられる．

度とした．さらに，眼球拡張は肉眼的に明らかな症例と
し，また水晶体脱臼は完全脱臼と亜脱臼のものに分類

そこで，今回，麻布大学附属動物病院眼科に来院した
緑内障の発生状況と緑内障における随伴所見について調

し，脱臼した位置について記録した．視神経乳頭所見は，

査した．

乳頭の萎縮，陥凹と正常所見に分類とした．
統計処理：来院頻度及び症例の頻度はフィッシャーの

材 料 及 び 方 法

直接確率検定または分割表分析で行った．また随伴所見
における眼圧値の有意差検定は Welch の t 検定並びに

1994 年 4 月から 2011 年 12 月までに麻布大学附属動

Schef f 多重比較法で行った．

物病院眼科に来院した 2,981 頭を対象とした．眼疾患症
例の集計は重複集計を避けるため，複数の診断名を有す

† 連絡責任者：落合秀治（麻布大学生物科学総合研究所）
〒 252‑5201 相模原市中央区淵野辺 1‑17‑71

☎ 042‑754‑7111 FAX 042‑754‑9930
E-mail : ochiaih@azabu-u.ac.jp
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麻布大学眼科に来院した緑内障症例の随伴症の分類
犬種（緑内障発生率）
シーズー （9.0％）
ミニチュアダックスフンド （3.3％）
柴犬（42.9％）
アメリカンコッカースパニエル （7.0％）
トイプードル （2.2％）
キャバリアキングチャールズスパニエル （2.8％）
ゴールデンレトリーバー （7.6％）
マルチーズ （6.9％）
ヨークシャーテリア （1.1％）
シェットランドシープドッグ （2.5％）
ミニチュアシュナウザー （0％）
ラブラドールレトリーバー （7.7％）
チワワ （5.6％）
パグ （3.0％）
ポメラニアン （0％）
パピヨン （8.5％）
ウェルシュコーギー （0％）
ビーグル（11.9％）
ボーダーコリー，コリー種 （0％）
シベリアンハスキー（13.2％）
ウエストハイランドホワイトテリア （0％）
その他の 75 犬種
交雑種

＊

＊

0

100

200

300

P＜0.01
非緑内障症例
緑内障症例

400

500（総症例数：2,981）

外来症例数
図1

眼底の疾患（5）
2.6％

犬種間における緑内障発生状況

表1

その他（11）
5.5％

N

眼瞼疾患（9）
4.6％

分類

角結膜疾患（9）
4.6％
原発水晶体
脱臼（10）
5.1％

計
白内障（47）
24.0％

罹患眼数

初診来院
年齢

性

頭
片側性 片側性 両側性
雄 雌
（眼） （右眼）（左眼）（両眼）

緑内障
53
症例
（73）
症候性
20
緑内障
（26）
症例
11
混合
＊
（22）
症例

緑内障（84）
42.9％

前部ぶどう
膜疾患（21）
10.7％

図2

柴犬緑内障における患側眼，性及び年齢

84
（121）

（平均
±標準偏差）

20

13

40

21 32

7.4±2.38

7

7

12

8 12

7.8±2.78

─

─

22

5

6

7.5±1.75

27

20

74

34 50

7.5±2.39

＊：1 眼は緑内障で，他眼が症候性緑内障眼である症例

障と他の眼科疾患との来院状況（図 2）をみると，緑内

柴犬の眼科疾患の発生頻度

障が 42.9％で第 1 位，次いで，白内障が 24.0％，前房
出血を含む前部ぶどう膜疾患 10.7％，原発水晶体脱臼
成

5.1％，角結膜疾患 4.6％，眼瞼疾患 4.6％，眼底の疾患

績

2.6％，その他 5.5％が認められた．

犬種間における緑内障発生状況を調べた（図 1）．そ

次いで柴犬緑内障における患眼の左右差，性差並びに

の結果，緑内障の来院頻度は来院上位 21 犬種のうち，

初診来院年齢を調べた（表 1）
．調査対象とした緑内障

柴 犬 42.9％， シ ベ リ ア ン ハ ス キ ー 13.2％， ビ ー グ ル

は緑内障症例 53 頭 73 眼，症候性緑内障症例 20 頭 26 眼，

11.9％，シーズー 9.0％，パピヨン 8.5％の順にみられ，

その混合症例 11 頭 22 眼の計 84 頭 121 眼であった．緑

柴犬の緑内障罹患率は他の上位 20 犬種との間で有意に

内障症例と症候性緑内障症例において，性差，患眼の左

高かった（P＜0.01）
．また，柴犬 196 頭において緑内

右差はみられなかった．また，初診来院年齢は全体とし
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他

表 2 柴犬の緑内障眼及び症候性緑内障眼における随伴所見

背

側

12

緑内障眼（N＝84）
所

見
N （％）

眼圧値
（mmHg）

緑内障眼及び
症候性緑内障
眼（N＝121）
N

角膜混濁
の程度

37
18
2
64

30.6
14.9
1.6
52.9

眼球拡張

ある
なし

68 81.0 43.6±6.91a
16 19.0 29.5±3.80a

102
19

84.3
15.7

網膜視
神乳頭
所見

萎縮
陥凹
正常
判定＊
不能

38 45.2 44.7±6.92a
8
9.5 39.6±10.06b
13 15.5 30.2±3.85a，b，c

56
10
14

46.3
8.2
11.6

41

33.9

5

4.1

45
71

37.2
58.7

水晶体
脱臼

完全
脱臼
亜脱臼
なし

3

3.6 43.7±8.33
a

32 38.1 43.8±8.21
49 58.3 38.8±8.24a

6
4

20 23.8 42.2±7.63
13 15.5 40.9±10.14
2
2.4 46.5±2.12
49 58.3 40.2±8.52

c

背外側

8

（％）

重度
中等度
軽度
なし

25 29.8 41.1±7.25

10

背内側

2

内

側

外

0

腹内側

側

腹外側
腹

側

緑内障眼（N＝32）
緑内障眼＋症候性緑内障眼（N＝45）
図3

a‑c：2 群及び多重比較検定において，同一文字の間で有意差
（P＜0.05）を認める．
＊透光体の混濁により観察されなかった．

柴犬緑内障における水晶体亜脱臼の脱臼変位方向

とに依ると考えられた．
種々の犬種で報告された原発緑内障の発症年齢は 4 〜
8 歳の間で，およそ 6 歳である［4］．今回の柴犬の成績

て 7.5±2.39 歳であった．
柴犬の緑内障眼及び症候性緑内障眼における随伴所見

では初診来院年齢は平均 7.5 歳であった．これは本調査

は表 2 に示した．全患眼 121 眼のうち，角膜混濁は患

症例がすべて紹介症例であったことにより高齢であった

眼の 45.5％が混濁明瞭な中等度及び重度を示したが，

と考えられた．また，性差では雌での発症が多いとの報

残りのうち 52.9％は透明角膜を示した．眼球拡張は患

告［4］もあるが犬種により異なり，柴犬では性差は認

眼の 84.3％を示した．視神経乳頭の萎縮・陥凹所見は

められなかった．

患眼の 54.5％で認められたが，角膜・前房・水晶体・

柴犬緑内障の随伴所見では，角膜混濁は調査緑内障眼

硝子体といった透光体の混濁によって乳頭観察が不能で

の約 4 割が中等度及び重度の混濁で，隅角が可視できな

あった症例眼は 33.9％を占めた．また随伴所見と眼圧

い程度の混濁を示した．また，眼球拡張並びに網膜視神

値との関係では，眼球拡張，視神経乳頭陥凹・萎縮，水

経萎縮を示した緑内障眼は平均眼圧値が 40mmHg 以

晶体亜脱臼を示す緑内障眼は高眼圧値を示した（表 2）．

上を示し，Gelatt ら［2］の眼圧値分類による重度緑内

水晶体脱臼は患眼 121 眼のうち，水晶体脱臼を示さ

障に相当した．緑内障は非可逆的病態を示す疾患である

ない眼球が 71 眼（58.7％）で，水晶体脱臼眼が 50 眼

ことから，眼球拡張並びに網膜視神経萎縮を示す疾患眼
では眼圧測定は不可欠であることが認められた．

（41.3％）であった（表 2）．また水晶体脱臼眼は完全脱

緑内障でみられる水晶体脱臼は，今回の調査眼の約 6

臼 5 眼（4.1％）
， 亜 脱 臼 45 眼（37.2％） が 認 め ら れ，
亜脱臼の発生頻度は水晶体脱臼眼の 9 割を占めた．その

割で観察されなかったが，水晶体脱臼を示す患眼の 9 割

水晶体亜脱臼は腹内側から背側方向（腹内側，内側，背

（45/50 眼）が水晶体亜脱臼を示し，またその脱臼方向

内側，背側）に変位したものが 45 眼中の 35 眼（77.8％）

は背・内側方向であることを示した．近年，水晶体脱臼

でみられた（図 3）
．

の関連遺伝子が原発緑内障の素因に関わることが報告さ

考

れ，緑内障と水晶体脱臼の関連が指摘されるようになっ

察

た［6, 7］．今回の緑内障眼における水晶体脱臼は眼球

日 本 国 内 に お い て， 緑 内 障 の 犬 種 発 生 率 は， 柴 犬

拡張に関連するものと推察されるが，水晶体小帯断裂の

33％，シーズー 16.5％，交雑種犬 7.9％，アメリカンコッ

原因が眼圧上昇と眼球拡張だけに起因するかは，さらな

カースパニエル 6.3％であると Kato ら［5］によって報

る検討が必要であると考えられた．

告されている．今回の柴犬の罹患率 42.9％は Kato らの

成績の整理にご協力いただいた小松紘之氏に感謝の意を表す
る．

報告よりも高く，眼科診療症例に限定されて集計したこ
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Classification of Clinical Findings of Glaucoma in Dogs Presenting at the Ophthalmic
Depar tment of Azabu Veterinar y Teaching Hospital
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SUMMARY
We sur veyed incidences and clinical findings of glaucoma according to breed in 2,981 dogs presented to the
ophthalmic depar tment at the Veterinar y Teaching Hospital of Azabu University from April 1994 to December
2011. Among the 21 major breeds presented, Shiba Inu dogs displayed the highest rate of glaucoma, at 42.9%
(84/196). Of 121 eyes of glaucomatous Shiba Inu dogs, there were 57 eyes with cor neal opacity (47.1%), 102
eyes with enlargement of the eyeball (84.3%), 66 eyes with atrophy and cuppings of the retinal optic disc (54.5%)
and 50 eyes with lens luxation (41.3%). High intraocular pressure was presented in glaucomatous Shiba Inu
dogs with either enlargement of the eyeball, atrophy of the retinal optic disc or lens luxation. Subluxation of
the lens accounted for 90% in the glaucomatous eyeballs with lens luxation.
─ Key words : Clinical signs, Glaucoma, Shiba Inu.
† Correspondence to : Hideharu OCHIAI (Research Institute of Biosciences, Azabu University)
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Dogs and Humans Share a Common Susceptibility Gene
SRBD1 for Glaucoma Risk
Nobuyuki Kanemaki1, Kissaou T. Tchedre2, Masaki Imayasu2, Shinpei Kawarai3, Masahiro Sakaguchi3,
Atsushi Yoshino4, Norihiko Itoh4, Akira Meguro4, Nobuhisa Mizuki4*
1 Veterinary Teaching Hospital, Azabu University, Sagamihara, Kanagawa, Japan, 2 Central R&D Laboratory, Menicon Co., Ltd., Kasugai, Aichi, Japan, 3 Department of
Veterinary Microbiology, School of Veterinary Medicine, Azabu University, Sagamihara, Kanagawa, Japan, 4 Department of Ophthalmology, Yokohama City University
School of Medicine, Yokohama, Kanagawa, Japan

Abstract
Glaucoma is a degenerative optic neuropathy that is associated with elevated intraocular pressure. Primary open angle
glaucoma is the most common type of glaucoma in canines, and its highest incidence among dog breeds has been
reported in Shiba-Inus, followed by Shih-Tzus. These breeds are known to have an abnormal iridocorneal angle and
dysplastic prectinate ligament. However, the hereditary and genetic backgrounds of these dogs have not yet been clarified.
In this study, we investigated the association between polymorphisms of the glaucoma candidate genes, SRBD1, ELOVL5,
and ADAMTS10, and glaucoma in Shiba-Inus and Shih-Tzus. We analyzed 11 polymorphisms in these three genes using
direct DNA sequencing. Three SRBD1 SNPs, rs8655283, rs22018514 and rs22018513 were significantly associated with
glaucoma in Shiba-Inus, while rs22018513, a synonymous SNP in exon 4, showed the strongest association (P = 0.00039,
OR = 3.03). Conditional analysis revealed that rs22018513 could account for most of the association of these SNPs with
glaucoma in Shiba-Inus. In Shih-Tzus, only rs9172407 in the SRBD1 intron 1 was significantly associated with glaucoma
(P = 0.0014, OR = 5.25). There were no significant associations between the ELOVL5 or ADAMTS10 polymorphisms and
glaucoma in Shiba-Inus and Shih-Tzus. The results showed that SRBD1 polymorphisms play an important role in glaucoma
pathology in both Shiba-Inus and Shih-Tzus. SRBD1 polymorphisms have also been associated with normal- and hightension glaucomas in humans. Therefore, SRBD1 may be a common susceptibility gene for glaucoma in humans and dogs.
We anticipate that the nucleotide sequencing data from this study can be used in genetic testing to determine for the first
time, the genetic status and susceptibility of glaucoma in dogs, with high precision. Moreover, canine glaucoma resulting
from SRBD1 polymorphisms could be a useful animal model to study human glaucoma.
Citation: Kanemaki N, Tchedre KT, Imayasu M, Kawarai S, Sakaguchi M, et al. (2013) Dogs and Humans Share a Common Susceptibility Gene SRBD1 for Glaucoma
Risk. PLoS ONE 8(9): e74372. doi:10.1371/journal.pone.0074372
Editor: Reiner Albert Veitia, Institut Jacques Monod, France
Received December 17, 2012; Accepted August 6, 2013; Published September 9, 2013
Copyright: ß 2013 Kanemaki et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
Funding: This study was supported by the MEXT-Supported Program for the Strategic Research Foundation at Private Universities. The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Competing Interests: Two of the authors, KTT and MI are employed by the Menicon Co., Ltd. This does not alter the authors’ adherence to all the PLOS ONE
policies on sharing data and materials.
* E-mail: mizunobu@med.yokohama-cu.ac.jp

population [2]. The study identified two new susceptibility genes
for NTG, SRBD1 and ELOVL5, with strong statistical significance.
Similarly, Mabuchi et al. also reported the association of an
SRBD1 polymorphism with Japanese POAG patients, including
late-onset NTG and high tension glaucoma [10].
Canine primary glaucoma has been investigated since almost 50
years ago [11], and high incidences have been reported in Beagles
[12–14], Welsh Springer Spaniels [15], and other breeds [16,17].
Recent study reported the Gly661Arg variant in ADAMTS10 as
the candidate disease-causing variant for POAG Beagles [12].
Kato et al. investigated the incidence of canine POAG, and
reported that Shiba-Inus exhibited the highest incidence of
glaucoma among 29 breeds, followed by Shih-Tzus [18]. They
also reported that an abnormal iridocorneal angle and dysplastic
prectinate ligament were associated with a high incidence of
glaucoma in Shiba-Inus and Shih-Tzus. However, the hereditary
and genetic backgrounds of glaucoma in these dogs have not yet
been clarified.
In this study, to verify recent genetic findings, we investigated
the association between glaucoma in Shiba-Inu and Shih-Tzu

Introduction
Glaucoma is a degenerative optic neuropathy comprising a
group of eye disorders, including visual field defects, progressive
loss of retinal ganglion cells, and degeneration of optic nerve
axons, and is frequently associated with elevated intraocular
pressure (IOP) [1]. Glaucoma is classified into three types: primary
open angle glaucoma (POAG), primary closed angle glaucoma
(PCAG), and primary congenital glaucoma (PCG) [1]. POAG is
the most common type of glaucoma, and is usually associated with
high IOP. Japanese populations, however, have a substantially
higher incidence of normal tension glaucoma (NTG), a form of
glaucoma in which optic nerve damage occurs even though the
IOP is not elevated [2,3].
It is well known that glaucoma is genetically heterogeneous and
many genes, such as CYP1B1, MYOC, OPTN, and OPTC, are
linked to POAG and PCG in humans and/or dogs [4–9].
Recently, the Normal Tension Glaucoma Genetic Study Group of
the Japan Glaucoma Society performed a genome-wide association study with NTG patients and controls in a Japanese
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dogs and polymorphisms of glaucoma candidate genes, SRBD1,
ELOVL5 and ADAMTS10, using direct sequencing.

observed throughout the region from rs22019922 to rs22018513
(D’ $0.68) (Figure 1B). rs8655283 and rs22018514 were in almost
complete LD in both Shiba-Inus and Shih-Tzus (r2 = 0.73 and
0.74, respectively). rs9172407 was not linked with any of the other
four SNPs in either breed.
To elucidate the effect of rs8655283, rs22018514 and
rs22018513 on the disease susceptibility in Shiba-Inus, we
performed conditional logistic regression analysis. Conditioning
by rs22018513 eliminated the significant association of rs8655283
and rs22018514, while the association of rs22018513 remained
significant after conditioning by rs8655283 or rs22018514
(Table 3). These results suggest that rs22018513 could account
for most of the association of these SNPs with glaucoma in ShibaInus.
Table 4 shows the results of association analysis for the
polymorphisms of ELOVL5 and ADAMTS10. rs9194033 and
rs22202438 of ELOVL5 were polymorphic in Shiba-Inus and ShihTzus, while three ELOVL5 polymorphisms (rs22226301,
rs8643563 and rs22194174) and the ADAMTS10 Gly661Arg
variant were monomorphic. The G allele of rs9194033 and the G
allele of rs22202438 had a 1.45- and a 1.39-fold increased risk of
glaucoma in Shiba-Inus, respectively. Conversely, these alleles
were decreased in cases compared to controls in Shih-Tzus
(OR = 0.57 and 0.66, respectively). The differences in the allelic
frequencies of rs9194033 or rs22202438 between cases and
controls did not reach statistical significance for either breed.

Results
The average ages of glaucoma cases and controls were 8.562.9
and 10.063.0 years old, respectively, in Shiba-Inu dogs. Those in
Shih-Tzu dogs were 9.262.0 and 10.162.5 years old, respectively.
We genotyped 11 polymorphisms in SRBD1, ELOVL5, and
ADAMTS10 in 98 Shiba-Inu and 67 Shih-Tzu dogs using the
direct DNA sequencing method (Table 1).
Table 2 shows the details of five single nucleotide polymorphisms (SNPs) in SRBD1, including their genomic locations and
allele frequencies in Shiba-Inus and Shih-Tzus. In Shiba-Inus, the
most statistically significant association was observed for
rs22018513 (P = 0.00039); the G allele of rs22018513 had a
3.03-fold (95% CI = 1.62–5.65) increased risk of glaucoma, with a
frequency of 78.6% in cases vs. 54.8% in controls. Significant
associations were also observed for rs8655283 and rs22018514 in
Shiba-Inus; the frequencies of the T allele of rs8655283 and the G
allele of rs22018514 were significantly greater among glaucoma
cases than among controls (rs8655283, 37.5% vs. 21.4%,
P = 0.016, OR = 2.20, 95% CI = 1.15–4.20; rs22018514, 41.1%
vs. 21.4%, P = 0.0037, OR = 2.56, 95% CI = 1.34–4.86). In ShihTzus, we observed a significant association for rs9172407
(P = 0.0014) and the G allele of rs9172407 had a 5.25-fold (95%
CI = 1.76–15.63) increased risk of glaucoma (25.9% in cases vs.
6.3% in controls), whereas the frequency of this G allele was only
moderately, but not significantly, increased in cases compared to
controls in Shiba-Inus (8.9% vs. 6.0%, OR = 1.55, 95%
CI = 0.51–4.71). rs22018513, which had the strongest association
with glaucoma in Shiba-Inus, did not show a significant
association in Shih-Tzus (P = 0.868, OR = 1.13, 95% CI = 0.26–
4.95). Two other SNPs (rs8655283 and rs22018514), which were
associated with glaucoma in Shiba-Inus, as well as rs22019922,
also did not achieve statistically significant associations with
glaucoma in Shih-Tzus. However, the odds-ratios of these variants
in Shih-Tzus were suggestive of an association, with the T allele of
rs8655283, the G allele of rs22018514, and the A allele of
rs22019922, each having a 2.43 or 2.49-fold increased risk of
glaucoma.
Figure 1 shows the strength of linkage disequilibrium (LD) for
the five SNPs of SRBD1 in Shiba-Inus and Shih-Tzus. Strong LD
was observed between rs8655283, rs22018514 and rs22018513 in
Shiba-Inus (D’ $0.78) (Figure 1A). In Shih-Tzus, strong LD was

Discussion
The aim of the present study was to assess the potential
associations of polymorphisms in the candidate genes SRBD1,
ELOVL5, and ADAMTS10, with the development of canine
glaucoma. To this end, we genotyped 11 polymorphisms of these
genes in two breeds of dogs with cases of glaucoma or without, as
controls. Here we report that the SRBD1 polymorphisms exhibited
significant association with canine glaucoma, while the ELOVL5
and ADAMTS10 polymorphisms that were examined in this study
were not associated with canine glaucoma. In Shiba-Inus, the
strongest association with glaucoma in SRBD1 was observed at
rs22018513, which is a synonymous SNP in exon 4. Two other
SNPs, rs8655283 and rs22018514, were also significantly associated with glaucoma; however, these significant associations were
calculated only secondarily from a strong LD with rs22018513. In
Shih-Tzus, however, rs22018513 was not associated with glaucoma. Only rs9172407 in intron 1 of SRBD1 showed a statistically

Table 1. Primer pairs for PCR of glaucoma-related genes.

Gene
SRBD1

ELOVL5

ADAMTS10

Allele

59-39 Forward

59-39 Reverse

rs22019922

TGTTGGTGTTGTCAGCAAGT

TCACACTCTTTCTCTCACTCTCTC

rs8655283

TTAGGATGAAACCATGGAAC

TTGGCGATTTATTGAACTAAC

rs22018513, rs22018514

GCTATTGCTGATGTTGATTTG

TGCAGTGCTGGCCCTGTTGGA

rs9172407

GTGAACCTGAAATGGCAAA

TTAACTAGCTTCCTTGCTTCC

rs22226301

AGTTGTGCTGCTTACATTAGG

AGCAAGGCAAGATGTGTTC

rs9194033

AGTGATGCTGCTATGGGATG

GCTCAGGTCATGGGATCAAG

rs22202438

CATGCTGAACATCTGGTGGT

GCTGGTCTGGATGATTGTCA
ACCACCAGAGGACACGGATA

rs8643563

AATTGTATGGCTGGGACCAA

rs22194174

AATGCTTATCCTACCCAATC

TCAGGCTCTATGCTCAGTG

Gly661Arg (56097365 G.A)

CACAGAGCAAGCAGGGAGT

GGGTGGAAGTGGGAGTG

doi:10.1371/journal.pone.0074372.t001
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Table 2. Association analysis for five polymorphisms in the SRBD1 gene region for Shiba-Inu and Shih-Tzu dog breeds.

SNP ID

rs22019922

rs8655283

rs22018514

rs22018513

rs9172407

Position
Chr. (CanFam2.0) Allele SNP Type

10

10

10

10

10

50924623

50989281

51,049,600

51,049,604

51062753

A/C

C/T

C/G

A/G

A/G

Intron

Intron

Non-synonymous

Synonymous

Intron

Risk
Allele Breed

A

T

G

G

G

Risk Allele
Frequency (%)

N

P

OR(95% CI)

7.1

0.65

1.27 (0.44–3.66)

91.3

0.25

2.49(0.50–12.49)

0.40

1.59 (0.66–3.80)

Cases

Controls Cases

Controls

Shiba-Inu

56

42

8.9

Shih-Tzu

27

40

96.3

Overall

83

82

Shiba-Inu

56

42

37.5

21.4

0.016

2.20 (1.15–4.20)

Shih-Tzu

27

40

92.6

83.8

0.13

2.43 (0.75–7.89)

Overall

83

82

0.0068

2.25 (1.28–3.97)

Shiba-Inu

56

42

41.1

21.4

0.0037

2.56 (1.34–4.86)

Shih-Tzu

27

40

92.6

83.8

0.13

2.43 (0.75–7.89)

Overall

83

82

Shiba-Inu

56

42

78.6

Shih-Tzu

27

40

94.4

Overall

83

82

Shiba-Inu

56

42

8.9

Shih-Tzu

27

40

25.9

Overall

83

82

0.0018

2.52 (1.43–4.44)

54.8

0.00039

3.03 (1.62–5.65)

93.8

0.87

1.13 (0.26–4.95)

0.0015

2.59 (1.46–4.61)

6.0

0.44

1.55 (0.51–4.71)

6.3

0.0014

5.25 (1.76–15.63)

0.0074

2.90 (1.34–6.26)

OR, odds ratio; CI, confidence interval.
Overall P values and ORs for meta-analysis were calculated using the Mantel-Haenzel method.
doi:10.1371/journal.pone.0074372.t002

Figure 1. Linkage disequilibrium (LD) plot of five SNPs of the SRBD1 gene. A) LD structure in Shiba-Inus. B) LD structure in Shih-Tzus. The D’
value and r2 value (in parentheses) corresponding to each SNP pair are expressed as a percentage and shown within the respective square. The color
scheme is based on D’ and LOD score values: bright red (LOD $2 and D’ = 1); shades of pink/red (LOD $2 and D’ ,1); blue (LOD ,2 and D’ = 1); white
(LOD ,2 and D’ ,1).
doi:10.1371/journal.pone.0074372.g001
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Table 3. Conditional logistic regression analysis of rs8655283, rs22018514 and rs22018513 in the SRBD1 gene for Shiba-Inus.
P**

SNP ID
Risk Allele

Model

P*

Covariates
rs8655283

rs22018514

rs22018513

rs8655283

T

Additive

0.021

–

0.92

0.15

rs22018514

G

Additive

0.0066

0.13

–

0.10

rs22018513

G

Additive

0.00025

0.0010

0.0021

–

*P values for each SNP under the recessive, additive, or dominant model that provided the best fit by logistic regression analysis. The lowest P value was selected as the
best fit model. The indicated model showed the lowest P value for each SNP.
**P values adjusted for each SNP under the indicated model by conditional logistic regression analysis.
doi:10.1371/journal.pone.0074372.t003

SRBD1 region, suggesting that rs3213787 is strongly linked with
polymorphisms in exon 4 and intron 1. Further investigation will
be necessary to confirm the association of polymorphisms in the
exon 4 and intron 1 regions of SRBD1 in human glaucoma
patients.
SRBD1 was initially identified as an S1 RNA-binding domain in
Escherichia coli [19]. Many proteins contain S1 RNA-binding
domains, such as the bacterial exonuclease polynucleotide
phosphorylase, eukaryotic translation initiation factor 2 alpha,
and even a human DNA-binding protein [20,21]. The function of
SRBD1 in humans and dogs remains unknown. Canine SRBD1 is
located on the reverse strand of chromosome 10, and is
approximately 186 kb, including approximately 3 kb of the exon

significant association in Shih-Tzus, but not in Shiba-Inus. These
results suggest that rs22018513 and rs9172407, or a respective
neighboring polymorphism, may be a causative factor for
glaucoma in Shiba-Inus and Shih-Tzus, respectively.
BLAST analysis (http://blast.ncbi.nlm.nih.gov/) reveals that
the canine SRBD1 amino acid sequence shares a high degree of
similarity with its human homolog, with 90% identity. In humans,
the nucleotide sequences corresponding to rs22018513 and
rs9172407 are located within exon 4 and intron 1 of SRBD1,
respectively. However, these sequences have never been reported
as polymorphic in humans. While the human NTG-associated
SNP, rs3213787, is located in intron 17 of SRBD1 [2], the
HapMap database shows strong LD across the entire human

Table 4. Association analysis for six polymorphisms in the ELOVL5 and ADAMTS10 gene regions for Shiba-Inu and Shih-Tzu dog
breeds.

SNP ID

Position
Chr. (CanFam2.0) Gene

Allele SNP Type

Risk
Allele*

Breed

Risk Allele
Frequency (%)

N

Cases Controls Cases
rs22226301 12

rs9194033 12

rs22202438 12

rs8643563 12

rs22194174 12

Gly661Arg 20

20733716

20739417

20743516

20744701

20749077

56097365

ELOVL5

ELOVL5

ELOVL5

ELOVL5

ELOVL5

C/T

A/G

A/G

(–)/T

A/C

ADAMTS10 A/G

3’UTR

Intron

Synonymous

T

G

G

Frameshift coding T

Intron

Non-synonymous

A

A

(56097365 G.A)

P

OR (95% CI)

Controls

Shiba-Inu 56

42

0.0

0.0

–

–

Shih-Tzu

27

40

0.0

0.0

–

–

Overall

83

82

Shiba-Inu 56

42

33.9

Shih-Tzu

27

40

55.6

Overall

83

82

Shiba-Inu 56

42

35.7

Shih-Tzu

27

40

59.3

Overall

83

82

Shiba-Inu 56

42

0.0

Shih-Tzu

27

40

0.0

Overall

83

82

Shiba-Inu 56

42

0.0

Shih-Tzu

27

40

0.0

Overall

83

82

Shiba-Inu 56

42

0.0

0.0

–

–

Shih-Tzu

27

40

0.0

0.0

–

–

Overall

83

82

–

–

–

–

26.2

0.25

1.45 (0.78–2.70)

68.8

0.12

0.57 (0.28–1.16)

0.99

0.97 (0.61–1.54)

28.6

0.29

1.39 (0.75–2.56)

68.8

0.26

0.66 (0.32–1.36)

0.98

1.02 (0.64–1.62)

0.0

–

–

0.0

–

–

–

–

0.0

–

–

0.0

–

–

–

–

OR, odds ratio; CI, confidence interval.
Overall P values and ORs for meta-analysis were calculated using the Mantel-Haenzel method.
*Risk allele is for Shiba-Inu dogs.
doi:10.1371/journal.pone.0074372.t004
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the canine ADAMTS10 gene region. Since the dog genome
information is still incomplete, it is predicted that more even
polymorphisms exist in the canine ADAMTS10 gene region.
Therefore, it is necessary to perform a comprehensive genetic
analysis of the region and clarify whether ADAMTS10 is a
candidate gene for glaucoma not only in Beagles, but also in other
breeds.
There are no genetic tests currently available to assist in
glaucoma diagnosis, identification of people at risk, initiation of
treatment, and timing of surgical intervention. We performed the
present SNP analysis of candidate genes in Shiba-Inu and ShihTzu dog breeds for the possibility to help develop diagnostic,
genetic analyses for glaucoma risk factors. However, the mechanism by which these genes contribute to the development of
glaucoma remains to be determined. Future studies are expected
to examine the roles of SRBD1 in humans and dogs, in an effort to
determine whether genetic testing might not only help predict
whether someone will develop glaucoma, but may also, perhaps,
be a valuable prognostic factor for the clinical course of the
disease, and/or predictive factor for its treatment. Despite new
and improving diagnostic and therapeutic options for glaucoma,
blindness resulting from glaucoma remains a major public health
problem. These future experiments will help to optimize glaucoma
treatment.

region (http://asia.ensembl.org/Canis_familiaris/Transcript/Exons?
db = core;g = ENSCAFG00000002554;r = 10:47923593-47924593;
t = ENSCAFT00000049409). SRBD1 transcript is reportedly expressed in the retinal ganglion cell and neuroblast layers in neonatal
mouse tissue [2], but its localization in dogs remains unknown.
The present study found that a synonymous SNP (rs22018513)
and intronic SNP (rs9172407) in SRBD1 were associated with
glaucoma in Shiba-Inus and Shih-Tzus, respectively. Synonymous
and intronic polymorphisms can significantly affect gene expression by various mechanisms and lead to the development of
disease [22–24]. We did not compare SRBD1 mRNA levels in
normal and affected dogs; however, a similar experiment has been
conducted in humans [2]. Results from that study showed a
significant correlation between increased SRBD1 expression and
the NTG-associated risk allele of intronic SNP. These results
suggest that rs22018513 and rs9172407 in canine SRBD1 could
cause enhanced SRBD1 expression. Reports show that SRBD1 is
indirectly involved in cell growth, general protein synthesis,
induction of apoptosis, and maintaining homeostasis [2]. Therefore, we hypothesize that enhanced expression, leading to
increased activity of SRBD1, which could induce apoptosis, could
result in retinal ganglion cell death during the development of
glaucoma.
ELOVL5 is a fatty acid condensing enzyme involved in the
biosynthesis of long-chain polyunsaturated fatty acids [25], and is
one of the candidate genes for retinitis pigmentosa [26]. The
Normal Tension Glaucoma Genetics Study Group of the Japan
Glaucoma Society reported ELOVL5 as a new susceptibility gene
for human NTG [2]. However, the present study did not show any
significant association of ELOVL5 polymorphisms with canine
glaucoma. The difference between our results and those reported
by the study group may be due to the different forms of glaucoma
that were studied (human NTG without IOP elevation, and canine
glaucoma with IOP elevation, respectively). In contrast, SRBD1
polymorphisms were associated with canine glaucoma and human
glaucoma independent of IOP, suggesting that SRBD1 polymorphisms may affect a common disease condition in canine and
human glaucoma. Therefore, detection of any common phenotypes in these glaucoma studies [2,10] is important because it will
help to clarify how SRBD1 affects the development of glaucoma.
Moreover, canine glaucoma resulting from SRBD1 polymorphisms
could be used as an excellent genetic animal model for human
glaucoma and contribute significantly to the development of novel
diagnostic and therapeutic options for glaucoma.
Kato, et al., reported that the Beagle breed has the fourthhighest incidence of canine glaucoma, after Shiba-Inu, Shih-Tzu,
and American Cocker Spaniel breeds [18]. Kuchtey et al. recently
reported that the Gly661Arg variant (56097365 G.A) of
ADAMTS10 in Beagles with POAG is a candidate, predictive
gene allele for canine POAG [12]. We did not observe an
association between this 56097365 G.A variant and glaucoma in
Shiba-Inus or Shih-Tzus, possibly because of breed-specific allelic
differences between Beagles and Shiba-Inus or Shih-Tzus. More
recently, Kuchtey, et al., reported that the Gly661Arg variant was
not found in any of the other dog breeds analyzed, (Shiba-Inu,
Shih-Tzu, American Cocker Spaniels, Chihuahua, Australian
Cattle Dog, Jack Russell Terrier, Jindo, Siberian Husky, and
Yorkshire Terrier), suggesting that this allele is Beagle-specific, and
that other genes may be associated with glaucoma in other breeds
[27]. However, ADAMTS10 may be still a candidate gene for
glaucoma in dogs, including Shiba-Inu and Shih-Tzu, because
other ADAMTS10 variants have yet to be investigated for their
association with canine glaucoma. The Ensembl database (http://
asia.ensembl.org/index.html) shows 16 genetic polymorphisms in
PLOS ONE | www.plosone.org

Materials and Methods
Ethics Statement
This study was performed as part of research approved by the
Ethical Committee of Azabu University (Permit Number: 1104082). Informed written consent was obtained from each dog owner.
All procedures in this study were conducted in accordance with
the Guide for the Care and Use of Laboratory Animals of Azabu
University.

Diagnosis of Glaucoma
98 Japanese Shiba-Inu dogs and 67 Shih-Tzu dogs were
recruited from the Veterinary Teaching Hospital at Azabu
University. All dogs received complete ophthalmologic examinations using a hand-held slit-lamp biomicroscope (SL-14; Kowa,
Tokyo, Japan), indirect ophthalmoscopy, and tonometry. After the
application of topical anesthesia (oxybuprocaine hydrochloride,
Santen, Osaka, Japan), IOP was measured by tonometry using the
Tono-Pen XL (Mentor O&O Inc., Norwell, MA). 42 Shiba-Inus
and 40 Shih-Tzus were diagnosed as normal (,25 mmHg IOP).
56 Shiba-Inus and 27 Shih-Tzus had elevated IOP (.25 mmHg)
in at least one eye, and were diagnosed with glaucoma. Since
glaucoma is a late-onset disorder, we did not recruit dogs younger
than four years in the control group, in an attempt to exclude
potential glaucomatous dogs.

DNA Preparation
Genomic DNA from glaucomatous and normal dogs was
collected from peripheral blood and purified using a DNA whole
blood spin kit (Fuji Film, Tokyo, Japan). The purity and
concentration of DNA were examined using GeneQuant Pro
(GE Healthcare, Cambridge, UK).

Determination of DNA Sequences
In the SRBD1 and ELOVL5 gene regions, a total of ten
polymorphisms were selected to cover the entire gene regions
(rs22019922, rs8655283, rs22018514, rs22018513 and rs9172407
in SRBD1; rs22226301, rs9194033, rs22202438, rs8643563 and
rs22194174 in ELOVL5) (Table 2,4). In the ADAMTS10 gene
5

168

September 2013 | Volume 8 | Issue 9 | e74372

SRBD1 and Canine Glaucoma

between glaucomatous and normal dogs were assessed using the x2
test, and P,0.05 was considered statistically significant. Overall, P
values and odds ratios (ORs) for meta-analysis were calculated by
the Mantel-Haenszel method. The Haploview 4.1 program was
used to compute pairwise LD statistics [28]. Conditional logistic
regression analysis was performed to assess the effect of each SNP
on the disease susceptibility using PLINK (http://pngu.mgh.
harvard.edu/purcell/plink/) [29].

region, we selected the Gly661Arg variant (56097365 G.A) for
analysis (Table 4). PCR primer pairs listed in Table 1 were used to
amplify regions containing the SNPs mentioned above. The PCR
products were electrophoretically separated on a 1% agarose gel,
and the PCR product bands were cut and frozen at 280uC in
Tris-EDTA buffer. The frozen samples were thawed, homogenized, and centrifuged at 15,000 g for 5 minutes. The supernatants
were subjected to cycle sequencing using the Big Dye terminator
sequencing kit (Life Technologies, Foster City, CA). The sequence
cycling reaction products were purified using the Qiagen Dye Ex
2.0 Spin Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions. After drying, the DNA samples were
mixed with high Dye Mix (Life Technologies) and were directly
sequenced using an ABI PRISM 310 genetic analyzer (Life
Technologies). The sequence data were analyzed using Sequence
Scanner v. 1.0 (Life Technologies) and GENETYX-WIN v. 4.0
(Genetyx, Tokyo, Japan). We did not find any novel DNA
sequences deposited in GenBank in this study.
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ゎᯒࡣ SPSS ࢆ⏝࠸࡚⾜ࡗࡓ㸦SPSS v.19.0, SPSS Japan Inc., IBM company㸧
ࠋࡲࡓࠊ≟
✀ࢢ࣮ࣝࣉࡢࡶࠊ≟ࡢ⾜ື≉ᛶᙳ㡪ࢆཬࡰࡍᛮࢃࢀࡿኚᩘࡋ࡚ࠊᅜࠊᛶูࠊᖺ
㱋ࠊ㑊ዷཤໃࡢᐇ≧ἣࠊయ㔜ࠊධᡭሙᡤࠊධᡭᮇࠊ㣫࠸ࡢࡲ࡛ࡢ㣫⫱⤒㦂ࢆゎᯒ
ྵࡵࡓࠋࢡࣛࢫࢱ࣮ゎᯒࡣࠊSPSS ࢆ⏝࠸࡚ࠊ࢛࣮࢘ࢻἲ࡛⾜ࡗࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
㸯㸬ࢹ࣮ࢱᵓ㐀
᪥ᮏཬࡧ⡿ᅜඹ㏻ࡋ࡚ぢࡽࢀࡓ 59 ≟✀ࢆ㑅ᢤࡋࠊᛶูཬࡧᅜࡢᙳ㡪ࢆ㝖ࡃࡓࡵࡑࢀࡒ
ࢀࡢᅜ࠾ࡅࡿ≟✀㢌ᩘᛶูࢆྜࢃࡏࡓࠋࡑࡢ⤖ᯝࠊྛᅜ 1252 㢌࡞ࡗࡓࠋ᪥ᮏཬࡧ
⡿ᅜඹ㏻ࡋ࡚࠸ࡓ 63 ၥࡢ㉁ၥࡘ࠸࡚ᅉᏊศᯒࢆ⾜ࡗࡓ⤖ᯝࠊ12 ࡢᅉᏊศ㢮ࡉࢀࡓࠋ
ᅉᏊ㈇Ⲵ㔞ࡀ 0.4 ࡼࡾᑠࡉ࠸㡯┠ࢆ㝖ࡁࠊࡧᅉᏊศᯒࢆ⾜ࡗࡓ⤖ᯝࠊࡧ 12 ࡢᅉᏊศ
㢮ࡉࢀࡓࠋᅉᏊ㈇Ⲵ㔞ࡀ 0.4 ࡼࡾᑠࡉ࠸㡯┠ࢆࡧ㝖ࡁࠊࡧᅉᏊศᯒࢆ⾜ࡗࡓ⤖ᯝࠊྠࡌ
ࡃᅉᏊᚓⅬ࠾ࡅࡿඹ㏻ศᩓࡢ 55.14%ࢆ༨ࡵࡿ 12 ࡢᅉᏊศ㢮ࡉࢀࡓࠋࡑࡢ࠺ࡕ 11 ࡢᅉ
Ꮚࡀࢡࣟࣥࣂࢵࢡࡢࣝࣇ್ 0.7 ௨ୖࢆ♧ࡋࡓࠋ11 ࡢᅉᏊࡣࠊぢ▱ࡽࡠேᑐࡍࡿᨷᧁ
ᛶࠊぢ▱ࡽࡠேᑐࡍࡿᜍࢀࠊカ⦎ᛶࠊศ㞳Ᏻࠊ⯆ዧᛶࠊ㠀♫ⓗ࡞่⃭ᑐࡍࡿᜍࢀࠊ
㣫࠸ᑐࡍࡿᨷᧁᛶࠊぢ▱ࡽࡠ≟ᑐࡍࡿᜍࢀࠊぢ▱ࡽࡠ≟ᑐࡍࡿᨷᧁᛶࠊឡ╔ࠊ
ධ⪅ᑐࡍࡿᨷᧁᛶ࡛࠶ࡾࠊ11 ࡢᅉᏊࡣ⥲ィ 50 ಶࡢ㉁ၥ㡯┠ࡀྵࡲࢀࡓࠋ
㸰㸬C-barq ᅉᏊᚓⅬᑐࡍࡿ≟✀ࡢᙳ㡪
≟✀ࢆࠊ᪤ሗ࿌ࡉࢀ࡚࠸ࡓ vonHoldt (2010)11 ࡼࡿ㑇ఏศᒱᅗ㸦ᅗ 1-1㸧ࢆᇶࠊձཎ
ጞⓗ࡞≟㸦ࣥࢩ࢚ࣥࢺ㸧ࢢ࣮ࣝࣉࠊղࢺࢢ࣮ࣝࣉࠊճࢫࣃࢽ࢚ࣝࠊࢭࣥࢺࣁ࢘ࣥࢻࠊ
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ࣉ࣮ࢻࣝࡽᡂࡿࢫࣃࢽ࢚ࣝࢢ࣮ࣝࣉࠊմ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࠊյࢸࣜࢢ࣮ࣝࣉࠊնࣁ
࣮ࢹࣥࢢࢧࢺࣁ࢘ࣥࢻࡽᡂࡿࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࠊշࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࠊո
࣐ࢫࢳࣇࢢ࣮ࣝࣉࡢ 8 ࡘࡢࢢ࣮ࣝࣉศ㢮ࡋ࡚ゎᯒࢆ⾜ࡗࡓࠋᰘ≟ࡣࠊvonHoldt (2010)
ࡼࡿ㑇ఏศᒱᅗྵࡲࢀ࡚࠸࡞࠸ࡓࡵࠊParker (2004)ࡼࡿ㑇ఏศᒱᅗࢆᇶཎጞⓗ࡞≟
ࡢࢢ࣮ࣝࣉศ㢮ࡋࡓࠋࡑࡢࡢ㑇ఏศᒱᅗྵࡲࢀ࡞࠸≟✀ࡘ࠸࡚ࡣࠊゎᯒࡽ㝖እ
ࡋࡓࠋ୍⯡⥺ᆺࣔࢹࣝࢆ⏝࠸࡚ゎᯒࢆ⾜ࡗࡓ⤖ᯝࠊ11 ࡢᅉᏊ࡚ࡀ≟✀ࢢ࣮ࣝࣉཬࡧࡑ
ࡢ 8 ࡘࡢኚᩘࡼࡗ࡚᭷ពㄝ᫂ࡉࢀࡓ㸦p<0.05, ⾲ 1-1, ᅗ 1-2 ཧ↷㸧ࠋ
ぢ▱ࡽࡠேᑐࡍࡿᨷᧁᛶ㸸ࢺࢢ࣮ࣝࣉࡀ᭱ࡶ㧗ࡗࡓࠋࢺࢢ࣮ࣝࣉࡣࠊࣁ࣮ࢹࣥ
ࢢࢢ࣮ࣝࣉࠊࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࠊ࣐ࢫࢳࣇࢢ࣮ࣝࣉࡼࡾࡶ᭷ពᨷᧁⓗ࡛࠶ࡗࡓ㸦p<0.05㸧
ࠋ
ࡲࡓࠊࢫࣃࢽ࢚ࣝࢢ࣮ࣝࣉࡣࠊࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉཬࡧ࣐ࢫࢳࣇࢢ࣮ࣝࣉࠊཎጞⓗ࡞≟ࢢ
࣮ࣝࣉࡣࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡣࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࡼࡾࡶ᭷ព
ᨷᧁⓗ࡛࠶ࡗࡓ㸦p<0.05㸧
ࠋ
ぢ▱ࡽࡠேᑐࡍࡿᜍࢀ㸸࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡀ᭱ࡶపࡃࠊࡑࡢࡢ࡚ࡢ≟✀ࢢ࣮ࣝࣉ
ࡼࡾࡶ᭷ពపࡗࡓ㸦p<0.05㸧
ࠋ
カ⦎ᛶ㸸ࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡀ᭱ࡶ㧗ࡗࡓࠋࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡢカ⦎ᛶࡣࠊ࣮࣡
࢟ࣥࢢࢢ࣮ࣝࣉ௨እࡢ࡚ࡢ≟✀ࢢ࣮ࣝࣉࡼࡾࡶ᭷ព㧗ࡗࡓ㸦p<0.05㸧
ࠋ
ศ㞳Ᏻ㸸≟✀ࢢ࣮ࣝࣉࡼࡿ㐪࠸ࡣぢࡽࢀ࡞ࡗࡓࠋ
⯆ዧᛶ㸸࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡀ᭱ࡶపࡗࡓࠋ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡢ⯆ዧᛶࡣࠊ࣐ࢫࢳࣇ
ࢢ࣮ࣝࣉ௨እࡢ࡚ࡢ≟✀ࢢ࣮ࣝࣉࡼࡾࡶ᭷ពపࡗࡓ㸦p<0.05㸧
ࠋࣁ࣮ࢹࣥࢢࢢ࣮ࣝ
ࣉࡀ᭱ࡶ㧗ࡃࠊࢫࣃࢽ࢚ࣝࢢ࣮ࣝࣉࠊ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࠊ࣐ࢫࢳࣇࢢ࣮ࣝࣉࡼࡾࡶ᭷ព
㧗ࡗࡓ㸦p<0.05㸧
ࠋ
㠀♫ⓗ࡞่⃭ᑐࡍࡿᜍࢀ㸸࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡀ᭱ࡶపࡃࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡀ
᭱ࡶ㧗ࡗࡓࠋ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡢ㠀♫ⓗ࡞่⃭ᑐࡍࡿᜍࢀࡣࠊ࣐ࢫࢳࣇࢢ࣮ࣝࣉ
௨እࡢ࡚ࡢ≟✀ࢢ࣮ࣝࣉࡼࡾࡶ᭷ពపࡃࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡢ㠀♫ⓗ࡞่⃭
ᑐࡍࡿᜍࢀࡣࠊࢫࣃࢽ࢚ࣝࢢ࣮ࣝࣉࠊ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࠊ࣐ࢫࢳࣇࢢ࣮ࣝࣉࡼࡾࡶ᭷ព
㧗ࡗࡓ㸦p<0.05㸧
ࠋ
㣫࠸ᑐࡍࡿᨷᧁᛶ㸸࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡀ᭱ࡶపࡃࠊࢺࢢ࣮ࣝࣉࡀ᭱ࡶ㧗ࡗࡓࠋ
࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡢ㣫࠸ᑐࡍࡿᨷᧁᛶࡣࠊࡑࡢࡢ࡚ࡢ≟✀ࢢ࣮ࣝࣉࡼࡾࡶప
ࡗࡓ㸦p<0.05㸧
ࠋࢺࢢ࣮ࣝࣉࡢ㣫࠸ᑐࡍࡿᨷᧁᛶࡣࠊ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࠊࣁ࣮ࢹ
ࣥࢢࢢ࣮ࣝࣉࠊࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࡼࡾࡶ᭷ព㧗ࡗࡓ㸦p<0.05㸧ࠋࡲࡓࠊࢫࣃࢽ࢚ࣝࢢ
࣮ࣝࣉࡢ㣫࠸ᑐࡍࡿᨷᧁᛶࡣࠊ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡼࡾࡶ᭷
ព㧗ࡗࡓ㸦p<0.05㸧
ࠋ
ぢ▱ࡽࡠ≟ᑐࡍࡿᜍࢀ㸸࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡀ᭱ࡶపࡗࡓࠋ࣮࣡࢟ࣥࢢࢢ࣮ࣝࣉࡢぢ
▱ࡽࡠ≟ᑐࡍࡿᜍࢀࡣࠊࡑࡢࡢ࡚ࡢ≟✀ࢢ࣮ࣝࣉࡼࡾࡶ᭷ពపࡗࡓ㸦p<0.05㸧ࠋ
ぢ▱ࡽࡠ≟ᑐࡍࡿᨷᧁᛶ㸸ࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࡀ᭱ࡶపࡃࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉࠊࢺ
ࢢ࣮ࣝࣉࠊࢸࣜࢢ࣮ࣝࣉཬࡧࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡼࡾࡶ᭷ពపࡗࡓ㸦p<0.05㸧
ࠋ
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ឡ╔㸸ཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡀ᭱ࡶపࡗࡓࠋཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡢឡ╔ࢫࢥࡣࠊࡑࡢ
ࡢ࡚ࡢ≟✀ࢢ࣮ࣝࣉࡼࡾࡶ᭷ពపࡗࡓ㸦p<0.05㸧
ࠋ
ධ⪅ᑐࡍࡿᨷᧁᛶ㸸ࢺࢢ࣮ࣝࣉࡀ᭱ࡶ㧗ࡃࠊࢺࢢ࣮ࣝࣉࡢධ⪅ᑐࡍࡿᨷᧁᛶ
ࡣࠊ࣐ࢫࢳࣇࢢ࣮ࣝࣉࡼࡾࡶ᭷ព㧗ࡗࡓ㸦p<0.05㸧
ࠋ
㸱㸬C-barq ᅉᏊࠕឡ╔ࠖࡢ≟✀ࢡࣛࢫࢱ࣮ゎᯒ
ཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡑࡢࡢ≟✀ࢢ࣮ࣝࣉ࡛㐪࠸ࡀぢࡽࢀࡓឡ╔ࡘ࠸࡚ࠊ≟✀ࢡࣛ
ࢫࢱ࣮ゎᯒࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ≟✀ࡣࡁࡃ 2 ࡘࡢࢡࣛࢫࢱ࣮ศ㢮ࡉࢀࠊཎጞⓗ࡞≟
ࢢ࣮ࣝࣉࡢ 5 ≟✀࡚ࡀࢡࣛࢫࢱ࣮1 ศ㢮ࡉࢀࡓ㸦ᅗ 1-3 ཧ↷㸧
ࠋཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡢ
≟✀௨እࡣࠊ࣍࣡ࢺࢸࣜࠊ࢘࣌ࢵࢺࠊࢣࣥࢸࣜࠊ࣎ࣝࢰࠊࢢ࣮ࣞࢺࢹ࣮ࣥ
ࡢ 5 ≟✀ࡀࢡࣛࢫࢱ࣮1 ศ㢮ࡉࢀࠊࡑࡢࡢ 36 ≟✀ࡣࢡࣛࢫࢱ࣮2 ศ㢮ࡉࢀࡓࠋ
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⾲ 1-1 ୍⯡⥺ᆺࣔࢹࣝࢆ⏝࠸ࡓᅉᏊᚓⅬࡢゎᯒ⤖ᯝ

F2: Fear of unfamiliar persons

F1:䚷Aggression to unfamiliar persons
䃦2
df
p Pairwise comparison B5)
50.570 7 0.000 1>7, 2>6, 2>7, 2>8,
3>7, 3>8, 5>7, 6>7
1.015 1 0.314
1.683 1 0.195

Breed groups 1)
Country
Sex
Neutered status 2)
Source where aquired

3)

Dog-ownership experience4)
Body weight
Dog's age at evaluation
Dog's age when acquired
Breed groups*Country
Breed groups*Sex
Country*Sex
Breed groups*Country*Sex
Omnibus

0.658

1 0.417

24.100

6 0.001

䃦2
126.652
70.010
69.123
0.468

2>3, 5>3

1.361 1 0.243
0.571 1 0.450
0.000 1 0.996
14.696 1 0.000
61.631 15 0.000
63.198 15 0.000
12.030 3 0.007
79.827 31 0.000

1.940

-0.003

189.444 42 0.000

Country
Sex

14.488
0.749

1 0.000
1 0.387

3.771

1 0.052

31.588

6 0.000

Dog-ownership experience4)
Body weight
Dog's age at evaluation
Dog's age when acquired
Breed groups*Country
Breed groups*Sex
Country*Sex
Breed groups*Country*Sex

15.057 1 0.000
3.725 1 0.054
22.534 1 0.000
5.055 1 0.025
89.920 15 0.000
59.386 15 0.000
15.663 3 0.001
104.545 31 0.000

Omnibus

248.373 42 0.000

6 0.925
1
1
1
1
15
15
3
31

0.939
0.000
0.429
0.073
0.000
0.000
0.000
0.000

145.060

42 0.000

-0.029

F4: Separation-related anxiety

Breed groups 1)

Source where aquired 3)

B

1 0.494

0.006
14.518
0.627
3.223
139.576
127.814
85.804
141.411

F3: Trainability
df
p Pairwise comparison
䃦2
51.531 7 0.000
6>1, 6>2, 6>3,
6>5, 6>7, 6>8

Neutered status 2)

df
p Pairwise comparison
7 0.000
1>4, 2>4, 3>4,
5>4, 6>4, 7>4, 8>4
1 0.000
US>JPN
1 0.000
F>M

B

䃦2
13.498

df
p Pairwise comparison
7 0.061

US>JPN

31.078
0.000

1 0.000
1 0.996

US>JPN

4.368

1 0.037

I>N

3>4, 7>4

12.795

6 0.046

2>1

10.161
4.925
5.444
1.083
96.176
20.717
31.078
106.105

1
1
1
1
15
15
3
31

237.075

42 0.000

0.024
0.000

0.001
0.026
0.020
0.298
0.000
0.146
0.000
0.000

B

1>2
-0.012
-0.039

1, Ancient and spitz breeds: 1, Toy dogs: 2, Spaniels, scent hounds, and poodles: 3, Working dogs: 4, Small
terriers: 5, Sight hounds and herding dogs: 6, Retrievers: 7, Mastiff-like dogs: 8
2, neutered: N, intact: I
3, bred by owner: 1, friend of relative: 2, breeder: 3, pet store: 4, shelter: 5, stray: 6, other: 7
4, first ownership: 1, second and more ownership: 2
5, partial regression coefficient
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F5: Energy and restless
Breed groups 1)
Country
Sex
Neutered status 2)

5.077
0.161

1 0.024
1 0.688

JPN>US
N>I

5.631

1 0.018

Source where aquired 3)

10.706

6 0.098

Dog-ownership experience4)
Body weight
Dog's age at evaluation
Dog's age when acquired
Breed groups*Country
Breed groups*Sex
Country*Sex
Breed groups*Country*Sex

2.130 1 0.144
7.906 1 0.005
2.154 1 0.142
4.155 1 0.042
52.434 15 0.000
47.984 15 0.000
5.752 3 0.124
65.671 31 0.000

Omnibus

F6: Fear of non-social stimuli

䃦2
df
p Pairwise comparison
44.844 7 0.000 1>4, 2>4, 3>4, 5>4,
6>4, 7>4, 6>3, 6>8

B

-0.012
0.001

148.076 42 0.000

䃦2
44.844

5.077
0.161

1 0.024
1 0.688

JPN>US

5.631

1 0.018

N>I

10.706

6 0.098

2.130
7.906
2.154
4.155
52.434
47.984
5.752
65.671

Breed groups 1)

Country
Sex

0.000
0.000

1 1.000
1 1.000

Neutered status 2)

0.000

Source where aquired 3)

0.000

Dog-ownership experience4)
Body weight
Dog's age at evaluation
Dog's age when acquired
Breed groups*Country
Breed groups*Sex
Country*Sex
Breed groups*Country*Sex
Omnibus

1
1
1
1
15
15
3
31

0.144
0.005
0.142
0.042
0.000
0.000
0.124
0.000

0.001

42 0.000

䃦2
141.880

df
p Pairwise comparison
7 0.000
1>4, 2>4, 3>4,
5>4, 6>4, 7>4, 8>4

F8: Fear of unfamiliar dogs
B

80.139
78.662

1 0.000
1 0.000

1 1.000

2.798

1 0.094

6 1.000

11.911

0.000 1 1.000
0.023 1 0.881
0.000 1 0.986
2.897 1 0.089
89.609 14 0.000
85.619 14 0.000
20.113 3 0.000
91.284 29 0.000

1.017
5.361
1.257
0.008
153.605
142.858
98.852
155.422

1
1
1
1
15
15
3
31

266.838 42 0.000

111.849

42 0.000
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B

-0.012

148.076

F7: Aggression to household members
Ȥ
df
p Pairwise comparison
84.719 7 0.000 1>4, 2>4, 2>6, 2>7,
3>4, 3>6, 5>4, 6>4,
7>4, 8>4

df
p Pairwise comparison
7 0.000 1>4, 2>4, 3>4, 6>3,
5>4, 6>4, 7>4, 6>8

B

US>JPN
F>M

6 0.064
0.313
0.021
0.262
0.929
0.000
0.000
0.000
0.000

-0.017

F11: Attachment and attention-seeking

F9: Aggression to unfamiliar dogs
Breed groups 1)
Country
Sex

䃦2
df
p Pairwise comparison
26.211 7 0.000 1>7, 2>7, 5>7, 6>7
2.747
5.105

Neutered status 2)

1 0.097
1 0.024

B

䃦2
82.116
136.912
3.030

M>F

df
p Pairwise comparison
7 0.000 2>1, 3>1, 4>1, 5>1,
6>1, 7>1, 8>1
1 0.000
US>JPN
1 0.082

0.509

1 0.476

1.019

1 0.313

Source where aquired 3)

11.427

6 0.076

11.958

6 0.063

Dog-ownership experience4)
Body weight
Dog's age at evaluation
Dog's age when acquired
Breed groups*Country
Breed groups*Sex
Country*Sex
Breed groups*Country*Sex

0.780 1 0.377
1.718 1 0.190
16.415 1 0.000
2.756 1 0.097
36.747 15 0.001
38.165 15 0.001
9.449 3 0.024
52.726 31 0.009

0.042
7.023
11.145
1.318
328.227
86.349
145.751
344.926

1
1
1
1
15
15
3
31

385.296

42 0.000

Omnibus

0.069

104.112 42 0.000
F12: Aggression to persons passing near the

Breed groups

1)

df
p Pairwise comparison
䃦2
19.286 7 0.007
2>8

Country
Sex

3.724
0.984

1 0.054
1 0.321

Neutered status 2)

0.543

1 0.461

Source where aquired 3)

8.539

6 0.201

Dog-ownership experience4)
Body weight

0.335
0.007

1 0.563
1 0.934

Dog's age at evaluation

0.000

1 0.999

8.065

1 0.005

Dog's age when acquired
Breed groups*Country

29.034 15 0.016

Breed groups*Sex

26.774 15 0.031

Country*Sex

7.556

-0.002

3 0.056

Breed groups*Country*Sex

47.057 31 0.032

Omnibus

72.384 42 0.002

B

176

0.837
0.008
0.001
0.251
0.000
0.000
0.000
0.000

B

-0.005
-0.018

ᅗ 1-1 ≟✀ࡢศ㢮⏝࠸ࡓ㑇ఏศᒱᅗ㸦vonHoldt 2010㸧

㯮࠸Ⅼࡣࠊࣈ࣮ࢺࢫࢺࣛࢵࣉ್ 95%௨ୖࢆ♧ࡍࠋ

177

ᅗ 1-2 ≟✀ࢢ࣮ࣝࣉ࠾ࡅࡿᅉᏊᚓⅬࡢᖹᆒࢫࢥ

a vs b, p<0.05;

c vs d, p<0.05;

e vs f, p<0.05;

g vs h, p<0.05

Ancient and spitz breeds: Anci., Toy dogs: Toy, Spaniels, scent hounds, and poodles: Spa., Working
dogs: Work., Small terriers: Terr., Sight hounds and herding dogs: Herd., Retrievers: Retr.,
Mastiff-like dogs: Mast.
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ᅗ 1-3 ឡ╔ࡢ≟✀ࢡࣛࢫࢱ࣮ゎᯒᶞᙧᅗ
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㸰㸬≟ࡢᐙ␆㐣⛬࠾ࡅࡿ㑅ᢥᅽᅉᏊࡢ᥎ᐃ

◊✲せ᪨
࣑࢜࢜࢝ࠊ⛅⏣≟ࠊᰘ≟ࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉ௨እࡢࢾ㸦ࣛࣈࣛࢻ࣮ࣝࠊࢫࢱࣥࢲ࣮ࢻ
ࣉ࣮ࢻࣝ➼ࡢᵝࠎ࡞≟✀㸧ࡢ࣑࣮ࣛࢮࢥࣆ࣮ᩘࢆㄪᰝࡋࡓࠋᰘ≟ࡣࠊ୍⯡ⓗ࣌ࢵࢺ
ࡋ࡚㣫ࢃࢀ࡚࠸ࡿᰘ≟ኳ↛グᛕ≀ᰘ≟ಖᏑࡢཝࡋ࠸⟶⌮ࡢඖ࡛㓄ࡀ⾜ࢃࢀ࡚࠸ࡿ⦖
ᩥᰘࢆ⏝࠸ࡓࠋ
࣑࢜࢜࢝ࡢ࣑࣮ࣛࢮࢥࣆ࣮ᩘࡣඛ⾜◊✲࡛ሗ࿌ࡉࢀ࡚࠸ࡿ࠾ࡾࠊ2 ࢥࣆ࣮⛬ᗘ࡛࠶ࡗࡓࠋ
ࡲࡓࠊ࣑࢜࢜࢝ࡢ㑇ఏⓗ㏆ࡉࡽணࡋࡓ࠾ࡾࠊ⛅⏣≟ࡢࢥࣆ࣮ᩘࡣ࣑࢜࢜࢝ࡼࡾࡶ
ከ࠸ࡀ୍⯡ⓗ࡞≟✀ࡼࡾᑡ࡞ࡗࡓ㸦p<0.01㸧
ࠋ୍᪉ࠊ⛅⏣≟ྠࡌࡃཎጞⓗ࡞≟ࢢ࣮ࣝࣉ
ྵࡲࢀࡿᰘ≟ࡢࢥࣆ࣮ᩘࡣࠊ୍⯡ⓗ࡞≟✀ྠ⛬ᗘ࡛࠶ࡾࠊᰘ≟ࡢ࣑࢜࢜࢝ࡢ㑇ఏⓗ
㏆ࡉࡋࡓ⤖ᯝ࡞ࡗࡓࠋ⦖ᩥᰘࡢࢥࣆ࣮ᩘࡣࠊᰘ≟ࡼࡾᑡ࡞ࡃ㸦p<0.01㸧ࠊ⛅⏣≟ࡼࡾ
ከࡗࡓ㸦p<0.05㸧
ࠋ
◊✲┠ⓗ
2005 ᖺࡢࢾࡢࢤࣀ࣒㓄ิࡢゎㄞ௨㝆ࠊࢾࡢᐙ␆㛵ࡍࡿࢤࣀ࣒࣡ࢻ࡞◊✲ࡀά
Ⓨ⾜ࢃࢀࡓࠋࡑࢀࡽࡢ◊✲ᡂᯝࡼࡾ࠶ࡆࡽࢀࡓࢾࡢᐙ␆ࡢ㐣⛬࡛㑅ᢥᅽࡀࡗ
ࡓᛮࢃࢀࡿ㑇ఏᏊࡢೃ⿵ࡣࠊᾘ࣭௦ㅰ㛵㐃㛵ࢃࡿࡶࡢࡀከࡃぢࡽࢀࡓ 12-14ࠋ≉ࠊ
࡛ࢇࢇᾘ㓝⣲࡛࠶ࡿș-࣑࣮ࣛࢮ㑇ఏᏊࡢࢥࣆ࣮ᩘࡀࠊ࣑࢜࢜࢝ẚ࡚ࢾ࡛ࡣከ
ࡃ࡞ࡗ࡚࠸ࡿࡇࡀ᫂ࡽ࡞ࡾࠊࢾࡢᐙ␆ࡣ࡛ࢇࢇᾘ⬟ຊࡢኚࡀࡁࡃᙳ
㡪ࡋ࡚࠸ࡿࡢ࡛ࡣ࡞࠸᥎ ࡉࢀࡓࠋ
୍᪉࡛ࠊ࣑࢜࢜࢝ࡽࢾᐙ␆ࡉࢀࡓࠕ㐍ࠖ
㸦➨ 1 ࡢẁ㝵㸧ࡢ㑅ᢥᅽࡋ࡚࡛ࢇ
ࢇᾘ⬟ຊࡢኚࡀാ࠸ࡓࡢࠊཪࡣࠊࣄࢺࡀ㎰⪔ࢆጞࡵࡿࡶࢾࡢ㣗⣊※ࡶኚ
ࡋࡇࢀࡽࡢ㑇ఏᏊ㑅ᢥᅽࡀࡗࡓࡢࡣ᫂ࡽ࡞ࡗ࡚࠸࡞࠸ࠋᮏ◊✲࡛ࡣ➨ 1 ❶
ࡽ➨ 3 ❶ࡲ࡛ࡢ⤖ᯝࡼࡾࠊࢾࡢᐙ␆㸦㐍㸧ࡣẼ㉁ࡀ㛵㐃ࡋ࡚࠸ࡓ᥎ ࡋ࡚࠾
ࡾࠊᮏ❶࡛ࡣࠊ࡛ࢇࢇᾘ⬟ຊࡀࢾࡢᐙ␆㸦㐍㸧
㸦➨ 1 ࡢẁ㝵㸧ࡢ㑅ᢥᅽࡋ࡚ാ
࠸ࡓࡢ࠺ࢆㄪᰝࡍࡿࡇࡋࡓࠋ
ᮦᩱ᪉ἲ
࣑࢜࢜࢝ 12 㢌ࠊ
⛅⏣≟ 14 㢌ࠊᰘ≟ 34 㢌ࡢ⾑ᾮཪࡣ⫢⮚ࡢ⤌⧊∦ࡼࡾ DNA ࢆᢳฟࡋࡓࠋ
⾑ᾮࡢᢠจᅛࡣࠊ࢚ࢳࣞࣥࢪ࣑ࣥࢸࢺࣛ㓑㓟㸦EDTA㸧ࢆ⏝࠸ࡓࠋ⫢⮚ࡢ⤌⧊∦ࡣࠊື
≀㝔᳨࡚యࡉࢀࡓࡶࡢࢆ㒑㏦࠸ࡓࡔ࠸ࡓࠋࢧࣥࣉࣝࡣ࡚-20Υ࡚෭ಖᏑࡋࡓࠋᰘ
≟ࡣࠊ୍⯡ⓗ࣌ࢵࢺࡋ࡚㣫ࢃࢀ࡚࠸ࡿᰘ≟ 17 㢌ኳ↛グᛕ≀ᰘ≟ಖᏑࡢཝࡋ࠸⟶⌮
ࡢඖ࡛㓄ࡀ⾜ࢃࢀ࡚࠸ࡿ⦖ᩥᰘ 17 㢌ࢆ⏝࠸ࡓࠋኳ↛グᛕ≀ᰘ≟ಖᏑࡣྂ௦ࡢࢾࡢᙧ
ែࢆࡵࡊࡋ࡚ᰘ≟ࡢ㓄ࢆ⾜ࡗ࡚࠾ࡾࠊࡑࡢ⤖ᯝࠊ⦖ᩥᰘࡣ୍⯡ⓗ࡞ᰘ≟ẚ࡚ࠊὸ࠸
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㢠ẁࠊ୕ゅᙧࡢ㗦࠸┠ࠊࡁࡃ㗦࠸ṑ➼ࡢ⦖ᩥ௦ࡢ㑇㊧ࡽⓎ᥀ࡉࢀࡓࢾ㏆࠸ᙧែ
ࢆᣢࡘࠋࡲࡓཎጞⓗ࡞≟ࢢ࣮ࣝࣉ௨እࡢࢾࡢ௦⾲ࡋ࡚ࠊࣛࣈࣛࢻ࣮ࣝࠊࢫࢱࣥࢲ࣮ࢻ
ࣉ࣮ࢻࣝ➼ࡢᵝࠎ࡞≟✀ࡢࢾ 25 㢌ࢆ⏝࠸ࡓࠋ
⾑ᾮཪࡣ⫢⮚ࡢ⤌⧊∦ࡽࡢ DNA ᢳฟࡣ➨ 3 ❶ྠᵝࡢᡭ㡰࡛⾜ࡗࡓࠋ
ࢥࣆ࣮ᩘࡢ ᐃࡣࠊTaqMan Genotyping Master Mix (Applied Biosystems)ࢆ⏝࠸ࡓ
TaqMan Copy Number Assay ཪࡣ SYBR® Premix Ex Taqτ II (TaKaRa) ࢆ⏝࠸ࡓ qPCR
ࢆ⾜ࡗࡓࠋࣉ࣐࣮ࣛࡸࣉ࣮ࣟࣈࡢタィࡣ Axelsson ࡽࡢㄽᩥ 10 ᚑ࠸ࠊ᪉ἲࡣ࣓࣮࣮࢝
ࡢࣉࣟࢺࢥࣝᚑࡗࡓࠋෆ㒊ᶆ‽ࡣࠊࢾࢤࣀ࣒ୖ࡛ 2 ࢥࣆ࣮࡛Ꮡᅾࡍࡿࡇࡀ▱ࡽࢀ
࡚࠸ࡿ C7orf28B ࢆ⏝࠸ࠊࢧࣥࣉࣝࡣ 1 ಶయ 3 ᅇࡎࡘ ᐃࡋࡓࠋTaqMan ἲ qPCR ἲ
ࡢᛶࢆࠊྠࡌࢧࣥࣉࣝࢆ ࡿࡇࡼࡾ☜ㄆࡋࡓࠋ
⤫ィฎ⌮ࡣ SPSS statistic 17.0㸦SPSS Japan Inc.㸧ࢆ⏝࠸ࠊ᭷ពỈ‽ࡣ 5㸣ࡋࡓࠋ
Kruskal-Wallis test ཬࡧ Mann Whitney U test㸦Bonferroni ⿵ṇ㸧ࢆ⾜ࡗࡓࠋ࣑࢜࢜࢝ࡢ
࠺ࡕ 1 ࡘࡢࢧࣥࣉࣝࡣࠊእࢀ್ࡋ࡚㝖እࡋࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
࣑࢜࢜࢝ࡢ࣑࣮ࣛࢮࢥࣆ࣮ᩘࡣඛ⾜◊✲࡛ሗ࿌ࡉࢀ࡚࠸ࡿ࠾ࡾࠊ2 ࢥࣆ࣮⛬ᗘ࡛࠶ࡗࡓࠋ
ࡲࡓࠊ࣑࢜࢜࢝ࡢ㑇ఏⓗ㏆ࡉࡽணࡋࡓ࠾ࡾࠊ⛅⏣≟ࡢࢥࣆ࣮ᩘࡣ࣑࢜࢜࢝ࡼࡾࡶ
ከ࠸ࡀ୍⯡ⓗ࡞≟✀ࡼࡾᑡ࡞ࡗࡓࠋ୍᪉ࠊ⛅⏣≟ྠࡌࡃཎጞⓗ࡞≟ࢢ࣮ࣝࣉྵࡲࢀ
ࡿᰘ≟ࡢࢥࣆ࣮ᩘࡣࠊ୍⯡ⓗ࡞≟✀ྠ⛬ᗘ࡛࠶ࡾࠊᰘ≟ࡢ࣑࢜࢜࢝ࡢ㑇ఏⓗ㏆ࡉ
ࡋࡓ⤖ᯝ࡞ࡗࡓࠋ⦖ᩥᰘࡢࢥࣆ࣮ᩘࡣࠊᰘ≟ࡸ୍⯡ⓗ࡞≟✀ࡼࡾᑡ࡞ࡃࠊ⛅⏣≟ࡼࡾከ
ࡗࡓ㸦ᅗ 2-1 ཧ↷㸧
ࠋ
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Diploid Copy Number

ᅗ 2-1 ࣑࣮ࣛࢮࢥࣆ࣮ᩘࡢ≟✀㛫࡞ࡽࡧ࣑࢜࢜࢝ࡢẚ㍑

40
30
20
10
0
Wolf

Akita

Jomon-Shiba

Shiba

Other
Breeds

࣑࢜࢜࢝ Q  ⛅⏣≟ Q  ⦖ᩥᰘ Q  ᰘ≟ Q  ୍⯡ⓗ࡞≟✀ Q  
Mann Whitney U-tests wih Bonferroni correction **, p<0.01 *, p<0.05
ǘ2䠙48.3, df=4, p<0.01






182



㸱㸬ࣄࢺࡢ♫ㄆ▱⬟ຊ࠾ࡅࡿ≟✀ᕪࡢ᳨ฟ

◊✲せ᪨
ᵝࠎ࡞≟✀ࡢࢾࢆ⏝࠸ࠊࢾࡢㄆ▱⬟ຊࡢ≟✀ᕪࢆゎỴྍ⬟ㄢ㢟ཬࡧᣦᕪࡋ⪅㑅ᢥ
ㄢ㢟ࡼࡾホ౯ࡋࡓࠋゎỴྍ⬟ㄢ㢟࡛ࡣࠊ㣵ࢆᐜჾ࡛そ࠸ᐜჾࢆᅛᐃࡋࡓ≧ែ࡛ࠊࢾ
ࡀࣄࢺࢆぢࡿࡲ࡛ࡢ㛫ࠊࣄࢺࢆぢ࡚࠸ࡿ㛫ࠊࣄࢺࢆぢࡿᅇᩘࠊจどࡢᅇᩘࢆ

ᐃ

ࡋࡓࠋᣦᕪࡋ⪅㑅ᢥㄢ㢟࡛ࡣࠊ㸰ࡘࡢ࢝ࢵࣉࡢࡕࡽ㣵ࢆ㞃ࡋࡓୖ࡛ࠊࣄࣥࢺࢆฟ
ࡍࡇࡼࡾࢾࡀ㣵ࡢධࡗ࡚࠸ࡿ᪉ࡢ࢝ࢵࣉࢆ㑅ࡪᅇᩘࢆ

ᐃࡋࡓࠋࣄࣥࢺࡋ࡚ࡣᐜ

ჾࢆࢇࢇࡓࡓࡃ㸦ࢱࢵࣆࣥࢢ㸧
ࠊᐜჾど⥺ࢆྥࡅࡿ㸦ど⥺㸧ࠊᐜჾࢆᣦᕪࡍ㸦ᣦᕪ
ࡋ㸧ࡢ㸱✀㢮ࢆ⤌ࡳྜࢃࡏ࡚⏝࠸ࡓࠋ
ゎỴྍ⬟ㄢ㢟࡛ࡣࠊཎጞⓗ࡞≟ࡣࠊ᭱ึࣄࢺࢆぢࡿࡲ࡛ࡢ㛫ࡀࢺࢢ࣮ࣝࣉࠊࢫࣃ
ࢽ࢚ࣝࢢ࣮ࣝࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡼࡾࡶ㛗ࡃࠊࣄࢺࢆぢ࡚࠸ࡿ㛫ࡀࢫࣃࢽ࢚ࣝࢢ
࣮ࣝࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࠊࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࡼࡾࡶ▷ࡃࠊࣄࢺࢆぢࡿᅇᩘࡀࢫࣃ
ࢽ࢚ࣝࢢ࣮ࣝࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡼࡾࡶᑡ࡞ࡃࠊจどࡢᅇᩘࡀࢺࢢ࣮ࣝࣉࠊ
ࢫࣃࢽ࢚ࣝࢢ࣮ࣝࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࠊࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࡼࡾࡶᑡ࡞ࡗࡓࠋࡲ
ࡓࠊཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛ 2 ⩌ẚ㍑ࢆ⾜ࡗࡓࡇࢁࠊ᭱ึࣄࢺࢆぢࡿࡲ࡛ࡢ
㛫ࠊࣄࢺࢆぢ࡚࠸ࡿ㛫ࠊࣄࢺࢆぢࡿᅇᩘࠊจどࡢᅇᩘࡢ࡚࠾࠸࡚ࠊཎጞⓗ࡞≟
ࡣ୍⯡ⓗ࡞≟✀ࡼࡾࡶ᭷ពࣄࢺࢆぢ࡞࠸⤖ᯝࡀᚓࡽࢀࡓ㸦p<0.01㸧
ࠋ
ᣦᕪࡋ⪅㑅ᢥㄢ㢟࡛ࡣࠊཎጞⓗ࡞≟ࡢᡂ⦼ࡣࠊど⥺㸩ᣦᕪࡋ㸩ࢱࢵࣆࣥࢢㄢ㢟ࠊど⥺㸩
ᣦᕪࡋㄢ㢟ࠊᣦᕪࡋㄢ㢟ࡢ࡚࠾࠸࡚ࡑࡢࡢ≟✀ࢢ࣮ࣝࣉྠ➼࡛࠶ࡾࠊ≟✀ࢢ࣮ࣝ
ࣉࡼࡿ᭷ព࡞ᕪࡣぢࡽࢀ࡞ࡗࡓࠋཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛㸰⩌ẚ㍑ࢆ⾜ࡗࡓ
ࡇࢁࠊど⥺㸩ᣦᕪࡋ㸩ࢱࢵࣆࣥࢢㄢ㢟࠾࠸࡚ࠊཎጞⓗ࡞≟ࡣ୍⯡ⓗ࡞≟✀ࡼࡾࡶṇ⟅ᩘ
ࡀ᭷ព㧗ࡗࡓ㸦p<0.05㸧
ࠋど⥺㸩ᣦᕪࡋㄢ㢟ࠊᣦᕪࡋㄢ㢟࡛ࡣࠊ᭷ព࡞ᕪࡣぢࡽࢀ࡞
ࡗࡓࠋ
◊✲┠ⓗ
ࢾࡢᣦᕪࡋ⌮ゎຊࡸゎỴྍ⬟࡞ሙ㠃࡛ࣄࢺࢆཧ↷ࡍࡿ⬟ຊࡣ㑇ఏⓗᇶ┙ࡼࡿ⪃࠼
ࡽࢀࠊࡇࢀࡽࡢㄆ▱⬟ຊࡘ࠸࡚≟✀㛫࡛ẚ㍑ࡍࡿࡇࡼࡾࠊࡑࢀࡽࡢ≟✀ࡀࡢࡼ࠺
సᡂࡉࢀ࡚࠸ࡗࡓࡢࡑࡢ㐣⛬ࢆ▱ࡿࡇࡀ࡛ࡁࡿࠋ≉ࠊࢤࣀ࣒࣡ࢻ◊✲ࡼࡗ࡚
㑇ఏⓗ᭱ࡶ࣑࢜࢜࢝㏆࠸ࡇࡀ▱ࡽࢀ࡚࠸ࡿཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡢࢾࡢ⾜ື≉ᛶࡣࠊ
♽ඛ✀᭱ࡶ㏆࠸⪃࠼ࡽࢀࠊࢾࡢᐙ␆㸦㐍㸧ࢆ⪃࠼ࡿୖ࡛㔜せ࡞ࡿࡀࠊ≟✀ࡢ
㑇ఏศᒱᅗ࠾ࡅࡿ࣑࢜࢜࢝ࡽࡢ㏆⦕ᗘᣦᕪࡋ⌮ゎຊࡸゎỴྍ⬟ㄢ㢟࠾ࡅࡿ♫
ⓗㄆ▱⬟ຊࡢ㛵㐃ᛶࡢ◊✲ࡣࡇࢀࡲ࡛⾜ࢃࢀ࡚ࡁ࡚࠸࡞࠸ࠋ➨ 2 ❶࡛ࡣࠊ≟✀ࢆ
vonHoldt(2010)ࡢ㑇ఏศᒱᅗࢆᇶ 8 ࡘࡢ≟✀ࢢ࣮ࣝࣉ㸦ձཎጞⓗ࡞≟ࢢ࣮ࣝࣉࠊղࢺ
ࢢ࣮ࣝࣉࠊճࢫࣃࢽ࢚ࣝࠊࢭࣥࢺࣁ࢘ࣥࢻࠊࣉ࣮ࢻࣝࡽᡂࡿࢫࣃࢽ࢚ࣝࢢ࣮ࣝࣉࠊմ࣡
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࣮࢟ࣥࢢࢢ࣮ࣝࣉࠊյࢸࣜࢢ࣮ࣝࣉࠊնࣁ࣮ࢹࣥࢢࢧࢺࣁ࢘ࣥࢻࡽᡂࡿࣁ࣮ࢹ
ࣥࢢࢢ࣮ࣝࣉࠊշࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉࠊո࣐ࢫࢳࣇࢢ࣮ࣝࣉ㸧ศ㢮ࡋࠊ♫ⓗㄆ▱⬟
ຊࡘ࠸࡚ࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡢ≉ᚩࢆㄪᰝࡍࡿࡇࢆ┠ⓗࡋࡓࠋ
ᮦᩱ᪉ἲ
୍⯡ᐙᗞ࡛㣫⫱ࡉࢀ࡚࠸ࡿࢾ 587 㢌ࢆᑐ㇟ࡋ࡚⾜ືࢸࢫࢺࢆ⾜ࡗࡓࠋ
ࢾࡢເ㞟ࡣࠊ
බᅬࠊື≀㝔ࠊࡋࡘࡅᩍᐊࠊࢻࢵࢢ࢝ࣇ࢙࡞࡛ࢳࣛࢩࢆ㓄ᕸཪࡣᥖ♧ࡋ࡚⾜࠸ࠊ㣫࠸
ᵝྠពࡢୖ࡛ࢸࢫࢺཧຍࡋ࡚࠸ࡓࡔ࠸ࡓࠋ
୍⯡ᐙᗞ࡛㣫⫱ࡉࢀ࡚࠸ࡿࢾ≟⯋࡛㣫⫱ࡉࢀ࡚࠸ࡿࢾࡢẚ㍑࡛ࡣࠊື≀ᑓ㛛Ꮫ
ᰯ࡛㣫⫱ࡉࢀ࡚࠸ࡿࢾ 75 㢌ࢆᑐ㇟ࡋ࡚⾜ືࢸࢫࢺࢆ⾜ࡗࡓࠋࢺ࣮ࣞࢽࣥࢢ⛉ࡢࢾࡣ
㐌 2-3 ᅇࢺ࣮ࣞࢽࣥࢢࢆཷࡅ࡚࠾ࡾࠊࢺ࣑ࣜࣥࢢ⛉ࡢࢾࡣ㐌 1-2 ᅇࢺ࣑ࣜࣥࢢࢆཷࡅ
࡚࠸ࡿࠋ≟⯋࡛㣫ࢃࢀ࡚࠾ࡾࠊᩘ㢌ࡎࡘᗈ࠸㐠ືሙᨺࡉࢀ࡚㐺ษ࡞㐠ືࡢᶵࢆ࠼ࡽ
ࢀ࡚࠸ࡿࠋධᡭඛࡣࡰࣈ࣮ࣜࢲ࣮࡛࠶ࡾࠊ⮬ᐙ⦾Ṫࡢࢾ࣌ࢵࢺࢩࣙࢵࣉࡽࡢࢾ
ࡀᩘ㢌ྵࡲࢀ࡚࠸ࡿࠋ
ձ

ゎỴྍ⬟ㄢ㢟

࢛࣮࣑࢘ࣥࢢࢵࣉヨ⾜㸸㣵ࢆᯈࡢୖ⨨ࡁࠊ㣵ࢆᐜჾ࡛そࡗࡓ≧ែ࡛ࠊᯈࢆࢾࡢ๓
⨨࠸ࡓࠋࢾࡀ⮬ศ࡛ᐜჾࢆࡅ࡚୰ࡢ㣵ࢆ㣗ࡿࡲ࡛ᚅࡗࡓࠋࡇࢀࢆ 6 ᅇ⧞ࡾ㏉ࡋࠊ
ᐜჾࢆࡅ࡚୰ࡢ㣵ࢆ㣗ࡿࡇࢆࢾぬ࠼ࡉࡏࡓࠋ
ࢸࢫࢺヨ⾜㸸㣵ࢆᯈࡢୖ⨨ࡁࠊ㣵ࢆᐜჾ࡛そ࠸ࠊᗘࡣࢾࡀᐜჾࢆ⮬ศ࡛ࡅࡽࢀ
࡞࠸ࡼ࠺ࠊᐜჾࢆᯈᅛᐃࡋࡓࠋᯈࢆࢾࡢ๓⨨ࡁࠊࢾࡢ⾜ືࢆ 2 ศ㛫ほᐹࡋࡓࠋ
ࢾࡢ⾜ືࢆࣅࢹ࣓࡛࢜࢝ࣛᙳࡋࠊᚋ࡛ࣅࢹ࢜ゎᯒࢆ⾜࠸ࠊࢾࡀ᭱ึࣄࢺࢆぢࡿࡲ
࡛ࡢ㛫ࠊࣄࢺࢆぢ࡚࠸ࡿ㛫ࠊࣄࢺࢆぢࡓᅇᩘࠊᐜჾࣄࢺࡢจどࡢᅇᩘࢆィ
ࡋࡓࠋ
ղ

ᣦᕪࡋ⪅㑅ᢥㄢ㢟

Hare ࡽ(2002) 21 ࡢᡭ㡰ࢆཧ⪃⾜ࡗࡓࠋ
࢛࣮࣑࢘ࣥࢢࢵࣉヨ⾜㸸ࢾࢆᯈࡢ┿ࢇ୰࡛ࠊᯈࡽ 1m ࡢ㊥㞳ᐇ㦂⪅ᑐ㠃ࡍࡿࡼ
࠺ᗙࡽࡏࡓࠋࢾࡀぢ࡚࠸ࡿ๓࡛㣵ࢆ 2 ࡘࡢᐜჾࡢࡕࡽ୍᪉ධࢀࡓࠋࢾ㛤ᨺ
ࡢྜᅗࢆฟࡋࠊᐜჾࢆ㑅ࡤࡏࡓࠋࢾࡀ㣵ࡢධࡗ࡚࠸ࡿ᪉ࡢᐜჾ᭱ึゐࢀࡓሙྜࡣࠊ
ᐜჾࢆᣢࡕୖࡆ࡚ࢾ㣵ࢆ㣗ࡉࡏࡓࠋࢾࡀ㣵ࡢධࡗ࡚࠸࡞࠸᪉ࡢᐜჾ᭱ึゐࢀ
ࡓሙྜࡣࠊᐜჾࢆᣢࡕୖࡆ࡚ࠊᐜჾࡢ୰ఱࡶධࡗ࡚࠸࡞࠸ࡇ☜ㄆࡉࡏࡓࠋࡉࡽࠊ
㣵ࡢධࡗ࡚࠸ࡿ᪉ࡢᐜჾࢆᣢࡕୖࡆ࡚ࠊ㣵ࡀධࡗ࡚࠸ࡿࡇࢆࢾ☜ㄆࡉࡏࡓࠋ࢛࣮࢘
࣑ࣥࢢࢵࣉヨ⾜ࡣࠊࢾࡀ㐃⥆ࡋ࡚ 3 ᅇࠊ㣵ࡀධࡗ࡚࠸ࡿ᪉ࡢ࢝ࢵࣉࢆ㑅ࡪࡲ࡛⥆ࡅࡽ
ࢀࡓࠋ10 ศ㛫⤒ࡗ࡚ࡶ࢛࣮࣑࢘ࣥࢢࢵࣉヨ⾜ࢆ㏻㐣࡛ࡁ࡞ࡗࡓሙྜࡣࠊࢸࢫࢺࡣ⤊
ࡋࠊࡑࡢࢾࡣ㝖እࡉࢀࡓࠋ
ࢸࢫࢺヨ⾜㸸ࢾࢆᯈࡢ┿ࢇ୰࡛ࠊᯈࡽ 1m ࡢ㊥㞳ᐇ㦂⪅ᑐ㠃ࡍࡿࡼ࠺ᗙࡽࡏࡓࠋ
ࢾࡢྡ๓ࢆࡧࠊ㣵ࢆぢࡏࡓᚋࠊ⾪❧ࡢ࡛ࢾࡽぢ࠼࡞࠸ࡼ࠺㣵ࢆ 2 ࡘࡢᐜჾ
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ࡢࡕࡽ୍᪉ධࢀࡓࠋ㣵ࢆ㞃ࡍᐜჾࡣࠊ࠶ࡽࡌࡵ↓సⅭỴࡵࡽࢀࡓࠋᐜჾࢆᯈࡢ
୧➃ࢫࣛࢻࡉࡏࡓᚋࠊ⾪❧ࢆࡅࡓࠋࢾࡢྡ๓ࢆࡧὀ┠ࡉࡏ࡚ࡽࠊᣦᕪࡋ➼
ࡢࣄࣥࢺࢆฟࡋࡓࠋࣄࣥࢺࡣࠊᐜჾࢆࢇࢇࡓࡓࡃ㸦ࢱࢵࣆࣥࢢ㸧
ࠊᐜჾࢆᣦᕪࡍ㸦ᣦ
ᕪࡋ㸧ࠊᐜჾど⥺ࢆྥࡅࡿ㸦ど⥺㸧ࠊࡢ୕✀㢮ࢆ⤌ࡳྜࢃࡏ࡚⏝࠸ࡓࠋࣄࣥࢺࡢ⤌ࡳྜࢃ
ࡏࡣ 4 ࣃࢱ࣮ࣥ⾜࠸ࠊど⥺㸩ᣦᕪࡋ㸩ࢱࢵࣆࣥࢢ(GPT)ㄢ㢟ࠊど⥺㸩ᣦᕪࡋ(GP)ㄢ㢟ࠊᣦᕪ
ࡋ(P)ㄢ㢟ࠊࢥࣥࢺ࣮ࣟࣝ(Cࠊࣄࣥࢺ࡞ࡋ)ࡢ㡰␒࡛⾜ࡗࡓࠋྛࣃࢱ࣮ࣥࢆ 18 ᅇࡎࡘ⾜࠸ࠊ
ィ 72 ᅇࡢヨ⾜ࢆ⾜ࡗࡓ㸦ᅗ 2-1 ཧ↷㸧
ࠋ
⤫ィゎᯒࡣࠊ
ࡲࡎ≟✀ࢆ᪤ሗ࿌ࡉࢀ࡚࠸ࡓ㑇ఏศᒱᅗࢆඖ 8 ࡘࡢࢢ࣮ࣝࣉศ㢮ࡋࠊ
ࢾࡢ♫ⓗㄆ▱⬟ຊࡢ≟✀ࢢ࣮ࣝࣉ㛫ẚ㍑⏝࠸ࡓࠋ࡞࠾ࠊ࣮࣡࢟ࣥࢢࠊࢸࣜࠊ࣐ࢫ
ࢳࣇࡢࢢ࣮ࣝࣉࡘ࠸࡚ࡣࠊᩘࡀᑡ࡞ࡗࡓࡓࡵࠊศᯒࡽࡣ㝖እࡋࠊ5 ࡘࡢࢢ࣮ࣝࣉ࡛
ẚ㍑ࡋࡓࠋḟࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉ௨እࡢ 7 ࡘࡢࢢ࣮ࣝࣉࡢࢾࢆ୍⯡ⓗ࡞≟✀ࢢ࣮ࣝ
ࣉࡋ࡚ࡲࡵ࡚ࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉ୍⯡ⓗ࡞≟✀ࢢ࣮ࣝࣉࡢ 2 ⩌ẚ㍑ࢆ⾜ࡗࡓࠋ
⤫ィฎ⌮ࡣ SPSS statistic 17.0㸦SPSS Japan Inc.㸧ࢆ⏝࠸ࠊ᭷ពỈ‽ࡣ 5㸣ࡋࡓࠋ
Kruskal-Wallis test ཬࡧ Mann Whitney U test㸦Bonferroni ⿵ṇ㸧ࢆ⾜ࡗࡓࠋᣦᕪࡋ⪅
㑅ᢥㄢ㢟ゎỴྍ⬟ㄢ㢟ࡢ㛵㐃ᛶࡢ᳨ウࡢ⤫ィฎ⌮ࡣ SPSS statistic 17.0㸦SPSS Japan
Inc.㸧ࢆ⏝࠸ࠊ᭷ពỈ‽ࡣ 5㸣ࡋࠊ┦㛵ゎᯒࢆ⾜ࡗࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
ձ

ゎỴྍ⬟ㄢ㢟

᭱ึࣄࢺࢆぢࡿࡲ࡛ࡢ㛫ࡣࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡀࠊࢺࢢ࣮ࣝࣉࠊࢫࣃࢽ࢚ࣝࢢࣝ
࣮ࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡼࡾࡶ᭷ព㐜ࡗࡓ㸦p<0.05㸧
ࠋࣄࢺࢆぢ࡚࠸ࡿ㛫ࡣࠊཎ
ጞⓗ࡞≟ࢢ࣮ࣝࣉࡣࠊࢫࣃࢽ࢚ࣝࢢ࣮ࣝࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࠊࣞࢺࣜࣂ࣮ࢢ࣮ࣝࣉ
ࡼࡾࡶ᭷ពᑡ࡞ࡗࡓ㸦p<0.05㸧
ࠋࣄࢺࢆぢࡿᅇᩘࡣࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡣࢫࣃࢽ࢚ࣝ
ࢢ࣮ࣝࣉࠊࣁ࣮ࢹࣥࢢࢢ࣮ࣝࣉࡼࡾࡶ᭷ពᑡ࡞ࡃ㸦p<0.05㸧ࠊࢺࢢ࣮ࣝࣉࡣࢫࣃࢽ࢚
ࣝࢢ࣮ࣝࣉࡼࡾࡶ᭷ពᑡ࡞ࡗࡓ㸦p<0.05㸧
ࠋจどࡢᅇᩘࡣࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡣࠊ
ࡢ 4 ࡘࡢࢢ࣮ࣝࣉ࡚ẚ㍑ࡋ࡚᭷ពᑡ࡞ࡃ㸦p<0.05㸧
ࠊࢺࢢ࣮ࣝࣉࡣࣁ࣮ࢹࣥࢢ
ࢢ࣮ࣝࣉࡢࢾࡼࡾࡶ᭷ពᑡ࡞ࡗࡓ㸦p<0.05㸧
ࠋ
㸦ᅗ 3-1 ཧ↷㸧
 ཎጞⓗ࡞≟✀ࢢ࣮ࣝࣉࡢẚ㍑࡛ࡣࠊ᭱ึࣄࢺࢆぢࡿࡲ࡛ࡢ㛫ࠊࣄࢺࢆぢ࡚࠸ࡿ
㛫ࠊࣄࢺࢆぢࡿᅇᩘࠊจどࡢᅇᩘࠊ࡚࠾࠸࡚ࠊཎጞⓗ࡞≟ࢢ࣮ࣝࣉࡢࢾࡣ୍⯡
ⓗ࡞≟✀ࡼࡾࡶ᭷ពࣄࢺࢆぢ࡞࠸⤖ᯝࡀᚓࡽࢀࡓࠋ
㸦p<0.01, ᅗ 3-2 ཧ↷㸧
ղ

ᣦᕪࡋ⪅㑅ᢥㄢ㢟
≟✀ࢢ࣮ࣝࣉࡼࡿ㐪࠸ࡣぢࡽࢀ࡞ࡗࡓࠋ
㸦p>0.05, ᅗ 3-3 ཧ↷㸧

 ཎጞⓗ࡞≟✀ࢢ࣮ࣝࣉࡢẚ㍑࡛ࡣࠊど⥺㸩ᣦᕪࡋ㸩ࢱࢵࣆࣥࢢㄢ㢟࠾࠸࡚ࠊཎጞⓗ
࡞≟ࢢ࣮ࣝࣉࡢࢾࡣ୍⯡ⓗ࡞≟✀ࡼࡾࡶṇ⟅ᩘࡀ᭷ព㧗ࡗࡓ㸦p<0.05㸧
ࠋど⥺㸩ᣦᕪ
ࡋㄢ㢟ࠊᣦᕪࡋㄢ㢟࡛ࡣࠊ᭷ព࡞ᕪࡣぢࡽࢀ࡞ࡗࡓࠋ
㸦p>0.05, ᅗ 3-4 ཧ↷㸧
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ᅗ 3-1 ゎỴྍ⬟ㄢ㢟࡛ࣄࢺࢆཧ↷ࡍࡿ⬟ຊࡘ࠸࡚≟✀ࢢ࣮ࣝࣉ㛫ẚ㍑

**, p<0.01

*, p<0.05

Mann-Whitney U-test with Bonferroni correction
᭱ึ䛻䝠䝖䜢ぢ䜛䜎䛷䛾㛫㻌 㻌 ǘ2䠙19.732, df=4, p<0.01
䝠䝖䜢ぢ䛶䛔䜛㛫㻌 ǘ2䠙19.659, df=4, p<0.01
䝠䝖䜢ぢ䜛ᅇᩘ㻌 ǘ2䠙28.023, df=4, p<0.01
จど䛾ᅇᩘ㻌 ǘ2䠙36.956, df=4, p<0.01

186

ᅗ 3-2 ゎỴྍ⬟ㄢ㢟࡛ࣄࢺࢆཧ↷ࡍࡿ⬟ຊࡢཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀ࡢẚ㍑

**, p<0.01
Mann-Whitney U-test
᭱ึ䛻䝠䝖䜢ぢ䜛䜎䛷䛾㛫㻌 㻌 ǘ2䠙17.691, df=1, p<0.01
䝠䝖䜢ぢ䛶䛔䜛㛫㻌 ǘ2䠙16.122, df=1, p<0.01
䝠䝖䜢ぢ䜛ᅇᩘ㻌 ǘ2䠙21.007, df=1, p<0.01
จど䛾ᅇᩘ㻌 ǘ2䠙26.659, df=1, p<0.01
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ᅗ 3-3 ᣦᕪࡋ⪅㑅ᢥㄢ㢟ࡢṇ⟅ᩘࡘ࠸࡚≟✀ࢢ࣮ࣝࣉ㛫ẚ㍑

p>0.05
Mann-Whitney U-test with Bonferroni correction
ど⥺䠇ᣦᕪ䛧䠇䝍䝑䝢䞁䜾(GPT)ㄢ㢟㻌 㻌 ǘ2䠙8.624, df=4, p>0.05
ど⥺䠇ᣦᕪ䛧(GP)ㄢ㢟㻌 ǘ2䠙2.918, df=4, p>0.05
ᣦᕪ䛧(P)ㄢ㢟㻌 ǘ2䠙4.771, df=4, p>0.05
䝁䞁䝖䝻䞊䝹(Control)ㄢ㢟㻌 ǘ2䠙1.055, df=4, p>0.05
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ᅗ 3-4 ᣦᕪࡋ⪅㑅ᢥㄢ㢟ࡢṇ⟅ᩘࡢཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀ࡢẚ㍑

*, p<0.05
Mann-Whitney U-test

ど⥺䠇ᣦᕪ䛧䠇䝍䝑䝢䞁䜾(GPT)ㄢ㢟㻌 㻌 ǘ2䠙6.662, df=1, p<0.05
ど⥺䠇ᣦᕪ䛧(GP)ㄢ㢟㻌 ǘ2䠙1.461, df=1, p>0.05
ᣦᕪ䛧(P)ㄢ㢟㻌 ǘ2䠙3.299, df=1, p>0.05
䝁䞁䝖䝻䞊䝹(Control)ㄢ㢟㻌 ǘ2䠙1.111, df=1, p>0.05
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㸲㸬≟ࡢ♫ㄆ▱⬟ຊ㛵㐃ࡍࡿ㑇ఏᏊࡢྠᐃ
◊✲せ᪨
ࢥ࣑ࣗࢽࢣ࣮ࢩࣙࣥ⬟ຊ㛵ࢃࡿ࣍ࣝࣔࣥࡋ࡚ࠊ࢜࢟ࢩࢺࢩࣥࢥࣝࢳࢰ࣮ࣝ╔
┠ࡋࠊ࣓ࣛࣀࢥࣝࢳࣥ㸰ཷᐜయ㸦0&5㸧࢜࢟ࢩࢺࢩࣥࠊ࢜࢟ࢩࢺࢩࣥཷᐜయࡢ㑇ఏᏊ
ࢆ㑅ᢥࡋࡓࠋࡉࡽࢤࣀ࣒࣡ࢻゎᯒࡼࡗ࡚ࢾࡢ㐍㛵ࢃࡿሗ࿌ࡉࢀ࡚࠸ࡿೃ
⿵㑇ఏᏊࡽ :%6&5 ࢆ㑅ᢤࡋࠊࡇࢀࡽ㛵㐃ࡍࡿ㑇ఏᏊࡢከᆺࢆㄪࠊ≟✀ᕪࡸ⾜ື
ᐇ㦂ࡢ⤖ᯝࡢ㛵㐃ᛶࢆㄪࡓࠋ
ࢾࡢ㐍ೃ⿵㑇ఏᏊ࡛࠶ࡿ :%6&5㸦࣒࢘ࣜࢬೃ⩌㛵㐃㑇ఏᏊ㸧࠾࠸࡚ࠊ
ཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛ฟ⌧㢖ᗘࡢ␗࡞ࡿ୍ሷᇶከᆺ㸦F&!7㸧ࡀ᳨ฟࡉࢀࠊ
ཎጞⓗ࡞≟࡛ࡣ୍⯡ⓗ࡞≟✀ẚ 7 ࢆᣢࡘ㢖ᗘࡀ㧗ࡗࡓࠋࡲࡓࡇࡢ 7 ᆺࡢ㑇ఏᏊᆺ
ࢆᣢࡘಶయ࡛ࡣࠊᣦᕪࡋ⪅㑅ᢥㄢ㢟ࡢど⥺㸩ᣦᕪࡋ㸩ࢱࢵࣆࣥࢢࡢㄢ㢟ࡢṇ⟅ᩘࡀ㧗
࠸⤖ᯝ࡞ࡗࡓ㸦S㸧
ࠋ0&5㸦࣓ࣛࣀࢥࣝࢳࣥ  ཷᐜయ㑇ఏᏊ㸧࠾࠸࡚ࠊཎጞⓗ
࡞≟୍⯡ⓗ࡞≟✀࡛ฟ⌧㢖ᗘࡢ␗࡞ࡿ୍ሷᇶከᆺ㸦F*!$9DO,OH㸧ࡀ᳨ฟ
ࡉࢀࠊཎጞⓗ࡞≟࡛ࡣ୍⯡ⓗ࡞≟✀ẚ $ ࢆᣢࡘ㢖ᗘࡀ㧗ࡗࡓࠋࡲࡓࡇࡢ $ ᆺࡢ㑇
ఏᏊᆺࢆᣢࡘಶయࢆ୍⯡ⓗ࡞≟✀ෆ࡛ẚ㍑ࡋࡓ⤖ᯝࠊᣦᕪࡋ⪅㑅ᢥㄢ㢟ࡢど⥺㸩ᣦᕪ
ࡋ㸩ࢱࢵࣆࣥࢢㄢ㢟ࠊど⥺㸩ᣦᕪࡋㄢ㢟ࠊᣦᕪࡋㄢ㢟ࡢṇ⟅ᩘࡀప࠸⤖ᯝ࡞ࡗࡓ
㸦S㸧ࠋ27㸦࢜࢟ࢩࢺࢩࣥ㑇ఏᏊ㸧࠾࠸࡚ࠊཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛ฟ⌧
㢖ᗘࡢ␗࡞ࡿ୍ሷᇶከᆺ㸦F&!$㸧ᩘከᆺ㸦FBUHS****&&㸧ࡀ᳨ฟ
ࡉࢀࠊཎጞⓗ࡞≟࡛ࡣ୍⯡ⓗ࡞≟✀ẚ୍ሷᇶከᆺ࡛ࡣ $ ࢆᣢࡘ㢖ᗘࡀ㧗ࡃࠊᩘ
ከᆺ࡛ࡣ  ሷᇶཬࡧ  ሷᇶࡢ㛗ࡉࡢ㓄ิࢆᣢࡘ㢖ᗘࡀపࡗࡓࠋཎጞⓗ࡞≟ከ࠸
$$ ᆺࡢ୍ሷᇶከᆺࢆᣢࡘಶయ࡛ࡣࠊ$& ᆺࡢ㑇ఏᏊᆺࢆᣢࡘಶయࡼࡾࡶࠊゎỴྍ⬟
ㄢ㢟ࡢࣄࢺࢆぢ࡚࠸ࡿ㛫ࠊࣄࢺࢆぢࡿᅇᩘࠊจどࡢᅇᩘ࠾࠸࡚ࣄࢺࢆぢ࡞࠸⤖
ᯝ࡞ࡗࡓ㸦S㸧
ࠋᩘከᆺ࡛ࡣ  ሷᇶཪࡣ  ሷᇶࡢ㛗ࡉࡢ㓄ิࢆ࣊ࢸ࡛ࣟᣢ
ࡘಶయ࠾࠸࡚ࠊᤄධࢆᣢࡓ࡞࠸ಶయࡼࡾࡶゎỴྍ⬟ㄢ㢟࡛ࣄࢺࢆぢࡿᅇᩘࡀከ࠸ഴ
ྥࡀぢࡽࢀࡓ㸦S 㸧
ࠋ275㸦࢜࢟ࢩࢺࢩࣥཷᐜయ㑇ఏᏊ㸧࠾࠸࡚ࡣࠊཎጞⓗ࡞≟
୍⯡ⓗ࡞≟✀࡛ฟ⌧㢖ᗘࡢ␗࡞ࡿ୍ሷᇶከᆺࡀ᳨ฟࡉࢀࡓࡶࡢࡢࠊ⾜ືᐇ㦂ࡢ⤖ᯝ
ࡣ㛵㐃ᛶࡀぢࡽࢀ࡞ࡗࡓࠋ
◊✲┠ⓗ
 ᖺࢾࡢࢤࣀ࣒㓄ิࡀබ⾲ࡉࢀࡓ ࠋ
ゎㄞࡉࢀࡓࡢࡣ࣓ࢫࡢ࣎ࢡࢧ࣮
ࠕࢱ࣮ࢩࣕࠖ
ࡢࢤࣀ࣒࡛࠶ࡿࠋࡑࡢᚋࠊࡇࡢࠕࢱ࣮ࢩࣕࠖࡢࢤࣀ࣒ゎㄞ⤖ᯝ㸦⿕そᗘ  ಸ㸧
ࠊ ᖺ
ሗ࿌ࡉࢀ࡚࠸ࡓࢫࢱࣥࢲ࣮ࢻࣉ࣮ࢻࣝࡢࢤࣀ࣒ゎㄞ⤖ᯝ㸦⿕そᗘ  ಸ㸧 ཬࡧࠊ ≟✀
㸦⿕そᗘ  ಸ㸧
ࠊ࣑࢜࢜࢝ࡸࢥ࣮ࣚࢸࡽᡂࡿ  ✀㢮ࡢࢾ⛉ື≀㸦⿕そᗘ  ಸ㸧ࡢ
ሷᇶ㓄ิࢆỴᐃࡋࡓ⤖ᯝࢆẚ㍑ࡍࡿࡇࡼࡾࠊ ಶ௨ୖࡢ  ሷᇶከᆺ㸦613V㸧ࡀྠᐃ
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ࡉࢀࡓ ࠋࢾࡢᐙ␆ࡢࣉࣟࢭࢫࡣఱࡽࡢ⾲⌧ᆺࡼࡿᙉ࠸㑅ᢥᅽࡀࡗ࡚࠾ࡾࠊ
㑅ᢥᅽࡢࢩࢢࢼࣝࡀࢤࣀ࣒ୖṧࡉࢀ࡚࠸ࡿᛮࢃࢀࡿࠋࡑࡢࢩࢢࢼࣝࢆ᥈ࡿࡓࡵࠊ
ᖺࢤࣀ࣒࣡ࢻ࡞ 613 ࢪ࢙ࣀࢱࣆࣥࢢࣞࢆ⏝࠸ࡓゎᯒࡀሗ࿌ࡉࢀࡓ ࠋ
ࡑࡢ⤖ᯝࠊ
ࣄࢺ࠾࠸࡚⫗యⓗ࣭⢭⚄ⓗⓎ㐩ࡢ㐜ࢀࢆ♧ࡍⓎ㐩㞀ᐖ࡛࠶ࡿ࣒࢘ࣜࢬೃ⩌㛵
㐃ࡋ࡚࠸ࡿࡉࢀ࡚࠸ࡿ㑇ఏᏊ࡛࠶ࡿ :%6&5 ࡢ㏆ࡃ㑅ᢥᅽࡢࢩࢢࢼࣝࡀぢࡽࢀࡿࡇ
ࡀ᫂ࡽ࡞ࡗࡓࠋ࣒࢘ࣜࢬೃ⩌ࡢேࠎࡣࠊࡾ㏉ࡗࡓ㰯ᑠࡉ࡞㢡ࢆᣢࡘዿ⢭
ࡢࡼ࠺࡞㢦ࡘࡁࢆࡶࡕࠊ⫗యⓗࡶ⢭⚄ⓗࡶⓎ㐩ࡢ㐜ࢀࢆ♧ࡍࠋ⬻ᐜ✚ࡀᑠࡉࡃࠊ▱⬟
పୗࡀぢࡽࢀࡿࠋどぬ✵㛫ㄆ▱ࡢാࡁⴭࡋ࠸㞀ᐖࢆᣢࡘ୍᪉࡛ࠊゝㄒ⬟ຊࡣၥ㢟ࡀ࡞
ࡃࠊከᘚ࡛ࠊேࢆᜍࢀࡎ♫ⓗ࡞ᛶ᱁ࢆᣢࡘ ࠋ⬻ᐜ✚ࡀᑠࡉ࠸ࡇࡸࠊከᘚ࡛࠶ࡿࡇࠊ
ேࢆᜍࢀࡎ♫ⓗ࡞ᛶ᱁➼ࡣࠊࢾࡶඹ㏻ࡋ࡚ぢࡽࢀࡿ≉ᚩ࡛࠶ࡾࠊ:%6&5 㑇ఏᏊࡣ
ࢾࡢᐙ␆㸦㐍㸧㛵㐃ࡋ࡚࠸ࡿࡶࡋࢀ࡞࠸⪃࠼ࠊᮏ㑇ఏᏊࢆ♫ⓗㄆ▱⬟ຊ㛵
㐃ࡍࡿ㑇ఏᏊࡢ➨  ೃ⿵ࡋࡓࠋ
ࡉࡽࠊྠࡌࡃࢤࣀ࣒࣡ࢻ࡞ 613 ࢪ࢙ࣀࢱࣆࣥࢢࣞࢆ⏝࠸ࡓ &KDVH ࡽࡢ◊✲ᡂᯝ
࡛ࡣࠊᐙ␆㛵㐃㑇ఏᏊࡋ࡚ 0&5㸦࣓ࣛࣀࢥࣝࢳࣥ  ཷᐜయ㸧ࡀᣲࡆࡽࢀ࡚࠸ࡿ ࠋ&KDVH
ࡽࡢ◊✲࠾࠸࡚ࠊ
ࣁ࣮ࢹࣥࢢ㛵㐃㑇ఏᏊࡋ࡚ᣲࡆࡽࢀ࡚࠸ࡿ 0&5 ࡣࠊ
⭈࠶ࡿ $&7+
ཷᐜయ࡛ࢥࣝࢳࢰ࣮ࣝࡢ⏘⏕㛵ࡍࡿࡇࡀ▱ࡽࢀ࡚࠸ࡿࠋ࢟ࢶࢿࡢᐙ␆ᐇ㦂࠾࠸
࡚ேࡢᨷᧁᛶࡼࡗ࡚㑅ᢥⓗ⦾Ṫࡋ࡚࠸ࡃࡇࡼࡾࠊ+3$ ㍈ࡢάᛶࡀపୗࡍࡿࡇࡸ
⾑₢୰ࢥࣝࢳࢰ࣮ࣝ㔞ࡀపୗࡍࡿࡇࡀሗ࿌ࡉࢀ࡚࠸ࡿ ࠋࡲࡓࠊLQYLWUR ࡢᐇ㦂࠾࠸
࡚ࠊࢢࣝࢥࢥࣝࢳࢥࢻࡣ⣽⬊ࡢศቑṪࡢ㛫ࢆㄪ⠇ࡋࠊ⣽⬊ࡢศࢆㄏᑟࡍࡿࡇࡀ
ሗ࿌ࡉࢀ࡚࠾ࡾ ࠊࢥࣝࢳࢰ࣮ࣝࡣⓎ㐩㏿ᗘ࣭ྜࡢㄪᩚ㛵ࡍࡿྍ⬟ᛶࡀ࠶ࡿࠋࢾ
ࡢᐙ␆㸦㐍㸧࠾࠸࡚ࠊேࡢᨷᧁᛶࡸᜍᛧᚰࡼࡿ㑅ᢥᅽࡀാࡁࠊࡑࡢ⤖ᯝࠊⓎ㐩
㏿ᗘࡸྜኚࡀ⌧ࢀ⌧ᅾࡢᵝࠎ࡞≟✀ࡀసᡂࡉࢀࡓࡶ⪃࠼ࡽࢀࡿࠋ0&5 㑇ఏᏊࡣ
ࢾࡢᐙ␆㸦㐍㸧㛵㐃ࡋ࡚࠸ࡿࡶࡋࢀ࡞࠸⪃࠼ࠊᮏ㑇ఏᏊࢆㄆ▱⬟ຊ㛵㐃㑇ఏᏊ
ࡢ➨  ࡢೃ⿵ࡋࡓࠋ
ᮦᩱ᪉ἲ
ࢾ 443 㢌ཬࡧ࣑࢜࢜࢝ 12 㢌ࡢ⾑ᾮࠊཱྀෆ⢓⭷ཪࡣ⫢⮚ࡢ⤌⧊∦ࡽ DNA ࢆᢳฟࡋ࡚
㑇ఏᏊゎᯒࢆ⾜ࡗࡓࠋ⾑ᾮࡢᢠจᅛࡣࠊ࢚ࢳࣞࣥࢪ࣑ࣥࢸࢺࣛ㓑㓟㸦EDTA㸧ࢆ⏝࠸ࡓࠋ
ཱྀෆ⢓⭷ࡢ᥇ྲྀࡣࠊEndo Cervex ࣈࣛࢩ㸦ࢬ࣡ࣥ㸧ࢆ⏝࠸ࡓࠋ⫢⮚ࡢ⤌⧊∦ࡣࠊື≀
㝔᳨࡚యࡉࢀࡓࡶࡢࢆ㒑㏦࠸ࡓࡔ࠸ࡓࠋࢧࣥࣉࣝࡣ࡚-20Υ࡚෭ಖᏑࡋࡓࠋ
⾑ᾮཬࡧཱྀෆ⢓⭷ࡽࡢ DNA ࡢᢳฟࡣ QIAamp® DNA Mini Kit㸦QIAGEN㸧ࢆ⏝࠸
ࡓࠋᢳฟ᪉ἲࡣ࣓࣮࣮࢝ࡢࣉࣟࢺࢥࣝᚑࡗࡓࠋ⫢⮚ࡢ⤌⧊∦ࡽࡢ DNA ࡢᢳฟࡣࠊ
DNAzol(Invitrogen)ࢆ⏝࠸࡚⾜ࡗࡓࠋ⣽⬊ࡢ◚○ࡣࠊࣅ࣮ࢬ᪉ᘧࡢ㧗㏿⣽⬊◚○ࢩࢫࢸ
ࠋDNA ࡢᢳฟ
࣒࡛࠶ࡿ Precellys24 (Bertin Technologies) ࢆ⏝࠸ࡓ㸦5000rpm, 20sec2㸧
᪉ἲࡣࠊ࣓࣮࣮࢝ࡢࣉࣟࢺࢥࣝᚑࡗࡓࠋ
 Ensembl ཬࡧ National Center for Biotechnology Information (NCBI)ࡢࣥࢱ࣮ࢿࢵ
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ࢺࢹ࣮ࢱ࣮࣋ࢫࢆ⏝࠸࡚ 1 ሷᇶከᆺ㸦SNPs㸧ࢆ᳨⣴ࡋࡓࠋ࢚ࢡࢯࣥ㡿ᇦ࠶ࡿ SNPs ࢆᑐ
㇟ࡋࠊWBSCR17 ࡛ࡣࠊࢾࢤࣀ࣒➨ 6 ᰁⰍయࡢ 2168245 ␒┠ሷᇶᑐ࠶ࡿྠ⩏✺↛ኚ
␗(rs24319159)ࢆࢱ࣮ࢤࢵࢺࡋࡓࠋMC2R ࡛ࡣࠊ➨ 1 ␒ᰁⰍయࡢ 24388879 ␒┠ሷᇶᑐ
࠶ࡿྠ⩏✺↛ኚ␗(rs21898857, SNP1)➨ 1 ␒ᰁⰍయࡢ 24389137 ␒┠ሷᇶᑐ࠶ࡿྠ
⩏✺↛ኚ␗(rs21898855, SNP2)ࢆࢱ࣮ࢤࢵࢺࡋࡓࠋOTR ࡛ࡣࠊ➨ 20 ␒ᰁⰍయࡢ 9359598
␒┠ሷᇶᑐ࠶ࡿ࣑ࢫࢭࣥࢫኚ␗㸦rs22927823, SNP1㸧
ࠊ9359610 ␒┠ሷᇶᑐ࠶ࡿ࣑ࢫ
ࢭࣥࢫኚ␗㸦rs22927826, SNP2㸧
ࠊ9360368 ␒┠ሷᇶᑐ࠶ࡿྠ⩏✺↛ኚ␗㸦rs22927829,
SNP3㸧ࠊ9378164 ␒┠ሷᇶᑐ࠶ࡿྠ⩏✺↛ኚ␗㸦rs8679682, SNP4㸧ཬࡧ 9378224 ␒┠
ሷᇶᑐ࠶ࡿྠ⩏✺↛ኚ␗㸦rs22896457, SNP5㸧ࢆࢱ࣮ࢤࢵࢺࡋࡓࠋOT ࡛ࡣࠊ➨ 24 ␒
ᰁⰍయࡢ 18193483 ␒┠ሷᇶᑐ࠶ࡿྠ⩏✺↛ኚ␗/ࢫࣉࣛࢩࣥࢢ㡿ᇦኚ␗㸦rs23181992,
SNP1 㸧 ཬ ࡧ 18193484 ␒ ┠ ሷ ᇶ ᑐ  ࠶ ࡿ ྠ ⩏ ✺ ↛ ኚ ␗ / ࢫ ࣉ ࣛ  ࢩ ࣥ ࢢ 㡿 ᇦ ኚ ␗
㸦rs23181995, SNP2㸧ࢆࢱ࣮ࢤࢵࢺࡋࡓ㸦ᅗ 4-1 ཧ↷㸧
ࠋࡇࢀࡽࡢࢱ࣮ࢤࢵࢺࢆቑᖜࡍ
ࡿࡼ࠺ࣉ࣐࣮ࣛࢆタィࡋࡓࠋ
 ୖグࡢ SNPs ࡘ࠸࡚ࢩ࣮ࢡ࢚ࣥࢫࡋࡓ㝿 MC2R  OT ࡚᪂ࡓぢࡘࡗࡓࢹ࣮
ࢱ࣮࣋ࢫ࡛ࡣබ㛤ࡉࢀ࡚࠸࡞࠸ከᆺࡶࢱ࣮ࢤࢵࢺࡋ࡚㏣ຍࡋࡓࠋMC2R ࡛ࡣࠊࢥ࣮ࢹ
ࣥࢢ㡿ᇦࡢ 871 ␒┠ሷᇶᑐࡢ㠀ྠ⩏✺↛ኚ␗㸦c.871G>A, Val291Ile, SNP3)ࠊཬࡧ OT ࡛
ࡣࣥࢺࣟࣥ㡿ᇦࡢ 1 ሷᇶከᆺ㸦c.322+50C>A, intron-SNP)ྠࡌࡃࣥࢺࣟࣥ㡿ᇦࡢ
ᩘከᆺ㸦c.322+51_52ins, intron-repeat)࡛࠶ࡿ㸦ᅗ 4-1 ཧ↷㸧
ࠋ࡞࠾ࠊOT ࡣ 3 ࡘࡢ࢚ࢡ
ࢯࣥ㡿ᇦ 2 ࡘࡢࣥࢺࣟࣥ㡿ᇦࡽᡂࡾࠊ3 ࡘࡢ࢚ࢡࢯࣥ㡿ᇦࡣࠊ࢜࢟ࢩࢺࢩࣥࡢ࣏ࣜ࣌
ࣉࢳࢻཬࡧ࢜࢟ࢩࢺࢩࣥࡢ㍺㏦ࢱࣥࣃࢡ㉁࡛࠶ࡿࢽ࣮ࣗࣟࣇࢪࣥࢆࢥ࣮ࢻࡋ࡚࠸ࡿࠋ
PCR ࡣ My Cycler τ thermal Cycler㸦BIO RAD㸧ཪࡣ PCR ࢧ࣮࣐ࣝࢧࢡࣛ̿Dice
Touch(Takara)ࢆ⏝࠸ࡓࠋ㓝⣲ࡣࠊKOD FX-Neo㸦TOYOBO㸧ࢆ⏝࠸࡚ࠊᛂᾮࡢ⤌ᡂࡣ
࣓࣮࣮࢝ࡢࣉࣟࢺࢥࣝᚑࡗࡓࠋPCR ᮲௳ࡣࠊ94Υ2 ศࢆ 1 ࢧࢡࣝࠊ98Υ10 ⛊ࠊ65Υ30
⛊ࢆ 40 ࢧࢡࣝࠊ72Υ7 ศࢆ 1 ࢧࢡࣝࠊࡑࡢᚋࡣ 4Υ࡛⥔ᣢࡋࡓࠋࡲࡓࠊOT ࡢ PCR ࡛
ࡣ୍㒊ࡢࢧࣥࣉࣝ࠾࠸࡚ࠊLA-Taq㸦takara㸧ࢆ⏝࠸ࡓࠋᛂᾮࡢ⤌ᡂࡣ࣓࣮࣮࢝ࡢࣉࣟ
ࢺࢥࣝᚑ࠸㸦GCI buffer ⏝㸧
ࠊPCR ᮲௳ࡣࠊ95Υ2 ศࢆ 1 ࢧࢡࣝࠊ95Υ30 ⛊ࠊ65Υ
30 ⛊ࠊ74Υ1min ࢆ 40 ࢧࢡࣝࠊ74Υ10 ศࢆ 1 ࢧࢡࣝࠊࡑࡢᚋࡣ 4Υ࡛⥔ᣢࡋࡓࠋPCR
⏘≀ࡢ⢭〇ࡣ Nucleo Spin® Gel and PCR Clean-up㸦Takara㸧ࢆ⏝࠸࡚ࠊ᪉ἲࡣ࣓࣮࢝
࣮ࡢࣉࣟࢺࢥࣝᚑࡗࡓࠋ
ࣉ࣐࣮ࣛΰྜ῭ࡳ㗪ᆺࡽࡢ㎿㏿ࢩ࣮ࢣࣥࢫཷクࢧ࣮ࣅࢫ࡛࠶ࡿࣉ࣑ࣞࢵࢡࢫࢩ࣮ࢣ
ࣥࢫゎᯒ㸦takara㸧ࢆ⏝ࡋࡓࠋPCR ⏘≀ཬࡧࣉ࣐࣮ࣛࡢ㔞ࡣࠊ࣓࣮࣮࢝ࡢࣉࣟࢺࢥࣝ
ᚑࡗࡓࠋPCR ⏘≀ࡢ⃰ᗘࡣࠊ㟁ẼὋືࡼࡾ☜ㄆࡋࡓࣂࣥࢻࡢ᫂ࡿࡉࢆᇶ⟬ฟࡋࡓࠋ
ࢧࣥࣉࣝࡣ-20Υ࡚࠶ࡽࡌࡵ෭ࡋࠊࢻࣛࢫࢆධࢀ࡚ࠊࢡ࣮ࣝᏯᛴ౽㸦෭ࢱ
ࣉࠊ࣐ࣖࢺ㐠㍺㸧࡚㒑㏦ࡋࡓࠋ
OT-repeat ከᆺࡀ࣊ࢸࣟࡢಶయ࡛ࡣࠊࢩ࣮ࢡ࢚ࣥࢫࢆࡍࡿ 2 ࡘࡢἼᙧࡀ㔜࡞ࡗ࡚ࡋࡲ࠸
࠺ࡲࡃุᐃࡍࡿࡇࡀ࡛ࡁ࡞ࡗࡓࠋࡑࡇ࡛ࠊGenetic Analyzer㸦AB Applied Biosystems㸧

192

ࡼࡿ ᐃࢆ⾜ࡗࡓࠋPCR ࢆ⾜ࡗࡓᚋࠊࢧࣥࣉࣝࢆࢡ࣮ࣝᏯᛴ౽㸦෭ⶶࢱࣉࠊ࣐ࣖࢺ
㐠㍺㸧࡚㒑㏦ࡋࠊ

ᐃࡣி㒔Ꮫࡢ㔝⏕ື≀◊✲ࢭࣥࢱ࣮౫㢗ࡋࡓࠋPCR 㓝⣲ࡣࠊ

LA-Taq㸦takara㸧ࢆ⏝࠸࡚ࠊᛂᾮࡢ⤌ᡂࡣ࣓࣮࣮࢝ࡢࣉࣟࢺࢥࣝᚑࡗࡓ㸦GCI buffer
⏝㸧
ࠋPCR ᮲௳ࡣࠊ95Υ2 ศࢆ 1 ࢧࢡࣝࠊ95Υ30 ⛊ࠊ65Υ30 ⛊ࠊ74Υ1min ࢆ 35 ࢧ
ࢡࣝࠊ74Υ10 ศࢆ 1 ࢧࢡࣝࠊࡑࡢᚋࡣ 4Υ࡛⥔ᣢࡋࡓࠋ
ཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛ከᆺ㢖ᗘࢆẚ㍑ࡋࡓࠋከᆺ㢖ᗘࡢẚ㍑ࡣࠊ࢚ࢡࢭࣝ⤫ィ
㸦Square Test㸧ࢆ⏝࠸࡚⾜ࡗࡓࠋࡲࡓࠊ㑇ఏᏊᆺ➨ 2 ❶ࡢ♫ㄆ▱⬟ຊࡢ㛵㐃ゎᯒࢆ
⾜ࡗࡓࠋ㛵㐃ゎᯒࡣࠊSPSS statistic 17.0㸦SPSS Japan Inc.㸧ࢆ⏝࠸࡚ࠊMann Whitney
U test ࢆ⾜ࡗࡓࠋ᭷ពỈ‽ࡣ 5㸣ࡋࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
ձ  ከᆺ㢖ᗘࡢẚ㍑
 WBSCR17 ࡢከᆺ㢖ᗘࡣཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛᭷ព࡞ᕪࡀぢࡽࢀࠊཎጞⓗ࡞≟
࠾࠸࡚ T/T ᆺࡢࢾࡀከ࠸⤖ᯝ࡛࠶ࡗࡓ㸦p<0.01, ᅗ 4-2 ཧ↷㸧
ࠋࡲࡓ࣑࢜࢜࢝ 6 㢌࡛ࢪ
࢙ࣀࢱࣆࣥࢢࢆ⾜ࡗࡓࡇࢁࠊC/C ᆺࡀ 4 㢌ࠊT/C ᆺࡀ 2 㢌࡛࠶ࡗࡓࠋWBSCR17 ࡘ
࠸࡚ࡣࠊ࢚ࢡࢯࣥ㡿ᇦ㛗ࡘ࠸࡚ 11 㢌ࡢࢾ࡛ࢩ࣮ࢡ࢚ࣥࢫࢆ⾜࠸ከᆺࡢ᳨⣴ࢆ⾜ࡗࡓ
ࡀࠊࣥࢺࣟࣥ㡿ᇦࡣࡶ࠸ࡃࡘከᆺࡀぢࡽࢀࡓࡶࡢࡢ㸦ᅗ 4-1 ཧ↷㸧
ࠊ࢚ࢡࢯࣥ㡿
ᇦࡣከᆺࡣぢࡽࢀ࡞ࡗࡓࠋ
 MC2R ࡢከᆺ㢖ᗘࡣ SNP1 ཬࡧ SNP3 ࠾࠸࡚ཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛᭷ព࡞ᕪ
ࡀぢࡽࢀࠊ
୍⯡ⓗ࡞≟✀࠾࠸࡚ G/G ᆺࡢࢾࡀከ࠸⤖ᯝ࡛࠶ࡗࡓ
㸦p<0.01, ᅗ 4-3 ཧ↷㸧
ࠋ
࣑࢜࢜࢝ 12 㢌࡛ࡣࠊSNP1 ࡛ࡣ G/G ᆺࡀ 1 㢌ࠊG/C ᆺࡀ 4 㢌ࠊC/C ᆺࡀ 7 㢌࡛ࠊSNP3
࡛ࡣ G/G ᆺࡀ 2 㢌ࠊA/G ᆺࡀ 9 㢌ࠊA/A ᆺࡀ 1 㢌࡛࠶ࡗࡓࠋSNP2 ࡛ࡣࠊከᆺࡣぢࡽࢀࡿ
ࡶࡢࡢࠊཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛᭷ព࡞ᕪࡣぢࡽࢀ࡞ࡗࡓ㸦p>0.05㸧
ࠋࡲࡓࠊࢾ
࡛ࡣ࡚ࡢಶయࡀ C/C ᆺ࡛࠶ࡿࡢᑐࡋ࡚ࠊ࣑࡛࢜࢜࢝ࡣ 12 㢌୰ࠊC/C ᆺ 9 㢌ࠊC/T ᆺ 2
㢌 T/T ᆺ 1 㢌࡛࠶ࡿྠ⩏✺↛ኚ␗ࡀ SNP1  SNP2 ࡢ㛫㸯ࡘぢࡽࢀࡓ㸦➨ 1 ␒ᰁⰍయ
ࡢ 24389032 ␒┠ሷᇶᑐ, SNP1.5㸧
ࠋ
 OTR ࡢከᆺ㢖ᗘࡣ SNP4 ࠾࠸࡚ཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛᭷ព࡞ᕪࡀぢࡽࢀࠊཎ
ጞⓗ࡞≟࠾࠸࡚ T/T ᆺࡢࢾࡀከ࠸⤖ᯝ࡛࠶ࡗࡓ㸦p<0.01, ᅗ 4-4 ཧ↷㸧
ࠋ࣑࢜࢜࢝ 5 㢌
࡛ࡣࠊC/C ᆺࡀ 4 㢌ࠊT/T ᆺࡀ 1 㢌࡛࠶ࡗࡓࠋSNP1  2 ࡛ࡣࠊ࡚ࡢࢾࡀ G/G ᆺ࡛࠶
ࡾࠊከᆺࡣぢࡽࢀ࡞ࡗࡓࠋSNP3  SNP5 ࡛ࡣࠊࢃࡎከᆺࡀぢࡽࢀࡿࡶࡢࡢࠊ95%
௨ୖࡢࢾࡀ T/T ᆺ࡛࠶ࡗࡓࠋ
OT ࡢከᆺ㢖ᗘࡣ intron-SNP ࠾࠸࡚ཎጞⓗ࡞≟୍⯡ⓗ࡞≟✀࡛᭷ព࡞ᕪࡀぢࡽࢀࠊ
୍⯡ⓗ࡞≟✀࠾࠸࡚ C/C ᆺࡢࢾࡀከ࠸⤖ᯝ࡛࠶ࡗࡓ㸦p<0.01, ᅗ 4-5 ཧ↷㸧
ࠋ࣑࢜࢜࢝
7 㢌࡛ࡣࠊC/C ᆺࡀ 2 㢌ࠊC/A ᆺࡀ 2 㢌ࠊA/A ᆺࡀ 3 㢌࡛࠶ࡗࡓࠋࡲࡓࠊOT ࡢ intron-repeat
ከᆺ࡛ࡣࠊ6 ሷᇶḞኻࠊᤄධ࡞ࡋࠊ6 ሷᇶᤄධࠊ25 ሷᇶᤄධࠊ37 ሷᇶᤄධᆺࡀぢࡽࢀࡓࠋ6
ሷᇶḞኻᆺࡘ࠸࡚ࡣࠊࢫࢱࣥࢲ࣮ࢻࣉ࣮ࢻࣝࡢ୍㒊ࡢಶయ࡛ࡢࡳぢࡽࢀࡓࠋཎጞⓗ࡞≟

193

୍⯡ⓗ࡞≟✀࡛ẚ㍑ࡋࡓࡇࢁࠊཎጞⓗ࡞≟࠾࠸࡚ 25 ሷᇶᤄධ 37 ሷᇶᤄධᆺࡀ
ᑡ࡞࠸ࡇࡀ᫂ࡽ࡞ࡗࡓ㸦ᅗ 4-5 ཧ↷㸧ࠋࡲࡓࠊ࣑࡛࢜࢜࢝ࡣࢾࡣ␗࡞ࡿ㛗ࡉࡢᤄ
ධ㸦12 ሷᇶᤄධ 18 ሷᇶᤄධ㸧ࡀぢࡽࢀࡓࠋࡉࡽࠊ࣑࡛࢜࢜࢝ࡣ 2 ␒┠ࡢ࢚ࢡࢯࣥ㡿
ᇦࡢᮎᑿ 6 ሷᇶࡽࣥࢺࣟࣥ㡿ᇦࡢ᭱ึ 11 ሷᇶࡲ࡛ࡢ㡿ᇦ࡛ࠊࢾ࡛ࡣぢࡽࢀ࡞࠸ከᆺ
ࡀぢࡽࢀࡓࠋࢾ࡛ࡣࢭࣜࣥࠊࣉࣟࣜࣥࡢࡇࢁࡀࠊࢫࣃࣛࢠࣥࠊࢫࣃࣛࢠࣥ㓟࡞
ࡿ㠀ྠ⩏ኚ␗࡛࠶ࡿࠋᮏኚ␗ࡣ࣑࢜࢜࢝ 11 㢌୰ 5 㢌ぢࡽࢀࡓࠋSNP1  2 ࡛ࡣࠊ࡚ࡢ
ࢾࡀ A/A ᆺ㸦SNP1㸧
ࠊC/C ᆺ㸦SNP2㸧࡛࠶ࡾࠊከᆺࡣぢࡽࢀ࡞ࡗࡓ㸦ᅗ 4-5 ཧ↷㸧
ࠋ
ղ  ㄆ▱⬟ຊ㑇ఏᏊᆺࡢ㛵㐃ゎᯒ
 WBSCR17 ࠾࠸࡚ࠊ㑇ఏᏊᆺᣦᕪࡋ⪅㑅ᢥㄢ㢟ࡢど⥺㸩ᣦᕪࡋ㸩ࢱࢵࣆࣥࢢࡢㄢ
㢟࡛㛵㐃ᛶࡀ᭷ពぢࡽࢀࡓ㸦p<0.05, ᅗ 4-6 ཧ↷㸧
ࠋཎጞⓗ࡞≟ከ࠸ T/T ᆺࡢࢾࡢṇ
⟅ᩘࡀ㧗࠸⤖ᯝ࡞ࡗࡓࠋど⥺㸩ᣦᕪࡋࡢㄢ㢟ᣦᕪࡋࡢㄢ㢟࡛ࡣࠊ᭷ព࡞ᕪࡣぢࡽࢀ࡞
ࡗࡓ㸦p>0.05㸧
ࠋࡲࡓࠊゎỴྍ⬟ㄢ㢟ࡢ⤖ᯝࡢ㛵㐃ᛶࡶぢࡽࢀࠊࣄࢺࢆぢ࡚࠸ࡿ㛫ࠊ
ࣄࢺࢆぢࡿᅇᩘ࠾࠸࡚ࠊ୍⯡ⓗ࡞≟✀ከ࠸ C/C ᆺࡢࢾ࡛ࣄࢺࢆࡼࡃぢࡿ⤖ᯝࡀᚓࡽ
ࢀࡓ㸦p>0.05, ᅗ 4-7 ཧ↷㸧ࠋ
 MC2R ࡛ࡣࠊ
㑇ఏᏊᆺㄆ▱⬟ຊࢸࢫࢺࡢ㛫᭷ព࡞㛵㐃ᛶࡣぢࡽࢀ࡞ࡗࡓ
㸦p>0.05,
ᅗ 4-8 ཧ↷㸧
ࠋSNP3 ࠾࠸࡚ࠊᣦᕪࡋ⪅㑅ᢥㄢ㢟ࡢᣦᕪࡋㄢ㢟࡛㛵㐃ᛶࡢഴྥ(p=0.064)
ࡀぢࡽࢀࡓࠋ୍⯡ⓗ࡞≟✀ከ࠸ G/G ᆺ࡛ṇ⟅ᩘࡢ㧗࠸ഴྥ࡛࠶ࡗࡓࠋ
 OTR ࡛ࡣࠊ
㑇ఏᏊᆺㄆ▱⬟ຊࢸࢫࢺࡢ㛫᭷ព࡞㛵㐃ᛶࡣぢࡽࢀ࡞ࡗࡓ
㸦p>0.05㸧
ࠋ
 OT ࡛ࡣࠊintron-SNP ࡢ㑇ఏᏊᆺゎỴྍ⬟ㄢ㢟࡛㛵㐃ᛶࡀ᭷ពぢࡽࢀࡓ㸦p<0.05,
ᅗ 4-9 ཧ↷㸧
ࠋཎጞⓗ࡞≟ከ࠸ intron-SNP A/A ᆺࡢࢾࡣࠊࣄࢺࢆぢ࡚࠸ࡿ㛫ࡀ▷ࡃࠊ
ࣄࢺࢆぢࡿᅇᩘจどࡢᅇᩘࡀᑡ࡞࠸⤖ᯝ࡞ࡗࡓ㸦p<0.05㸧
ࠋᣦᕪࡋ⪅㑅ᢥㄢ㢟࡛
ࡣ㛵㐃ᛶࡀぢࡽࢀ࡞ࡗࡓ㸦p>0.05㸧
ࠋintron-repeat ከᆺ࡛ࡣࠊ࠸ࡎࢀࡢ⾜ືᐇ㦂ࡢ⤖ᯝ
ࡶ᭷ព࡞㛵㐃ᛶࡀぢࡽࢀ࡞ࡗࡓ㸦p>0.05㸧ࡶࡢࡢࠊᤄධ࡞ࡋ 25 ሷᇶᤄධࠊᤄධ࡞ࡋ
 37 ሷᇶᤄධࡢ࣊ࢸࣟࡢಶయ࠾࠸࡚ࠊゎỴྍ⬟ㄢ㢟࡛ࣄࢺࢆぢࡿᅇᩘࡀከ࠸ࡼ࠺ᛮ
࠼ࡓ㸦p>0.05, ᅗ 4-10 ཧ↷㸧
ࠋࡑࡇ࡛ࠊᤄධ࡞ࡋࡢ࣍ࣔࠊᤄධ࡞ࡋ 25 ሷᇶᤄධཪࡣᤄධ
࡞ࡋ 37 ሷᇶᤄධࡢ࣊ࢸࣟࠊ
25 ሷᇶᤄධཪࡣ 37 ሷᇶᤄධࡢ࣍ࣔࡢ 3 ⩌࡛ẚ㍑ࡋࡓࡇࢁࠊ
ᤄධ࡞ࡋࡢ࣍ࣔࡢಶయࡣ࣊ࢸࣟࡢಶయࡼࡾࡶࣄࢺࢆぢࡿᅇᩘࡀᑡ࡞࠸ഴྥࡀᚓࡽࢀࡓ
(p=0.078)ࠋ
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ᅗ 4-1 ྛ㑇ఏᏊ࠾ࡅࡿከᆺ⟠ᡤࢆ♧ࡍᴫ␎ᅗ

ࣥࢺࣟࣥ㡿ᇦ࡛ぢࡽࢀࡓከᆺ
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ᅗ 4-2 WBSCR17 ከᆺ㢖ᗘ

6TXDUH7HVW
ǘ2䠙38.5, df=2, p<0.01
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ᅗ 4-3 MC2R ከᆺ㢖ᗘ

6TXDUH7HVW
ǘ2=15.4, df=2, p<0.01

6TXDUH7HVW
ǘ2䠙2.42, df=2, p>0.05

6TXDUH7HVW
ǘ2䠙47.2, df=2, p<0.01
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ᅗ 4-4 OTR ከᆺ㢖ᗘ

6TXDUH7HVW
ǘ2䠙1.94, df=2, p>0.05

6TXDUH7HVW
ǘ2䠙43.8, df=2, p<0.01

6TXDUH7HVW
6TXD
6T
XDUUH 7HV
XD
HVWW
6TXDUH7HVW
ǘ2䠙0.986, df=2, p>0.05
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ᅗ 4-5 OT ከᆺ㢖ᗘ

199

6TXDUH7HVW
ǘ2䠙38.7, df=2, p<0.01
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ᅗ 4-6 WBSCR17 㑇ఏᏊᆺᣦᕪࡋ⪅㑅ᢥㄢ㢟

㻌

S
0DQQ:KLWQH\8WHVW
ど⥺䠇ᣦᕪ䛧䠇䝍䝑䝢䞁䜾(GPT)ㄢ㢟㻌 㻌 ǘ2䠙9.682, df=1, p<0.01
ど⥺䠇ᣦᕪ䛧(GP)ㄢ㢟㻌 ǘ2䠙1.101, df=1, p>0.05
ᣦᕪ䛧(P)ㄢ㢟㻌 ǘ2䠙0.109, df=1, p>0.05
䝁䞁䝖䝻䞊䝹(Control)ㄢ㢟㻌 ǘ2䠙0.138, df=1, p>0.05
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ᅗ 4-7 WBSCR17 㑇ఏᏊᆺゎỴྍ⬟ㄢ㢟

㻌

㻌

S
0DQQ:KLWQH\8WHVW
᭱ึ䛻䝠䝖䜢ぢ䜛䜎䛷䛾㛫㻌 㻌 ǘ2䠙1.083, df=1, p>0.05
䝠䝖䜢ぢ䛶䛔䜛㛫㻌 ǘ2䠙4.647, df=1, p<0.05
䝠䝖䜢ぢ䜛ᅇᩘ㻌 ǘ2䠙5.297, df=1, p<0.05
จど䛾ᅇᩘ㻌 ǘ2䠙1.047, df=1, p>0.05
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ᅗ 4-8 MC2R SNP3 ᣦᕪࡋ⪅㑅ᢥㄢ㢟

p=0.064㻌

p>0.05
0DQQ:KLWQH\8WHVW

ど⥺䠇ᣦᕪ䛧䠇䝍䝑䝢䞁䜾(GPT)ㄢ㢟㻌 㻌 ǘ2䠙0.630, df=1, p>0.05
ど⥺䠇ᣦᕪ䛧(GP)ㄢ㢟㻌 ǘ2䠙1.469, df=1, p>0.05
ᣦᕪ䛧(P)ㄢ㢟㻌 ǘ2䠙3.421, df=1, p=0.064
䝁䞁䝖䝻䞊䝹(Control)ㄢ㢟㻌 ǘ2䠙0.020, df=1, p>0.05
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ᅗ 4-9 OT intron-SNP ゎỴྍ⬟ㄢ㢟

S 

㻌

S 

㻌

㻌

S
Mann-Whitney U-test with Bonferroni correction

᭱ึ䛻䝠䝖䜢ぢ䜛䜎䛷䛾㛫㻌 㻌 ǘ2䠙5.013, df=2, p>0.05
䝠䝖䜢ぢ䛶䛔䜛㛫㻌 ǘ2䠙9.345, df=2, p<0.05
䝠䝖䜢ぢ䜛ᅇᩘ㻌 ǘ2䠙9.508, df=2, p<0.05
จど䛾ᅇᩘ㻌 ǘ2䠙6.371, df=2, p<0.05
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ᅗ 4-10 OT intron-repeat ゎỴྍ⬟ㄢ㢟

p>0.05
Mann-Whitney U-test with Bonferroni correction

᭱ึ䛻䝠䝖䜢ぢ䜛䜎䛷䛾㛫㻌 㻌 ǘ2䠙4.215, df=6, p>0.05
䝠䝖䜢ぢ䛶䛔䜛㛫㻌 ǘ2䠙8.368, df=6, p>0.05
䝠䝖䜢ぢ䜛ᅇᩘ㻌 ǘ2䠙11.039, df=6, p=0.087
จど䛾ᅇᩘ㻌 ǘ2䠙7.258, df=6, p>0.05
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a b s t r a c t
This study examined whether dogs gain information about human’s attention via their gazes and whether
they change their attention-getting behaviors (i.e., whining and whimpering, looking at their owners’
faces, pawing, and approaching their owners) in response to their owners’ direct gazes. The results showed
that when the owners gazed at their dogs, the durations of whining and whimpering and looking at the
owners’ faces were longer than when the owners averted their gazes. In contrast, there were no differences in duration of pawing and likelihood of approaching the owners between the direct and averted
gaze conditions. Therefore, owners’ direct gazes increased the behaviors that acted as distant signals and
did not necessarily involve touching the owners. We suggest that dogs are sensitive to human gazes,
and this sensitivity may act as attachment signals to humans, and may contribute to close relationships
between humans and dogs.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
Dogs, Canis familiaris, were domesticated at least 14,000 years
ago (Druzhkova et al., 2013; Nobis, 1979; Vilá et al., 1997). Since
then, humans and dogs have established close relationships. Communication by means of visual information is a crucial feature in
these close relationships between humans and dogs. It is especially
important for working dogs, such as hunting dogs, to understand
human visual communicative information to aid them in making
cooperative movements. Previous studies have revealed that dogs
understand visual information given by humans very well (Hare
et al., 2002; Miklósi et al., 1998).
In addition, dogs are able to understand the visual attention
of humans as indicated by body orientation, the turning of the
head, and gaze (Hare and Tomasello, 1999). In the current theory
of human cognitive development, understanding the visual attention of others links to more complex social-cognitive skills, such
as understanding intentions, or “theory of mind” (Baron-Cohen,
1995). Similarly, dogs’ understanding of humans’ visual attention
may contribute to the communication between the two. This ability

∗ Corresponding author at: School of Human Science, Senshu University, 2-1-1
Higashimita, Tama-ku, Kawasaki-shi, Kanagawa 214-8580, Japan.
E-mail address: m.ohkita.animalcognition@gmail.com (M. Ohkita).

of dogs might be supported by the co-habitation between human
and dogs.
Studies have examined whether dogs understand humans’
attention based on their gazes (Call et al., 2003; Schwab and Huber,
2006). For example, Call et al. conducted a series of trials in which
dogs were forbidden to take a piece of visible food (i.e., the experimenters spoke a “Don’t take it” command). In some trials, the
humans continued to look at the dogs throughout the trial (direct
gaze condition), whereas in other trials, the humans closed their
eyes (no-gaze condition). Call et al. reported that the dogs retrieved
less food in the direct gaze condition than in the no-gaze condition,
suggesting dogs respond to commands in different ways depending
on whether humans gaze directly the dogs or not. Furthermore, the
dogs understood the humans’ attention as it was communicated by
their gazes.
In Call et al.’s study, however, there are differences between the
direct gaze and closed eyes condition in not only the directions of
the gaze but also in the opening and closing of the eyes. Therefore, the true value of humans’ gaze directions for the dogs was not
clear. In humans, infants are sensitive to gaze direction, and they
understand from the gaze direction whether others have directed
attention to them (Farroni et al., 2002, 2000; Samuels, 1985).
Therefore, in the current study, in order to examine whether dogs
understand their owners’ attention according to gaze direction, we

http://dx.doi.org/10.1016/j.beproc.2016.02.013
0376-6357/© 2016 Elsevier B.V. All rights reserved.
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investigated whether they change their behaviors in different ways
depending on owners’ gazes.
In particular, we assessed dogs’ attention-getting behaviors:
whining and whimpering, looking at the owners’ faces, pawing, and
approaching. For the reason mentioned bellow, we focused on the
attention-getting behaviors.
Studies of children with autism have revealed that their frequencies of affective expression and spontaneous social behaviors
for others, such as looking at others or making physical contact with
them, were lower than those observed among typically developing
children in communicative situations (e.g., Baranek, 1999; Adrien
et al., 1993). Studies have suggested that the lower frequencies
found in communicative situations made it difﬁcult for children
with autism to establish closer relationships with others. Accordingly, spontaneous social behaviors, including the attention-getting
behaviors, were important in subsequent reciprocal communication (Leavens et al., 2005).
In the present study, we examine whether dogs change
their attention-getting behaviors according to humans’ gazes in
communicative situations. We compared the durations of the
attention-getting behaviors in the Direct Gaze condition with those
in the Avert Gaze condition. We predicted that if dogs are sensitive
to humans’ gazes and they understand humans’ attention according to gaze, then the durations of the attention-getting behaviors
would be longer in the Avert Gaze condition compared to the Direct
Gaze condition.
2. Materials and methods
2.1. Subjects
The subjects were 20 pairs of owners and healthy household
samples. The samples consisted of three Yorkshire Terriers, two
Bolognese, two Chihuahuas, and two Pekingeses, as well as one of
each of these breeds: Beagle, Bernese Mountain Dog, Italian Greyhound, Boston Terrier, Labrador Retriever, Shin-tzu, Papillon, and
Welsh Corgi. In addition, three mixed breed dogs (two Miniature
Dachshund and Toy Poodle, two Chihuahua and Toy Poodle). Ten
dogs were male, and ten were female, with a mean age of 4.2 [SD:
3.1] years. One owner was male, and nineteen were female, with a
mean age of 35.5 [SD: 12.8] years.
This study was approved by the Ethics Committee of Azabu University, Japan. Informed written consent was obtained from each
participant.
2.2. Experimental procedures
The experiment was conducted in a room at Azabu University
(Japan). The room was divided into partitions, yielding a space for
the dog of 125 × 250 cm (Fig. 1a). The front of this space was a blank
wall with an acrylic window. The owner sat outside the space in
front of the window, and the dog was able to view the owner’s face
through the window (Fig. 1b).
The experiment consisted of two conditions. In the Direct Gaze
condition, the owner faced the window and gazed directly at the
dog on the other side. In the Avert Gaze condition, the owner
faced the window but did not gaze at the dog (i.e., they gazed to
either the left or the right). We asked the owners to have a neutral
facial expression in both conditions. Each condition was conducted
two times (i.e., 2 trials × 2 conditions), resulting in a total of 4 trials per dog. The order of the trials was an ABBA design and was
counterbalanced within subjects. Each trial was lasted for 1 min.
The interval between trials was 3 min. In the inter-trial interval,
owners were able to interact freely with their dogs. The total experiment duration was 16 min. All trials were video-recorded (Sony
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video camera HDR-CX180 seated on a tripod) to analyze the dogs’
behaviors.
2.3. Data analysis
Attention-getting behaviors, including standing in close proximity to the owner from the acrylic window (i.e., within an area of
70 × 70 cm from the windows; Fig. 1a), looking at the owner’s face,
whining and whimpering, and pawing, were recorded using an alloccurrence sampling. We analyzed the durations of these behaviors
in the Direct Gaze and Avert Gaze conditions, using an Excel VBAbased event recorder. One of the authors (Midori Ohkita) analyzed
all the videotaped data. In addition, a blind observer who did not
know the purpose of the study analyzed randomly selected subjects (20%). Agreement reliability between the author and the naïve
observer was excellent (rs = .98). We calculated sum durations for
each behavior in each condition for each subject. Statistical analyses were performed using Wilcoxon signed-ranks test with an alpha
level of .05.
3. Results
Fig. 2 shows the means of the sum durations (in seconds) for
each attention-getting behaviors in each condition for each subject. The durations of whining and whimpering (Z = 2.62, p = .01,
r = .59) and looking at the owners’ faces (Z = 4.43, p < .001, r = .99)
were longer in the Direct Gaze condition than in the Avert Gaze
condition. There were no differences between the two conditions
in durations of pawing (Z = 1.47, p = .14, r = .33) or standing close to
the acrylic window (Z = 0.71, p = .48, r = .16).
4. Discussion
We investigated whether dogs change some of their attentiongetting behaviors in different ways depending on owners’ direct
gazes by comparing their behavior under the avert gaze. Dogs
usually perform attention-getting behaviors in order to get attention from humans. If dogs are sensitive to humans’ gazes and
they understand humans’ attention according to gaze, then the
durations of the attention-getting behaviors would be longer in
the Avert Gaze condition compared to the Direct Gaze condition.
An interesting ﬁnding, contrary to our expectations, was that the
durations of whining and whimpering and looking at their owners’
face were longer in the Direct Gaze condition than in the Avert Gaze
condition. These results suggest that the dogs were sensitive to the
direction of their owners’ gazes. Subsequently, the dogs showed
an increase of their own attention-getting behaviors. The question,
then, arose; Why did the owners’ attention behaviors—that
is, the direct gaze—increase their dogs’ attention-getting
behaviors.
One possible explanation for this question is that attentiongetting behaviors act as appetitive behavior whereas being touched
by the owners or given a reward like food acts as a consummatory behavior. In general, owners’ tend to touch their dogs after
gazing at them directly (attending to them) in response to the
dogs’ attention-getting behaviors, dogs are more likely to act out
attention-getting behaviors in response to their owners’ gazes until
these behaviors are reinforced by their owners’ touches (Bentosela
et al., 2008). In the present study, in the Direct Gaze condition, the
dogs did perform attention-getting behaviors in response to their
owners’ gazes. In contrast, in the Avert Gaze condition, dogs did act
out these behaviors a little, because their owners gazes were not
present. In order to ensure these behaviors mainly occurred in the
Direct Gaze condition, the durations of these behaviors were longer
in that condition than in the Avert Gaze condition.
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Fig. 1. Experimental setup.
(a) Schematic of the enclosed space for the dog and the position of the owner outside the enclosure. (b) Actual image of an owner behind the acrylic window with the dog.

Another possibility for the reasons why the owners’ attention
behaviors increased their dogs’ attention-getting behaviors is that
owners’ gazes provide social rewards for dogs and increase dogs’
behaviors toward the owners. Nagasawa et al. (2009, 2015) examined whether direct gaze contributes to the establishment of the
relationships between humans and dogs. Dogs’ behaviors of gazing at and touching their owners was longer when the owners
interacted with their dogs (interaction experiment) than when
the owners did not look at the dogs (control experiment). This
suggested that the owners’ gazes increased the dogs’ attachment
behaviors (dogs’ gazes at their owners, dogs’ approaching their
owners, and dogs’ touching their owners); therefore, there were
positive loops of direct gaze and attachment behaviors between
owners and their dogs. In this regards, it is feasible in the present
study that owners’ eye gaze enhance their dogs’ whining and whimpering and looking at their owners’ face as attachment behavior, as
well as Nagasawa et al.’s studies.
Positive loops have been studied in mother-infant communication (Kendrick, 2004; see Nagasawa et al., 2013 for a review). These
studies showed that mothers’ parental behaviors (e.g., stroking)
facilitated infants’ attachment behaviors, which in turn increasingly facilitated the mothers’ parental behaviors. Previous studies
have also suggested that this positive loop stimulates the release of
centrally acting oxytocin, and this oxytocin acts as a social reward
within the nucleus accumbens. As a result, this positive loop might
contribute to mother-infant bonding. In Nagasawa et al. (2009,
2015) studies, the positive loop of direct gaze between owners
and dogs stimulated the release of oxytocin. That is, the positive loop of direct gaze functioned as a social reward for both
owners and dogs (i.e., a primary reinforcer). This positive loop
of direct gaze may establish a closer relationship between dogs
and humans. Therefore, the ﬁndings of this present study are

in line with those of Nagasawa et al., suggesting that owners’
gazes provide social rewards for their dogs and increase the dogs’
attachment behaviors, gazing at their owners. Further research is
needed to examine whether dogs’ increased behaviors according
to humans’ gazes are attention-getting behaviors or attachment
behaviors.
In Nagasawa et al.’s studies, the durations of not only the dogs’
gazes but also the dogs’ touches, including pawing and approaching the owners, were longer when the owners interacted with the
dogs in their usual way (eye gaze condition) than when the owners did not look at their dogs (non-eye gaze condition). The results
of the present study are not consistent with these ﬁndings. In our
study, the owner’s direct gaze did not facilitate the dog’s pawing or
approaching the owner. Our experimental conditions were different from those used in Nagasawa et al. study (2009, 2015). In that
study, the owners could touch their dogs. In the present study, a
partition wall kept the owners from being able to touch their dogs.
This difference in experimental conditions might lead to differences
in the dogs’ behaviors in response to their humans’ gazes. This may
be because ﬂoor and ceiling effects prevented differences between
the conditions in terms of pawing and approaching their owners,
respectively. It might be difﬁcult for the dogs to paw the smooth
acrylic window, so the dogs might not have wanted to paw in either
condition. In addition, because each condition was shorter in the
present study than in Nagasawa et al.’s studies, the duration might
not have been long enough for the between-condition approaching
differences to occur.
Even if a human’s direct gaze signals rewards (i.e., being touched
by humans) for dogs, they are nevertheless sensitive to human
gazes. For many species, it is known that perceiving a direct gaze
by a member of another species arouses an aversive response
(Emery, 2000), probably because it is a salient signal of potential
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Fig. 2. Means of sum durations for attention-getting behaviors.
Box plots show means of sum durations (in seconds) for attention-getting behaviors in each condition for each subject. *p < .05, ** p < .01, *** p < .001 (Wilcoxon signed-ranks
test).

threat. In contrast, humans’ direct gazes at dogs may contribute to
close relationships between the two, although humans and dogs
are phylogenetically very distant species. Therefore, these behavioral changes might be involved in convergent evolution of humans
and dogs. By using adult dogs and their owners as subjects in
the present study, however, we could not eliminate the possibility of prior learning. We intend to address these issues in future
research.
Acknowledgments
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Comparison of owner-reported
behavioral characteristics among
genetically clustered breeds of dog
(Canis familiaris).
Akiko Tonoikeͷ, Miho Nagasawaͷ,, Kazutaka Mogiͷ, James A. Serpell, Hisashi Ohtsukiͺ
& Takefumi Kikusuiͷ
During the domestication process, dogs were selected for their suitability for multiple purposes,
resulting in a variety of behavioral characteristics. In particular, the ancient group of breeds that
  ơ    
to other breed groups. Here, we used questionnaire evaluations of dog behavior to investigate
   ơ  Ǥ
A standardized questionnaire, the Canine Behavioral Assessment and Research Questionnaire
ȋǦȌǡǡơ Ǧ ȋ=ǡͿͻͷȌ
and the United States (n =ͷͶǡ;ͿȌǤ  
spitz breed group showed low attachment and attention-seeking behavior. This characteristic
distinguished the ancient group from any other breed groups with presumed modern European
origins, and may therefore, be an ancestral trait.

The dog (Canis familiaris) was the first animal to be domesticated1 and today hundreds of different
breeds are recognized. Breeds seem to be different in several aspects of their behavior due to the effects
of artificial selection2–5. Although breeds are traditionally classified by the jobs they were originally
selected to perform, parallel selection for other traits, such as suitability as pets, has also affected modern
breed-typical behavior6. With the remarkable improvement of technologies available for genetic analysis,
genetic relationships in dog breeds have recently been studied and genetic classifications of dog breeds
have been constructed7,8. As a result, although dog breeds have traditionally been classified by their roles
in human activities, historical records, and physical phenotypes, it is now possible to classify them based
on patterns of genetic variation9–11.
Cladogram analysis of dog genes showed the separation of several breeds with supposedly ancient
origins from a large group of breeds with presumed modern European origins7,8. Modern European
breeds are the products of controlled breeding practices since the Victorian era, and because they have
originated recently and lack deep histories, the genetic groups have short internodes and low bootstrap
support. On the other hand, ancient breeds are highly divergent and are distinct from modern European
breeds. Since the dogs from these ancient breeds are genetically related most closely to wolves, they may
exhibit remnants of wolves’ behavioral, morphological and physiological characteristics.
The Canine Behavioral Assessment and Research Questionnaire (C-BARQ) is designed to provide
dog owners and professionals with standardized evaluations of canine temperament and behavior12. The
ͷ
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C-BARQ has also been translated for use in Japan13,14 after examination of the validity of questionnaire items15. In this study, we used C-BARQ evaluations of dogs to investigate whether the behavioral characteristics of dogs are different among genetically clustered breed groups. Although C-BARQ
scores are obtained from dog owners and may therefore be influenced by subjective biases, the use of
this instrument allows the standardized assessment of behavior in very large numbers of dogs, and has
proven useful for studying breed differences in behavior16–18. Several studies comparing wolves, dogs, and
other canids, suggest that behavioral changes were critical during the early stages of the domestication
process19–21. We investigated the behavioral characteristics of breeds, especially those belonging to the
ancient group, to understand the characteristics of this highly divergent group of ancient breeds.

Materials and Methods
Questionnaire. Behavioral data in the present study were collected from dog owners using the
C-BARQ, which included 100 questions that asked owners to indicate how their dogs have responded in
the recent past to a variety of common events and stimuli using a series of 0–4 rating scales. The C-BARQ
is a standardized questionnaire that is widely used to assess the prevalence and severity of behavioral
problems in dogs. The various C-BARQ item and subscale scores have also been shown to provide an
accurate measure of canine behavioral phenotypes. Seven of the original 11 subscales were validated
using a panel of 200 dogs previously diagnosed with specific behavior problems12. More recently, other
studies have provided criterion validation of the C-BARQ by demonstrating associations between factor
and item scores and training outcomes in working dogs22, the performance of dogs in various standardized behavioral tests23–26, and neurophysiological markers of canine anxiety and compulsive disorders27,28.
The original C-BARQ was translated into Japanese by two behavioral professionals and reviewed by two
professors15. Twenty-two out of 100 questions were eliminated due to the cultural and environmental
differences between Japan and the USA, resulting in 78 questions for the Japanese version.
C-BARQ data were collected via the freely accessible websites http://www.cbarq.org (US, from April
2006) and http://cbarq.inutokurasu.jp/(JPN, from September 2010). Before answering the questionnaire,
dog owners were asked to provide information about their dogs, such as its breed, age, sex, neuter
status, body weight, age when acquired, where acquired, and the presence of any health problems. The
online survey was advertised via articles in newspapers, magazines, online news, etc., in each country.
The C-BARQ database was used for different purpose 29. The Ethical committee of Azabu University
approved this study. We obtained the informed consent from all respondents and our methods were
carried out in accordance with the approved guidelines.
Statistical analyses. Data from the completed questionnaires were subjected to factor analysis.
Parallel analysis was used to determine the number of interpretable factors that could be extracted, and
varimax rotation was used to identify empirical groupings of items that measured different behavioral
traits. The Cronbach’s α coefficient was calculated to assess internal consistency (reliability) of extracted
factors; this coefficient describes how well a group of questionnaire items focuses on a single idea or
construct. For comparison of the factors, we calculated the average of item scores composing each factor,
which was analyzed as a factor score. The factor scores were then analyzed using generalized linear models These were analyzed by SPSS v.19.0 (SPSS Japan Inc., IBM company), except for the parallel analysis
(R v. 3.0.0, 2013-04-03, The R Foundation for Statistical Computing).

Results

Subjects. A total of 5,377 C-BARQ questionnaires were completed in Japan. Dogs that were < 1 or
> 7 years of age or had severe or chronic health problems were excluded, leaving a total of 3,098 completed questionnaires (57.76%) that were considered valid. The age cut-off was chosen to eliminate dogs
whose behavior might have been affected by immaturity or senescence (in the case of some large or giant
breeds). The response rates for each of the 78 questions in the questionnaire ranged from 39.22% to
99.86% (median, 98.39%, mode, 99.15%). The low response rates obtained for some questionnaire items
were primarily due to the fact that the questionnaire’s focus on events and stimuli occurring in recent
past tended to exclude uncommon events and situations. Among the 14,481 questionnaires completed
in the United States, 10,500 satisfied the requirements above (72.51%). The response rates for each of
the 100 questions in the questionnaire ranged from 81.57% to 99.72% (median, 97.85%, mode, 98.04%).
Fifteen questions with response rates < 85.0% either in Japanese or US data were excluded for further
analyses. Any questionnaires that had < 75.0% response rates were also excluded, leaving 2,951 (54.88%)
and 10,389 (71.74%) completed questionnaires that could be used in analyses in Japan and the United
States, respectively.
Factor analysis. For the factor analysis we selected 59 breeds that were common to both countries
and then matched the samples for sex and number of dog for each country in order to eliminate any sex
or country biases (n = 1,252 each, Supplementary Table 1). Sixty-three of the questionnaire items common to both countries were analyzed by factor analysis and parallel analysis, and these items were sorted
into 12 factors. After removing the items with factor loadings of < 0.4, the remaining items were analyzed
by factor analysis again, and yielded 12 factors. After removing the items with factor loadings of < 0.4
again, the remaining items were analyzed by factor analysis, and again yielded 12 factors that accounted
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Factor
loadings

Factors & questionnaire items
Aggression to unfamiliar persons
When approached directly by an unfamiliar adult
while being walked or exercised on a leash

0.836

When approached directly by an unfamiliar child
while being walked or exercised on a leash

0.744

When an unfamiliar person approaches the
owner or a member of the owner’s family at
home

0.670

When an unfamiliar person approaches the
owner or a member of the owner’s family away
from home

0.792

When mailmen or other delivery workers
approach the home

0.604

When an unfamiliar person tries to touch or pet
the dog

0.806

Toward unfamiliar persons visiting the home

0.717

Fear of unfamiliar persons
When approached directly by an unfamiliar adult
while away from the home

0.823

When approached directly by an unfamiliar child
while away from the home

0.747

When unfamiliar persons visit the home

0.689

When an unfamiliar person tries to touch or pet
the dog

0.761

Trainability
Returns immediately when called while off leash

0.667

Obeys a sit command immediately

0.676

Obeys a stay command immediately

0.717

Seems to attend to or listen closely to everything
the owner says or does

0.693

Not slow to respond to correction or punishment

0.619

Not easitly distracted by interesting sights,
sounds, or smell

0.447

Separation-related anxiety
Excessive salivation when left or about to be left
on its owner

0.497

Whining when left or about to be left on its
owner

0.714

Barking when left or about to be left on its owner

0.735

Howling when left or about to be left on its
owner

0.608

Chewing/scratching at doors, floor, windows,
curtains, etc.

0.462

Loss of appetite when left or about to be left on
its owner

0.403

Energy and restless
Not shaking, shivering, or trembling when left or
about to be left on its owner

0.441

Restlessness, agitation, or pacing when left or
about to be left on its owner

0.477

When a member of the household returns home
after a brief absence

0.690

When visitors arrive at its home

0.480

Playful, puppyish, boisterous

0.694

Active, energetic, always on the go

0.493

SS loadings

Proportion
Var

Cumulative
Var

Cronbach’s α

5.13

0.10

0.10

0.92

2.79

0.05

0.15

0.90

2.77

0.05

0.20

0.81

2.73

0.05

0.25

0.76

2.65

0.05

0.30

0.72

Continued
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Factor
loadings

Factors & questionnaire items
Fear of non-social stimuli
In response to sudden or loud noises

0.665

In response to strange or unfamiliar objects on or
near the sidewalk

0.671

During thunderstorms

0.422

When first exposed to unfamiliar situations

0.468

In response to wind or wind-blown objects

0.699

Aggression to household members
When toys, bones, or other objects are taken
away by a member of the household

0.577

When approached directly by a member of the
household while it is eating

0.773

When food is taken away by a member of the
household

0.849

When a member of the household retrieves food
or objects stolen by the dog

0.626

Fear of unfamiliar dogs
When approached directly by an unfamiliar dog
of the same or larger size

0.769

When approached directly by an unfamiliar dog
of a smaller size

0.792

When barked, growled, or lunged at by
unfamiliar dog

0.756

Aggression to unfamiliar dogs
When approached directly by an unfamiliar male
dog while being walked or exercised on a leash

0.849

When approached directly by an unfamiliar
female dog while being walked or exercised on
a leash

0.840

When barked, growled, or lunged at by
unfamiliar dog

0.642

Attachment and attention-seeking
Tends to follow a member of household from
room to room about the house

0.541

Tends to sit close to or in contact with a member
of the household when that individual is sitting
down

0.672

Tends to nudge, nuzzle, or paw a member of the
household for attention when that individual is
sitting down

0.701

Becomes agitated when a member of the
household shows affection for another person

0.466

Aggression to persons passing near the house
When strangers walk past the home while the
dog is in the yard

0.652

When joggers, cyclists, roller skaters, or
skateboarders pass the home while the dog is in
the yard

0.607

SS loadings

Proportion
Var

Cumulative
Var

Cronbach’s α

2.27

0.04

0.34

0.75

2.25

0.04

0.38

0.84

2.21

0.04

0.42

0.88

2.10

0.04

0.46

0.89

1.78

0.03

0.53

0.70

1.15

0.02

0.55

0.89

Table 1. Factor loading of questionnaire items constituting each factor.

for 54.96% of the common variance in item scores. Out of these twelve factors, eleven were found to have
adequate Cronbach’s α values (≥ 0.7) (Table 1). The following eleven factors were extracted: aggression
to unfamiliar persons (F1), fear of unfamiliar persons (F2), trainability (F3), separation-related behavior
(F4), energy and restlessness(F5), fear of non-social stimuli (F6), aggression to household members (F7),
fear of unfamiliar dogs (F8), aggression to unfamiliar dogs (F9), attachment and attention-seeking (F11),
and aggression to persons passing near the house (F12). These results are shown in Table 1.

ƪ Ǧ  Ǥ Using the generalized linear model, the influence of breeds and various demographic variables on C-BARQ factor scores were examined. The dog
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Breed groups

Breeds

Ancient and spitz breeds
(152)

Basenji(JPN4, US4), Shiba Inu(64, 64), Akita(4, 4), Siberian Husky(2, 2), Samoyed(2, 2)

Toy dogs (612)

Shih Tzu(40, 40), Chihuahua(110, 110), Pug(46, 46), Papillon(24, 24), Pomeranian(50, 50), Miniature
Pinscher(26, 26), Brussels Griffon(2, 2), Pekingese(8, 8)

Spaniels, scent hounds,
and poodles (388)

American Cocker Spaniel(14, 14), English Cocker Spaniel(10, 10), English Springer Spaniel(4, 4), Cavalier
King Charles Spaniel(36, 36), Brittany(2, 2), Beagle(42, 42), Bichon Frise(10, 10), Maltese(32, 32) , Toy
Poodle(22, 22), Miniature Poodle(12, 12), Standard Poodle (10, 10)

Working dogs (32)

Doberman Pinscher(6, 6), German Shepherd(10, 10)

Small Terriers (236)

Cairn Terrier(4, 4), Jack Russell Terrier(58, 58), West Highland White Terrier(10, 10), Yorkshire Terrier(46,
46)

Sight hounds and
herding dogs (408)

Italian Greyhound(18, 18), Whippet(6, 6), Borzoi(2, 2), Pembroke Welsh Corgi(48, 48), Australian
Shepherd(6, 6), Border Collie(74, 74), Shetland Sheepdog(50, 50)

Retrievers (304)

Labrador Retriever(82, 82), Flat-Coated Retriever(8, 8), Golden Retriever(44, 44), Great Dane(2, 2), Bernese
Mountain Dog(16, 16)

Mastiff-like dogs (112)

Boston Terrier(32, 32), Boxer(4, 4), Bulldog(2, 2), French Bulldog(18, 18)

Table 2. Genetically clustered breed groups used for statistical analysis. The numbers of selected dogs
are shown in parentheses.

breeds were separated into eight breed groups according to the cladogram suggested by vonHoldt (2010).
The eight groups consist of 1) ancient and spitz breeds, 2) toy dogs, 3) spaniels, scent hounds, and
poodles, 4) working dogs, 5) small terriers, 6) sight hounds and herding dogs, 7) retrievers, and 8)
mastiff-like dogs. As the Shiba Inu breed was not included in vonHoldt’s cladogram, we classified them
into the ancient and spitz breed group according to the cladogram suggested by Parker (2004). Other
dog breeds not shown in vonHoldt’s cladogram were eliminated from further analyses. The dog breeds
in each breed group are shown in Table 2.
We analyzed the relationships between breed groups and C-BARQ factor scores while taking into
account the possible intervening effects of the following 8 variables: country, sex, spay/neuter status,
source from which dogs were acquired, owner’s experience of dog-ownership, dog’s age when acquired,
dog’s body weight, dog’s age at the time of evaluation. These variables have previously been shown to
influence the expression of behavior in dogs16,30–32. All of the factor scores were explained significantly
by the variables, although most of the variance was explained by breed groups, country, sex, spay/neuter
status, and source from which dogs were acquired. Significant interactions between breed group and
other variables were also found. Results are shown in Table 3 and Fig. 1.
Toy dogs obtained the highest scores for Factor 1 (aggression to unfamiliar persons), and were significantly more aggressive in this context than sight hounds and herding dogs, retrievers, and mastiff-like
dogs. Spaniels, scent hounds, and poodles were significantly more aggressive to unfamiliar persons than
retrievers and mastiff-like dogs. The ancient and spitz breed group and sight hounds and herding dogs
were significantly more aggressive to unfamiliar persons than retrievers. For F2 (fear of unfamiliar persons), working dogs obtained the lowest scores, and were significantly lower than all other breed groups.
For F3 (trainability), sight hounds and herding dogs obtained the highest scores, and were significantly
more trainable than all other breed groups except working dogs. For F4 (separation-related anxiety),
there were no breed group differences. For F5 (energy and restlessness), working dogs obtained the
lowest scores, and were significantly lower than all other breed groups except mastiff-like dogs. Sight
hounds and herding dogs obtained the highest scores, and were significantly higher than the spaniels,
scent hounds, and poodles breed group and mastiff-like dogs. For F6 (fear of non-social stimuli), sight
hounds and herding dogs obtained the highest scores, and were significantly higher than the spaniels,
scent hounds, and poodles breed group and mastiff-like dogs. Working dogs obtained the lowest scores,
and were significantly lower than all other breed groups except mastiff-like dogs. For F7 (aggression to
household members), working dogs obtained the lowest scores, and were significantly less aggressive in
this context than all other breed groups. Toy dogs obtained the highest scores, and were significantly
more aggressive to household members than the sight hounds and herding dogs breed group and retrievers. The spaniels, scent hounds, and poodles breed group was significantly more aggressive to household
members than the sight hounds and herding dogs breed group. For F8 (fear of unfamiliar dogs), working
dogs obtained the lowest score, and were significantly lower than all other breed groups. For F9 (aggression to unfamiliar dogs), retrievers obtained the lowest scores, and were significantly less aggressive in
this context than ancient and spitz breeds, toy dogs, the small terriers, and the sight hounds and herding dogs breed group. For F11 (attachment and attention-seeking), the ancient and spitz breed group
obtained the lowest scores, and were significantly lower than all other breed groups. For F12 (aggression
to persons passing near the house), toy dogs obtained the highest scores, and were significantly more
aggressive in this context than mastiff-like dogs.
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F1: Aggression to unfamiliar persons

χ2

df

Pairwise
comparison

p

F2: Fear of unfamiliar persons

B5)

df

p

Pairwise
comparison

126.652

7

0.000

1 > 4, 2 > 4,
3 > 4, 5 > 4,
6 > 4, 7 > 4,
8> 4

0.314

70.010

1

0.000

US > JPN
F> M

Breed groups1)

50.570

7

0.000

Country

1.015

1

1 > 7, 2 > 6,
2 > 7, 2 > 8,
3 > 7, 3 > 8,
5 > 7, 6 > 7

χ2

F3: Trainability

B

Pairwise
comparison

χ2

df

p

51.531

7

0.000

6 > 1, 6 > 2,
6 > 3, 6 > 5,
6 > 7, 6 > 8

14.488

1

0.000

US > JPN

B

Sex

1.683

1

0.195

69.123

1

0.000

0.749

1

0.387

Neutered status2)

0.658

1

0.417

0.468

1

0.494

3.771

1

0.052

24.100

6

0.001

1.940

6

0.925

31.588

6

0.000

3 > 4, 7 > 4

15.057

1

0.000

2> 1

3.725

1

0.054

22.534

1

0.000

0.024
0.000

Source where aquired3)
Dog-ownership experience

4)

2 > 3, 5 > 3

1.361

1

0.243

0.006

1

0.939

Body weight

0.571

1

0.450

14.518

1

0.000

Dog’s age at evaluation

0.000

1

0.996

0.627

1

0.429

− 0.003

− 0.029

Dog’s age when acquired

14.696

1

0.000

3.223

1

0.073

5.055

1

0.025

Breed groups*Country

61.631

15

0.000

139.576

15

0.000

89.920

15

0.000

Breed groups*Sex

63.198

15

0.000

127.814

15

0.000

59.386

15

0.000

Country*Sex

12.030

3

0.007

85.804

3

0.000

15.663

3

0.001

31

0.000

141.411

31

0.000

104.545

31

0.000

189.444

42

145.060

42

0.000

248.373

42

0.000

Breed groups*Country*Sex
Omnibus

0.000

F4: Separation-related anxiety
χ2

df

p

Breed groups1)

13.498

7

0.061

Country

31.078

1

0.000

Sex

0.000

1

0.996

4.368

1

0.037

12.795

6

0.046

10.161

1

0.001

Neutered status2)
Source where aquired

3)

Dog-ownership experience4)

F5: Energy and restless

Pairwise
comparison

B

US > JPN

I> N

1> 2

F6: Fear of non-social stimuli

χ2

df

p

Pairwise
comparison

χ2

df

p

Pairwise
comparison

44.844

7

0.000

1 > 4, 2 > 4,
3 > 4, 5 > 4,
6 > 4, 7 > 4,
6 > 3, 6 > 8

44.844

7

0.000

1 > 4, 2 > 4,
3 > 4, 6 > 3,
5 > 4, 6 > 4,
7 > 4, 6 > 8

JPN > US

5.077

1

0.024

JPN > US

0.161

1

0.688

5.631

1

0.018

B

5.077

1

0.024

0.161

1

0.688

5.631

1

0.018

10.706

6

0.098

10.706

6

0.098

2.130

1

0.144

2.130

1

0.144

7.906

1

0.005

2.154

1

0.142

4.155

1

0.042

Body weight

4.925

1

0.026

− 0.012

7.906

1

0.005

Dog’s age at evaluation

5.444

1

0.020

− 0.039

2.154

1

0.142

Dog’s age when acquired

1.083

1

0.298

4.155

1

0.042

N> I

− 0.012

0.001

Breed groups*Country

96.176

15

0.000

52.434

15

0.000

52.434

15

0.000

Breed groups*Sex

20.717

15

0.146

47.984

15

0.000

47.984

15

0.000

Country*Sex

31.078

3

0.000

5.752

3

0.124

5.752

3

0.124

Breed groups*Country*Sex

106.105

31

0.000

65.671

31

0.000

65.671

31

0.000

Omnibus

237.075

42

0.000

148.076

42

0.000

148.076

42

0.000

F7: Aggression to household members
χ2

df

p

Pairwise
comparison

Breed groups1)

84.719

7

0.000

1 > 4, 2 > 4,
2 > 6, 2 > 7,
3 > 4, 3 > 6,
5 > 4, 6 > 4,
7 > 4, 8 > 4

Country

0.000

1

F8: Fear of unfamiliar dogs

N> I

− 0.012

0.001

F9: Aggression to unfamiliar dogs

χ2

df

p

Pairwise
comparison

141.880

7

0.000

1.000

80.139

1

B

B

χ2

df

p

Pairwise
comparison

1 > 4, 2 > 4,
3 > 4, 5 > 4,
6 > 4, 7 > 4,
8> 4

26.211

7

0.000

1 > 7, 2 > 7,
5 > 7, 6 > 7

0.000

US > JPN

2.747

1

0.097

F> M

B

Sex

0.000

1

1.000

78.662

1

0.000

5.105

1

0.024

Neutered status2)

0.000

1

1.000

2.798

1

0.094

0.509

1

0.476

Source where aquired3)

0.000

6

1.000

11.911

6

0.064

11.427

6

0.076

Dog-ownership experience4)

0.000

1

1.000

1.017

1

0.313

0.780

1

0.377

Body weight

0.023

1

0.881

5.361

1

0.021

1.718

1

0.190

− 0.017

B

M> F

Continued
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Dog’s age at evaluation

0.000

1

0.986

1.257

1

0.262

16.415

1

0.000

Dog’s age when acquired

2.897

1

0.089

0.008

1

0.929

2.756

1

0.097

Breed groups*Country

89.609

14

0.000

153.605

15

0.000

36.747

15

0.001

Breed groups*Sex

85.619

14

0.000

142.858

15

0.000

38.165

15

0.001

Country*Sex

20.113

3

0.000

98.852

3

0.000

9.449

3

0.024

Breed groups*Country*Sex

91.284

29

0.000

155.422

31

0.000

52.726

31

0.009

Omnibus

266.838

42

0.000

111.849

42

0.000

104.112

42

0.000

F11: Attachment and attention-seeking

F12: Aggression to persons passing near the house

χ2

df

p

Pairwise
comparison

Breed groups1)

82.116

7

0.000

2 > 1, 3 > 1,
4 > 1, 5 > 1,
6 > 1, 7 > 1,
8> 1

Country

136.912

1

0.000

US > JPN

3.724

1

0.054

3.030

1

0.082

0.984

1

0.321

Neutered status2)

1.019

1

0.313

0.543

1

0.461

Source where aquired3)

11.958

6

0.063

8.539

6

0.201

Dog-ownership experience4)

0.042

1

0.837

0.335

1

0.563

Sex

B

χ2

df

p

Pairwise
comparison

19.286

7

0.007

2> 8

Body weight

7.023

1

0.008

− 0.005

0.007

1

0.934

Dog’s age at evaluation

11.145

1

0.001

− 0.018

0.000

1

0.999

Dog’s age when acquired

0.069

1.318

1

0.251

8.065

1

0.005

Breed groups*Country

328.227

15

0.000

29.034

15

0.016

Breed groups*Sex

86.349

15

0.000

26.774

15

0.031

Country*Sex

145.751

3

0.000

7.556

3

0.056

Breed groups*Country*Sex

344.926

31

0.000

47.057

31

0.032

Omnibus

385.296

42

0.000

72.384

42

0.002

B

− 0.002

Table 3. Results for the analysis of factor scores using generalized linear models. 1) Ancient and spitz
breeds: 1, Toy dogs: 2, Spaniels, scent hounds, and poodles: 3, Working dogs: 4, Small terriers: 5, Sight
hounds and herding dogs: 6, Retrievers: 7, Mastiff-like dogs: 8. 2) neutered: N, intact: I. 3) bred by owner:
1, friend of relative: 2, breeder: 3, pet store: 4, shelter: 5, stray: 6, other: 7. 4) first ownership: 1, second and
more ownership: 2. 5) partial regression coefficient”.

Some factors were different between US and Japan (US > JPN; F2, F3, F4, F8, F11 JPN > US; F5, F6),
and between male and female (male > female; F9 female > male; F2, F8). Some factors were affected
by spay/neuter status (intact > neutered; F4 neutered > intact; F5, F6), source from which dogs were
acquired (F1; friend or relative > breeder, shelter > breeder F3; breeder > pet store, other > pet store)
and owner’s experience of dog-ownership (first ownership > second and more ownership; F4 second and
more ownership > first ownership; F3). Body weight, dog’s age at the time of evaluation and dog’s age
when acquired also influenced some factors (body weight; F2, F4, F5, F6, F8, F11 dog’s age at evaluation; F3, F4, F9, F11 dog’s age when acquired; F1, F3, F5, F6, F12). The environment for dogs and their
owners are different in Japan and US. For example, pet stores are a popular source of dog acquisition in
Japan compared with the US where most purebred dogs are acquired directly from breeders. In order
to investigate the effect of country on breed group differences, we separated the questionnaire data into
two groups -dogs living in Japan and the USA- and analyzed for the breed group differences separately
in each group. There were some differences between countries, the primary breed group differences
remained the same in both countries, especially with respect to F11 (attachment and attention-seeking),
even though there were large differences in the environment surrounding the dogs in two countries. The
results are shown in Supplemental Table 2.
Additionally, we conducted cluster analyses of the factors using breed medians and Ward’s method.
All of the breeds of the ancient and spitz breed group are clustered in one group in the dendrogram
branches associated with F2 (fear of unfamiliar persons), F4 (separation-related anxiety) and F11 (attachment and attention-seeking). Four out of five breeds of the ancient and spitz breed group are also clustered in one group in the branch associated with F8 (fear of unfamiliar dogs). In F11 (attachment and
attention-seeking), two clusters were identified and all of five breeds of ancient and spitz breed group
were classified into the same cluster. Five other breeds also clustered as showing low levels of attachment and attention-seeking, including two terriers (West Highland White Terrier, Cairn Terrier), two
sight hounds (Whippet, Borzoi), and the Great Dane. In F4 (separation-related anxiety), two clusters
SCIENTIFIC REPORTSȁͻǣͷͽͽͷͶȁ ǣͷͶǤͷͶ;ȀͷͽͽͷͶ
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Figure 1. Average factor scores for breed groups. The dog breeds were separated into eight breed groups
according to the cladogram, Ancient and spitz breeds: 1, Toy dogs: 2, Spaniels, scent hounds, and poodles: 3,
Working dogs: 4, Small terriers: 5, Sight hounds and herding dogs: 6, Retrievers: 7, Mastiff-like dogs: 8. a vs b,
p < 0.05; c vs d, p < 0.05; e vs f, p < 0.05; g vs h, p < 0.05.

were identified and all of five breeds of ancient and spitz breed group were classified into the same
cluster. Fifteen other breeds are also clustered as showing low levels of separation anxiety. In F2 (fear
of unfamiliar persons), two clusters were identified and eleven breeds (Chihuahua, Poodle (Toy), Boxer,
Yorkshire Terrier, Shetland Sheepdog, Whippet, Maltese, Miniature Pinscher, Great Dane, Cocker Spaniel
(American), and Italian Greyhound) were in one cluster and all other breeds were in the other. The trees
for F2, F4 and F11 are shown in Supplementary Figure 1, 2 and 3.

Discussion
Using a validated online behavioral evaluation system (C-BARQ), we collected data on the behavioral
characteristics of dogs in Japan and the United States, and investigated differences among genetically
classified breed groups. Overall, most of the variance in C-BARQ factor scores was explained by the
variables; breed group, country, sex, spay/neuter status, and source from which dogs were acquired.
Significant interactions between breed group and other variables were also found, indicating that the
behaviors evaluated by C-BARQ were influenced by genetic origins, hormonal status and environmental
factors, such as country. Some factors were clearly explained by breed group differences. These differences may be related to the effects of direct selection for behavioral characteristics or due to differences in
the conditions of life that different breeds experience during development. Since it is hard to believe that
all ancient breeds grew up in similar environments that were distinct from those of all modern breeds,
it appears unlikely that the observed breed group differences are due solely to environmental factors.
Furthermore, when we separated the questionnaire data into two groups—dogs living in Japan and the
United States—and analyzed for breed group differences separately in each group (Supplementary Table 2),
we identified similar breed group differences in behavior in both countries. This finding supports the
view that these differences are primarily due to genetic factors. The most unique among the eight breed
groups is the working dog group, which shows the lowest levels of fear of unfamiliar persons, non-social
stimuli, and unfamiliar dogs, and the lowest scores for energy, hyperactivity, and aggression to household
members. Working dogs are used as police dogs, military dogs, watch dogs, and may be under strong
SCIENTIFIC REPORTSȁͻǣͷͽͽͷͶȁ ǣͷͶǤͷͶ;ȀͷͽͽͷͶ
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selection for these characteristics. Even those that live as family pets, may still retain the the effects of
past selection for working roles. Since the data for working dogs are from only two breeds, Doberman
Pinscher and German Shepherd, there is a possibility that the uniqueness of the working dog group is
related to the small size of this group. Similarly, the trainability of sight hounds and herding dogs may
be high because of direct selection for this characteristic. Most interestingly, the scores for attachment
and attention-seeking of the ancient and spitz breeds group is different from the scores of any other
breed group with presumed modern European origins. Some studies suggested that even hand-reared
wolves did not show attachment-like behavior like dogs21,33; therefore, the unique characteristic of this
breed group may be one of the remnants of wolves’ behavioral characteristics and may be very informative of understanding the dog domestication processes. “Attachment” in C-BARQ is defined by owners’
responses to questions concerning the dog’s tendency “to follow members of the household from room
to room about the house,” “to sit close to or in contact with a member of the household when that individual is sitting down,” “to nudge, nuzzle, or paw a member of the household for attention when that
individual is sitting down,” and “to become agitated when a member of the household shows affection
for another person or animal.” Considering the history of these breeds, it seems unlikely that dogs in
the ancient and spitz breed group were selected for low degrees of attachment and attention seeking.
Rather, it is more likely that the capacity to form attachments for humans was an important component
of the evolution of modern dogs. Furthermore, we believe that the cluster analysis of the attachment
and attention-seeking traits, in which all five breeds in the ancient and spitz breeds groups clustered in
a small tightly clustered group of 10 breeds, clearly separated from the 36 other breeds, supports our
interpretation that low levels of attachment and attention-seeking are a distinctive behavioral characteristic of the ancient and spitz breed groups. The five other breeds that clustered with the ancient and spitz
breeds for attachment and attention-seeking may have developed lower levels of attachment secondarily
as adaptations for hunting independently of human guidance. We also investigated the influence of the
two different grouping methods, of vonHoldt et al.8 and Parker et al.11 on the low attachment tendency
in the ancient and spitz breed group. The low attachment tendency in the ancient and spitz breed group
was stable for both grouping methods.
Although some of the breeds in the ancient and spitz group have practical functions such as pulling
sleds (e.g. Siberian husky), their C-BARQ scores for attachment and attention-seeking are not different
from the other breeds in the ancient and spitz group. This may be because they are primarily motivated
to run in groups without formal training or the need to attend to or follow instructions from a human
handler1. We also need to be careful about interpreting the close relationship of these breeds to wolves
in the cladogram because there may be an influence of recent crossing with wolves.
Previous discussions of the behavioral changes associated with the domestication of the dog have
tended to emphasize the role of selection for the trait of “tameness” (i.e. loss of fearful or aggressive
responses toward humans)34,35. However, a previous study of species differences in behavior towards
humans between hand-reared dogs and wolf pups also revealed that even wolves that have been intensively socialized do not show the same levels of attachment behavior towards humans that dogs do 33. This
suggests that in addition to tameness, dogs may acquired high levels of attachment and attention-seeking
behavior toward humans during the domestication process. In a famous series of experiments involving
farmed foxes (Vulpes vulpes), individuals with low aggressive-fearful reactions to humans were selectively
bred for over forty generations. This led to a unique population of foxes that also gradually showed high
attachment behaviors, such as actively seeking contact with humans, tail-wagging in anticipation of social
contact, licking experimenters’ faces and hands, and following them like dogs36. Considering the results
of our study, together with the results of such experiments, we believe that one of the earliest stages of
dog domestication may have involved selection for not only low aggressive-fearful tendencies in ancestral
wolves toward humans, but also the early development of human-directed attachment behavior.
Despite their low attachment and attention-seeking tendencies, the aggressive and fearful reactions
towards humans were relatively low in the ancient and spitz breed group. It is possible that domestication
may have involved a two-stage process, with selection for low aggressive and fearful tendencies occurring in the first stage, and selection for prosociality (attachment and attention-seeking) occurring later,
perhaps in association with the development of more specialized working roles. As a result, the ancient
and spitz breeds may retain the low aggressive and fearful tendencies associated with stage 1, but lack the
strong prosocial traits associated with stage 2 and more modern breeds of dog. Viewed in this light, the
aggressiveness toward humans characteristic of toy dogs may be a secondary development concomitant
with their small body size which renders them less of a threat to humans. Or it may be that toy breeds
are less adequately socialized by their owners. This association between small body size and aggression
in dogs confirms the findings of previous studies17.
The findings of the present study, namely that the ancient and spitz breed group shows the lowest
attachment levels and is significantly different from other breed groups, confirms the idea that selective
processes may have taken place during domestication on genetic changes affecting the attachment system, and that the consistently low attachment levels found in this group of breeds may be a remnant of an
earlier stage of dog evolution. Since we could not fully describe the contribution of environmental factors
to these observed breed differences in behavior, future investigations will need to take into account the
possible effects of breed-specific environmental influences.
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This study examined the difference in dog owning between Japan and the United States, and the effect of these differences
on dogs’ behavioral characteristics. Behavioral evaluations of privately-owned dogs were obtained by using online questionnaire. We
compared background and demographic information from the two countries and analyzed the effects of these differences on behavioral
characteristics in dogs. The results indicated that there was a bias in the dog breeds kept in Japan compared to the United States and that
Japanese dogs’ body weight was lower than the US dogs. The main source of dog acquisition was pet stores in Japan and breeders and/or
shelters in the United States. Multiple linear regression analysis found that Japanese dogs showed more aggression to household members
and higher energy, restlessness and fear of non-social stimuli than US dogs, while US dogs showed more fear of unfamiliar persons,
separation-related behavior and excitability. US dogs also showed higher levels of trainability and attachment to owners. The lower dog’s
body weight was, the higher the behavioral scores except for trainability were. When dogs that were obtained under 3 months of age were
analyzed, the younger the dogs were when their owners obtained them, the higher the scores on some behavioral problem factors w ere. The
higher rates of problem behaviors among Japanese dogs compared with US dogs suggest that the preference for small breed dogs an d poor
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It is estimated that there are 10,346,000 pet dogs in Japan
[7]. Japanese dogs are treated as “family members” and
provided with the kind of socialization and training more
typical of western countries, such as the United States. On
the other hand, as dogs have become increasingly integrated
into human habitats, behavioral problems have also become
more apparent, and these behaviors can sometimes lower the
dog owners’ quality of life.
In order to solve and prevent these behavior problems,
evaluation methods have been developed to help understand
dogs’ behavioral characteristics [4, 8, 18, 21, 23]. The Canine Behavioral Assessment and Research Questionnaire
(C-BARQ) is designed to provide dog owners and professionals with standardized evaluations of canine temperament
and behavior [6]. The C-BARQ is also used in Japan [11, 17]
after examination of the validity of questionnaire items [16].
The goal of the present study was to use C-BARQ evaluations of dogs from Japan and the United States to investigate
whether cultural differences in dog ownership between

the two countries may be important for understanding
variation in dog behavior. First, there are differences in the
typical household living environment. Japanese homes are
generally smaller than in the United States, making some
particular small breed dogs more desirable in Japan. Second, the practice of dog acquisition from breeders is not yet
typical among Japanese dog owners, and it is still common
to acquire dogs from pet stores. A recent study in the United
tend to display higher rates of behavioral problems as adults
than those acquired from non-commercial breeders [14]. The
Japanese tendency to acquire puppies from pet stores may
therefore result in higher rates of undesirable behavior than
in the US. In light of these differences, we hypothesized that
Japanese and American dogs would display consistent differences in the prevalence of particular behavior problems.
The second goal of this study was to examine factors that
the behavioral characteristics of adults in human and nonhuman animals, including dogs [1, 2, 5, 12, 19, 25]. Therefore,
we focused primarily on those factors related to experiences
in youth.

of their dogs. A number of general differences between
*CORRESPONDENCE TO: K IKUSUI, T., Department of Animal Science
and Biotechnology, Azabu University, 1–17–71 Fuchinobe, Chuoku, Sagamihara, Kanagawa 252–5201, Japan.
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MATERIALS AND METHODS
Questionnaire: Behavioral data in the present study were
collected from dog owners using the C-BARQ, which includes 100 items that ask owners to indicate how their dogs
have responded “in the recent past” to a variety of common
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events and stimuli using a series of 0–4 rating scales (see
supplemental data). The C-BARQ is a standardized questionnaire designed to assess the prevalence and severity of
behavioral problems in dogs. The validation and reliability
of C-BARQ have been described elsewhere [3, 6, 20]. The
original C-BARQ was translated into Japanese by 2 behavioral professionals and corrected by 2 professors.
Subjects: C-BARQ data were collected via the freely
accessible websites http://www.cbarq.org (US, from April
2006 to November 2012) and http://cbarq.inutokurasu.jp/
(JPN, from September 2010 to November 2012). Before
answering the questionnaire, dog owners were asked to provide information about their dogs, such as its breed, age, sex,
neuter status, body weight, age when acquired, where acquired and the presence of any health problems. The online
survey was advertised via articles in newspapers, magazines,
online news and so on, in each country. The C-barq database
was used for different purpose [24].
Statistical analyses: Demographic data on the dogs were
2 tests and Kruskalanalyzed by Mann-Whitney U
ference was found in a Kruskal-Wallis test, we conducted
Mann-Whitney U-tests for multiple comparisons, applying
the Bonferroni correction.
Data from the completed questionnaires were subjected
to factor analysis. Kaiser’s eigenvalue rule was used to
determine the number of interpretable factors that could be
extracted, and varimax rotation was used to identify empirical groupings of items that measured different behavioral

data of response rates <75.0% were also excluded, leaving
2,789 (54.61%) and 10,389 (71.74%) completed questionnaires that could be used in analyses in Japan and the United
States, respectively.
Demographic data: There were 113 and 194 pure breeds
represented, respectively, in the Japanese and US data, and
there were mixed or unknown breeds in the both countries.
In Japan, approximately half of all dogs belonged to the
most popular 9 breeds, of which the only large breed was the
Labrador Retriever. In the United States, the most popular 27
breeds accounted for 50% of all dogs (Supplementary Table
1). The median age of the dogs was 3.23 ± 1.46 years in
Japan and 3.00 ± 1.50 years in the United States. There was
the 2 countries. However, the proportions of dogs that were
2 (1)=226.85,
P<0.001) with a greater proportion of dogs in the United
States being neutered/spayed (JPN: 63.8%, US: 77.8%;
U=12467505, P<0.001). The body weights of dogs in Japan
± 3.75 kg, US: 24.00 ± 9.50 kg; U=4911742, P<0.001). The
lower in Japan than in the United States (JPN: 8.00 ± 8.00
weeks; US: 12.00 ± 22.00 weeks; U=13310688, P<0.001).
The proportion of sources from which dogs were acquired
most common answer was “pet stores” (40.7%), and the
second was “breeders” (25.3%), while “breeders” (42.4%)
States. This information is shown in Table 1a.
For the Factor Analysis, we selected 59 breeds that were
common to both countries and then matched the samples for
sex and number of dog of each breed in order to eliminate
any breed or sex biases (n=1,234 each, Supplementary Table
ferent in the 2 countries, but the dogs’ body weights in Japan
were lower than in the United States even after standardization of the numbers and sex ratios of each breed (JPN: 8.0 ±
4.5, US: 9.0 ± 5.5; U=691119.5, P<0.001). Dog’s age when
acquired in Japan was younger than in the United States
(JPN: 10 ± 3.5 weeks, US: 12 ± 21.5 weeks; U=591855.5,
P<0.001). The proportion of sources from which dogs were
acquired showed the same tendencies as the analysis above
in both countries (Table 1b). The median body weights of
tion in both countries (except for “Bred by owners”, “other”

internal consistency (reliability) of extracted factors; this cofocuses on a single idea or construct. For comparison of the
factors, we calculated the average of item scores composing
each factor, which was analyzed as a factor score. The factor
scores were analyzed by multiple linear regression analysis
and Mann-Whitney U-tests to investigate the association
with the demographic characteristics of the dogs. Results are
expressed as medians ± interquartile ranges (SPSS v.19.0,
SPSS Japan Inc., IBM company, Tokyo, Japan), and the
results of post-hoc tests were described by the corrected Pvalues.
RESULTS
There were 5,107 C-BARQ questionnaires completed in
Japan. Dogs that were <1 or >7 years of age or had severe
or chronic health problems were excluded, leaving a total
of 2,933 completed questionnaires (57.43%) that were considered valid. The response rates for each of the 78 items
in the questionnaire ranged from 39.22 to 99.86% (median,
97.48%, mode, 98.84%). Among the 14,481 questionnaires
ments above (72.51%). The response rates for each of the
100 items in the questionnaire ranged from 81.57% to
99.72% (median, 97.85%, mode, 98.04%). Fifteen items
with response rates <85.0% either in Japanese or US data
were excluded for further analyses. In each dog case, the

lower body weight than dogs from friends or relatives, breeders and shelters. In the United States, dogs acquired from
and shelters. The median ages of dogs when acquired were
In both countries, dogs from shelters and adopted as strays
breeders and pet stores. However, in the United States, dogs
from breeders. This information is summarized in Table 2.
Factor analysis: Sixty-three of the questionnaire items
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Table 1.

The source from which dogs were acquired

a. All dogs
Bred by
owner

Friend or
relative

Breeder

Pet store

Shelter

(n)
(%)

22
0.8

237
8.5

707
25.3

1,136
40.7

The United States (n)
(%)

519
5.0

716
6.9

4,407
42.4

Total

541
4.1

953
7.2

5,114
38.8

Japan

2

(n)
(%)

Stray

Other

N/A

Total

194
7.0

32
1.1

70
2.5

391
14.0

2,789
100.0

308
3.0

3,488
33.6

463
4.5

488
4.7

0
0.0

10,389
100.0

1,444
11.0

3,682
27.9

495
3.8

558
4.2

391
3.0

13,178
100.0

(7)=4,086.466, P<0.001.

b. Dogs after breed- and sex-matched selection for factor analysis
Bred by
owner
6
0.5

Friend or
relative
98
7.9

The United States (n)
(%)

52
4.2

Total

58
2.4

Japan

2

(n)
(%)

(n)
(%)

Breeder

Pet store

Shelter

Stray

Other

N/A

Total

389
31.5

575
46.6

32
2.6

10
0.8

30
2.4

94
7.6

1,234
100.0

110
8.9

596
48.3

73
5.9

304
24.6

34
2.8

65
5.3

0
0.0

1,234
100.0

208
8.4

985
39.9

648
26.3

336
13.6

44
1.8

95
3.8

94
3.8

2,468
100.0

(7)=713.144, P<0.001.

Table 2.

The comparison of dog’s current body weight and age when acquired among the source in acquisition
Friends or relatives

Breeders

Japan
Body weight
Dog’s age when acquired

8.00 ± 8.25 a)
10.00 ± 7.50 a)

9.00 ± 8.88 a)
9.00 ± 5.88 a)

The United States
Body weight
Dog’s age when acquired

8.00 ± 7.00
12.00 ± 25.50 a)

10.00 ± 9.38 a)
9.00 ± 5.88 b)

Pet stores
6.00 ± 2.50 b)
11.00 ± 3.50 a)

Shelters

Stray

9.00 ± 7.25 a)
10.50 ± 6.50
89.00 ± 68.75 b) 116.00 ± 82.38 b)

7.00 ± 2.50 b)
8.00 ± 4.50 b)
10.00 ± 4.00 a,b) 78.00 ± 67.50 c)

9.00 ± 5.88
77.00 ± 48.00 c)

2

(4)

P-value

60.712
91.008

<0.01
<0.01

20.161
392.48

<0.01
<0.01

the United States, Age when acquired: Friends or relatives vs. Stray in Japan, P<0.05.

common to the 2 countries were analyzed by factor analysis
in each country to compare the behavioral characteristics of
the 2 countries, and these items were sorted into 16 factors.
After removing the items with factor loadings of <0.4, the
remaining items were analyzed by factor analysis again and
yielded 12 factors that accounted for 55.47% of the common
variance in item scores. Eleven factors were found to have
ing factors were extracted: Aggression to unfamiliar persons
(F1), Fear of unfamiliar persons (F2), Separation-related behavior (F3), Aggression to household members (especially
resource guarding) (F4), Energy and restlessness (F5), Fear
of non-social stimuli (F6), Fear of unfamiliar dogs (F7),
Trainability (F8), Aggression to unfamiliar dogs (F9), Excitability (F10), Attachment and attention-seeking (F11), and
Aggression to persons passing near the house (F12). These
results are shown in Table 3. We compared these results with
the previous study (11 factors) [16] and found that 8 factors (F2, F3, F4, F6, F7, F8, F9 and F11) were almost the
same as the previous analysis. Other 2 factors in the previous

study split respectively into 2 factors (F1 and F12, and F5
and F10). The other factor in the previous study was chasing, however, the questionnaire items about chasing did not
meet the criterion of response rate and were excluded in this
analysis.
Multiple linear analyses of factor scores: We examined
variables on C-BARQ factor scores using multiple linear
regression analysis. We analyzed each factor score using the
following 7 explanatory variables: country, sex, spay/neuter
status, owner’s experience of dog-ownership, the source in
acquisition of dogs, dog’s age and body weight at the time
of evaluation, and dog’s age when acquired. Regarding the
source in acquisition of dogs, the cases acquired from breeders were set as the baseline, and the standardized partial
baseline. In addition, we limited dog’s age when acquired
under 3 months of age and reanalyzed the same explanatory
-
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Factor loading of questionnaire items constituting each factor
Factor
loading

Factors & questionnaire items
Aggression to unfamiliar persons
When approached directly by an unfamiliar adult while being walked or exercised on a leash
When an unfamiliar person tries to touch or pet the dog
When an unfamiliar person approaches the owner or a member of the owner’s family away from home
When approached directly by an unfamiliar child while being walked or exercised on a leash
Toward unfamiliar persons visiting the home
When an unfamiliar person approaches the owner or a member of the owner’s family at home
When mailmen or other delivery workers approach the home
Fear of unfamiliar persons
When approached directly by an unfamiliar male adult while away from the home
When an unfamiliar person tries to touch or pet the dog
When approached directly by an unfamiliar child while away from the home
When unfamiliar persons visit the home
Separation-related behavior
Barking when left or about to be left on its owner
Whining when left or about to be left on its owner
Howling when left or about to be left on its owner
Excessive salivation when left or about to be left on its owner
Loss of appetite when left or about to be left on its owner
Aggression to members of the household (especially related to possession)
When food is taken away by a member of the household
When approached directly by a member of the household while it is eating
When a member of the household retrieves food or objects stolen by the dog
When toys, bones or other objects are taken away by a member of the household
When verbally corrected or punished by a member of the household
Energy and restless
Playful, puppyish, boisterous
When a member of the household returns home after a brief absence
Active, energetic, always on the go
When visitors arrive at its home
Restlessness, agitation or pacing when left or about to be left on its owner
Fear of non-social stimuli
In response to wind or wind-blown objects
In response to strange or unfamiliar objects on or near the sidewalk
In response to sudden or loud noises
During thunderstorms
Fear of unfamiliar dogs
When approached directly by an unfamiliar dog of the same or larger size
When barked, growled or lunged at by unfamiliar dog
When approached directly by an unfamiliar dog of a smaller size
Trainability
Obeys a stay command immediately
Obeys a sit command immediately
Seems to attend to or listen closely to everything the owner says or does
Returns immediately when called while off leash
Aggression to unfamiliar dogs
When approached directly by an unfamiliar male dog while being walked or exercised on a leash
When approached directly by an unfamiliar female dog while being walked or exercised on a leash
When barked, growled or lunged at by unfamiliar dog
Excitability
Just before being taken on a car trip
Just before being taken on a walk
When playing with you or other familiy member of your house
Displays a strong attachment for one particular member of the household
Attachment and attention-seeking
Tends to nudge, nuzzle or paw a member of the household for attention when that individual is sitting down
Tends to sit close to or in contact with a member of the household when that individual is sitting down
Tends to follow a member of household from room to room about the house
Becomes agitated when a member of the household shows affection for another person
Aggression to persons passing near the house
When strangers walk past the home while the dog is in the yard
When joggers, cyclists, roller skaters or skateboarders pass the home while the dog is in the yard
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Eigenvalue

Contribution
ratio

9.367

9.798

0.918

4.218

5.375

0.900

3.838

5.055

0.804

3.314

5.009

0.723

2.275

4.861

0.841

2.142

4.432

0.758

1.887

4.114

0.883

1.734

4.028

0.800

1.537

4.026

0.897

1.370

3.443

0.678

1.255

3.368

0.705

1.016

2.239

0.877

0.837
0.803
0.788
0.752
0.713
0.664
0.599
0.823
0.770
0.752
0.693
0.736
0.711
0.616
0.490
0.476
0.405
0.831
0.772
0.689
0.642
0.401
0.709
0.685
0.526
0.489
0.462
0.699
0.677
0.664
0.478
0.427
0.810
0.759
0.755
0.769
0.731
0.622
0.609
0.853
0.841
0.641
0.680
0.640
0.433
0.422
0.710
0.656
0.532
0.473
0.662
0.599
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F1 Aggression to unfamiliar
persons
All
Country a)
Sex b)
Neutered status c)
Dog–ownership experience d)
The source in acquisition e)
Bred by owner
Friend or relative
Pet store
Shelter
Stray
Body weight
Dog’s age at evaluation
Dog’s age when acquired
Adj R2

Acquired under
3 months of age

Acquired under
3 months of age

All

Acquired under
3 months of age

F4 Aggression to house member
All

Acquired under
3 months of age

–0.043
–0.072 **
0.014
–0.020

0.127 **
0.065 **
–0.016
–0.002

0.089 **
0.039
–0.022
–0.024

0.249 **
–0.030
0.033
–0.093 **

0.267 **
–0.027
0.009
–0.105 **

–0.633 **
–0.019
0.015
–0.025

–0.655 **
–0.020
0.009
–0.020

–0.013
0.108 **
0.058 *
0.094 **
0.053 *
–0.160 **
0.014
–0.079 **
0.046 **

–0.060 *
0.135 **
0.086 **
0.053 *
0.020
–0.181 **
0.035
–0.104 **
0.071 **

0.003
–0.001
0.023
0.051 *
0.003
–0.178 **
–0.038
0.054 *
0.063 **

–0.010
0.006
0.052
0.037
–0.012
–0.182 **
–0.028
–0.067 *
0.043 **

–0.011
0.039
0.040
0.096 **
0.078 **
–0.148 **
–0.057 **
–0.032
0.112 **

–0.060 *
0.043
0.053
0.091 **
0.047
–0.179 **
–0.040
–0.092 **
0.130 **

–0.004
0.048 **
0.057 **
0.043 *
0.038 *
–0.023
–0.145 **
–0.056 **
0.461 **

–0.039
0.057 **
0.040
0.023
0.007
–0.033
–0.137 **
–0.061 **
0.465 **

All

Acquired under
3 months of age

F6 Fear for non-social objects
All

Acquired under
3 months of age

F7 Fear for unfamiliar dogs
All

Acquired under
3 months of age

F8 Trainability
All

Acquired under
3 months of age

–0.165 **
–0.082 **
0.041 *
–0.039

–0.187 **
–0.078 **
0.025
–0.046

–0.103 **
0.027
–0.048 *
–0.045 *

–0.132 **
0.038
–0.033
–0.057 *

0.007
0.089 **
–0.044 *
–0.019

–0.007
0.096 **
–0.015
–0.019

0.153 **
0.036
–0.063 **
0.083 **

0.148 **
0.057 *
–0.039
0.091 **

–0.027
0.047 *
0.158 **
0.059 *
0.034
–0.106 **
–0.022
–0.032
0.099 **

–0.111 **
0.021
0.149 **
0.024
–0.004
–0.144 **
–0.034
–0.147 **
0.127 **

–0.028
–0.027
0.048
–0.016
0.017
–0.139 **
0.048 *
0.044
0.048 **

–0.050
–0.035
0.060 *
0.024
0.002
–0.149 **
0.064 *
–0.027
0.063 **

–0.014
–0.011
0.086 **
0.020
–0.015
–0.136 **
0.005
–0.005
0.038 **

–0.051
–0.011
0.110 **
0.011
–0.030
–0.154 **
0.007
–0.057
0.052 **

–0.023
–0.037
–0.153 **
–0.063 *
–0.029
0.156 **
0.105 **
–0.091 **
0.113 **

–0.005
–0.041
–0.145 **
–0.013
0.010
0.164 **
0.095 **
0.045
0.107 **

F9 Aggression to
unfamiliar dogs
All
Country a)
Sex b)
Neutered status c)
Dog–ownership experience d)
The source in acquisition e)
Bred by owner
Friend or relative
Pet store
Shelter
Stray
Body weight
Dog’s age at evaluation
Dog’s age when acquired
Adj R2

All

F3 Separation- related anxiety

–0.031
–0.058 **
0.031
–0.012

F5 Energy & restless

Country a)
Sex b)
Neutered status c)
Dog–ownership experience d)
The source in acquisition e)
Bred by owner
Friend or relative
Pet store
Shelter
Stray
Body weight
Dog’s age at evaluation
Dog’s age when acquired
Adj R2

F2 Fear for unfamiliar persons

Acquired under
3 months of age

F10 Excitability
All

Acquired under
3 months of age

F11 Attachment and
attention-seeking
All

Acquired under
3 months of age

F12 Aggression to passers
around house
All

Acquired under
3 months of age

0.035
–0.078 **
–0.014
–0.024

0.039
–0.077 **
–0.029
–0.020

0.255 **
–0.049 *
0.077 **
–0.044 *

0.270 **
–0.037
0.080 **
–0.029

0.395 **
–0.016
0.021
0.017

0.395 **
–0.024
0.017
0.021

0.077 **
–0.022
0.029
–0.002

0.070 *
–0.022
0.019
–0.001

0.007
0.076 **
0.029
0.105 **
0.053 *
–0.078 **
0.115 **
–0.055 *
0.034 **

–0.018
0.113 **
0.072 *
0.036
0.016
–0.079 **
0.135 **
–0.072 *
0.043 **

–0.009
0.047 *
0.048 *
0.058 *
0.037
–0.053 **
0.012
–0.093 **
0.066 **

–0.046
0.041
0.046
0.045
0.001
–0.063 *
0.027
–0.070 *
0.075 **

–0.041 *
0.023
0.036
0.058 *
0.036
–0.068 **
–0.079 **
–0.018
0.156 **

–0.094 **
0.018
0.016
0.016
0.023
–0.094 **
–0.061 *
–0.075 **
0.149 **

0.005
0.083 **
0.045
0.066 *
0.029
–0.133 **
0.014
–0.096 **
0.027 **

–0.016
0.109 **
0.053
0.026
–0.010
–0.161 **
0.035
–0.048
0.035 **

1/ Not acquired from there: 0.
factor score compared to this baseline. *P<0.05, **P<0.01.
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sources from which dogs were acquired in the United States
were breeders and shelters. This might be due to the easy
access to animal shelters as a source for acquiring dogs in
the United States. The ratio of neutered dogs was higher in
the United States than in Japan, suggesting a cultural difference in attitudes to surgical sterilization between the two

ence more properly. The results are shown in Table 4. In the
case that all data were included, all of the factor scores except
in F4, F5 and F6 indicated that dogs in Japan tended to
display higher factor scores than dogs in the US. Sex differences explained F1, F2, F5, F7, F9 and F10, and male dogs
tended to obtain higher factor scores than female dogs on F1,
F5, F9 and F10. Neuter/Spay status explained F5, F6, F7, F8
and F10, and intact dogs showed higher scores on F6, F7 and
F8. Previous experience of dog-owning explained F3, F6, F8
and F10, and the score of F8 was higher when owners had
previous dog-owning experience. In the source in acquisition of dogs, acquisition from a shelter explained 10 factors
(except for F6 and F7). The case of friend or relative and
pet store explained 6 factors respectively (Friend or relative:
F1, F4, F5, F9, F10 and F12, pet store: F1, F4, F5, F7, F8
and F10). These factor scores except for F8 were higher in
comparison to the acquisition from breeders. Body weight
explained all factors except F4, and the lower dog’s body
weights were, the higher their factor scores were except for
F8. Age at evaluation explained F3, F4, F6, F8, F9 and F11,
and older dogs obtained higher factor scores for F6, F8 and
F9. Age when dogs were acquired explained F1, F2, F4, F8,
F9, F10 and F12, and the younger the dogs were when their
owners obtained them, the higher their scores on these factors except for F2 were. In the case of only dogs that were
obtained under 3 months of age (n=1,516), the source in acquisition of dogs which explained the factors mostly is from
pet stores (F1, F5, F6, F7, F8 and F9), of which factor scores
except for F8 were higher in comparison to the acquisition
from breeders. Dogs from friend or relative showed highest
scores in the factors related with aggression (F1, F4, F9 and
F12). Age when dogs were acquired explained the factor
scores except for F6, F7, F8 and F12, and the younger the
dogs were when their owners obtained them, the higher their
scores on these factors were.

in the United States than in Japan. This result may be due to
the larger proportion of dogs acquired from shelters in the
US sample.
After breed- and sex-matched selection for Factor Analysis, we compared the demographic information again. We
body weight differences remained despite breed-matched selection between two countries. Second, with respect to dog’s
tween dogs from breeders and those from pet stores in each
country. Considering the time-lag from weaning to acquisition from pet stores [15], dogs from pet stores may be taken
from their litters earlier than dogs from breeders. Third, the
than that from breeders in each country, suggesting that
small breeds were acquired mainly from pet stores.
In order to investigate which demographic variables affected the dog’s behavioral characteristics, we analyzed
C-BARQ factor scores using multiple linear regression
analysis. We found that the variable ‘country’ affected 9 out
of 12 factors. Dogs in Japan showed the more aggression
toward household members, more energy and restlessness,
and more fear of non-social stimuli than dogs in the United
States. On the other hand, dogs in the United States showed
more fear of unfamiliar persons, more separation-related
behavior and greater excitability, while showing also higher
scores for trainability and attachment and attention-seeking.
Further research will be needed to identify the reasons for
these differences in behavior between the two countries.
In all sources in acquisition of dogs except for “bred by
owner”, most factor scores were higher than those of breeder
(except for trainability). The source in acquisition of dogs
that explained the factors mostly was from pet stores when
dog’s age when acquired was limited under 3 months of age,
although that was from shelter in the case of all data. The
factor scores except for trainability of dogs from pet stores
were higher than from breeders, suggesting the possibility
that the early developmental experience was not appropriate in pet stores. In addition, it is notable that acquisition
from friend or relative was strongly related to aggression.
We found also that dog’s body weight correlated with most
behavioral characteristics, indicating that small breed dogs
tended to display a greater potential for problem behaviors

DISCUSSION
Using an online behavioral evaluation system, we collected data on the behavioral characteristics of dogs in Japan
and the United States, and investigated differences between
the 2 countries. First, we compared background and demographic information for the dogs using all valid data. The
results showed that there was a bias in the dog breeds that
are chosen by the owners in Japan compared to the United
States, which has a wide variety in the breeds that are comlower than those of US dogs even after standardization
for the number and sexes of each breed, indicating both a
Japanese preference for small-sized dogs and a tendency for
US dogs to be heavier irrespective of breed and sex. From a
historical perspective, most breeds were produced in Europe
and the United States, while there were few breeds native
to Japan; lack of diversity of breeds in Japan might bring
a bias towards owning particular breeds. Japanese owners
commonly acquire their dogs from pet stores, while the main

from a previous study that found that dogs’ skull shape,
height and bodyweight co-vary with their behavior [13]. The
We hypothesized that dog’s age at time of acquisition was
related to their behavioral characteristics. Multiple linear
regression analysis in this study did not show a large effect
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of age of acquisition on factor scores, because these data
included dogs that were acquired in adulthood. Analysis
which limited dogs that were acquired under 3 months of
age revealed that the effect of age of acquisition on factor
scores became higher than the analysis which included all
dogs in most factors. This suggests that the earlier the dogs
were acquired in their developmental period (that is, dogs
were separated from their mother too early), the worse the

3.

4.

5.

models, it has been demonstrated that the maltreatment of
pups in early developmental periods, such as early weaning,

6.

that early weaning caused exposure to high levels of glucocorticoids in the central nervous system of mouse pups [9].
These can increase the stress response of pups and decrease
nutritional factors in the central nervous system, leading to
excessive anxiety and aggression and decreased learning
capacity, among other effects [10]. From these previous
studies, the current data suggested that the high fear, high
aggression, high excitability and low trainability found in
dogs from pet stores were related to early weaning. In addition, Slabbert and Rasa [22] found that dogs that had been
separated from their mothers and nest sites (but not their
littermates) at 6 weeks of age were prone to exhibit loss of
appetite and weight and increased distress, mortality and
susceptibility to disease compared to dogs that had remained
at the nest sites with their mothers until 12 weeks of age.
It can be inferred that while it is important for dogs to be
exposed to human society during the early developmental
period for socialization, very early mother-infant separation
could cause adverse effects in dogs during adulthood.
In conclusion, the comparison of demographic data and
behavioral characteristics of dogs between Japan and the
United States, using an online questionnaire, showed that
Japanese owners were more likely to have acquired their
dogs from pet stores and had preferences for a few particular small breeds. We also found a greater potential for the
development of problem behaviors in dogs in Japan compared with the United States. The Japanese preference for
acquiring small breed dogs from pet stores may have been
responsible for these negative behavioral effects, but further
research is needed to clarify the precise causal mechanism
(s) involved.

7.

8.

9.

10.

11.

12.

13.

14.
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"CTUSBDU 5IFEPNFTUJDEPH $BOJTGBNJMJBSJT IBTCFFOEJWFSHFEGSPNXPMWFT m ZFBSTBHPBOE
DFSUBJOHFOFUJDDIBOHFTNBZIBWFFOBCMFEUIFNUPBEBQUUPUIFIVNBOTPDJBMOJDIF*OUIJTTUVEZ XFJOWFTUJHBUFE
UIF QPMZNPSQIJTNT PG UIF PYZUPDJO SFDFQUPS HFOF JO EPHT BOE XPMWFT JO PSEFS UP JOWFTUJHBUF UIF QPTTJCJMJUZ
PG UIF HFOFUJD DIBOHF JO UIF PYZUPDJO TZTUFN EVSJOH EPH EPNFTUJDBUJPO QSPDFTTFT (FOPUZQFT PG UIF PYZUPDJO
SFDFQUPSHFOFQPMZNPSQIJTNTXFSFEFUFSNJOFEJOEPHTBOEXPMWFT5IFTJOHMFOVDMFPUJEFQPMZNPSQIJTNT 4/1
ST  ST  ST  XFSF PCTFSWFE JO UIF TBNQMFE EPHT 0O UIF PUIFS IBOE  GPS UIF 4/1T
ST BOE ST  POMZ IPNP[ZHPVT (( HFOPUZQFT XFSF PCTFSWFE O  5IF GSFRVFODJFT PG UIF
4/1T ST BOE ST  XFSF TJHOJàDBOUMZ EJGGFSFOU BNPOH XPMWFT BOE EPHT  BOE BMTP BNPOH EPH
CSFFEHSPVQT Q DIJTRVBSFUFTU 5IFGSFRVFODZQSPàMFPGUIFTF4/1TBNPOHEPHCSFFEHSPVQTTVQQPSUT
UIFIZQPUIFTJTUIBUUIFSFXFSFTFMFDUJPOTPOUIFPYZUPDJOSFDFQUPSHFOFEVSJOHUIFEPHEPNFTUJDBUJPOQSPDFTTFT
,FZXPSETEPHT XPMWFT EPNFTUJDBUJPO PYZUPDJOSFDFQUPSHFOF TJOHMFOVDMFPUJEFQPMZNPSQIJTNT

UIFSF XBT B TVSQSJTJOH DPSSFTQPOEFODF CFUXFFO HFOFUJD

Introduction

BOE QIFOPUZQJDGVODUJPOBM CSFFE HSPVQJOHT   5IF HSFZ
5IF EPNFTUJD EPH $BOJT GBNJMJBSJT  CFMPOHT UP UIF

XPMG BOE UIF EPNFTUJD EPH BSF FTUJNBUFE UP CF EJWFSHFE

$BOJEBF GBNJMZ XIJDI DPOUBJOT  DMPTFMZ SFMBUFE TQFDJFT

 UIPVTBOE ZFBST BHP   IPXFWFS UIF QSPDFTT PG EPH

XIJDI EJWFSHFE XJUIJO UIF MBTU  NJMMJPO ZFBST 3FDFOU

EPNFTUJDBUJPOJTTUJMMQPPSMZVOEFSTUPPE

QIZMPHFOFUJDBOBMZTJTPGPVUPGMJWJOHXJMEDBOJETIBE

5IF QSPDFTT PG EPNFTUJDBUJPO JOWPMWFT TFMFDUJPO PG

SFWFBMFEUIBUUIFHSFZXPMGJTUIFNPTUDMPTFMZSFMBUFEMJWJOH

TQFDJGJD QIFOPUZQFT 4PNF SFTFBSDIFST CFMJFWF UIBU

SFMBUJWF PG UIF EPNFTUJD EPH

"U QSFTFOU  UIFSF BSF NPSF

EPNFTUJDBUJPO TUBSUFE XIFO B QPQVMBUJPO PG BODJFOU

UIBOCSFFETJOUIFXPSME PGXIJDIBSFSFDPHOJ[FE

XPMWFT TUBSUFE UP FYQMPJU IVNBOSFMBUFE GPPE TPVSDFT  

CZ UIF +BQBO ,FOOFM $MVC +,$  IUUQXXXKLDPSKQ

$FSUBJO HFOFUJD DIBOHFT NBZ IBWF FOBCMFE UIFN UP BEBQU

NPEVMFTXPSMEEPHT  3FDFOU TUVEJFT PO EPH HFOFT IBWF

UP UIF IVNBO TPDJBM OJDIF EVSJOH BO FBSMZ QIBTF PG UIF

TVDDFTTJWFMZ DSFBUFE HFOFUJD DMBEPHSBNT PG EPH CSFFET 

EPNFTUJDBUJPOQSPDFTT3FDFOUHFOPNFXJEFSFTFBSDIIBWF

&TQFDJBMMZ JOUIFDMBEPHSBNTVHHFTUFECZWPO)PMEU  

SFWFBMFE TPNF TJHOBMT PG TFMFDUJPO JO UIF EPH HFOPNF 
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JODMVEJOH UIF TJHOBMT OFBS HFOFT XIJDI SFMBUF UP NFNPSZ

Materials and Methods

GPSNBUJPO  CFIBWJPSBM TFOTJUJ[BUJPO  BOEPS UIF8JMMJBNT
m#FVSFO TZOESPNF JO IVNBOT DIBSBDUFSJ[FE CZ TPDJBM

Animals and DNA isolation

USBJUT TVDI BT FYDFQUJPOBM HSFHBSJPVTOFTT -BUFS SFTFBSDI

#MPPE TBNQMFT PG  EPHT XFSF DPMMFDUFE GSPN

BMTP IBT SFWFBMFE TPNF TJHOBMT PG TFMFDUJPO JO UIF HFOFT

WPMVOUBSZ SFDSVJUFE EPHT JO +BQBO #MPPE TBNQMFT PG UISFF

SFMBUFEUP UIFSFQSPEVDUJPO  EJHFTUJPO BOE NFUBCPMJTN BOE

XPMWFT  $BOJT MVQVT MVQVT BOE  $BOJT MVQVT BSDUPT 

OFVSPMPHJDBMQSPDFTT5IFHFOFTSFMBUFEUPUIFOFVSPMPHJDBM

XFSFDPMMFDUFEGSPNQSJWBUFMZPXOFEXPMWFTJO+BQBO&BDI

QSPDFTTNBZCFFTQFDJBMMZTUSPOHDBOEJEBUFTGPSPOFPGUIF

PG UIFN XBT PXOFE CZ EJGGFSFOU PXOFST BOE OPOF PG UIF

HFOFTTFMFDUFEGPSJOUIFFBSMZTUBHFTPGEPHEPNFTUJDBUJPO 

XPMGTBNQMFTXFSFSFMBUFECZCMPPE5XP%/"TBNQMFTPG

TJODF UIF EPNFTUJDBUJPO QSPDFTT PGUFO JOWPMWFT CFIBWJPSBM

XPMWFT $BOJT MVQVT TVCTQ  XFSF BMTP LJOEMZ TIBSFE GSPN

BOEOFVSPMPHJDBMUSBJUT TVDIBTUIFSFEVDUJPOPGBHHSFTTJPO 

UIF8JMEMJGF3FTFBSDI$FOUFSPG,ZPUP6OJWFSTJUZ(FOPNJD

XIJDI BMMPXT GPS DPNQMFY JOUFSBDUJPOT XJUI IVNBOT  

%/" XBT JTPMBUFE VTJOH UIF 2*"BNQ¡ %/" .JOJ ,JU

*OEFFE  SFDFOU SFTFBSDI IBE SFWFBMFE UIF BTTPDJBUJPO PG

2*"(&/ )JMEFO (FSNBOZ 5IFOVNCFSPGEPHTJOFBDI

EPQBNJOF BOE TFSPUPOJO SFMBUFE HFOFT XJUI BHHSFTTJPO JO

CSFFEJTTIPXOJO5BCMF

EPNFTUJDEPHT
5IF OFVSPQFQUJEF PYZUPDJO JT LOPXO UP CF JOWPMWFE

Data Base Search for the Polymorphism
5IFQPMZNPSQIJTNTXFSFTFBSDIFECZVTJOHUIF&OTFNCM

JO TPDJBM CFIBWJPS  JODMVEJOH TPDJBM CPOEJOH BOE TPDJBM
DPHOJUJPO

0YZUPDJOJODSFBTFTUSVTUBOENPSFGSFRVFOUMZ

EJSFDUT UIF HB[F UP UIF FZF SFHJPO PG GBDFT JO IVNBOT 

BOE/BUJPOBM$FOUFSGPS#JPUFDIOPMPHZ*OGPSNBUJPO /$#* 



EBUB CBTF 5XP NJTTFOTF WBSJBOUT BOE UISFF TZOPOZNPVT

0YZUPDJOLOPDLPVU 05,0 NJDFBSFBMTPNPSFBHHSFTTJWF

WBSJBOUT JO UIF FYPO XFSF TFMFDUFE GPS GVSUIFS BOBMZTFT

UIBOXJMEUZQFNJDF3FNBSLBCMZ 05,0NJDFBSFEFàDJU

ST  ST  ST  ST 

PG SFDPHOJ[JOH GBNJMJBS DPOTQFDJGJDT BGUFS SFQFBUFE TPDJBM

ST 

FODPVOUFST  BMUIPVHI PMGBDUPSZ BOE OPOTPDJBM NFNPSZ
GVODUJPOT BSF JOUBDU   0YZUPDJO JT GVSUIFS TVHHFTUFE UP

PCR ampliﬁcation
5 I S F F G S B H N F O U T J O D M V E J O H U I F G J W F T F M F D U F E

CF DSJUJDBM GPS UIF GPSNBUJPO PG B QBSUOFS QSFGFSFODF JO UIF
GFNBMF QSBJSJF WPMF

 4PNF TUVEJFT IBWF BMTP TIPXO UIBU

QPMZNPSQIJTNT PG UIF PYZUPDJO SFDFQUPS HFOF XFSF

TPNFPYZUPDJOSFDFQUPSQPMZNPSQIJTNTBSFSFMBUFEUPTUSFTT

BNQMJàFECZ1$3VTJOHQSJNFSQBJSTTIPXOJO5BCMF5IF

SFTQPOTFBOEBUUBDINFOUCFIBWJPST "TUVEZJOIVNBOT

1$3 SFBDUJPOT XFSF QFSGPSNFE JO B UPUBM WPMVNF PG μ M

IBT TIPXO UIBU HFOFUJD WBSJBUJPO PG UIF PYZUPDJO SFDFQUPS

DPOUBJOJOHOHHFOPNJD%/" μ .PGFBDIQSJNFS 

NPEVMBUFT UIF FGGFDUJWFOFTT PG TPDJBM CVGGFSJOH"OPUIFS

 N. PG E/51   6 ,0%'9 /FP %/" QPMZNFSBTF

TUVEZ JO JOGBOUT IBT TIPXO UIBU BO PYZUPDJO SFDFQUPS

50:0#0  0TBLB  +BQBO  BOE μ M ¤1$3 CVGGFS JO B

QPMZNPSQIJTN JT BTTPDJBUFE XJUI BUUBDINFOU TFDVSJUZ



1$3 5IFSNBM $ZDMFS %JDF 5PVDI 5BLBSB  4IJHB  +BQBO 

4JODFPYZUPDJOTZTUFNIBTCFFOTIPXOUPCFXJEFMZSFMBUFE

4BNQMFT XFSF JOJUJBMMZ EFOBUVSFE BU $ GPS  NJO 

UP UIF GPSNBUJPO BOE GVODUJPO PG TPDJBM HSPVQT  XF IBWF

GPMMPXFECZDZDMFTPG$GPST $GPST BOEB

JOWFTUJHBUFE UIF QPMZNPSQIJTNT PG UIF PYZUPDJO SFDFQUPS

àOBMFYUFOTJPOBU$GPSNJO

JO EPHT BOE XPMWFT  XIJDI JT MPDBUFE PO DISPNPTPNF 
JO EPHT  JO PSEFS UP VOEFSTUBOE UIF DPOUSJCVUJPO PG UIF

Genotyping and sequencing
5IF 1$3 QSPEVDUT XFSF QVSJGJFE VTJOH /VDMFP 4QJO¡

DIBOHFT JO UIF PYZUPDJO TZTUFN UP UIF QSPDFTTFT PG EPH
EPNFTUJDBUJPO

(FM BOE 1$3 $MFBOVQ ,JU 5BLBSB  BGUFS DPOGJSNFE CZ
BHBSPTFHFMFMFDUSPQIPSFTJT5IFDPODFOUSBUJPOPGUIF
QVSJàFE1$3QSPEVDUTXFSFDBMDVMBUFEVTJOHBHBSPTF
HFM FMFDUSPQIPSFTJT 5IF  OH QVSJàFE1$3 QSPEVDUT BSF
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#MPPE TBNQMFT XFSF DPMMFDUFE BOE UIF PYZUPDJO SFDFQUPS HFOF QPMZNPSQIJTNT XFSF JOWFTUJHBUFE JO EPHT5IF EPH CSFFET XFSF TFQBSBUFE JOUP FJHIU CSFFE HSPVQT  
BODJFOUBOETQJU[CSFFET  UPZEPHT  TQBOJFMT TDFOUIPVOET BOEQPPEMFT  XPSLJOHEPHT  TNBMMUFSSJFST  TJHIUIPVOETBOEIFSEJOHEPHT  SFUSJFWFST BOE 
NBTUJGGMJLFEPHTGPMMPXJOHDMBEPHSBNTPGWPO)PMEUBOE1BSLFSGPSBOBMZTJT

NJYFE XJUI  QNPMFT QSJNFS JO B UPUBM WPMVNF PG μ M

 BODJFOUBOETQJU[CSFFET  UPZEPHT  TQBOJFMT TDFOU

5IFTBNQMFTXFSFTIJQQFEUPUIF5BLBSB$%.$FOUFS .JF 

IPVOET BOEQPPEMFT  XPSLJOHEPHT  TNBMMUFSSJFST  

+BQBO  BOE TVCKFDUFE UP UIF 1SFNJY 4FRVFODF"OBMZTJT

TJHIUIPVOETBOEIFSEJOHEPHT  SFUSJFWFST BOE NBTUJGG
MJLF EPHT GPMMPXJOH WPO)PMEUT   DMBEPHSBN 5BCMF

5BLBSB 

 4JODFUIF4IJCB*OVCSFFEXBTOPUJODMVEFEJOWPO)PMEU
T DMBEPHSBN  XF DMBTTJàFE UIFN JOUP UIF BODJFOU BOE TQJU[

Statistical analysis
5IF EPH CSFFET XFSF TFQBSBUFE JOUP FJHIU CSFFE HSPVQT
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5BCMF1SJNFSTVTFEGPS1$3BNQMJàDBUJPOUPHFOPUZQFUIFEPHPYZUPDJO
SFDFQUPSHFOFQPMZNPSQIJTNT

STBOEST
ST
STBOEST

1SJNFS

4FRVFODF hh

'PSXBSE
3FWFSTF
'PSXBSE
3FWFSTF
'PSXBSE
3FWFSTF

$$5$$5$$(""((($55(
$($"($("(""("5(5($
"$$5"$$5($5($5($5$"5
($5$$$5$$5$$("((5$
"$$$$5"$$$5$$$55$"(
""($$$55(("(($"(5$

1BSLFS   0UIFS EPH CSFFET OPU TIPXO JO WPO)PMEU

POFPVUPGàWFXPMWFTPXOFEIPNP[ZHPVT$$HFOPUZQF

T DMBEPHSBN XFSF FMJNJOBUFE GSPN GVSUIFS BOBMZTFT 5IF

"T TIPXO JO 5BCMF  BOE 'JH   UIFSF XFSF TJHOJàDBOU

XPSLJOH EPHT CSFFE HSPVQ XBT FMJNJOBUFE GSPN GVSUIFS

EJGGFSFODFT PG PYZUPDJO SFDFQUPS WBSJBOU ST BOE

BOBMZTFT TJODF UIFSF XFSF POMZ UISFF JOEJWJEVBMT 5IF EPH

ST GSFRVFODJFTBNPOHXPMWFTBOEEPHT Q 

CSFFETJOFBDICSFFEHSPVQBSFTIPXOJO5BCMF

DIJTRVBSF UFTU  'PS UIF 4/1  ST  $ WBSJBOU BMMFMF

5 I F  G S F R V F O D J F T  P G  F B D I  T J O H M F  O V D M F P U J E F

XBT NPSF DPNNPO JO XPMWFT   UIBO JO EPHT  

QPMZNPSQIJTNT 4/1  XFSF BTTFTTFE GPS EFWJBUJPO GSPN

XIJMTU UIF 5 WBSJBOU BMMFMF XBT MFTT DPNNPO JO XPMWFT

)BSEZm8FJOCFSH FRVJMJCSJVN BOE XFSF DPNQBSFE CFUXFFO

  UIBO JO EPHT   'PS UIF 4/1  ST  $

EPHTBOEXPMWFTBOECFUXFFOEPHCSFFEHSPVQTVTJOHDIJ

WBSJBOU BMMFMF XBT NPSF DPNNPO JO XPMWFT   UIBO JO

TRVBSFUFTU1XBTDPOTJEFSFETJHOJàDBOU

EPHT  XIJMTUUIF5WBSJBOUBMMFMFXBTMFTTDPNNPOJO
XPMWFT  UIBOJOEPHT  5IFGSFRVFODJFTPGFBDI

Results

4/1T XFSF OPU JO )BSEZm8FJOCFSH &RVJMJCSJVN Q 
FYDFQUGPSUIFST4/1JOXPMGQPQVMBUJPO

'PS UIF 4/1T  ST BOE ST  POMZ

"T TIPXO JO 5BCMF  BOE 'JH   UIFSF XFSF TJHOJàDBOU

IPNP[ZHPVT((HFOPUZQFTXFSFPCTFSWFE O 'PSUIF

EJGGFSFODFT PG PYZUPDJO SFDFQUPS WBSJBOU ST BOE

4/1 ST  O PGUIFTBNQMFEEPHT O 

ST GSFRVFODJFTBNPOHEPHCSFFEHSPVQT Q 

PXOFE IPNP[ZHPVT 55 HFOPUZQFT )FUFSP[ZHPVT"5

DIJTRVBSF UFTU  5IF GSFRVFODJFT PG FBDI 4/1T XFSF JO

HFOPUZQFXBTPCTFSWFEJOPOF#PYFSBOEIPNP[ZHPVT""

)BSEZm8FJOCFSH &RVJMJCSJVN Q  FYDFQU GPS UIF

HFOPUZQF XBT PCTFSWFE JO POF .JOJBUVSF 4DIOBV[FS 'PS

ST 4/1 JO UIF BODJFOU BOE TQJU[ CSFFE HSPVQ BOE

UIF4/1 ST  O PXOFEIPNP[ZHPVT55

GPS UIF ST 4/1 JO UIF NBTUJGGMJLF EPH HSPVQ

HFOPUZQFT  O PXOFEIFUFSP[ZHPVT$5HFOPUZQFT

5IF GSFRVFODZ PG $ WBSJBOU BMMFMF PG UIF ST 4/1

BOE  O  PXOFE IPNP[ZHPVT $$ HFOPUZQFT 'PS

XBT NPSF DPNNPO JO UIF NBTUJGGMJLF EPH HSPVQ  

UIF4/1 ST  O PXOFEIPNP[ZHPVT55

XIJDI JT WFSZ DMPTF UP UIF GSFRVFODZ JO XPMWFT  

HFOPUZQFT   O  PXOFE IFUFSP[ZHPVT $5 HFOPUZQFT

DPNQBSFE UP UIF UPZ EPHT  UIF TQBOJFMT  TDFOU IPVOET  BOE

BOE IPNP[ZHPVT $$ HFOPUZQF XBT PCTFSWFE JO POMZ

QPPEMFT CSFFE HSPVQ  TNBMM UFSSJFST  UIF TJHIU IPVOET BOE

POF #PYFS 5IF 4/1T  ST BOE ST  XFSF

IFSEJOH EPHT CSFE HSPVQ  BOE UIF SFUSJFWFST  

HFOPUZQFE JO àWF XPMG TBNQMFT 'PS UIF 4/1  ST 

5IF GSFRVFODZ PG $ WBSJBOU BMMFMF PG UIF ST 4/1

IPNP[ZHPVT55HFOPUZQFXBTPCTFSWFEJOPOMZPOFPVUPG

XBT MFTT DPNNPO JO UIF BODJFOU BOE TQJU[ CSFFE HSPVQ

àWFXPMWFT BOEIPNP[ZHPVT$$HFOPUZQFTXFSFPCTFSWFE

  UIBO JO UIF UPZ EPHT  UIF TQBOJFMT  TDFOU IPVOET  BOE

JOGPVSPGàWFXPMWFT'PSUIF4/1 ST UXPPVUPG

QPPEMFT CSFFE HSPVQ  TNBMM UFSSJFST  UIF TJHIU IPVOET BOE

àWF XPMWFT PXOFE IPNP[ZHPVT 55 HFOPUZQFT  PUIFS UXP

IFSEJOH EPHT CSFE HSPVQ  BOE UIF SFUSJFWFST  

PVU PG àWF XPMWFT PXOFE IFUFSP[ZHPVT $5 HFOPUZQFT BOE

5IF GSFRVFODZ PG $ WBSJBOU BMMFMF PG UIF ST 4/1
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5IFQSPQPSUJPOPGFBDIHFOPUZQF BMMFMFBOEDPNCJOFEHFOPUZQFBSFQSPWJEFEGPSXPMWFT EPHTBOETFWFOEPHCSFFEHSPVQT
4UBUJTUJDBMUFTUTGPS)BSEZ8FJOCFSH&RVJMJCSJVN )8& BSFBMTPQSPWJEFE

XBT NPSF DPNNPO JO UIF NBTUJGGMJLF EPH HSPVQ  

UIBU UIFSF BSF BU MFBTU UXP EPNFTUJDBUJPO CPUUMFOFDLT  

BOE JO UIF TNBMM UFSSJFST   XIJDI JT BCPVU UIF IBMG PG

5IF àSTU XPVME IBWF CFFO SFMBUFE UP UIF EJWFSHFODF PG UIF

UIF GSFRVFODZ JO XPMWFT   UIBO JO UIF UPZ EPHT  UIF

EPNFTUJD EPH GSPN XPMWFT  m  ZFBST BHP  

TQBOJFMT  TDFOU IPVOET  BOE QPPEMFT CSFFE HSPVQ  UIF TJHIU

5IF SFDFOU POF XPVME CF SFMBUFE UP UIF CSFFE DSFBUJPO

IPVOET BOE IFSEJOH EPHT CSFE HSPVQ  BOE UIF SFUSJFWFST

BOE UIF BSUJGJDJBM TFMFDUJPO DPOEVDUFE XJUIJO UIF QBTU GFX
IVOESFE ZFBST   #SFFET TFFN UP CF EJGGFSFOU JO TFWFSBM

 

BTQFDUTPGUIFJSCFIBWJPSEVFUPUIFFGGFDUTPGUIFTFBSUJàDJBM
TFMFDUJPOT   BOE XF IZQPUIFTJ[FE UIBU UIFSF XPVME

Discussion

CF WBSJBUJPOT JO UIF PYZUPDJO SFDFQUPS HFOFT BNPOH EPH
5IF PYZUPDJO TZTUFN JT XJEFMZ SFMBUFE UP UIF CFIBWJPST
BOE DPHOJUJPO JO NBOZ NBNNBMT BT TIPXO JO NJDF 

CSFFET



"T QSFEJDUFE  UIFSF XFSF GSFRVFODZ WBSJBUJPOT JO UIF

QSBJSJFWPMFTBOEIVNBOT   *OPSEFSUPJOWFTUJHBUF

PYZUPDJO SFDFQUPS HFOFT BNPOH EPH CSFFET 'PS UIF

UIFQPTTJCJMJUZPGUIFHFOFUJDDIBOHFJOUIFPYZUPDJOTZTUFN

ST 4/1  UIF BODJFOU BOE TQJU[ CSFFE HSPVQ IBE

EVSJOH EPH EPNFTUJDBUJPO QSPDFTTFT  XF JOWFTUJHBUFE UIF

UIFMFBTUGSFRVFODZPG$BMMFMFBNPOHTFWFOCSFFEHSPVQT

QPMZNPSQIJTNT PG UIF PYZUPDJO SFDFQUPS HFOF JO EPHT BOE

5IJT JT TVSQSJTJOH TJODF FWFO UIPVHI UIF BODJFOU BOE TQJU[

XPMWFT  (FOPNFXJEF TUVEJFT PO EPH HFOFT IBE SFWFBMFE

CSFFE HSPVQ JT HFOFUJDBMMZ SFMBUFE NPTU DMPTFMZ UP XPMWFT 
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Fig. 1 Genotype frequency and Allele frequency for the SNPs, rs8679682 and rs22896457, in wolves and dogs.
Genotype frequency and allele frequency for the SNPs rs8679682 and rs22896457, in wolves and dogs and in dog
breed groups (Ancient and spitz, Toy, Spaniels, Scent hounds, and Poodles, Sight hounds and herding, Retrievers,
Small terriers and Mastiﬀ-like) were compared. The frequencies were signiﬁcantly diﬀerent for both SNPs between
wolves and dogs and also among dog breed groups (p<0.05, chi-square test). (a) Genotype frequency of rs8679682
(b) Genotype frequency of rs22896457 (c) Allele frequency of rs8679682 (d) Allele frequency of rs22896457

ST4/1QSPàMFXBTNPTUEJGGFSFOUGSPNUIFQSPàMF

XPSLJOH EPHT  TJHIU IPVOET BOE IFSEJOH EPHT  SFUSJFWFST 

JO XPMWFT 0O UIF PUIFS IBOE  UIF NBTUJGGMJLF EPH HSPVQ 

JT BCPVU  GPS UIF TNBMM UFSSJFST  BOE JO UIF NBTUJGGMJLF

XIJDI JT HFOFUJDBMMZ GVSUIFTU GSPN XPMWFT  IBE UIF NPTU

EPHT XIJDI JT CFMJFWFE UP CF UIF GVSUIFTU BXBZ HFOFUJDBMMZ

GSFRVFODZ PG $ BMMFMF  XIJDI JT BU BMNPTU UIF TBNF MFWFM

TIPXBMNPTU

BT JO XPMWFT 5IJT DBO CF JOUFSQSFUFE BT EVSJOH UIF FBSMZ

3FDFOUMZ  UISFF PYZUPDJO SFDFQUPS HFOF QPMZNPSQIJTNT

EPNFTUJDBUJPO QSPDFTTFT  UIFSF XBT B TFMFDUJPO PS HFOFUJD

BTTPDJBUFE XJUI IVNBO EJSFDUFE TPDJBM CFIBWJPS JO EPHT

ESJGU SFMBUFE UP UIJT 4/1 BOE UIF GSFRVFODZ PG UIF $ BMMFMF

IBWF CFFO SFQPSUFE 5IJT TUVEZ TVHHFTUFE UIBU PYZUPDJO

ESPQQFEESBNBUJDBMMZJOUIFEPNFTUJDEPHT"TUIFBSUJàDJBM

SFDFQUPSHFOFQPMZNPSQIJTNTIBWFBOJNQBDUPOQSPYJNJUZ

TFMFDUJPOCFHBOBOEIVNBOTTUBSUFEUPDPOUSPMUIFCSFFEJOH 

TFFLJOH UFOEFODZ UPXBSET BO VOGBNJMJBS QFSTPO BOE UIFJS

$ BMMFMF HSBEVBMMZ JODSFBTFE $POTJEFSJOH UIF BSUJGJDJBM

PXOFS BTXFMMBTGSJFOEMJOFTTPGUIFEPHTUPXBSETUSBOHFST 

TFMFDUJPO DSFBUJOH UIF NBTUJGGMJLF EPHT  UIF $ BMMFMF

BMUIPVHI UIF NFEJBUJOH NPMFDVMBS SFHVMBUPSZ NFDIBOJTNT

GSFRVFODZ JODSFBTFE UP SFBDI BMNPTU UIF TBNF MFWFM JO UIF

BSF ZFU VOLOPXO"MUIPVHI UIF EJSFDU JOGMVFODF PO UIF

NBTUJGGMJLFEPHTBTUIFXPMWFT5IFST4/1BMTP

CFIBWJPST XPVME CF IBSE UP JOUFSQSFU TJODF UIF 4/1T

TIPXT UIF TBNF UFOEFODZ BT UIF ST 4/1 5IF $

JO UIF QSFTFOU TUVEZ  ST BOE ST  BSF

BMMFMFGSFRVFODZ XIJDIXBTBMNPTUJOXPMWFTJTBMNPTU

TZOPOZNPVT WBSJBOUT  UIF GSFRVFODZ QSPàMF PG UIFTF 4/1T

 JO UIF BODJFOU BOE TQJU[ CSFFE HSPVQ  TUBZT BU BMNPTU

BNPOH EPH CSFFE HSPVQT TVQQPSUT UIF IZQPUIFTJT UIBU

 GPS UIF UPZ EPHT  TQBOJFMT  TDFOU IPVOET  BOE QPPEMFT 

UIFSFXFSFTFMFDUJPOTPOPYZUPDJOSFDFQUPSHFOFEVSJOHUIF
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EPH EPNFTUJDBUJPO QSPDFTTFT 'VSUIFS TUVEJFT PO PYZUPDJO

;  )VBOH 8  %JOH  ;-  ;IBOH :  #VTUBNBOUF  $% 

SFDFQUPS HFOF QPMZNPSQIJTNT BOE UIFJS BTTPDJBUJPOT XJUI

0TUSBOEFS &" /PWFNCSF +BOE8BZOF 3,(FOPNF

EPHCFIBWJPSTBSFSFRVJSFE

XJEF 4/1 BOE IBQMPUZQF BOBMZTFT SFWFBM B SJDI IJTUPSZ
VOEFSMZJOH EPH EPNFTUJDBUJPO /BUVSF   
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Copy number variations in the amylase gene (AMY2B) in Japanese
native dog breeds
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Summary

A recent study suggested that increased copy numbers of the AMY2B gene might be a
crucial genetic change that occurred during the domestication of dogs. To investigate
AMY2B expansion in ancient breeds, which are highly divergent from modern breeds of
presumed European origins, we analysed copy numbers in native Japanese dog breeds. Copy
numbers in the Akita and Shiba, two ancient breeds in Japan, were higher than those in
wolves. However, compared to a group of various modern breeds, Akitas had fewer copy
numbers, whereas Shibas exhibited the same level of expansion as modern breeds.
Interestingly, average AMY2B copy numbers in the Jomon-Shiba, a unique line of the Shiba
that has been bred to maintain their appearance resembling ancestors of native Japanese
dogs and that originated in the same region as the Akita, were lower than those in the
Shiba. These differences may have arisen from the earlier introduction of rice farming to the
region in which the Shiba originated compared to the region in which the Akita and
the Jomon-Shiba originated. Thus, our data provide insights into the relationship between
the introduction of agriculture and AMY2B expansion in dogs.
Keywords agriculture, AMY2B expansion, ancient breeds, domestication, Shiba, wolf

Recently, whole-genome resequencing in dogs and wolves
has identiﬁed genomic regions that were under selection
during dog domestication. From these analyses, researchers
found that copy numbers of the AMY2B locus increased by
several fold in dogs compared to wolves (Axelsson et al.
2013). The AMY2B gene encodes a protein with amylase
activity that is crucial to the digestion of starch-rich diets,
and studies have suggested that increased AMY2B copy
numbers allowed ancestors of dogs to thrive on starch-rich
diets. This ﬁnding also suggested that the development of
agriculture might have catalysed dog domestication. Previous phylogenetic studies in dogs and wolves revealed that
breeds of dogs are genetically distinct and that some breeds
with Asian and African origins are highly divergent from
modern breeds of presumed European origins (Parker et al.
2004; vonHoldt et al. 2010). Despite these previous studies,
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it is still not known whether ancient breeds have only a few
AMY2B copy numbers, as is the case in wolves. Moreover,
the inﬂuence of regional agricultural histories on AMY2B
expansion is unclear.
Japan is an island country located in the Paciﬁc Ocean;
the western end of Japan is close to the Korean peninsula. It
is believed that rice farming was brought to Japan from the
Korean peninsula along with human migration in the
fourth to third century BC, with expansion then occurring
to the north-east regions (Hudson 1999). Japanese native
dog breeds, the Shiba and the Akita, have been classiﬁed as
ancient breeds (Parker et al. 2004; vonHoldt et al. 2010).
The Shiba is believed to have originated in the western part
of Japan (from Shimane to Nagano prefectures), whereas
the Akita is believed to have originated in the north-east
region (Akita prefecture) (Tanabe 1991). Here, we compared variations in AMY2B copies among Shibas, Akitas, a
group of various modern breeds and wolves. We also
analysed a unique line of Shibas, known as the JomonShiba, which originated in the eastern part of Japan.
Compared to the Shiba, Jomon-Shibas have skulls with
more acute orbital angles and larger teeth, resembling dog
skulls excavated from archaeological sites belonging to the
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Jomon period (14 500–300 BC) in Japan (Tanabe 1991).
The breeding of Jomon-Shibas has been strictly controlled
by the Japan Society for Preservation of the NaturalMonument Shiba-Dog, founded in 1959, through the use of
morphological characteristics, such as a shallower stop and
larger teeth when compared to the Shiba, as indexes
(Fig. 1a,b).
Blood samples were collected, and DNA was extracted
from wolves (n = 12; Table 1), Akitas (n = 14), JomonShibas (n = 17), Shibas (n = 17) and dogs of various modern
breeds (n = 25). Variations in AMY2B copy numbers were
analysed by Multiplex TaqMan assays, as described by
Axelsson et al. (2013), or standard qPCR assays using SYBR
Premix Ex Taq II (TaKaRa). For the Multiplex TaqMan
assays, reference assays were designed to amplify C7orf28B,
which is present in two copies in the canine genome. The
standard qPCR assays were performed on a Thermal Cycler
Dice Real Time System II (TaKaRa), according to the
manufacturer’s protocol. Relative copy numbers were
calculated according to the DDCt method using C7orf28B
as a reference gene. The results for several samples analysed
using both the methods were comparable. For each sample,
three replications were performed. Statistical analysis was
carried out using Kruskal–Wallis tests with post hoc Mann–
Whitney U-tests with Bonferroni correction (SPSS v. 19.0;
SPSS Japan Inc.). One of the wolf samples was excluded as
result of outlier statistics.
The average AMY2B copy number in wolves was low
(mean  standard deviation: 2.7  0.9; Fig. 1c), consistent
with previous studies (Axelsson et al. 2013; Freedman et al.

2014). However, the copy number in Akitas was signiﬁcantly higher (8.1  3.2) than that in wolves but lower
than those of modern breeds (15.0  6.7). When considered together with a recent report showing that the average
AMY2B copy number in the Samoyed, another ancient
breed, was similar to that of the Akita (Arendt et al. 2014),
these data suggest that expansion of AMY2B copy numbers
occurring in ancient breeds was less than that in modern
breeds. We also found that the average copy number in the
Shiba was similar (17.1  4.2) to that of modern breeds
(Fig. 1c), despite the observation that Shibas are highly
divergent from modern breeds of presumed European
origins (Parker et al. 2004). This observation may be
related to the agricultural history of Japan, in which rice
farming was introduced earlier to the region where the
Shiba originated than to the region where the Akita
originated. This is supported by another analysis focusing
on other breeds (Freedman et al. 2014), which suggested
that breeds historically bred in areas of intensive agriculture
seem to have more AMY2B copy numbers than do breeds
historically associated with nomadic hunter gatherers. This
also raises the possibility that agriculture accelerated
AMY2B expansion even after the domestication of dogs as
well as during the process of domestication. Interestingly,
the AMY2B copy number in the Jomon-Shiba was significantly lower (11.9  3.6) than that in the Shiba (Fig. 1c).
Because the Jomon-Shiba originated in the eastern part of
Japan, these dogs may have been inﬂuenced less by
agriculture than the Shiba was, as was observed with the
Akita. Alternatively, selective breeding to maintain the

(a)

(b)

(c)

Figure 1 Facial views of Jomon-Shiba (a) and
Shiba (b) from the left angle. AMY2B diploid
copy number analysis (c). Box plot showing
the diploid amylase copy number in wolves
(n = 11), Akitas (n = 14), Jomon-Shibas
(n = 17), Shibas (n = 17) and other breeds
(n = 25). Signiﬁcance was determined using
Mann–Whitney U-tests with Bonferroni correction: **P < 0.01; *P < 0.05.
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Table 1 Diploid copy numbers in individual dogs and wolves.

Table 1 (continued)

Wolf/dog

Diploid copy number

Wolf/dog

Diploid copy number

Wolf 1
Wolf 2
Wolf 3
Wolf 4
Wolf 5
Wolf 6
Wolf 7
Wolf 8
Wolf 9
Wolf 10
Wolf 11
Wolf 12
Akita 1
Akita 2
Akita 3
Akita 4
Akita 5
Akita 6
Akita 7
Akita 8
Akita 9
Akita 10
Akita 11
Akita 12
Akita 13
Akita 14
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Jomon-Shiba
Shiba 1
Shiba 2
Shiba 3
Shiba 4
Shiba 5
Shiba 6
Shiba 7
Shiba 8
Shiba 9
Shiba 10
Shiba 11
Shiba 12
Shiba 13
Shiba 14
Shiba 15
Shiba 16
Shiba 17
Labrador 1
Labrador 2

3
3
5
3
3
2
2
3
2
2
2
10
13
8
10
9
9
6
4
10
12
11
9
6
5
2
18
15
11
11
9
14
12
20
11
10
15
9
6
13
8
10
11
21
21
15
22
12
13
15
19
17
25
19
15
23
11
13
14
16
16
34

Labrador 3
Labrador 4
Labrador 5
Labrador 6
Labrador 7
Labrador 8
Labrador 9
Labrador 10
Labrador 11
Labrador 12
Labrador 13
Labrador 14
Labrador 15
Standard Poodle 1
Standard Poodle 2
Miniature Dachshund 1
Shih Tzu 1
Bolognese 1
Beagle 1
Miniature Dachshund 9 Toy Poodle 1
Miniature Dachshund 9 Toy Poodle 2
Mongrel 1
Mongrel 2

29
10
12
7
12
15
15
10
17
8
15
15
9
14
12
20
15
24
3
14
20
14
16

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

appearance of the Jomon-Shiba may have prevented the
expansion of AMY2B copy numbers. Further studies are
required to examine these possibilities.
In conclusion, this analysis revealed that AMY2B
expansion occurred in ancient dogs in Japan. The level of
AMY2B expansion in Japanese native breeds was equal to
or lower than that of modern breeds. Such differences may
be attributed to the timing of the introduction of agriculture
in the regions of origin.

Acknowledgements
This work was supported by JSPS KAKENHI (grant numbers
25118007, 25290082, and 25118005), a research project
grant MEXT*-Supported Program for the Strategic Research
Foundation at Private Universities, a research project grant
awarded by Azabu University and the Cooperation Research
Program of Wildlife Research Center, Kyoto University. We
thank Mrs. Maki Kuroi and Dr. Eri Iwata for kindly
providing us dog photos.

References
Arendt M., Fall T., Lindblad-Toh K. & Axelsson E. (2014) Amylase
activity is associated with AMY2B copy numbers in dog:
implications for dog domestication, diet and diabetes. Animal
Genetics 45, 716–22.
Axelsson E., Ratnakumar A., Arendt M., Maqbool K., Webster M.T.,
Perloski M., Liberg O., Arnemo J.M., Hedhammar 
A. & LindbladToh K. (2013) The genomic signature of dog domestication
reveals adaptation to a starch-rich diet. Nature 495, 360–4.
© 2015 Stichting International Foundation for Animal Genetics, 46, 580–583

242

AMY2B copy numbers in Japanese dog breeds
Freedman A.H., Gronau I., Schweizer R.M., Ortega-Del Vecchyo
D., Han E., Silva P.M., Galaverni M., Fan Z., Marx P. &
Lorente-Galdos B. (2014) Genome sequencing highlights
the dynamic early history of dogs. PLoS Genetics 10,
e1004016.
vonHoldt B.M., Pollinger J.P., Lohmueller K.E. et al. (2010)
Genome-wide SNP and haplotype analyses reveal a rich history
underlying dog domestication. Nature 464, 898–902.

Hudson M. (1999) Ruins of Identity: Ethnogenesis in the Japanese
Islands. University of Hawaii Press, Honolulu, HI.
Parker H.G., Kim L.V., Sutter N.B., Carlson S., Lorentzen T.D.,
Malek T.B., Johnson G.S., DeFrance H.B., Ostrander E.A. &
Kruglyak L. (2004) Genetic structure of the purebred domestic
dog. Science 304, 1160–4.
Tanabe Y. (1991) The origin of Japanese dogs and their association
with Japanese people. Zoological Science 8, 639–51.

© 2015 Stichting International Foundation for Animal Genetics, 46, 580–583

243

583

The dilution hypothesis provides an alternative
framework with which to explain observations of
the apparent recalcitrance of DOC and lends a
physiological meaning to the operationally defined “semi-labile” and “semi-refractory” fractions
(16, 17). We hypothesize that under the dilution
hypothesis, very heterogeneous mixtures of labile
compounds appear semirefractory, whereas increasingly less diverse DOM assemblages containing larger concentrations of some substrates
will present higher microbial growth and DOC
turnover rates, resulting in increasing degrees of
apparent lability. The microbial generation of apparently recalcitrant material (18) from labile
substrates in a process recently dubbed the “microbial carbon pump” (19) can also be explained
with the dilution hypothesis. Microbial utilization
of abundant, labile compounds results in hundreds
of different metabolites (20), which are subsequently consumed down to the lowest utilizable
concentration. This mechanism explains observations of relatively concentrated, labile materials
being transformed into apparently recalcitrant
matter through microbial consumption (18) but
does not necessarily imply the formation of structurally recalcitrant molecules. Indeed, “recalcitrant”
DOC is not defined structurally, but operationally,
as the DOC pool remaining after long experimental incubations or as the fraction transported in
an apparently conservative manner with the
ocean circulation (1). Thus, the dilution hypothesis
severely limits the feasibility of geoengineering
efforts to enhance carbon storage in the deep
ocean (21) by using the microbial carbon pump.
FT-ICR-MS characterization of DOC from different oceans (13, 14, 22, 23) and also from this
study (fig. S5) shows no indication of prevalent,
intrinsically recalcitrant compounds accumulating in substantial amounts. Conversely, FT-ICRMS data show that oceanic DOC is a complex
mixture of minute quantities of thousands of organic molecules, which is in good agreement with
the dilution hypothesis. Mean radiocarbon ages
of deep oceanic DOC in the range of 4000 to 6000
years have been considered as evidence for its recalcitrant nature (24, 25). However, these are average ages of a pool containing a mixture of very
old molecules >12,000 years old but also featuring
a large proportion of contemporary materials (26).
Moreover, elevated radiocarbon ages only demonstrate that these old molecules are not being
newly produced at any appreciable rate—because
that would lower their isotopic age—but does not
necessarily imply that they are structurally recalcitrant. Furthermore, it is unlikely that natural
organic molecules can accumulate in the ocean in
substantial concentrations and remain recalcitrant
or be preserved for millennia when degradation
pathways for novel synthetic pollutants evolve soon
after these compounds are released in nature (27).
Although there might be a truly recalcitrant component in deep oceanic DOC, our results clearly
show that the concentration of individual labile
molecules is a major factor limiting the utilization of a substantial fraction of deep oceanic DOC.
These results provide, therefore, a robust and
parsimonious explanation for the long-term preSCIENCE sciencemag.org

servation of labile DOC into one of the largest
reservoirs of organic carbon on Earth, opening a
new avenue in our understanding of the global
carbon cycle.
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SOCIAL EVOLUTION

Oxytocin-gaze positive loop and the
coevolution of human-dog bonds
Miho Nagasawa,1,2 Shouhei Mitsui,1 Shiori En,1 Nobuyo Ohtani,1 Mitsuaki Ohta,1
Yasuo Sakuma,3 Tatsushi Onaka,2 Kazutaka Mogi,1 Takefumi Kikusui1*
Human-like modes of communication, including mutual gaze, in dogs may have been
acquired during domestication with humans. We show that gazing behavior from dogs,
but not wolves, increased urinary oxytocin concentrations in owners, which consequently
facilitated owners’ affiliation and increased oxytocin concentration in dogs. Further, nasally
administered oxytocin increased gazing behavior in dogs, which in turn increased urinary
oxytocin concentrations in owners. These findings support the existence of an interspecies
oxytocin-mediated positive loop facilitated and modulated by gazing, which may have
supported the coevolution of human-dog bonding by engaging common modes of
communicating social attachment.

D

ogs are more skillful than wolves and
chimpanzees, the closest respective relatives of dogs and humans, at using human
social communicative behaviors (1). More
specifically, dogs are able to use mutual
gaze as a communication tool in the context of
needs of affiliative help from others (2). Conver-

gent evolution between humans and dogs may
have led to the acquisition of human-like communication modes in dogs, possibly as a byproduct of temperament changes, such as reduced
fear and aggression (1). This idea yields interesting
implications that dogs were domesticated by
coopting social cognitive systems in humans that
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ing behaviors was measured during the interaction: “dog’s gaze at owner (dog-to-owner gaze),”
“owner’s talking to dog (dog-talking),” and “owner’s touching of dog (dog-touching).” Dog owners
were assigned to one of two groups: long gaze
or short gaze (fig. S1). Wolves were tested with
the same procedure and were compared with
the two dog groups. Dogs in the long-gaze group
gazed most at their owners among the three
groups. In contrast, wolves rarely showed mutual
gazing to their owners (Fig. 1A and fig. S2). After
a 30-min interaction, only owners in the longgaze group showed a significant increase in
urinary oxytocin concentrations and the highest
change ratio of oxytocin (Fig. 1, B and C). The
oxytocin change ratio in owners correlated significantly with that of dogs, the duration of dogto-owner gaze, and dog-touching. Moreover, the
duration of the dog-to-owner gaze correlated
with dog-talking and dog-touching (table S2A);
however, through multiple linear regression analysis, we found that only the duration of dog-toowner gaze significantly explained the oxytocin
change ratio in owners. The duration of dogtouching showed a trend toward explaining
oxytocin concentrations in owners (Table 1A).
Similarly, a significantly higher oxytocin change
ratio was observed in the dogs of the long-gaze
group than in those of the short-gaze group
(Fig. 1, D and E). The duration of dog-to-owner
gaze also significantly explained the oxytocin
change ratio in dogs, and the duration of dogtouching showed a trend toward explaining
oxytocin concentrations in dogs by multiple linear regression analysis (Table 1A). In wolves, in
contrast, the duration of wolf-to-owner gaze did

The change ratio of owner (%)

140

Owner’s oxytocin (pg/mg)

Further, social interaction initiated by a dog’s gaze
increases urinary oxytocin in the owner, whereas
obstruction of the dog’s gaze inhibits this increase
(19). These results demonstrate that the acquisition of human-like social communication improves
the quality of human-dog affiliative interactions,
leading to the establishment of a human-dog
bond that is similar to a mother-infant relationship. We hypothesized that an oxytocin-mediated
positive loop, which originated in the intraspecies exchange of social affiliation cues, acts on
both humans and dogs, is coevolved in humans
and dogs, and facilitates human-dog bonding.
However, it is not known whether an oxytocinmediated positive loop exists between humans
and dogs as has been postulated between mother
and infants, and whether this positive loop emerged
during domestication.
We tested the hypothesis that an oxytocinmediated positive loop exists between humans
and dogs that is mediated by gaze. First, we
examined whether a dog’s gazing behavior affected urinary oxytocin concentrations in dogs
and owners during a 30-min interaction. We
also conducted the same experiment using handraised wolves, in order to determine whether this
positive loop has been acquired by coevolution
with humans. Second, we determined whether
manipulating oxytocin in dogs through intranasal administration would enhance their gazing
behavior toward their owners and whether this
gazing behavior affected oxytocin concentrations
in owners.
In experiment 1, urine was collected from the
dogs and owners right before and 30 min after
the interaction, and the duration of the follow-
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are involved in social attachment. The development of human-unique social cognitive modes
may depend on specific temperament and social
affiliation changes and may have consequently
evolved differently from those of chimpanzees
and bonobos (3). Thus, although humans and
dogs exist on different branches of the evolutionary tree, both may have independently acquired tolerance of one another because of
alterations in neural systems that mediate affiliation (1). These alterations may be related
to paedomorphic characteristics in dogs, which
enabled them to retain a degree of social flexibility and tolerance similar to that of humans
(4, 5); therefore, it is plausible that a specific affiliative relationship developed between humans
and dogs despite interspecies differences. This
common social relationship change may have
enabled cohabitation between humans and dogs
and the eventual development of human-like
modes of social communication in dogs.
Gaze plays an important role in human communication. Gaze not only facilitates the understanding of another’s intention but also the
establishment of affiliative relationships with
others. In humans, “mutual gaze” is the most
fundamental manifestation of social attachment
between a mother and infant (6), and maternal
oxytocin is positively associated with the duration of mother-to-infant gaze (7). Oxytocin plays
a primary role in regulating social bonding between mother and infants and between sexual
partners in monogamous species (8, 9). Moreover, activation of the oxytocin system enhances
social reward (10) and inhibits stress-induced
activity of the hypothalamic-pituitary-adrenal
axis (11). It has therefore been suggested that
these functions may facilitate dyadic interaction,
such as an oxytocin-mediated positive loop of
attachment and maternal behaviors between
mother and infant (12, 13): Maternal nurturing
activates the oxytocinergic system in the infant,
thus enhancing attachment; this attachment then
stimulates oxytocinergic activity in the mother,
which facilitates further maternal behavior (9).
Because the establishment of such an oxytocinmediated positive loop requires the sharing of
social cues and recognition of a particular partner, the study of oxytocin-mediated bonding has
been restricted to intraspecies relationships.
The human-dog relationship is exceptional
because it is an interspecies form of attachment.
Dogs can discriminate individual humans (14, 15).
Furthermore, dogs show distinctly different behavior toward caregivers as compared with handraised wolves (14), and interaction with dogs
confers a social buffering effect to humans. Likewise, dogs also receive more social buffering
effects from interacting with humans than from
conspecifics (16). Tactile interaction between
humans and dogs increases peripheral oxytocin
concentrations in both humans and dogs (17, 18).

The change ratio of dog or wolf (%)
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dogs (LG, n = 8, black bars and circles),
short gaze dogs (SG, n = 22, white bars
and circles), and wolves (wolf, n = 11, gray bars and square). (A) Behavior during the first 5-min
interaction. (B) and (D) Changes of urinary oxytocin concentrations after a 30-min interaction.
Urinary oxytocin concentrations in owners (B) and dogs or wolves (D) collected before and after a
30-min interaction are shown. (C) and (E) Comparisons of the change ratio of urinary oxytocin
among LG, SG, and wolf for owners (C) and dogs or wolves (E). The results of (A), (B), and (D) are
expressed as mean T SE. (C) and (E) reflect median T quartile. ***P < 0.001, **P < 0.01, *P < 0.05.
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duration of gazing behavior significantly explained the oxytocin change ratio in owners
(Table 1B). Thus, oxytocin administration enhances the gazing behavior of female dogs, which
stimulates oxytocin secretion in their owners.
Conversely, when interaction from humans was
limited, no significant difference in urinary oxytocin concentrations in dogs was observed after
the interaction in either the oxytocin or the
saline conditions, and no significant oxytocin
change ratio was found in dogs (Fig. 2, F and
G). These results thus suggest that, although
oxytocin administration may enhance dog gazing
behavior and lead to an oxytocin increase in
owners, limited owner-to-dog interaction may
prevent the increased oxytocin secretion in dogs
by breaking the oxytocin-mediated positive loop.
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Table 1. Results of multiple linear regression
analysis of oxytocin change ratio and behavioral variables in owners and dogs. *P < 0.05,
†
P < 0.1; R, multiple correlation coefficient;
**, P < 0.01 .

touch the dog voluntarily. Urine samples from
the owner and the dog were collected before and
after the interaction and were later compared.
The total amount of time that the dog gazed at,
touched, and was close to the owner and the
unfamiliar participants was also measured.
Oxytocin administration to dogs significantly
increased the duration that the dog gazed at the
owner in female dogs but not male dogs (Fig.
2A). Further, urinary oxytocin concentration significantly increased in the owners of female dogs
that received oxytocin versus saline, even though
oxytocin was not administered to the owners (Fig.
2D). No significant effect of oxytocin administration was observed in the other measured dog
behaviors (Fig. 2, B and C). Furthermore, multiple linear regression analysis revealed that the

Owner’s oxytocin (pg/mg)

not correlate with the oxytocin change ratio in
either owners or wolves, and wolf-to-owner gaze
did not explain the oxytocin change ratio in
owners and wolves (tables S2B and S3). These
results suggest that wolves do not use mutual
gaze as a form of social communication with
humans, which might be expected because wolves
tend to use eye contact as a threat among conspecifics (20) and avoid human eye contact (21).
Thus, dog-to-owner gaze as a form of social communications probably evolved during domestication and triggers oxytocin release in the owner,
facilitating mutual interaction and affiliative
communication and consequently activation of
oxytocin systems in both humans and dogs in a
positive loop.
In experiment 2, we evaluated the direct evidence of whether oxytocin administration enhanced dog gazing behavior and the subsequent
increase in urinary oxytocin concentration in
owners. This experiment involved 27 volunteers
and their dogs, and participants unfamiliar to
the dogs. A solution containing oxytocin or saline
was administered to the dog and the dog then
entered the experimental room, where the owner
and two unfamiliar people were seated (fig. S4).
Human behavior toward dogs was restricted to
prevent the influence of extraneous stimuli on dog
behavior and/or urinary oxytocin concentration.
They were forbidden to talk to each other or to
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100

50

150

Male dog / oxytocin
Male dog / saline
Female dog / oxytocin
Female dog / saline

100

50

0

0

Pre

Post

Male dogs Female dogs

Fig. 2. Comparisons of behavior and urinary oxytocin between oxytocin and saline treatment
conditions. (A) to (C) The effects of oxytocin administration on dog behaviors. Panels show the mean
duration of dogs’ gaze at participants (A), touching participants (B), and time spent in the proximity of
less than 1 m from each participant (C). Black and white bars indicate, respectively, oxytocin- and saline
treatment conditions. OW, owner; UP, unfamiliar person. (D) to (G) Change in urinary oxytocin concentrations after a 30-min interaction after oxytocin or saline administration. Urinary oxytocin concentrations of owners (D) and dogs (F) before and after a 30-min interaction are shown for oxytocin and
saline groups. The change ratio of urinary oxytocin in owners (E) and dogs (G) is compared between
male and female dogs. ***P < 0.001, **P < 0.01, *P < 0.05. The results of (A) to (D) and (F) are
expressed as mean T SE. (E) and (G) reflect median T quartile.
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Interestingly, oxytocin administration only
increased mutual gaze duration in female dogs,
whereas sex differences were not observed in
experiment 1, which did not include unfamiliar
individuals. Sex differences in the effects of intranasal oxytocin have been reported in humans
as well (22), and it is possible that females are
more sensitive to the affiliative effects of oxytocin
or that exogenous oxytocin may also be activating the vasopressin receptor system preferentially
in males. Oxytocin and the structurally related
vasopressin affect social bonding and aggression
in sexually dimorphic manners in monogamous
voles (8, 9), and oxytocin possibly increases aggression (23, 24). Therefore, the results of experiment 2 may indicate that male dogs were attending
to both their owners and to unfamiliar people
as a form of vigilance. The current study, despite
its small sample size, implies a complicated role
for oxytocin in social roles and contexts in dogs.
In human infants, mutual gaze represents
healthy attachment behavior (25). Human functional magnetic resonance imaging studies show
that the presentation of human and canine family members’ faces activated the anterior cingulate cortex, a region strongly acted upon by
oxytocin systems (26). Urinary oxytocin variation in dog owners is highly correlated with the
frequency of behavioral exchanges initiated by
the dogs’ gaze (19). These results suggest that
humans may feel affection for their companion
dogs similar to that felt toward human family
members and that dog-associated visual stimuli,
such as eye-gaze contact, from their dogs activate
oxytocin systems. Thus, during dog domestication, neural systems implementing gaze communications evolved that activate the humans’ oxytocin
attachment system, as did gaze-mediated oxytocin release, resulting in an interspecies oxytocinmediated positive loop to facilitate human-dog
bonding. This system is not present in the closest
living relative of the domesticated dog.
In the present study, urinary oxytocin concentrations in owners and dogs were affected by the
dog’s gaze and the duration of dog-touching. In
contrast, mutual gaze between hand-raised wolves
and their owners was not detected, nor was there
an increase of urinary oxytocin in either wolves or
their owners after a 30-min experimental interaction (experiment 1). Moreover, the nasal administration of oxytocin increased the total amount of
time that female dogs gazed at their owners and,
in turn, urinary oxytocin concentrations in owners
(experiment 2). We examined the association between our results and early-life experience with
humans in dogs and wolves in order to test the
possibility that our results were due to differences
in early-life experience with humans. The results
did not indicate a significant association between
the animals’ early-life experiences with humans
and the findings of the current study (see the
supplementary methods). Moreover, there were
no significant differences between dogs in the
long-gaze group and wolves in either the duration
of dog/wolf-touching and dog/wolf-talking, suggesting that the shorter gaze of the wolves was
not due to an unstable relationship. These re336
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sults support the existence of a self-perpetuating
oxytocin-mediated positive loop in human-dog
relationships that is similar to that of human
mother-infant relations. Human-dog interaction
by dogs’ human-like gazing behavior brought on
social rewarding effects due to oxytocin release
in both humans and dogs and followed the
deepening of mutual relationships, which led to
interspecies bonding.
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PLANT ECOLOGY

Anthropogenic environmental
changes affect ecosystem
stability via biodiversity
Yann Hautier,1,2,3* David Tilman,2,4 Forest Isbell,2 Eric W. Seabloom,2
Elizabeth T. Borer,2 Peter B. Reich5,6
Human-driven environmental changes may simultaneously affect the biodiversity, productivity,
and stability of Earth’s ecosystems, but there is no consensus on the causal relationships
linking these variables. Data from 12 multiyear experiments that manipulate important
anthropogenic drivers, including plant diversity, nitrogen, carbon dioxide, fire, herbivory, and
water, show that each driver influences ecosystem productivity. However, the stability of
ecosystem productivity is only changed by those drivers that alter biodiversity, with a given
decrease in plant species numbers leading to a quantitatively similar decrease in ecosystem
stability regardless of which driver caused the biodiversity loss. These results suggest
that changes in biodiversity caused by drivers of environmental change may be a major factor
determining how global environmental changes affect ecosystem stability.

H

uman domination of Earth’s ecosystems,
especially conversion of about half of the
Earth’s ice-free terrestrial ecosystems into
cropland and pasture, is simplifying ecosystems via the local loss of biodiversity
(1, 2). Other major global anthropogenic changes
include nutrient eutrophication, fire suppression
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and elevated fire frequencies, predator decimation, climate warming, and drought, which likely
affect many aspects of ecosystem functioning,
especially ecosystem productivity, stability, and
biodiversity (1, 3–7). However, to date there has
been little evidence showing whether or how these
three ecosystem responses may be mechanistically
sciencemag.org SCIENCE
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Intranasal administration of oxytocin promotes
social play in domestic dogs
Teresa Romero1,2,*, Miho Nagasawa3, Kazutaka Mogi3, Toshikazu Hasegawa1, and Takefumi Kikusui3
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In a recent paper,1 we examined whether oxytocin in the domestic dog modulates the maintenance of close social
bonds in non-reproductive contexts. We found that exogenous oxytocin promotes positive social behaviors not only
toward conspeciﬁcs, but also toward human partners. Here we examined in further detail the effect that oxytocin
manipulation has on social play. When sprayed with oxytocin, subjects initiated play sessions more often and played for
longer periods of time than when sprayed with saline. Furthermore, after oxytocin nasal intake dogs displayed play
signals more often than after saline administration, suggesting that oxytocin enhances dogs’ play motivation. To our
knowledge, this study provides the ﬁrst evidence that oxytocin promotes social play in the domestic dog. We use these
results to hypothesize on the potential therapeutic use of oxytocin for promoting social behaviors and treating social
deﬁcits in the domestic dog.

Over the past several decades, extensive animal research has
shown that the hypothalamic neuropeptide oxytocin plays an
important role in the regulation of several behaviors associated
with sociality, such as sexual behavior, pair-bonding, parental
care, peer recognition, and social memory (for reviews see
refs.2,3). More recent studies in humans have revealed that oxytocin is also involved in aspects of social cognition including social
perception, emotion recognition, sensibility to the experiences of
others, and pro-social behaviors (for reviews see refs.4,5).
Building on these ﬁndings, researchers have suggested that the
manipulation of the oxytocin system may be used as a tool for
improving socio-cognitive abilities in individuals with social deﬁcit disorders (e.g. autism spectrum disorder, social anxiety disorder, and borderline personality disorder; for reviews see refs.6,7).
In fact, in the last decade the effect of administered oxytocin has
been tested in clinical populations, with several of these studies
reporting beneﬁcial effects of oxytocin on social attention and
emotion recognition in autistic individuals, and a reduction of
social anxiety in patients with social phobia and borderline personality disorder (e.g., refs.8-11). While at this point much
remains unknown about the lasting effects of these beneﬁts and
the extent to which personality and personal history mitigate
these beneﬁcial effects, such ﬁndings are clearly grounds for optimism about the therapeutic potential of oxytocin.
A similar therapeutic use of oxytocin could be relevant to animal
health. This clinical approach could be particularly interesting for

companion animals showing behavioral problems related to social
deﬁcits. Each year, millions of dogs and cats arrive in animal shelters
after abandonment, abuse, or relinquishment by their previous
caregivers. The most widely reported reasons for relinquishment of
dogs in USA are behavioral problems due to lack of proper socialization and habituation (i.e. fear and aggression directed to strangers
or other dogs).12,13 Although in many countries there are approved
drugs for the treatment of anxiety related disorders in domestic animals,14 to date there is no drug for the treatment of social deﬁcits.
Thus, the development of pharmacotherapies that promote social
integration in companion animals may be helpful in the treatment
of selected behavior problems.
In a recent paper,1 we showed that nasal intake of oxytocin
promotes social bonding in domestic dogs. A total of 16 adult
dogs from different breeds participated as subjects in a randomized placebo-controlled experiment (females D 8; male D 8;
mean age 6.1 y (SEM D 0.7)). Each dog received a nasal spray of
100ml of oxytocin (40 IU, Peptide institute, Japan) or 100ml of
saline solution, depending on the testing condition. All subjects
received both conditions and each condition was carried out on
different days. After spray intake, dogs stay in the experimental
room (11.5 £ 6.5m) with their owners and a familiar dog partner, and their behaviors were video recorded for 60 minutes.
Owners were instructed to sit quietly in the experimental room
and not to actively interact with their dogs; while dogs could
move freely in the room (for further details, see1). We found that
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the animals. Recent evidence shows that through play animals
reduce tension around stressful situations,27 or turn a stranger
into a familiar individual.28 Furthermore, play is frequently used
as part of therapies to correct behavioral problems in dogs.29
Thus, the combination of behavioral interventions with pharmacotherapies that promote afﬁliation in general and play in particular might be a potential fruitful strategy for the treatment of
behavior problems in companion animals.
In the present study, all dogs that participated as partners had a
friendly relationship with the subjects. Thus, we did not observe
any agonistic behavior during the experimental sessions and none
of the play sessions resembled or escalated into aggression. A play
session started when an individual directed a play signal (including
play bow, face paw, and exaggerated approaches and retreats18,21,30)
or any playful behavior (including nipping, inhibited bite, playchasing, mounting, play-ﬁghting, and play-tackling18,21,30) toward
the partner, and ended when their activity ceased or one of the subjects moved away (>1 m). A new play session was recorded if at
Figure 1. Duration of play bouts during the oxytocin and the saline conditions. The box plots represent the median and upper and lower quarleast 5 seconds elapsed between the end of the ﬁrst bout and the start
tiles; and the whiskers indicate the values within 1.5 times the
of the new bout. Only play sessions that lasted more than 5 seconds
interquartile range. *P < 0.05
were included in the analysis (N D 74). All subjects but one were
involved in at least one social play session (mean duration in secoxytocin caused dogs to engage in higher levels of afﬁliation and onds D 161.3 § 52.6 SE), and only one subject engaged in solitary
approach with their dog partners, suggesting that the experimen- play. Thus, solitary play sessions were excluded from the analyses.
tal intranasal administration of oxytocin in dogs promotes afﬁlia- The type of treatment dogs were administered with did not affect
tive motivation and facilitates bond formation and maintenance.
how often subjects were involved in social play (Wilcoxon signed
Here, we analyze in more detail the episodes of social play that rank test: z D ¡1.749, N D 15, p D 0.08), nor how often they
took play during the experimental sessions in order to address the engaged in play after receiving a play invitation (z D 0.479, N D 15,
question of whether intranasal administration of oxytocin enhan- p D 0.6384). However, after oxytocin nasal spray intake, dogs initices social play in dogs. Play is a highly plastic and versatile ated play sessions signiﬁcantly more often than after saline treatbehavior that generally occurs when animals are free from envi- ment (z D ¡1.997, N D 15, p D 0.046). We then examined the
ronmental and social stressors.15 Although play is characteristic total amount of time dogs spent playing with their partners. We
of early life stages, in many species social play continues into found that oxytocin treatment was associated with longer play sesadulthood (e.g. rodents,16 canids,17,18 primates19,20). Social play sions (z D ¡2.040, N D 15, p D 0.041, Fig. 1).
is thought to help animals to develop social and emotional ﬂexiGiven that social play is an interaction that requires the active
bility, conﬂict resolution skills and appropriate reactions to unex- involvement of both partners, the total time that 2 individuals play
pected situations.15,21-24 It could also serve to assess social together depends on both individuals’ motivation. Thus, we evalurelationships and/or increase social afﬁnity between individuals. ated the subject’s relative role in maintaining the play session by
19,25,26
Social play is also associated with immediate beneﬁts for examining the production of play signals that are known to promote and/or facilitate play interactions.18,31 We did not ﬁnd any effect of
treatment type on the frequency of play
signals received (z D ¡0.255, N D 15, p
D 0.799, Fig. 2A). However, after oxytocin nasal intake dogs directed play signals
to their play-mates signiﬁcantly more
often than after saline treatment (z D
¡2.090, N D 15, p D 0.037, Fig. 2B).
These ﬁndings suggest that the experimental administration of oxytocin had
positive effects on dogs’ motivation to
interact in a playful way with conspeciﬁcs.
Play has long been identiﬁed as a potential
welfare indicator,15 a facilitator of socialFigure 2. Frequency of play signals received (A) and given (B) during the oxytocin and the saline
emotional learning,22 and an implicitly
experimental conditions. The box plots represent the median and the upper and lower quartiles; and
the whiskers indicate the values within 1.5 times the interquartile range. *P < 0.05.
rewarding behavior.32 Thus, increasing
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play interactions could be beneﬁcial for dogs. Previous results1 have
provided behavioral evidence that exogenous oxytocin promotes
positive social behaviors in the domestic dog. The present study
extends this data showing that oxytocin manipulation also enhances
play motivation, suggesting that this pharmacological intervention
may be used to help manage a range of animal behavioral problems.
The reader should note, however, that the positive effects of oxytocin on social approach, general afﬁliation1 and play (this study)
were observed in healthy dog participants. Hence, a key question is
whether administration of oxytocin can inﬂuence social behaviors
in animals with behavioral disorders. Caution is therefore warranted
in the interpretation of our results, and further studies on whether
and how oxytocin inﬂuences social interactions in clinic populations are clearly necessary.
In summary, this study provides the ﬁrst evidence that administration of oxytocin increases dogs’ motivation to play with conspeciﬁcs and reﬁnes our knowledge about the behavioral effects of
exogenous oxytocin in dogs. A more thorough understanding of
this peptide and its behavioral consequences in healthy individuals
may help to design pharmacological interventions aimed at promoting social behavior in companion animals whose social skills
have been compromised, such as dogs with poor socialization at
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≟ࡢ⭘⒆ቯṚᅉᏊ 71)Ș 㑇ఏᏊ㛵ࡍࡿ◊✲
㸯㸬ṇᖖ≟࠾ࡅࡿ 71)Șࡢ㑇ఏᏊࡢゎᯒ
㸰㸬චᅾᛶᝈ࠾ࡼࡧ⭘⒆ᝈ࠾ࡅࡿ 71)1 ࡢ㑇ఏᏊࡢゎᯒ

ஂᮎṇᬕ㸦㯞ᕸᏛෆ⛉Ꮫ➨㸧 ⏣୰᫂㸦㯞ᕸᏛື≀ᕤᏛ㸧
Ώ㎶ ᚁ㸦㯞ᕸᏛෆ⛉Ꮫ➨㸧 

㸯㸬ṇᖖ≟࠾ࡅࡿ 71)Șࡢ㑇ఏᏊࡢゎᯒ
◊✲せ᪨
ࣄࢺࡢ་Ꮫ㡿ᇦ࡛ࡣ 71)Șࡣᵝࠎ࡞චᅾᛶᝈ࡛ࠊࡑࡢ␗ᖖࡀㄆࡵࡽࢀ࡚࠸ࡿࠋᮏ◊
✲࡛ࡣ≟ࡢ 71)Șࡢ㑇ఏᏊ࡛࠶ࡿ 71)$ 㑇ఏᏊ࠾࠸࡚࣐ࢡࣟࢧࢸࣛࢺኚ␗ࡢゎᯒࢆヨ
ࡳࡓࠋ≟ࡢ㑇ఏⓗࣜࢫࢡᅉᏊࢆ≉ᐃࡍࡿ┠ⓗ࡛ࠊࡲࡎṇᖖ≟ࡢ 71)Șࡢ㑇ఏᏊ࡛࠶ࡿ 71)$
㑇ఏᏊࡢሷᇶ㓄ิࢆゎᯒࡍࡿࡇࡋࡓࠋࣅ࣮ࢢࣝࠊࢳ࣡࣡ࠊ࣑ࢽࢳࣗࢲࢵࢡࢫࠊࢺࣉ
࣮ࢻࣝࠊࢥ࣮ࢠ࣮࠾ࡼࡧᰘ≟ࠊྛ  㢌௨ୖࡽ࡞ࡿྜィ  㢌ࡢ '1$ ヨᩱࢆ⏝࠸ࠊ3&5 ⏘≀
ࡣ *HQHWLFDQDO\]HUࢆ⏝࠸ࡓ㑇ఏᏊᆺุᐃ౪ࡋࡓࠋࡑࡢ⤖ᯝࠊ➨㸯ࣥࢺࣟࣥෆ
 ሷᇶࢆ༢ࡍࡿ࣐ࢡࣟࢧࢸࣛࢺ WHWUDQXFOHRWLGHUHSHDWV௨ᚋ 715 ኚ␗ࢆぢฟࡋ
ࡓࠋࡉࡽ➨㸯ࣥࢺࣟࣥෆࡢ 715 ከᆺࢆุᐃࡍࡿࡓࡵࠊ⣙  ሷᇶᑐࡢ⏘≀ࡀᚓࡽࢀࡿ
ࣉ࣐࣮ࣛࢆタィࡋࡓࠋ≟ 71)$ 㑇ఏᏊࡢ➨㸯ࣥࢺࣟࣥ *$$7 ࢆ༢ࡍࡿ 715 ࡀᏑ
ᅾࡋࠊ⧞ࡾ㏉ࡋᩘከᆺࡀᏑᅾࡍࡿࡇࡀ᫂ࡽ࡞ࡗࡓࠋㄪᰝࡋࡓ  ಶయࡽ ᅇ㸪 ᅇ㸪
 ᅇ㸪 ᅇᆺࡢ  ᑐ❧㑇ఏᏊࡀ᳨ฟࡉࢀࡓࠋࣅ࣮ࢢࣝ✀ࡽࡣ  ᅇᆺࡽ  ᅇᆺࡲ࡛࡚ࡢᑐ
❧㑇ఏᏊࡀ᳨ฟࡉࢀࡓࡀࠊࡢ  ရ✀ࡽࡣ  ᅇᆺࡣ᳨ฟࡉࢀ࡞ࡓࠋ࣊ࢸࣟ᥋ྜᗘࡢᮇᚅ
್㸦+H㸧࠾ࡼࡧከᆺሗ㔞 3,& ࡣࠊရ✀ࡼࡗ࡚ࠊࡑࢀࡒࢀ 
ࡢ㛫࡛ᕪ␗ࡀㄆࡵࡽࢀࡓࠋࡇࡢ࣐ࢡࣟࢧࢸࣛࢺ࣐࣮࣮࢝ࡣࠊከᆺᛶᐩࡳྠᆺุᐃ
ࡀᐜ࡛᫆࠶ࡿࡓࡵࠊ≟ 71)$ 㑇ఏᏊࡢࣛࣥࢻ࣐࣮ࢡࡋ࡚ࠊఏ㐩ᖹ⾮ࢸࢫࢺ࡞ࡢᝈ┦㛵
ゎᯒ⏝ྍ⬟࡛࠶ࡿணࡉࢀࡓࠋ

◊✲┠ⓗ
㏆ᖺࠊᑠື≀⮫ᗋ࠾࠸࡚≟࡛ࡣචᅾᛶ⁐⾑ᛶ㈋⾑ࠊචᅾᛶ⾑ᑠᯈῶᑡࠊ㌟
ᛶ⣚ᩬᛶ⊋⒔ࠊከⓎᛶ㛵⠇⅖ࠊ⭷ᛶ⭈࡞ࡢᵝࠎ࡞චᅾᛶᝈࡢⓎ⏕ࡀㄆࡵࡽࢀ࡚࠸
ࡿࠋࣄࢺࡢ་Ꮫ㡿ᇦ࡛ࡣ 71)Șࡣ≉Ⓨᛶ⾑ᑠᯈῶᑡᛶ⣸ᩬ㸦ࢾࡢචᅾᛶ⾑ᑠᯈῶᑡ㸧ࠊ
࣐ࣜ࢘ࢳᛶ㛵⠇⅖ࠊ㌟ᛶ⣚ᩬᛶ⊋⒔࠸ࡗࡓ⭺ཎ࡞ࡢᵝࠎ࡞චᅾᛶᝈ࡛ࠊࡑࡢ␗
ᖖࡀㄆࡵࡽࢀ࡚࠸ࡿࠋࡑࡇ࡛ࠊᮏ◊✲࡛ࡣࢾࡢ⅖ᛶᝈᑐࡍࡿ㑇ఏⓗࣜࢫࢡᅉᏊࢆⓎぢ

ࡍࡿ┠ⓗ࡛ 71)$ 㑇ఏᏊࡢከᆺࢆ᳨⣴ࡋࡓࠋ

ᮦᩱ᪉ἲ
ᙜึࡣࠊࣅ࣮ࢢࣝ≟ࡢ➨୍࢚ࢡࢯࣥ࠾ࡼࡧࣥࢺࣟࣥࢆྵࡴᗈ࠸㡿ᇦࢆࢥ࣮ࢻࡍࡿ 71)$
㑇ఏᏊゎᯒࢆ 3&5 ἲ࡚ᐇࡋࡓࠋࡑࡢ⤖ᯝࠊྠ୍≟✀ࡶࢃࡽࡎሷᇶ㛗ࡢ␗࡞ࡿࣂ
ࣥࢻࡀ᳨ฟࡉࢀࣁࣉࣟࢱࣉࡀᏑᅾࡍࡿࡶࡢணࡉࢀࡓ ᅗ  ࠋࡇࡢணഛ◊✲ࡢゎᯒ⤖
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ᯝࢆ௨࡚ࠊ≟✀࠾࠸࡚ࡶྠᵝࡢሷᇶ㛗ࡢኚࡀ࠶ࡿࡇࢆணࡋ 71)$ 㑇ఏᏊゎᯒࢆᐇ
ࡋࡓࠋ
◊✲ᑐ㇟ࡋ࡚ࠊࣅ࣮ࢢࣝࠊࢳ࣡࣡ࠊ࣑ࢽࢳࣗࢲࢵࢡࢫࠊࢺࣉ࣮ࢻࣝࠊࢥ࣮ࢠ࣮࠾ࡼ
ࡧᰘ≟ࠊྛ  㢌௨ୖࡽ࡞ࡿྜィ  㢌ࡢ '1$ ヨᩱࢆ⏝࠸ࡓࠋ➨㸯ࣥࢺࣟࣥෆࡢ 715 ከ
ᆺ ࢆ ุ ᐃ ࡍ ࡿ ࡓ ࡵ  ࠊ ⣙  ሷ ᇶ ᑐ ࡢ ⏘ ≀ ࡀ ᚓ ࡽ ࢀ ࡿ 71)$675)  ̓
**$$*$7*&7&$7**$77*&7̓  71)$6755 ̓7$&&&$&$&&&&$&$7&7&7̓ ࣉ࣐ࣛ
࣮ࢆタィࡋࡓ ᅗ  ࠋ3&5 ⏘≀ࡣ 㸣࣮࢞ࣟࢫࢤ࡛ࣝ㟁ẼὋື࠾ࡼࡧ⺯ග≀㉁ )$0 ࡛ᶆ㆑ࡋ
*HQHWLFDQDO\]HUࢆ⏝࠸ࡓ㑇ఏᏊᆺุᐃ౪ࡋࡓࠋ

⤖ᯝ࠾ࡼࡧ⪃ᐹ
ㄪᰝࡋࡓ  ಶయࡽࡍ࡚ࡢ≟✀࠾࠸࡚ ᅇ㸪 ᅇ㸪 ᅇ㸪 ᅇᆺࡢ  ᑐ❧㑇ఏᏊࡀ᳨
ฟࡉࢀࡓࠋࡇࢀࡽࡢ⤖ᯝࡽࠊࢾ 71)$ 㑇ఏᏊࡢ➨㸯ࣥࢺࣟࣥ *$$7 ࢆ༢ࡍࡿ
WHWUDQXFOHRWLGHUHSHDWV௨ᚋ 715 ࡀᏑᅾࡋࠊ⧞ࡾ㏉ࡋᩘከᆺࡀᏑᅾࡍࡿࡇࡀ᫂ࡽ
࡞ࡗࡓ ᅗ  ࠋࡇࡢ≉ᚩⓗ࡞㓄ิࡣࠊ࣐ࢡࣟࢧࢸࣛࢺࡤࢀ┿᰾⏕≀ࡢࢤࣀ࣒ୖࡣࠊ
࠸ࡓࡿᡤᵝࠎ࡞ᩘࡢ '1$ 㓄ิࡀᏑᅾࡍࡿࠋྠ୍ಶయࡢࢤࣀ࣒ෆ㒊࡛࠶ࡗ࡚ࡶᅇᩘ
ࡣሙᡤࡈ␗࡞ࡾࠊಶయ㛫࡛ࡶ␗࡞ࡿࠋࡇࡢ✀ࡢ㓄ิࡢ࠺ࡕ a ሷᇶᑐࢆ༢
ࡍࡿࡶࡢࢆ࣐ࢡࣟࢧࢸࣛࢺ㓄ิ࠸࠸㸦▷ሷᇶ⦪ิ㓄ิ675 ࡶ࠸࠺㸧
ࠊࣥࢺࣟ
ࣥᏑᅾࡋ࡚࠸ࡿࠋ
⯆῝࠸ࡇࠊࣅ࣮ࢢࣝ✀ࡽࡣ  ᅇᆺࡽ  ᅇᆺࡲ࡛࡚ࡢᑐ❧㑇ఏᏊࡀ᳨ฟࡉࢀࡓ
ࡀࠊࡢ  ရ✀ࡽࡣ  ᅇᆺࡣ᳨ฟࡉࢀ࡞ࡓࠋ࣊ࢸࣟ᥋ྜᗘࡢᮇᚅ್㸦+H㸧࠾ࡼࡧከᆺ
ሗ㔞 3,& ࡣࠊရ✀ࡼࡗ࡚ࠊࡑࢀࡒࢀ  ࡢ㛫࡛ᕪ␗ࡀㄆࡵ
ࡽࢀࡓࠋࡇࡢ࣐ࢡࣟࢧࢸࣛࢺ࣐࣮࣮࢝ࡣࠊከᆺᛶᐩࡴࡤࡾ࡛࡞ࡃྠᆺุᐃࡀᐜ
࡛᫆࠶ࡿࡓࡵࠊࢾ 71)$ 㑇ఏᏊࡢࣛࣥࢻ࣐࣮ࢡࡋ࡚ࠊఏ㐩ᖹ⾮ࢸࢫࢺ࡞ࡢᝈ┦㛵ゎ
ᯒ⏝ྍ⬟࡛࠶ࡿࠋ
ᮏ◊✲ࡢ⤖ᯝࡽ≟ࡢ 71)$ 㑇ఏᏊ࣐ࢡࣟࢧࢸࣛࢺࡀぢฟࡉࢀࠊࡇࢀࡽࡀචᅾᛶ
ᝈࡸ⭘⒆ᝈࡢែⓎ⏕ࡸデ᩿ἲࡢ☜❧ᐤࡍࡿࡶࡢ⪃࠼ࡽࢀࡓࠋ
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චᅾᛶᝈ࠾ࡼࡧ⭘⒆ᝈ࠾ࡅࡿ 71)1 ࡢ㑇ఏᏊࡢゎᯒ

ஂᮎṇᬕ㸦㯞ᕸᏛෆ⛉Ꮫ➨㸧

◊✲せ᪨
࣐ࢡࣟࢧࢸࣛࢺࡣࠊ≟ࡢචᅾᛶ⾑ᾮᝈ࠾ࡼࡧ⭘⒆ᛶᝈࡢデ᩿ᛂ⏝᭷ຊ⪃
࠼᥈⣴ࢆ⾜ࡗࡓࠋචᅾᛶᝈ࡛ࡣࠊ᭱⤊ⓗ  ࡢ≟ࡢචᅾᛶ⾑ᑠᯈῶᑡ࡛ゎᯒࢆ
ᐇࡋࡓࡀࠊ≉␗ⓗ࡞ 613 ࡢゎᯒࡣ⮳ࡽ࡞ࡗࡓࠋࡉࡽࠊࣜࣥࣃ⭘࠾ࡼࡧᝏᛶ㯮Ⰽ⭘ࡢ
ィ  ࠾࠸࡚ 71)$ 㑇ఏᏊࡢ࣐ࢡࣟࢧࢸࣛࢺゎᯒࢆᐇࡋ࡚࠸ࡓࡀࠊኚ␗ࡣぢฟࡔࡍ
ࡇࡣᅔ㞴࡛≉␗ⓗ࡞ 613 ࡢゎᯒࡣ⮳ࡽ࡞ࡗࡓࠋᮏ◊✲࡛ࡣࠊ≟ࡢࡢචᅾᛶ⾑ᾮ
ᝈ࠾ࡼࡧ⭘⒆ᛶᝈࡘ࠸࡚ゎᯒ୰࡛㐩ᡂᗘࡣ 㸣࡛࠶ࡗࡓࠋࡇࡢཎᅉࡋ࡚ࠊචᅾ
ᛶ⾑ᾮᝈࡣࡑࡶࡑࡶẕ㞟ᅋࡀᑡ࡞ࡃࠊࡘ☜ᐃデ᩿せ௳ࢆ‶ࡓࡍࡶࡢࡀᑡ࡞ࡗࡓࡇࡀᣲ
ࡆࡽࢀࡿࠋࡲࡓ⭘⒆ᛶᝈ࠾࠸࡚ࡣࠊḟデ⒪タ᮶㝔ࡍࡿࣜࣥࣃ⭘࠾ࡼࡧᝏᛶ㯮Ⰽ⭘
ࡢ᳨యᩘࡀῶᑡഴྥ࡛࠶ࡿࡇࡶᣲࡆࡽࢀࡿࠋࡇࡢࡼ࠺ゎᯒᩘࡀࡈࡃᑡᩘ࡛࠶ࡿࡓࡵࠊኚ
␗ࡢ᭷↓ࢆ☜ㄆ࡛ࡁ࡞࠸ࡇࣉ࣐࣮ࣛࡢタィ⮬యၥ㢟ࡀ࠶ࡗࡓྍ⬟ᛶࡀ࠶ࡾࠊᚋ᳨
ウࡍࡿᚲせࡀ࠶ࡿࡶࡢ⪃࠼ࡽࢀࡓࠋ

◊✲┠ⓗ
๓㏙ࡋࡓࡼ࠺≟࡛ࡣචᅾᛶᝈ࠾ࡼࡧ⭘⒆ᝈࡢ⮫ᗋࡀከࡃᏑᅾࡍࡿࠋචᅾ
ᛶ⾑ᑠᯈῶᑡ ,07 ࡣࠊ≟࡛ẚ㍑ⓗከⓎࡍࡿ⾑ᾮᝈ࡛࠶ࡾ୰ࡣ㞴ᛶࡢࡶᏑᅾࡍࡿࠋ
⒪ࡣࣉࣞࢻࢽࢰࣟࣥࡢᢞࡀ୍⯡ⓗ࡛ࡣ࠶ࡿࡀࠊ᭱㏆⒪ᢠᛶࡢ ,07 ࡢⓎ⏕ࡶከࡃぢཷࡅ
ࡽࢀࠊචᢚไࡸ⭁⮚ฟ࡞ࡢ⒪ࡶ⾜ࢃࢀ࡚࠸ࡿࠋ࠼ࡤࠊ⅖ᛶ⭠ᝈ ,%' ࠊ≉ࣜ
ࣥࣃ⌫ᛶᙧ㉁⣽⬊ᛶ⭠⅖ /3( ࡛ࡣ,/,/,/,/,/ ࡢ 71)Șࡢ⾑୰ࣞ࣋
ࣝࡢୖ᪼ࡀሗ࿌ࡉࢀ࡚࠸ࡿ

ࡉࡽࠊࣜࣥࣃ⭘࡞ࡢ⾑ᾮ⭘⒆ࡼࡿᝈࡣ≟⊧࠾࠸࡚Ⓨ⏕⋡ࡀ㧗ࡃࠊ⮫ᗋୖ㔜せ࡞
ᝈ࡛࠶ࡿࠋ⌧ᅾࡢ⾑ᾮ⭘⒆ࡢ᳨ᰝࡣ⾑ᾮ᳨ᰝࡸ⣽⬊デࡀ࡛࠶ࡿࠋࡋࡋࠊࡇࢀࡽࡢ᳨ᰝ
᪉ἲࡣࡶࡕࢁࢇ᳨ฟ㝈⏺ࡀ࠶ࡾࠊ⌮᳨ᰝࡣくᛶࡀ㧗࠸ࡇࡶ࠶ࡾ⤒㐣ほᐹ㢗ࡽ࡞ࡃ
࡚ࡣ࡞ࡽ࡞࠸ࠋࡑࡇ࡛ὀ┠ࡉࢀ࡚࠸ࡿࡢࡀ࣐ࢡࣟࢧࢸࣛࢺࢆ⏝࠸ࡓ㑇ఏᏊデ᩿ἲ࡛࠶ࡿࠋ
࣐ࢡࣟࢧࢸࣛࢺゎᯒࡼࡿ⭘⒆デ᩿ࡣࠊ㔪⏕᳨ᮦᩱ࡞ࡢࡈࡃᑡ㔞ࡢ᳨య࡛ࡢ᳨ᰝࡀྍ
⬟࡛࠶ࡾࠊࡲࡓᐈほⓗ⾑ᾮ⭘⒆ࡢᝏᛶࢆホ౯࡛ࡁࡿ࡞ࡢⅬࡀᣲࡆࡽࢀࡿࠋࡇࡢデ᩿᪉
ἲࢆ☜❧ࡍࡿࡣᏳᐃᛶࢆ♧ࡍ࣐ࢡࣟࢧࢸࣛࢺ࣐࣮࣮࢝ࡢ⤠ࡾ㎸ࡳࡀㄢ㢟࡞ࡗ࡚࠸
ࡿࠋ
㏻ᖖࠊ⣽⬊ࡣศ࣭௦ㅰࡢ㐣⛬࡛␗ᖖࡀ⏕ࡌࡿ࣏ࢺ࣮ࢩࢫࡼࡗ࡚␗ᖖ࡞⣽⬊ࡣᾘ⁛
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ABSTRACT. A polymorphic tetranucleotide (GAAT) n
TNFA) gene was
characterized in this study; 139 dogs were analyzed: 22 Beagles, 26 Chihuahuas, 20 Miniature Dachshunds, 24 Miniature Poodles, 22 Pem5, (GAAT) 6, (GAAT) 7 and (GAAT) 8, including 9
He
PIC

TNFA gene.
KEY WORDS:

canine TNFA gene, tetranucleotide microsatellite.
doi: 10.1292/jvms.13-0316; J. Vet. Med. Sci. 76(1): 119–122, 2014

18]. Microsatellites were thought to be evolutionarily neutral
monocytes and macrophages (Online Mendelian Inheritance
in Man (OMIM, 191160),. In humans, genetic variations in
the TNFA gene are associated with various disorders, e.g.,

however, many reports have indicated that microsatellites in
-

syndrome [8].

analyzing genetic polymorphisms.
n
TNFA gene and demonstrated that this microsatellite locus was highly polymorphic,

TNFA mRNA in colonic mucosa has been reported on dogs
with idiopathic lymphocytic-plasmacytic colitis [16].
The canine TNFA gene is located on dog chromosome 12
NW_003726081), and it
morphisms in the canine TNFA
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grooming shops in Japan. The 139 samples obtained were
24 Miniature Poodles, 22 Pembroke Welsh Corgis and 25
Shiba Inus. This study was approved by the Institutional
Animal Care and Use Committee (Permission number:
1306094) and carried out according to the Azabu University

-
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TNFA
TNFA

TNFA gene, respectively. (B) The variations detected in the partial TNFA
gene in 7 Beagles.

TNFA

). PCR was
μl reaction volumes, according to the

He
5–8

TNFA
TNFA

(GAT) (GAAT) 2]
-

25 μl
TNFA
dog-TNFA

were electrophoresed on a 3.0% agarose gel and visualized

the dog_TNFA_R1 primer side. As a result, we determined
(GAAT)5, (GAAT)6, (GAAT)7 and (GAAT)8, were detected
TNFA-STR1 tetranucleotide microsatellite

TNFA
-

TNFA-STR1were determined automatically using an ABI 3130 genetic
TNFA
Table 1 shows the genotypic and allele distribution in 6 dog
nucleotide databases under accession numbers AB819627–
AB819629.

breeds. This is because the (GAAT)8
Chihuahuas, Miniature Dachshunds, Miniature Poodles,
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TNFA gene on a 3.0% agarose gel. The genotypes relate to
Osaka, Japan).

n

tetranucleotide microsatellite in canine TNFA gene among dog breeds

Genotype
Beagle (22)
Miniature Dachshund d) (20)
Chihuahua d) (26)
Miniature Poodle (24)
Pembroke Welsh Corgi (22)
Shiba Inu (25)

5

6

7

8

5/6

5/7

5/8

6/7

6/8

7/8

5

6

7

8

1
8
12
6
8
13

0
0
2
1
1
0

2
2
0
0
0
0

4
0
0
0
0
0

5
2
9
6
5
2

5
7
3
11
4
10

1
0
0
0
0
0

1
1
0
0
4
0

0
0
0
0
0
0

3
0
0
0
0
0

0.295
0.625
0.692
0.604
0.568
0.760

0.136
0.075
0.250
0.167
0.250
0.040

0.295
0.300
0.058
0.229
0.182
0.200

0.273
0.000
0.000
0.000
0.000
0.000

He a)

PIC b)

Deviations

0.749
0.527
0.464
0.566
0.595
0.389

0.682
0.438
0.391
0.493
0.516
0.333

P<0.05
NS e)
NS
P<0.05
NS
NS

c)

Pembroke Welsh Corgis and Shiba Inus. (GAAT)5 was the
H
(PIC
(P

receptor gene. J. Mol. Biol. 267: 229–236. [Medline]
2. Botstein, D., White, R. L., Skolnick, M. and Davis, R. W. 1980.
Am. J. Hum. Genet. 32:
314–331. [Medline]
3. Buranawuti, K., Boyle, M. P., Cheng, S., Steiner, L. L., McDou-

He
He was observed in
He and PIC

J. Med. Genet. 44: 209–214.
[Medline]

the canine TNFA
rosatellite alleles could be associated with susceptibility to

analysis. Evol. Bioinform. Online 1: 47–50.
5. Gardezi, A. Z., Ziaei, Y. Z. and Marashi, S. M. 2008. MicrosatelJ. Crit. Care 23: 440–444. [Medline]

variation and canine diseases.

Matta, M. A., Souza, S. M., Lana, M., Chiari, E., Galvão, L. M.

ACKNOWLEDGMENTS. We thank Dr. Hidekatsu ShiVet. Immunol. Immunopathol. 130: 43–52. [Medline]
7. Hearne, C. M., Ghosh, S. and Todd, J. A. 1992. Microsatellites
Trends Genet. 8: 288–294.
[Medline]

nine DNA samples. This work was supported by the MEXT
Universities, 2011–2015. The authors would like to thank

261

122

M. WATANABE ET AL.

8. Ishii, T., Hirose, H., Saito, I., Nishikai, K., Maruyama, H. and

-

in young, older, and diabetic Japanese men. Metabolism 49:
1616–1618. [Medline]
Trends Genet.
13: 74–78. [Medline]
10. Klesert, T. R., Otten, A. D., Bird, T. D. and Tapscott, S. J. 1997.

TNF2
with septic shock susceptibility and mortality: a multicenter
study. JAMA 282: 561–568. [Medline]
Amos, C. I., Zhu, D. K., Ward, R. H., Clegg, D. O., Shanahan,
tibility to rheumatoid arthritis. Am. J. Hum. Genet. 59: 676–683.
[Medline]
16. Ridyard, A. E., Nuttall, T. J., Else, R. W., Simpson, J. W. and
-

DMAHP. Nature Genet. 16: 402–406.
[Medline]
Genes

Vet.

Immun. 1: 185–190. [Medline]

Immunol. Immunopathol. 86: 205–214. [Medline]

J. 1998. A tetranucleotide polymorphic microsatellite, located
Vet. Immunol. Immunopathol. 146: 143–149. [Medtranscription regulatory element in vitro. Hum. Mol. Genet. 7:
423–428. [Medline]
13. Menezes-Souza, D., Corrêa-Oliveira, R., Guerra-Sá, R., Giunchet-

line]
polymorphisms which can be typed using the polymerase chain
reaction. Am. J. Hum. Genet. 44: 388–396. [Medline]
19. Wei, J., Ramchand, C. N. and Hemmings, G. P. 1995. Association
TH
phrenia. Psychiatr. Genet. 5: 83–88. [Medline]

Leishmania (Leishmania)
chagasi presenting distinct cutaneous parasite density and clinical
status. Vet. Parasitol. 177: 39–49. [Medline]

262

Bioscience, Biotechnology, and Biochemistry, 2014
Vol. 78, No. 2, 271–275

Note

Quantitative analysis of CD3ε in a cloned canine lymphoma cell line by
selected reaction monitoring assay
Junichi Kamiie1, Naoto Shimoyama1, Naoyuki Aihara1, Masaharu Hisasue2, Yuko Naya3, Kikumi
Ogihara3,* and Kinji Shirota1,4
1

Laboratory of Veterinary Pathology, School of Veterinary Medicine, Azabu University, Sagamihara, Japan;
Laboratory of Veterinary Internal Medicine II, School of Veterinary Medicine, Azabu University, Sagamihara,
Japan; 3Laboratory of Pathology, School of Life and Environmental Science, Azabu University, Sagamihara, Japan;
4
Research Institute of Biosciences, Azabu University, Sagamihara, Japan
2

Received August 7, 2013; accepted October 28, 2013

Downloaded by [Azabu University] at 20:54 19 April 2016

http://dx.doi.org/10.1080/09168451.2014.878216

Several quantitative proteomics techniques that
employ mass spectrometry have been reported
recently.7–9) In particular, absolute quantitative proteomics in the selected reaction monitoring (SRM) mass
spectrometry mode is suitable for the highly sensitive
and accurate quantiﬁcation of such proteins.9) A quantitative approach by SRM has been applied to the study
of integral membrane proteins, including drug transporters10) and G protein-coupled receptors.11)
In this study, we aimed to develop a quantitative
method of determining the levels of canine CD3ε in
cells. To verify the usefulness of the method with biological samples, we applied it to establish a novel
canine T-cell lymphoma cell line, and we determined
the expression level of CD3ε in these cells.
To establish a novel CD3ε-expressing canine T-cell
lymphoma cell line, we analyzed cells from the intestinal
mass of a 5-year-old male beagle. Cytological examination of the aspirates revealed that the mass was
composed of large heteromorphic lymphoid cells with
numerous mitoses. Based on these ﬁndings, we diagnosed the intestinal mass as a lymphoma. One month
after cytological examination, the beagle died at the
owner’s home and a necropsy was performed with the
owner’s approval. The intestinal mass was ﬁxed in 10%
phosphate-buffered formalin pH 7.4, processed routinely,
embedded in parafﬁn, and cut into sections by 3 μm
thick. The parafﬁn-embedded sections were stained with
hematoxylin and eosin or subjected to immunohistochemistry. The de-waxed sections were pretreated by
microwaving them in citrate buffer and then incubating
them with mouse anti-human-CD3ε antibody (clone
F7.2.38, DAKO Japan, Tokyo) for 1 h at room temperature. The signals were visualized with horseradish peroxidase-conjugated rabbit anti-mouse IgG (Nichirei
Biosciences, Tokyo) and 3,3′-diaminobenzidine.
The surface of the intestinal tumor mass was sterilized
with 70% ethyl alcohol and pipetted into a single-cell

We established a mass spectrometry-based quantitative method of assaying CD3ε, a component of the
T-cell receptor complex. It revealed a CD3ε level of
1 mol per cell in a newly derived canine T-cell lymphoma cell line. Our results suggest that this
method has sufﬁcient sensitivity to quantify CD3ε
levels in canine lymphoma cells reliably.
Key words:

CD3; lymphoma; quantitative proteomics;
selected reaction monitoring; mass
spectrometry

CD3ε, a component of the CD3 complex, is one of
the most abundantly expressed cell-surface proteins of
the T-cell lineage. The CD3 complex is composed of
four polypeptide chains (δ, ε, γ, and ζ) and is associated with the T-cell receptor (TCR). These chains form
δε and γε heterodimers and ζζ homodimers. The δε and
γε heterodimers are associated with TCR-α and –β,
respectively, and generate intermediate complexes.1,2)
The ζζ homodimers bind to TCR complexes and are
transported to the cell surface.3,4)
In T-cell lineage differentiation, TCR complexes are
expressed on thymocytes beginning at the early stages of
maturation, and expression of them increases during the
maturation process. In addition, each component of
the TCR complex changes its expression level during the
development of the T-cell lineage.5,6) Stoichiometric
analyses based on absolute quantiﬁcation of the levels of
TCR components are important in understanding their
roles in development, but no such quantitative measurements of TCR components yet been reported. Although
TCR components are integral membrane proteins, it is difﬁcult to develop quantitative immunological assays, such
as the enzyme-linked immunosorbent assay (ELISA),
due to the insolubility of these membrane proteins.

*Corresponding author. Email: ogiwarak@azabu-u.ac.jp
Abbreviations: TCR, T-cell receptor; ELISA, enzyme-linked immunosorbent assay; SRM, selected reaction monitoring; PBS, phosphate-buffered
saline; CV, coefﬁcient of variation.
© 2014 Japan Society for Bioscience, Biotechnology, and Agrochemistry
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the cells expressed CD3ε (Fig. 1(C)), but not CD4,
CD8α, or CD79α (data not shown). By Western blotting,
expression of CD3ε in the cells was also detected
(Fig. 1(D)), whereas CD79α, a B-cell marker, was not
detectable in them (data not shown).
We established a quantitative method of detecting
CD3ε-derived peptide by mass spectrometry in SRM
mode. First, a target peptide sequence was selected
from among 27 tryptic peptides derived from the
canine CD3ε sequence (SWISS-PROT: P27597)
according to previously described peptide selection criteria.10) Brieﬂy, the target peptide was selected by the
following criteria: (i) the target peptide sequence is
unique for canine CD3ε, (ii) it does not contain chemically reactive residues (cysteine or methionine), and
(iii) it does not contain post-translational modiﬁcations
or continuous sequences of K or R. The sequence
NDNLVEGASNR, a canine-speciﬁc sequence, was
selected as quantitative target. An isotope-labeled peptide of the target sequence that contained a labeled alanine residue (13C3, 15N) was synthesized by
Thermoelectron Corporation (Sedanstrabe, Germany),
as reference for the quantitative assay.
SRM transitions were determined with high sensitivity. Seven transitions derived from the y3 to y9 product
ions were identiﬁed for the endogenous and isotopelabeled forms of NDNLVEGASNR. To verify that, we
commanded sufﬁcient sensitivity to detect each of the
transitions, SRM analysis of the cultured cell sample
was done for the 14 transitions. Tryptic digestion of
the cultured cells was done as described previously.12)
We solubilized the cultured cells in 7 M guanidine
HCl, 0.5 M Tris–HCl (pH 8.5), and 50 mM EDTA. The
protein concentration of the lysate was measured with a
protein assay kit (DC Protein Assay, Bio-Rad) with
bovine serum albumin as standard. One μg of proteins
was reduced with equal amounts of dithiothreitol and
S-carbamoylmethylated and with 2.5 times the amount
of iodoacetamide. The proteins were precipitated with
methanol and chloroform (4:1/v:v). The precipitated
proteins were dissolved in 1.2 M urea and 500 mM
Tris–HCl (pH 8.0), and then digested with trypsin (Promega, Fichburg, WI) at an enzyme to substrate ratio of
1:100 at 37 °C over 16 h. The efﬁciency of tryptic
digestion was checked by SDS-PAGE followed by
Western blotting for CD3ε. The speciﬁc band of CD3ε
disappeared in the digested sample (Fig. 1(D)). We
spiked the tryptic digest with 200 fmol of isotopelabeled peptide. The tryptic digests were acidiﬁed with
formic acid to a pH of < 2.0. The acidiﬁed samples
were centrifuged at 21,500 × g for 15 min, and then the
supernatants were injected into a nano-LC system (Paradigm MS4, AMR, Tokyo) connected to an ESI-triplequadrupole mass spectrometer (TSQ vantage, Thermo
Fisher Scientiﬁc, Yokohama, Japan). The nano-LC system was run with a reversed phase column (L-column
ODS; 0.1 mm inner diameter × 50 mm, 3 μm particles)
with a gradient starting at 5% B to 45% B in 45 min,
at a ﬂow rate of 500 nL/min. The gradient was generated by mixing water containing 0.1% formic acid (A)
and acetonitrile containing 0.1% formic acid (B). The
spectrometer was operated in SRM mode with a 1 s
cycle time. Collision energies for each transition were

suspension in culture medium. The cell suspension was
centrifuged and resuspended in fresh culture medium.
This procedure was repeated several times. Primary
culture of the cells obtained was carried out in an
RPMI-1640 growth medium containing 18% heat-inactivated fetal bovine serum (Gibco BRL, Cergy-Pontoise,
France), 0.1% glutamine, 1 mM sodium pyruvate, 0.1%
spectinomycin, and 0.035% NaHCO3 in 60-mm Petri
dishes at 37 °C in a CO2 incubator. The medium was
replaced approximately twice per week, and conﬂuent
cultures were subcultured. The cell line was subjected to
cloning by limiting dilution in 96-well plates in an
RPMI-1640 medium containing 10% fetal bovine serum.
At 4 to 7 days after cultivation, the clones that had
grown were trypsinized and subjected to a further limiting dilution step. The cloned cell line was eventually
established after three limiting dilution steps.
Flow cytometry analysis of the CD antigens
expressed by the cloned cell line was done with antibodies for mouse anti-canine CD3 (clone CA17.2A12,
Serotec, Oxford, UK), mouse anti-canine CD4 (clone
CA13.1E4, Serotec), or mouse anti-canine CD8α (clone
CA9.JD3, Serotec) diluted to 1:200, 1:20, and 1:20,
respectively, in Dulbecco’s phosphate-buffered saline
(PBS) with 1% bovine albumin. We incubated 1 ×
106 cells/100 μL for 1 h at 4 °C with 10 μL of each primary antibody. After they were washed twice in PBS,
the cells were ﬁxed with 0.5% paraformaldehyde in
PBS for 1 h at 4 °C. After further washing in PBS,
FITC-conjugated goat anti-mouse IgG (Cappel, Durham, NC) was added, and the mixture was incubated
for 1 h at 4 °C. The cells were then washed and ﬁxed
with 0.5% paraformaldehyde in PBS. After washing in
PBS, the cells were resuspended in PBS and analyzed
with a ﬂow cytometer (Epics XL/XL–MCL, Beckman
Coulter, San Jose, CA).
For western blotting, 2 × 108 cells were washed three
times with PBS and then centrifuged at 250 × g for 10
min. The cell pellets were homogenized with 10 times
the initial volume of 0.1% SDS and 10 mM Tris–HCl
(pH 8.0). Protein concentrations were measured with a
DC Protein Assay Kit (Bio-Rad Laboratories, Hercules,
CA) with bovine serum albumin (Bio-Rad) as standard.
A total of 10 μg of protein from the cells was resolved
by 5–20% SDS-polyacrylamide gel electrophoresis and
electro-transferred to PVDF membranes (Bio-Rad). After
treatment with a blocking buffer (4% skim milk in 25
mM Tris–HCl pH 8.0, 125 mM NaCl, and 0.1% Tween
20), the membranes were incubated with anti-human
CD3ε antibody at 4 °C for 16 h. They were then washed
with the blocking buffer three times and incubated with
horseradish peroxidase-conjugated polyclonal rabbit
anti-mouse immunoglobulin (Dako Japan, Tokyo).
Signals were visualized with a chemiluminescence kit
(ECL-plus; GE Healthcare UK, Buckinghamshire).
According to a histopathological analysis, the intestinal mass of the beagle was comprised of a monoclonal
cluster of large round proliferating tumor cells. The
tumor cells were 5–20 μm in diameter with a sharp, irregularly indented nucli (Fig. 1(A)). Mitosis was observed
to have occurred frequently. Immunohistochemistry
revealed strong expression of CD3ε in the cytoplasm of
the tumor cells (Fig. 1(B)). Flow cytometry revealed that
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Fig. 1. Morphological ﬁndings and CD3ε expression in intestinal tumor cells and cultured cells.
Note: (A) Hematoxylin and eosin staining of the intestinal tumor. Tumor cells were 5–20 μm in diameter with sharp, irregularly indented nuclei.
Mitosis was observed to have occurred frequently. Scale bar represents 50 μm. (B) Immunohistochemical detection of CD3ε in the intestinal tumor.
Tumor cells showed strong CD3ε expression. Scale bar represents 25 μm. (C) Detection of CD3ε in the cultured cells by ﬂow cytometry. (D)
Detection of CD3ε in cultured canine T-cell lymphoma cells. A total of 10 μg of protein from cells (lane 1) and a tryptic digest of cells (lane 2)
were analyzed by Western blotting to detect CD3ε.

are suitable for sensitive and accurate quantiﬁcation of
CD3ε levels. We used a total of six transitions that contained three transitions derived from y5, y6, and y7 of
the endogenous and isotope-labeled peptides to
quantify the CD3ε levels.
To assess the linearity of this method, dilution series
of the cells were analyzed. The cell suspension was
diluted with 1% BSA containing PBS to dilutions of
1:100, 1:1,000, and 1:10,000 in low-binding tubes. The
cell concentration in each tube was measured with a
Neubauer counting chamber under light microscopy. Aliquots of 1 × 103, 1 × 105, and 1 × 106 cells were transferred to new tubes from the dilutions of 1:100, 1:1000,
and 1:10,000, respectively. For each sample, the quantitative value of CD3ε per cell was calculated as the average of nine quantitative values for the y5, y6, and y7
transitions from three different experiments. Quantitative
values were correlated with cell numbers ranging from
5000 to 50,000, and the regression line was represented
by the equation y = 0.0005 x 1.1 (R2 = 1.0; Fig. 2(C)). Our
results indicate that the established method has a
100-fold dynamic range with excellent linearity.
The established method measured 0.82 ± 0.06 fmol of
CD3ε in 5 × 103 cells in linearity (Fig. 2(C)). This result
suggest that the limit of quantiﬁcation of the established method is femto mol per assay, and that method
nearly equaled that of ELISA in sensitivity, the
sensitivity of which is approximately 0.1 to 1 fmol.13)

determined by Pinpoint software, version 1.0 (Thermo
Fisher Scientiﬁc).
We generated SRM chromatograms of the endogenous and isotope-labeled peptides in 1 μg of protein
from the cultured cells spiked with 200 fmol of the isotope-labeled peptides. All transitions showed signal
peaks at the same retention time of 10.95 min
(Fig. 2(A)). Identity conﬁrmation of the targeted peptide relied on the composite MS/MS spectra displayed.
The consistency of the SRM fragmentation patterns is
illustrated in Fig. 2(B). The transitions, 594.8[M+H]2+/
504.3[M+H]+, 594.8[M+H]2+/633.3[M+H]+, and 594.8
[M+H]2+/732.4[M+H]+, derived from the y5, y6, and
y7 endogenous peptides respectively, exhibited more
than 2 to 5-fold higher signal intensities than the other
four transitions (Fig. 2(B)). The order of the peak areas
derived from the y-series ions in the SRM analysis was
reﬂected the MS/MS spectrum signal intensity results
(y6 > y7 > y5 > y3 > y8 > y9 > y4) (Fig. 2(B)).
Quantitative values were calculated based on the
peak area ratio (endogenous/isotope-labeled peptide).
We calculated the quantitative values for each product
ion in 0.1 μg of protein from cultured cells spiked with
200 fmol of isotope-labeled peptide. The transitions for
y5, y6, and y7 showed excellent accuracy, with a coefﬁcient of variation (CV) < 5%, although the other four
transitions had CVs of 8.5–13.9% (Table 1). These
results suggest that the transitions for y5, y6, and y7
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Fig. 2. Relative signal intensities of transitions representing endogenous and stable isotope-labeled CD3ε peptides in cultured cells and linearity
of the quantitatively measured CD3ε levels.
Note: Stable isotope-labeled peptide (200 fmol) was spiked into 1 μg of protein from cultured canine cells (A and B) or, a dilution series of the
cultured cells (C). LC/MS/MS with SRM transitions was done to quantify endogenous and stable isotope-labeled CD3ε peptides. (A) Chromatograms of transitions for y-series ions derived from endogenous and isotope-labeled peptides. Y-axes represent relative signal intensity, and the highest signal intensity in each chromatogram was deﬁned as 100%. (B) Signal intensities of SRM transitions for the NDNLVEGASNR peptide as a
spectrum imitation (lower layer) as compared to the corresponding MS/MS spectrum of the doubly charged precursor mass of NDNLVEGASNR
peptide (upper layer). Y-axes represent relative signal intensity, and the highest signal intensity in each chromatogram was deﬁned as 100%. (C)
The amount of CD3ε was determined by the ratio of the peak area of the unlabeled and stable isotope-labeled peptides (unlabeled/labeled) in a
dilution series of a cell line. Each point represents the mean value ± SD (n = 3).

We calculated the CD3ε levels per cell that we determined based on three transitions that we replicated in
three experiments with a digest of 5000 cells. There
was no signiﬁcant difference (ANOVA, p > 0.05) in
mean values based on the Q1/Q3 transitions 594.8/
504.3, 594.8/633.3, and 594.8/732.4. The calculated
values were 1.08, 1.12, and 1.15 amol/cell, respectively.
Finally, the amount of protein in each sample was
determined to be 1.12 amol/cell with a CV of 1.35% as
average of the calculated values for the three transitions. These quantitative results indicate the high sensitivity and reproducibility of the method.

Table 1. Quantitative values for transitions in 0.1 μg of Protein
from cultured canine T-Cell lymphoma.
Quantitative values (fmol/assay)
Productions
y3
y4
y5
y6
y7
y8
y9

Assay 1

Assay 2

Assay 3

Mean ± SD

C.V. (%)

11.1
7.25
8.62
8.19
8.18
7.42
7.54

12.0
9.49
9.30
8.62
8.63
8.58
9.75

10.1
9.10
9.25
8.86
8.87
9.15
8.09

11.1 ± 0.94
8.62 ± 1.20
9.06 ± 0.38
8.56 ± 0.34
8.56 ± 0.35
8.38 ± 0.88
8.46 ± 1.15

8.46
13.9
4.20
3.94
4.08
10.5
13.6
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In conclusion, we established a quantitative assay for
measuring CD3ε levels by SRM-based mass spectrometry. This assay measured the absolute expression level
of CD3ε in a canine T-cell lymphoma cell line. It
should be possible to develop quantitative assays for
other components of the TCR by the approach
described here. In addition, 300 SRM transitions were
run in a single analysis by means of one of several
modern mass spectrometers. Therefore, it should be
possible to develop simultaneous quantitative assays
for TCR components by mass spectrometry in the
SRM mode. Analysis of the quantitative proﬁles of
components of the TCR should contribute to a better
understanding of lymphocyte biology.
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ABSTRACT.

Feline leukemia virus (FeLV) induces neoplastic and nonneoplastic diseases in cats. The transduction of cellular genes by FeLV

of feline Notch2 transduction by FeLV in an infected cat with multicentric lymphoma and hypercalcemia. We cloned recombinant FeLVs
harboring Notch2 in the env gene. Notch2 was able to activate expression of a reporter gene, similar to what was previously reported in cats
Notch2 strongly correlates with FeLVinduced lymphoma.
KEY WORDS: feline leukemia virus, hypercalcemia, lymphoma, Notch2, transduction.
doi: 10.1292/jvms.13-0344; J. Vet. Med. Sci. 76(4): 553–557, 2014

Feline leukemia virus (FeLV), a gammaretrovirus that
can cause a variety of both proliferative and degenerative
diseases, is a major pathogen of feline lymphoma [4, 6].
The transduction and activation of cellular proto-oncogenes
by FeLV are mechanisms associated with the occurrence
of lymphomas and sarcomas. Some recombinant FeLVs
harboring cellular sequences, such as the transcription factor
myc
tcr [10], have been cloned from cats with naturally occurring
lymphoma. FeLV, which transduces the intracellular region
of Notch2, has been cloned from cats with experimental
FeLV-induced thymic lymphoma [24].
Notch2 is a single-spanning transmembrane receptor that
belongs to the Notch family of proteins, which play a role in
cell differentiation and generation of tumors. The physical
contact between cells expressing Notch ligands (e.g., deltalike ligands DLL1, 3 and 4 and Jagged1 and 2) and cells
expressing the Notch protein induces proteolytic cleavage
of Notch. This leads to release of the intracellular region of
Notch into the nucleus, resulting in activation of responsive
gene expression [reviewed in 11]. The active forms of Notch
receptors have been reported in human patients with lymphoma and leukemia [8, 15, 27, 30]. Here, we report, for the

Notch2 sequence by FeLV
(Notch2-FeLV) in a naturally infected cat with multicentric
lymphoma and hypercalcemia.
A 2-year-old, 2.0-kg, spayed female Japanese domestic
cat was referred to the Veterinary Medical Center, The
University of Tokyo, in 1995 with consecutive debilitation,
dehydration and leanness. The cat was tested positive for
FeLV p27-Gag antigen and diagnosed with multicentric
lymphoma. Although the tumor had temporally gone into
remission after chemotherapy, relapse occurred, and severe
hypercalcemia was observed in its blood biochemistry proscapula and humerus. Despite treatment with furosemide,
infusion of sodium chloride saline, porcine calcitonin (4 IU/
kg) and salmon calcitonin (4 IU/kg) for hypercalcemia, little
effective palliation was observed, and the cat died with neural manifestations on day 21. Marked invasion of the tumor
cells was seen in the multiple tissues at necropsy.
the entire env gene of the FeLV provirus using two PCRs

*C ORRESPONDENCE TO: N ISHIGAKI, K., Laboratory of Molecular Im munology and Infectious Disease, Joint Faculty of Veterinary
Medicine, Yamaguchi University, 1677–1 Yoshida, Yamaguchi
753–8515, Japan. e-mail: kaz@yamaguchi-u.ac.jp
©2014 The Japanese Society of Veterinary Science

[28]. Amplicons were cloned using Zero Blunt PCR Cloning
Kit (Invitrogen, Carlsbad, CA, U.S.A.). Two FeLV clones
(KeyN2-1 and KeyN2-2) contained feline Notch2-like sequences; the nucleotide sequences of the clones were deposited in GenBank under accession numbers AB818695 and
AB818696, respectively (Fig. 1). Both sequences contained

This is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives (by-nc-nd)
License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.
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Table 1.

Blood tests for the cat with lymphoma
Complete blood count

RBC (×10 6/ )
Ht (%)
Hb (g/dl)
TP (g/dl)
PLT (×10 3/ )
WBC (×10 3/ )
Eos (%)
Band (%)
Seg (%)
Lym (%)
Mono (%)

Patient

Reference range

6.59
28
9.5
6.8
95
15.8
1
0
72
26
1

5.00–10.00
24–45
8.0–15.0
5.7–7.8
300–800
4.9–20.0
2–10
0–2
35–75
20–55
1–4

BUN (mg/dl)
Cre (mg/dl)
ALT (U/l)
ALP (U/l)
LDH (U/l)
Ca (mg/dl)
P (mmol/l)
Na (mmol/l)
K (mmol/l)
Cl (mmol/l)

Patient

Reference range

45.0
1.8
199
1
711
17.3
8.0
148
4.2
115

17.6–32.8
0.8–2.4
12–130
14–111
0–798
8.8–11.9
2.6–6.0
147–156
3.4–4.6
107–120

ALP, alkaline phosphatase; ALT, alanine aminotransferase; Band, banded neutrophil; BUN, blood urea
nitrogen; Ca, calcium concentration; Cl, chloride; Cre, creatinine; Eos, eosinophil; RBC, red blood cells;
Ht, hematocrit; Hb, hemoglobin; K, potassium; LDH, lactate dehydrogenase; Lym, lymphocyte; Mono,
monocyte; Na, sodium; P, phosphate; PLT, platelet; Seg, segmented neutrophil; TP, total protein; WBC,
white blood cells.

Fig. 1. Genetic structures of Notch2-FeLV. Schematic structures of the two clones of Notch2-FeLV (KeyN2-1 and KeyN2-2), feline Notch2
and prototype FeLV provirus. Notch2 contains EGF (blue) and Lin-12-Notch repeats (LNR; pink) in its extracellular region and ANK repeats
(orange), two NLSs (green) and proline/glutamic acid/serine/threonine-rich motifs (PEST; purple) in its intracellular region. TM; Notch2
transmembrane. Triangle indicates the primers used for cloning the two Notch2-FeLVs. sp, signal peptide.

nal sequences derived from FeLV env gene, and an intracellular region harboring transmembrane (TM) and ankyrin
(ANK)-repeats of the feline Notch2 gene. Both clones had
short 23-amino-acid open reading frame (ORF), possibly
derived from the FeLV env gene (Fig. 2A). A second ORF
contained a sequence with a frame-shifted env sequence at
its C-terminal, and this ORF possibly expresses viral Notch2
(v-Notch2) fusion protein (Fig. 2B). Other researchers have
reported similar Notch2 transduction during experimental
infection of cats with FeLV 61E, a cloned virus, and have
isolated four clones of Notch2-FeLV from two cats [24].

with functional ANK repeats and two nuclear location signals (NLSs). Such truncated expression of Notch receptors
can lead to the constitutive activation of Notch signaling
[reviewed in 12]. Direct repeat sequences of the enhancer
or the upstream of the enhancer (URE) [21] were not seen in
the LTR of KeyN2-2.
We further analyzed activation of Notch signaling pathway by the v-Notch2 protein using transient luciferase reporter assays. The predicted second ORF of clone KeyN2-2

223R), tagged with Myc at the C-terminus and then cloned
The second ORF of the recombinant v-Notch2 protein is
translated by using the internal ribosome entry site (IRES)
activity within the TM region of Notch2 [14]. All variants
isolated to date include the intracellular region of Notch2

was transiently expressed in HEK293T cells using ScreenFect A (Wako, Osaka, Japan) as manufacturer’s instructions
(Fig. 3A). Co-transfection of our plasmid with pGa981-6
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Fig. 2. The sequence alignment of Notch2
env gene and the recombinant Notch2 are underlined and in bold. FeLV clone 33 (GenBank accession no. AB060732) [22] was used as a
env gene was frame-shifted (red). *Stop codon. TM; Notch2
transmembrane.

Fig. 3.

Expression and activation of v-Notch2 protein. (A) Expression of Myc-tagged v-Notch2

and total cell lysates were subjected to Western blotting analysis using mouse anti-Myc (Wako, Osaka,
HEK293T cells in 24-well plate were co-transfected with pGa981-6 (50 ng), phRL-CMV (5 ng) and
v-Notch2 expressing plasmids (v-N2). Luciferase assay was performed in triplicate, and the relative
luciferase activity was measured using Dual-Luciferase Reporter Assay System (Promega) at 48 hr
post transfection. The relative luciferase unit (RLU) is shown relative to the negative control (vector).
Error bars denote the standard deviation (SD). **P<0.01 using unpaired t-test.
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feline lymphosarcoma. Nature 308: 853–856. [Medline] [CrossRef]
17. Lobry, C., Oh, P. and Aifantis, I. 2011. Oncogenic and tumor
suppressor functions of Notch in cancer: it’s NOTCH what you
think. J. Exp. Med. 208: 1931–1935. [Medline] [CrossRef]
18. Mullins, J. I., Brody, D. S., Binari, R. C. Jr. and Cotter, S. M.
1984. Viral transduction of c-myc gene in naturally occurring
feline leukaemias. Nature 308: 856–858. [Medline] [CrossRef]
19. Neil, J. C., Forrest, D., Doggett, D. L. and Mullins, J. I. 1987.
The role of feline leukaemia virus in naturally occurring leukaemias. Cancer Surv. 6: 117–137. [Medline]
20. Neil, J. C., Hughes, D., McFarlane, R., Wilkie, N. M., Onions,
D. E., Lees, G. and Jarrett, O. 1984. Transduction and rearrangement of the myc gene by feline leukaemia virus in naturally
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binding promoter and phRL-CMV reference plasmid (Promega, Madison, WI, U.S.A.) that constitutively expresses
renilla luciferase showed dose-dependent activation of the
v-Notch2 protein (Fig. 3B).
Lymphoma and refractory hypercalcemia was observed
in our cat. Hypercalcemia is commonly linked to malignancy in dogs and humans, especially in lymphoma [7, 23].
In most cases of feline lymphoma, elevation of the serum
calcium concentration or parathyroid hormone-related peptide (PTHrP) is uncommon [2, 25]. Recently, an association
between bone metabolism and Notch signaling has been
revealed; RANKL-induced association of Notch2 and Jagged1 in pre-osteoclasts can lead to the differentiation into
osteoclasts and activates osteoclastgenesis in them through
tracellular region of Notch2. Therefore, v-Notch2 likely possesses the potential to activate osteoclastgenesis independent
of RANKL stimulation when overexpressed in osteoclast/
monocyte lineage cells.
Because of the recombination-prone property of gammaretroviruses, we observed numerous recombination events
and various recombinant forms of FeLVs transducing cellular genes, including endogenous FeLV (enFeLV) [28] and
ERV-DC [1]. The emergence of such recombinant viruses
FeLV-infected cats. Additionally, various numbers of protooncogenes, which function as a key regulator of proliferation
recombinant gammaretroviruses. Although Notch2 has been
recognized as tumor suppressor in some human tumors [17],
transduction of Notch2 gene seems to be a feasible mechanisms for FeLV-induced lymphomagenesis. Finally, our report may provide a new insight into the relationship between
the Notch signaling pathway and humoral hypercalcemia.
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ABSTRACT.

study was to investigate surface antigens, which are considered as stem/progenitor or cancer cell markers, in cHCC cell lines. Expression of
CD133 and Dlk-1 expression was detectable in all cell lines, and three cell lines expressed CD29. These results indicate that CD29, CD44,
KEY WORDS:

canine, hepatocellular carcinoma, liver, stem cell, tumor marker.
J. Vet. Med. Sci.

Canine hepatocellular carcinoma (cHCC) is an uncommon condition, accounting for <1% of all canine tumors.
However, cHCC is the most common primary liver tumor,

hepatic stem/progenitor cells is required to perform analysis
of hepatocyte differentiation and maturation. Hepatic stem
and/or progenitor cells not only play a pivotal role in liver
regeneration but are also able to accumulate mutations in the

and dogs in general aged >10 years are over-represented in
on the basis of their expression of immunohistochemical
markers including CD13, CD44, CD90, CD133, epithelial
diseases. Hepatic tumors are usually recognized only in the
advanced stages or when metastasis has already been established. Characterization of hepatic progenitor cells (HPCs)
is one of the key parameters in understanding the cellular
mechanisms involved in tumorigenesis, along with the establishment of early diagnostic tools and the development of a
therapeutic method. In human medicine, it is widely accepted that cancer cells arise from stem/progenitor cells, as these

et al. reported that CD44 and keratin
19 were expressed in most cHCC cases, while CD133 was
ers has not been investigated, and analytical research into
hepatocellular stem/progenitor cell markers, has not been
conducted. Alison maintained that the rodent counterparts
to HPCs described in human models are often referred to
as oval cells, which express certain antigens traditionally

time to acquire the requisite number of genetic changes for
that various antigens expressed in liver stem/progenitor cells
match with hepatocellular carcinoma (HCC) cell surface
markers, including cancer stem cells, controversy continues
-

tissue, and it will contribute to the diagnosis of cHCC using immunohistochemistry of biopsy samples obtained
from clinical case. In the present study, we investigated the
expression level of some surface antigens recognized as
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nal Medicine II, School of Veterinary Medicine, Azabu University,

All tumors were removed from dogs with cHCC and

Japan.

transplantation to Rowett nude rats and cultured through
-

©2013 The Japanese Society of Veterinary Science

273

A. FUJIMOTO ET AL.

-

those >70, 40 and 10%, respectively. All experiments were
conducted independently and in triplicate. Statistical analy-

l
mg/l streptomycin (Gibco Brl) and 2 mmol/l

tion). Data regarding expression of surface antigens on mature hepatocytes are expressed as mean ± standard deviation.
All four cHCC cell lines expressed CD44, CD133 and
Dlk-1 (Fig. 2 and Table 1). Marked CD29 expression was

2

with the range of the expression level being between 0.13
).
The medium was changed every 3 days, and cells were used
-

of culture.
mature hepatocyte population. The left lateral lobe (approximately 30 g) was surgically removed from clinically healthy
ments were conducted with humane care and in compliance
with the guidelines of Azabu University for the treatment
of experimental animals (100323-1). The portal branch was
cannulated and perfused with 300 ml of Ca2+- and Mg2+-free

respectively). Expression of all surface antigens on mature
hepatocytes of liver tissue derived from normal healthy dogs

l) and EGTA (0.19 g/l). Tissues were then incubated
at 37°C for 20 min with a perfusate of 300 ml collagenase

In this study, CD44, CD133 and Dlk-1 were expressed
in all cHCC cell lines, but not in normal hepatocytes. All
cell lines showed high expression of CD44, a member of

l) and CaCl2
l
was perfused again with the addition of 300 ml serum-free

relatively consistent with that of cHCC studies, indicating
that CD44+ cell populations are involved as stem/progenitor

cell suspension was collected. The cells were centrifuged at
g for 3 min, and the separated hepatocytes were used for

+ hepatocytes

7/ml

and
incubated at 4°C for 30 min with monoclonal antibodies,
-

hematopoietic stem cells, was observed in cHCC. In addition, another recent study demonstrated that hepatocellular
cancer stem cells expressed CD133, and the CD133+ population had both in vitro and in vivo tumourigenic potential
et al. investigated CD133

anti-human CD29, IgG
CD34, IgG
IgG
ed rat anti-canine CD90, IgG

pression level in the present study was caused by the method
of immunohistochemical analysis used, because antigen-

-

CD133, IgG
1
goya, Japan). Isotype-matched immunoglobulins serving as
negative controls were as follows: PE-labeled mouse IgG

hepatic stem/progenitor cell marker, and in the present study,
it was expressed among all cell lines analyzed. This surface
antigen was found to be associated with early liver tissue development, because it was strongly expressed in mouse fetal

rat IgG
PE-labeled rat IgG
FITC-labeled rat IgG1

et al. reported that Dlk-1 was
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μm.

In the present study, 3 of 4 cell lines showed high CD29
expression, suggesting that this might be a progenitor sur-

investigation will be needed to measure CD90 expression in
hepatic cancer stem cells.
CD34, a hematopoietic stem cell antigen that is also
considered a stem cell marker, was not expressed among all
cell lines studied, suggesting that it would not be a suitable

biochemical signals from the extracellular environment,
mainly with respect to growth, differentiation, invasiveness
and metastatic aspects of malignant cells. Suzuki et al. demonstrated that fetal mouse liver cell populations expressing
CD29 and CD49f differentiated to form colonies containing mature hepatocytes and cholangiocytes, indicating that
these markers have potential as hepatic stem cell markers

CD34 was found to be valuable in distinguishing HCC from
et al. reported
CD34+ sinusoidal endothelial cells in 27/30 (90%) cases of
human HCC, but this antigen was either not or poorly exet al.
demonstrated that murine liver stem cells are Sca+, CD34 ,
+ and albumin , suggesting that hepatic

regenerative liver tissue after hepatectomy, and this marker
has shown potential as a stem/progenitor cell marker (data
not shown).
The presence of CD90+ cells was found to be associated
with a high incidence of distant organ metastasis, suggest-

There is a possibility that CD29, CD44, CD133 and Dlk-1
are expressed only in situations where liver regeneration is
to distinguish between tumor and normal tissue using only
these antigens. In the present study, these surface antigens
were not assessed in liver tissue after hepatectomy or hepatitis, and further research is required to determine appropri-

CD90, while expression was absent in the other cell lines
investigated. However, because the proportion of cancer
stem cells involved in HCC is relatively low, further analysis
will be required to elucidate whether CD90 is suitable for
the purpose of determining cHCC stem cells. In addition,
Arends et al. reported that progenitor cells derived from
healthy mature canine liver expressed CD90, suggesting its

pathogenic role of these antigens were not investigated in
this study. Furthermore, the expression of surface antigens
in cHCC cell lines may be transformed by abundant repeated
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Fig. 2.

Flow cytometry was performed to analyze the expression of CD29, CD34, CD44, CD90, CD133 and Dlk-1 in four cHCC cell

Table 1.

Expression status of surface antigens in cHCC cell lines and hepatocyte
Hepatocyte

CD44
CD133
Dlk-1
CD29
CD90
CD34

29.07%
20.97%
20.90%

19.70%
21.17%
94.30%
1.79%

99.30%

4.00 ± 0.04%
3.01 ± 0.02%

0.13%

passage in vitro. In particular, transplantation experiment and
characterization of cell populations established using these

tion of expression of these markers in biopsy samples may
be helpful in establishing cHCC diagnosis. However, to
determine the usefulness of this diagnostic tool in veterinary

and investigation of gene m-RNA/protein expression of
other oncogenes, transcription factors and factors associated
with hepatocyte differentiation/maturation will be required.
In conclusion, CD29, CD44, CD133 and Dlk-1 were
expressed in cHCC cell lines, suggesting that these surface
markers have potential as diagnostic tools and will be helpful in cHCC characterization. In addition, they have the
potential to detect hepatocellular stem/progenitor cells in
canine, similar to those in humans. We expect that evalua-

antigens should be investigated among cHCC, hepatitis and
hyperplastic tissues from clinical cases.
. This study was supported by the
Science Research Promotion Fund of the Promotion and
Mutual Aid Corporation for Private Schools of Japan and a
Grant-in-Aid for Matching Fund Subsidy for Private Universities.
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ABSTRACT.

Bone marrow cell infusion (BMI) has recently been suggested as an effective therapy for refractory liver disease; however, the

null(NOG)
in a mouse model of acute liver failure. Acute hepatitis was induced by carbon tetrachloride (CCl 4
c
mice and wild-type (WT) C57BL mice, and the characteristics of liver dysfunction and the degree of hepatic injury and regeneration were
compared between the two mouse models. Next, female CCl 4-treated NOG mice were xenotransplanted with male PKH26-labeled cBMCs,
and the potential of cBMCs to accumulate in injured liver tissue compartments was examined. Fluorescence microscopy was perform ed to
histologically detect the infused cBMCs, and DNA polymerase chain reaction was performed for detection of the male Y chromosome (SRY
gene) in the recipient female NOG mice. The number of PKH26-positive cBMCs transplanted in the liver tissue gradually increased in the
NOG mice. The infused cBMCs were located in the necrotic area of the liver at an early stage after transplantation, and most had accumu -

differences were observed concerning the extent liver injury and regeneration between the cBMC-transplanted and saline control mice.

KEY WORDS:

null(NOG)
c

canine bone marrow cell, carbon tetrachloride (CCl 4

mouse.

doi: 10.1292/jvms.12-0530; J. Vet. Med. Sci. 75(7): 847–855, 2013

wherein it was shown that BMCs administered through a
peripheral vein improved liver function in patients with liver
cirrhosis [13, 22]. Therefore, BMC infusion may prove to be
a curative therapy for liver cirrhosis in the future [27].
Recent studies have shown that the effects of BMC ther-

Chronic hepatitis (CH) and cirrhosis have long been recognized in many dog breeds by both primary and referral
veterinary practices [18, 21]. These disorders are often perTherefore, more effective therapies are needed. In human
medicine, liver transplantation is the only effective cure for
CH and cirrhosis, but the limitations of transplantation, such
as a lack of donors, surgical complications, rejection and
high cost, have led to proposals for less invasive regenerative therapy procedures.
Recent reports demonstrated that murine bone marrow
cells (BMCs) transplanted via peripheral vein populated and
differentiated into albumin-producing hepatocytes via hepatoblast intermediates [1, 26, 29]. Interestingly, BMC infusion improves hepatic function, including elevation of serum

accumulation ability, immunomodulation, trophic support,
differentiation (plasticity), revascularization and tissue
ability is one of the most important factors in cell transplant
therapy [4, 28]. In murine models, accumulation ability has
creas [24]. In another study of liver cirrhosis patients with
splenomegaly, splenectomy enhanced the repopulation of
BMCs into the cirrhotic liver microenvironment and tended
to result in greater improvement of liver function [12]. These

corrects liver dysfunction and improves survival rate in human cirrhosis patient [10, 12]. On the basis of these results,
a clinical trial of autologous BMC infusion was conducted,

the disordered liver is important for effective results.
We previously demonstrated the capacity of canine
BMCs (cBMCs) for differentiation into albumin-producing
hepatocyte-like cells [15]. It has also been shown that
bone marrow stromal cells (BMSCs), which are one of the
components of BMCs, have various therapeutic potentials
such as matrix metalloproteinase activity [7]. Furthermore,
xenotransplantation using canine BMSCs may be effective
4-treated im-
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autologous transplantation of BMCs in liver injured models,
studies demonstrating the ability of cBMCs to accumulate
in the disordered liver have been limited. In addition, the
systemic effects of infused BMC populations are not well
known in both dogs and rodents. Haraguchi et al. reported
that the donor genomic DNAs of xenotransplanted canine
BMSCs were detectable in recipient nude mice administered
cyclosporin A (CSA) [8]. Cho et al. described that infused

extracted, and single-cell suspensions were prepared by
passing the cells through a 100-μ
into new tubes. Mononuclear cells (MNCs) were isolated
with Ficoll solution (Lymphoprep; Axis-Shield, Oslo, Norway) and washed and concentrated three times. The isolated
Red Fluorescent Cell Linker Kit (Sigma–Aldrich, St Lous,
MO, U.S.A.) according to the manufacturer’s protocol. Incubation was performed for 5 min at room temperature with 1
× 107 MNCs/ml, followed by washing in phosphate-buffered
saline (PBS) to remove proteins from the culture medium
for optimal staining. The staining reaction was stopped with

CCl4-injected recipient mice [4]. However, these studies
have not elucidated the localization of transplanted cells in
injured liver tissue. To analyze the accumulation of BMCs in
null(NOG) mice in this study
c
because this model accepts heterologous cells much more

in hepatocyte growth medium as previously described [15].
Transplantation: Fifteen female NOG mice were grouped
as follows: CCl4 + cBMC (n=5), oil + cBMC (n=5) and CCl4
+ saline (n=5). At 1.5–2 hr after BMC harvesting, prepared
MNCs (1 × 106) or saline was administered to the tail veins
of CCl4
after 1 week, and the livers, lungs and spleens were removed
to evaluate the systemic distribution of the administered
cBMCs (Fig. 1A). To investigate the time course of BMC
accumulation in the injured liver, 32 female NOG mice were
grouped into CCl4 + cBMC (n=16) and CCl4 + saline (n=16)

[11].
Therefore, the present study used an NOG mouse model
with acute hepatitis induced by CCl4 treatment to investigate
the ability of xenotransplanted cBMCs to accumulate in inaccumulation in the liver.
MATERIALS AND METHODS
Animals: Six-week-old NOG mice were purchased from
the Central Institute for Experimental Animals (Kawasaki,
Japan). Same age C57BL6J Jcl mice were purchased from
CLEA Japan, Inc. (Kawasaki, Japan) to serve as the wildtype (WT) murine control. All mice were shipped to the
Research Institute of Biosciences of Azabu University and
handled with humane care under pathogen-free conditions.
The mice were housed in a room under controlled temperature (25°C), humidity and lighting (12-hr light/dark cycle).
Access to food and tap water was ad libitum throughout the
study period. All of male NOG and C57BL mice were used
in research for an experimental model of liver injury, and
female NOG mice were used for cBMC transplant experimentation. A 2-year-old male beagle dog that was clinically
healthy was used as a donor of cBMCs for transplantation
into NOG mice. All experiments in this study were performed in accordance with the Animal Protection Guidelines
of Azabu University (authorization no. 10–79).
Experimental model of liver injury: Forty male NOG
mice and 20 male WT mice were divided into three groups:
NOG + CCl4 (n=20), NOG + oil (n=20) and WT + CCl4
(n=20). CCl4 (Wako Pure Chemical Industries, Osaka, Japan) dissolved in olive oil (1 ml/kg) was administered via
intraperitoneal injection in the NOG + CCl4 and WT + CCl4
groups, and the extent of liver injury and regeneration was

and the livers were removed at 0 hr, 24 hr, 48 hr and 1 week
after BMC transplantation (Fig. 1B).
Laboratory analysis: The mice were anesthetized with
pentobarbital (Somnopentyl; Kyoritu Seiyaku Corporation,
Tokyo, Japan), and their blood was collected from the heart
and centrifuged at 15,00G for 15 min at 4°C. Albumin, alanine aminotransferase (ALT) and aspartate amino transferase (AST) levels were analyzed with a Hitachi 9,000 series
automatic analyzer.
Histological examination
μm-thick sections were stained
with hematoxylin and eosin (HE). The relative necrotic
area, expressed as a percentage of the total liver area, was
(http://rsb.info.nih.gov/ij).
Immunohistochemistry: Tissue sections were subjected
to immunohistochemistry using rat monoclonal antibody
to the Ki-67 antigen (1:200; Dako, Tokyo, Japan), which
detects proliferating cells. Microwave antigen retrieval was
performed in citrate buffer (pH 6.0) for 10–20 min. The sec2O2 in methanol for 20 min.
For the primary antibody reaction, slides were incubated in a
wet chamber overnight at 4°C. The immunoreactive materi-

24 hr, 48 hr, 72 hr and 1 week after CCl4 injection, and the
formaldehyde for histological examination.
Preparation of donor BMCs: cBMCs were harvested from
the humerus and femur of the dog under general anesthesia with intravenous injection of medetomidine (20 μg/kg)
and pentobarbital (10 mg/kg). The cells were collected in a
heparin-containing syringe. After fat removal, cBMCs were

Simple Stain MAX PO; Nichirei, Tokyo, Japan) and diamisections were counterstained with hematoxylin. The number
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Experimental design of cBMC transplantation into NOG mice. (A) The cBMCs were collected

liver injury induced by CCl4 treatment. The mice were grouped as CCl4 + cBMC, oil + cBMC and
CCl4 + saline groups (n=5, respectively). The systemic distribution of the transplanted male cBMCs
was evaluated 1 week after transplantation. (B) Sampling times after cBMC transplantation. The CCl4
+ cBMC (n=12) and CCl4
hr, 24 hr, 48 hr and 1 week after BMC transplantation (n=4, respectively).

the ratio of Ki-67-positive cells was calculated.

-

freshly isolated lungs, spleens and livers were embedded in
optimal cutting temperature medium and frozen. Frozen sections (5 μm) were obtained using a cryostat (model HM505;
stained with phalloidin (Alexa Fluor 488 phalloidin, Invitrogen, Carlsbad, CA, U.S.A.). Vectashield mounting medium
with DAPI (Vector Laboratories Inc., Burlingame, CA,
U.S.A.) was used for nuclear staining. The lung and spleen
sections were nuclear stained with DAPI alone. Images
(FSX100; Olympus, Tokyo, Japan). Computer-assisted image analysis was performed using ImageJ software version
1.41.
: Genomic DNA
was isolated from NOG mouse liver tissue homogenates using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany).
The presence or absence of the sex-determination region of
the male Y chromosome (SRY gene) in the recipient female
NOG mice was assessed by PCR as previously described
[25]. Primer sequences for the SRY gene were obtained from
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conditions were as follows: incubation at 94°C for 2 min; 40
cycles of incubation at 94°C for 30 sec, 57°C for 30 sec and
rose gel electrophoresis and stained with ethidium bromide.
Positive (male canine genomic DNA) and negative (female
canine genomic DNA) controls were included in each assay.
Statistical analysis: Data are expressed as means ± standard error of the mean (SEM). The Mann–Whitney U test
was used to compare the different groups as appropriate.
P
Analyses were performed using GraphPad Prism 5.
RESULTS
Characterization of CCl4-induced acute liver dysfunction
in NOG mice: The degree of liver injury was assessed by
measuring serum liver enzymes (Fig. 2A). Serum albumin
4 injection, after which the levels improved to within the normal
range in both NOG and WT mice. Both serum ALT and AST
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Fig. 2. CCl4-induced acute liver injury and regeneration in NOG and WT mice. (A) Serum albumin, ALT and AST levels before and 7
days after CCl4
4 injection in both WT and NOG mice. Scale bar=200 μm. (C) Regeneration of liver
tissue was estimated by detection of Ki-67-positive cells. The ratios of Ki-67-positive cells were calculated in 2,000 hepatocytes. Scale
bar=100 μ
group; P
4 treatment of NOG and WT mice (n=4 per group; P<0.05).

increased markedly 24 hr after CCl4 injection; however, they
decreased to within the normal range 48 hr after CCl4 injection, with no differences between the NOG and WT mice. To
evaluate liver damage and regeneration, the necrotic areas
of the liver were measured in NOG and WT mice injected
with CCl4
tent of liver necrosis between the NOG and WT mice (Fig
2B). Immunohistochemistry using Ki-67, a marker for cell
proliferation, was performed to assess hepatocyte regeneration (Fig. 2C). Ki-67-positive hepatocytes were limited 24 hr
after CCl4 injection; however, there were many positive cells
48 hr after CCl4 injection, with no differences between the
NOG and WT mice.
Migration of PKH26-positive cBMCs into injured liver
lobules: PKH26-positive cBMCs (1 × 106) were injected

into liver-damaged and control (undamaged) female NOG
microscopy a week after transplantation (Fig. 3). A few
PKH26-positive cells were detected in sections of the
liver from undamaged controls (Fig. 3A), and there were
no PKH26-positive cells in CCl4-damaged mice without
cBMC transplantation. In contrast, in the transplanted CCl4treated mice, the number of PKH26-positive cells gradually
increased, spreading into the liver lobules (Fig. 3A, 3B).
Some PKH26-positive cells were observed in the lung tissue
of both liver-damaged and control mice (Fig. 3A, 3B), while
no PKH26-positive cells were detected in spleen tissue from
any of the groups (Fig. 3A).
Detection of the SRY gene in transplanted NOG mice:
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Engraftment of donor cBMCs in liver, lung, and spleen tissues was examined 1 week after transplanta-

of PKH26-positive cBMCs were detected in livers of the CCl4 + cBMC group, but only a few cBMCs were
detected in livers of the oil + cBMC group. In both the CCl4 + cBMC and oil + cBMC groups, some PKH26positive cells were detected in the lung tissue, but not in the spleen tissue. Scale bar=200 μm (B) Quantitative
increased in the CCl 4 + cBMC group compared with the oil + cBMC group, but the number of PKH26Oil+cBMCs group (n=4 per group; P
exclusively in the livers of the female xenotransplanted mice. Lane 1, molecular weight standard; lane 2,
cBMC-infused liver tissue; lane 3, saline-treated liver tissue; lane 4, male dog liver tissue (positive control);
lane 5, female dog liver tissue (negative control).

chromosome, demonstrated that transplanted cBMCs were
present in the livers of the transplanted female mice, indicating that male cBMCs accumulated in the liver tissue of the
female mice (Fig. 3C).
Localization of infused cBMCs in the injured Liver: Phalloidin staining of frozen liver sections was performed to further elucidate the localization of cBMCs in the mouse liver.

The actin cytoskeleton was disordered in necrotic tissue,
and PKH26-positive cells were slightly accumulated in the
necrotic areas 24 and 48 hr after transplantation (Fig. 4A).
One week after transplantation, the number of accumulated
cBMCs (PKH26-positive cells) gradually increased and
spread into the liver lobules (Fig. 4A, 4B).
Effects of cBMC transplantation on CCl4-induced acute
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Fig. 4. Combined analysis of actin phalloidin (green), PKH26 (red) and DAPI (blue). (A) The left liver lobes of
NOG mice were analyzed 24 hr, 48 hr and 1 week after cBMC transplantation. The dotted lines indicated the
and 48 hr after transplantation, cBMCs were sparsely distributed, corresponding to the necrotic areas. These
cells had accumulated 1 week after transplantation. (B) Quantitative comparison of PKH26-positive cBMCs in
with that in the oil + cBMC group (n=4 per group; P<0.05). Scale bar=Small bar=200 m, Large Bar=50 m
(Fig. A).

liver dysfunction in the NOG mice: To clarify the therapeutic

DISCUSSION

model, the degrees of hepatic injury and regeneration were
compared between the cBMC-transplantation and saline
(control) groups (Fig. 5). As parameters of hepatic injury,
serum albumin and hepatic enzyme levels (Fig. 5A) and
necrotic areas (Fig. 5B) were measured. As a measure of
hepatocyte regeneration, the Ki-67-positive ratios were
measured in each group (Fig. 5C). However, none of these

In the present study, the infused cBMCs not only accumulated in the injured mouse liver at an early stage after

and transplantation groups (P=0.872).

Transplantation of cBMCs into recipient mice was success-

tissue. Although several investigators have reported the ability of BMCs to engraft in experimental models, including
study to investigate whether canine BMCs can accumulate in
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between the saline and cBMC groups. Scale bar=200 μm. (C) Hepatocyte regeneration was measured by immunohistochemistry of Ki-67
48 hr after CCl4 injection. Regeneration was unchanged at each time point in both the saline and cBMC groups. Scale bar=100 μm. Bars

ful, as indicated by the detection of both PKH26-labeled
cBMCs and the canine SRY gene in the liver tissue of female
NOG mice. In particular, infused cBMCs were located in the
necrotic area of the liver an early stage after transplantation,
with the largest accumulation at 1 week after transplantation.
CCl4-induced acute liver injury in NOG mice peaked at 24
hr, and most liver regeneration occurred at 48 hr after CCl4
injection. However, the time course of cBMC migration to
the injured liver tissue did not correspond to the time course
of liver injury or regeneration, because most cBMC accumulation occurred more than 48 hr after transplantation. Previously, Thomas et al. demonstrated that macrophage therapy

for their study, which they were established by a long-term
protocol of CCl4 injection on two consecutive days per week
for at least 6 weeks. In the present study, NOG mice were injected with CCl4 a single time and used as an acute hepatitis
model, so its pathogenesis might be the cause of the different
time course of cell accumulation in chronic hepatic injury.
Therefore, we suggested that transplanted cell accumulation
in the injured liver might be affected by the difference in
tion.
have been developed for heterograft experimentation [2].
NOG mice can accept heterologous cells much more readily
though the immune system plays an important role in liver

detected in liver tissue from 1 to 7 days after transplantation, but the number of cells was not increased [28]. Chronic
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regeneration [5, 19], it is not known whether NOG mice
are an appropriate model for spontaneous acute hepatitis.

Science Research Promotion Fund of the Promotion and
Mutual Aid Corporation for Private Schools of Japan, by a
Matching Fund Subsidy for Private Universities and by a
grant from the Ministry of Education, Culture, Sports, Science and Technology (No 80333144).

comparing CCl4-induced hepatitis and liver regeneration between NOG and WT mouse models of acute hepatitis, which
suggested that NOG mice can be used as an acute liver injury
model similar to WT mice. Both serum hepatic enzyme levels and necrotic areas showed maximum increases 24 hr after
CCl4 injection, and Ki-67-positive hepatocytes appeared 48
hr after CCl4
tent with those of a previous study [20]. It is well known that
the hepatocyte growth factor (HGF) is the most important
factor for hepatic regeneration [23]. We expect that liver
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Eﬀects of Prostaglandin E 1 on the Preparation of Platelet
Concentrates in Dogs
K. Segawa, T. Kondo, S. Kimura, A. Fujimoto, T. Kato, T. Ishikawa, S. Neo, M. Hisasue,
T. Yamada, and R. Tsuchiya
Background: Platelet concentrates (PC) are prepared by centrifugation of platelet-rich plasma (PRP) that is prepared
by centrifugation of whole blood. The resuspension of the platelet pellet during PC preparation from dogs is diﬃcult
because of platelet activation induced by centrifugation.
Objectives: To investigate the eﬃcacy of adding prostaglandin E1 (PGE1) to prevent platelet activation during PC
preparation from dogs.
Animals: Fifteen healthy Beagle dogs.
Methods: Prospective, experimental trial: PGE1 was added to PRP before the high-speed centrifugation during PC
preparation. To estimate the eﬀect of this addition, we assessed the platelet aggregability before transfusion, the survival
of the platelets after transfusion, and the platelet reactivity after transfusion, which is estimated by the P-selectin expression of the platelets when stimulated by thrombin.
Results: The diﬃculty associated with platelet resuspension was resolved by PGE1. PGE1 strongly inhibited platelet
aggregation induced by collagen and ADP; however, it recovered after the platelets were resuspended in plasma without
PGE1 (mean aggregation ratio; collagen: 10.00–80.80%, ADP: 8.20–53.60%). Survival of the platelets after transfusion
was not aﬀected by PGE1 (mean 8.04 and 7.56 days, without and with PGE1), and thrombin-induced P-selectin expression
after transfusion in PGE1-treated PC was also well maintained (mean positive ratio 53.7 and 47.9%, before and 24 hours
after transfusion).
Conclusions and Clinical Importance: The addition of PGE1 in PRP before the centrifugation of PRP can improve the
preparation eﬃciency of PC from dogs, while maintaining the therapeutic eﬃcacy of the platelets.
Key words: Aggregability; P-selectin; Survival; Transfusion.

latelet transfusions are indicated when animals
have bleeding tendencies associated with thrombocytopenia, thrombocytopathy, or both. This is
especially important before surgery or until immunosuppressive drugs become eﬀective in the face of
life-threatening bleeding in immune-mediated thrombocytopenia.1–3 In the context of platelet transfusion,
platelet concentrates (PC) have advantages over whole
blood transfusion because of the decreased risk of
hemolytic transfusion reactions, volume overload, and
the development of polycythemia.
Platelet concentrates from dogs are prepared by
serial diﬀerential centrifugation of fresh whole
blood.4,5 or apheresis.6,7 Apheresis results in high quality PC, but it requires special equipment and general
anesthesia in veterinary practices. Consequently, PC
preparation by the serial diﬀerential centrifugation of
fresh whole blood is more practical in most veterinary
clinics.

P

Abbreviations:
PGE1
PRP
PC
PPP
ADP
PE
PBS
ANOVA
SD

prostaglandin E1
platelet-rich plasma
platelet concentrates
platelet-poor plasma
adenosine diphosphate
phycoerythrin
phosphate buﬀered physiological saline
analysis of variance
standard deviation

A protocol for the preparation of PC from dogs by
using serial diﬀerential centrifugation was ﬁrst reported
in 1993.4 In the serial diﬀerential centrifugation
method, PC are harvested by a high-speed centrifugation of platelet-rich plasma (PRP) after a low-speed
centrifugation of fresh whole blood. However, it is difﬁcult to resuspend platelet pellets following the highspeed centrifugation caused by platelet activation.
Platelet activation during PC preparation contributes
to the development of platelet storage lesions and
decreased platelet viability.8–10 It is therefore important
to develop a method to minimize platelet activation
during the preparation of PC.
Prostaglandin E1 (PGE1) is a reversible inhibitor of
platelet activation because of its ability to increase cyclic AMP levels within the platelets.9,11 Although early
studies showed that the addition of PGE1 to human
PRP facilitated the separation, concentration, and
resuspension of platelets,9,12–14 there have been no
studies of the eﬀects of PGE1 on the preparation of
PC in dogs. The aim of this study was to investigate
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the eﬃcacy of adding PGE1 during PC preparation.
We estimated the ease of platelet resuspension after
high-speed centrifugation of PGE1-treated PC and
then conﬁrmed platelet function before and after transfusion, and also evaluated survival of the PGE1-treated
platelets after transfusion.

Materials and Methods
Study Design
The platelet aggregability in PC before transfusion, the survival of the platelets after transfusion, and the platelet reactivity
after transfusion were assessed to evaluate the beneﬁts of modifying the PC preparation by adding PGE1. The platelet viability in
PC prepared with PGE1 was conﬁrmed by the comparing platelet
aggregability before and after PGE1 treatment (n = 5). The survival of the platelets after transfusion was assessed by ﬂow
cytometry using a biotin label. The platelets in PC prepared with
PGE1 and that in PRP without PGE1 (both n = 5) were labeled
with biotin and then were reinfused into the same individuals.
Blood samples were collected 1 hour after transfusion (Day 0)
and at the same time on Days 1 through 7. The survival time of
the transfused platelets were calculated by the changes in the biotin-positive ratio of the platelets. Subsequently, the biotinylated
PC prepared with PGE1 (n = 5) were reinfused and blood samples were collected 1 and 24 hours after reinfusion. The P-selectin
expression following thrombin stimulation in the biotin-labeled
platelets was analyzed by ﬂow cytometry using FITC-labeled
anti-P-selectin antibody to estimate the reactivity after transfusion.

Experimental Animals
Research protocols were approved by the Animal Experiment
Committee of Azabu University. Fifteen healthy Beagle dogs, 11
intact males and 4 intact females, 1–12 years of age and weighing
9–15 kg, were used for the experiments. Some dogs were rotated
and used for more than 1 experiment (the number of dogs used
in each experiment is described below).They were maintained in
the Institute of Life Sciences or in the Veterinary Clinical Center,
Azabu University, according to the Animal Experiment Guidelines of the university. They had no history of venipuncture or
treatment with any drug, including nonsteroidal anti-inﬂammatory agents, for at least 2 weeks before the study. They were
allowed free access to water but were fasted for at least 12 hours
before blood collection and were fed after the last sampling was
complete on each experimental day.

PC Preparation
A quantity of 200 mL of whole blood was drawn into 200 mL
blood transfusion bagsa containing citrate-phosphate dextrose
adenine 1 (CPDA-1) at the standard mixing ratio (1 part CPDA1 to 6.5 parts blood) from the jugular vein through 17-gauge
needles. The bag was weighed during blood collection, and the
collection tubing was clamped oﬀ when it reached the intended
collection volume.
Platelet concentrates were prepared by serial diﬀerential
centrifugation of fresh whole blood.4,5 All blood components
containing platelets were handled gently at 20–24°C (room
temperature) to minimize platelet activation. After resting for
30 minutes, the whole blood was centrifuged (soft spin) for
3.5 minutes at 1,000 9 g to prepare PRP. The PRP were then
transferred into a satellite bagb using a plasma extractor. Extraction was stopped when the red blood cell interface was 1 cm
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from the top of the collecting bag, and the PRP was left undisturbed for 15 minutes. For PC that were to be treated with
PGE1, PGE1c (1 mmol/L in ethanol) was injected into the PRP
(ﬁnal concentration, 1 lmol/L) through an outlet port, and then
mixed manually by rocking the bags back and forth. The PRP
was centrifuged (hard spin) for 10 minutes at 2,000 9 g to produce a platelet pellet. The platelet-poor plasma (PPP) was transferred to another satellite bag, leaving behind 20 mL of plasma
with the platelet pellet. The platelet pellet was left undisturbed
for 1 hour to promote platelet disaggregation, and then the platelets were resuspended by gentle manual back and forth rocking
and massaging of the bag.

Aggregability of Platelets in PC Prepared with PGE1
The aggregability of the platelets in PC treated with and without PGE1 was assessed. Four samples for platelet aggregometry
were collected from the transfusion bags at each step of PC preparation. First, a sample of the PRP was collected from the satellite bag when the PRP was produced, and the remainder was
divided in 2 satellite bags. Second, the PGE1 was added to one
of the separated PRP bags, and then a sample (PGE1+ PRP)
was collected immediately. Third, the PGE1+ PRP was centrifuged (hard spin), and then the supernatant was replaced with
PGE1-free autologous plasma. The platelet pellet was resuspended after a 1 hour incubation, and a sample of the PGE1removed PC was collected. Fourth, a control PC sample was also
collected from the paired untreated PRP bag after high-speed
centrifugation, after a 1‐hour incubation, and resuspension
according to the reported method.4,5
Aggregometry was performed as follows. First, the platelet
counts were measured using an automated cell counterd and
adjusted to approximately 250,000/lL by adding autologous
PPP. After a 30 minute rest for the resuspended platelets, optical
platelet aggregometry was performed by using an aggregometer.e
Collagenf and adenosine diphosphate (ADP)g were used as agonists. Because CPDA-1 is not an ideal anticoagulant for aggregometry,15,16 the stimulating conditions were modiﬁed with the
addition of CaCl2 to a ﬁnal concentration of 15 mmol/L to accelerate the platelet reaction, and the addition of low molecular
weight heparinh at a ﬁnal concentration 0.6 IU anti-Xa/mL to
prevent the plasma coagulation induced by adding the CaCl2.
The ﬁnal concentrations of collagen and ADP were 100 lg/mL
and 20 lmol/L, respectively.

Survival of Platelets after Transfusion
The survival of the platelets after transfusion in PC prepared
with PGE1 and that in PRP without PGE1 were investigated
according to Heilmann’s technique of biotinylation.7,16,17 The PC
and PRP were produced as described above. Next, the platelet
survival was assessed as follows: N-hydroxysuccinimido biotin
(0.2 mg/mL PC or PRP)i dissolved at 20 mg/mL in dimethylsulphoxide was added into PC prepared with PGE1 or PRP,
and then mixed well. After a 10-minute incubation at room temperature, the biotin-treated platelets were infused to the same
individuals through a cephalic vein over 30 minutes. Quantities
of 2.5 mL of blood samples were collected 1 hour after reinfusion (Day 0) and at the same time on Days 1 to 7 to assess the
survival of the reinfused platelets. The samples were anticoagulated with ethylenediaminetetraacetic acid disodium salt and centrifuged for 1 minute at 2,000 9 g to separate the PRP. Then the
PRP were stored at 4°C until the ﬁnal sample was collected.
After collecting all the samples for the platelet survival study,
the platelet counts of each PRP sample were adjusted to approximately 10,000/lL using a phosphate buﬀered physiological saline
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containing 3% bovine serum albumin at pH 7.2 (PBS). A quantity of 10 lL of phycoerythrin-streptavidin (PE-SA)j was added
to 100 lL of the platelet suspensions. The percentages of biotinylated platelets were measured by PE positive events using ﬂow
cytometry.
The samples were analyzed using an Epics XL ﬂow cytometerk
or a Cyﬂow SL instrument.l The light scatter and ﬂuorescence
channels were set on a logarithmic scale. DNA-check beadsm
were used to calibrate the ﬂuorescence. The forward scatter
threshold was set to exclude debris and machine noise. Platelets
were identiﬁed by their forward and side light scatter. A minimum of 2,000 platelets were analyzed. The background ﬂuorescence was evaluated by use of nonbiotinylated platelets, and
gates were established so that approximately 95% of the events
had no ﬂuorescence.
The survival of the platelets after transfusion was calculated
using a linear regression model.18,19

diﬀerences in the platelet reactivity between the positive control
and the values after transfusion. In addition, the paired t-test
was used to compare the platelet reactivity between samples collected at 1 and 24 hours after transfusion. Data were expressed
as the means ± standard deviation (SD). Box plots were also
used as descriptive parameters within ﬁgures. Values of P < .05
were considered to be signiﬁcant.

Results
Platelet Resuspension after High-Speed
Centrifugation
Platelets were packed tightly to the bottom, irrespective of the presence of PGE1 (Fig 1A). The platelet
pellets prepared with PGE1 achieved uniform resuspension after the 20‐minute agitation (Fig 1B). Because
the untreated platelet pellet was diﬃcult to disaggregate, there were more platelet aggregates in the bag
without PGE1 (Fig 1C). The platelet pellets without
PGE1 took 30 minutes or more to achieve uniform
resuspension.

Platelet Reactivity after Transfusion
To investigate the platelet reactivity after transfusion, thrombin-induced P-selectin expression was analyzed. The Heilmann
platelet biotinylation technique described above was also used to
discriminate the transfused platelets from the other platelets.7,16,17
Biotinylated PC prepared with PGE1 were reinfused as described
above. A quantity of 2.5 mL of blood was collected into sodium
citrate at 1 and 24 hours after reinfusion to assess platelet P-selectin expression with thrombin stimulation.7,20,21
Because the P-selectin expression changed over time, the analyses of P-selectin expression were performed at 1 and 24 hours
after reinfusion. The PRP was separated from these samples as
described above. After a 15‐minute incubation of the PRP, PGE1
at ﬁnal concentration of 1 lmol/L was added to the PRP to stop
the activation of the platelets. Next, the PRP was centrifuged for
3 minutes at 2,000 9 g, and platelets were resuspended in PBS
at approximately 10,000/lL. A total of 100 lL of the platelet
suspension was incubated with 20 lL of FITC-labeled antihuman P-selectin mouse monoclonal antibody7,21,n and 10 lL of
PE-SA.
While they were incubated with the antibody, the platelets
were activated with thrombino at a ﬁnal concentration 0.25 U/
mL in the stimulus group. This was done to determine if the
transfused platelets maintained their reactivity to thrombin stimulation. After a 20‐minute incubation at room temperature and 2
washes, the platelets were resuspended in 150 lL of PBS and
analyzed immediately using ﬂow cytometry.
The positive and negative control data were also acquired
from preliminary studies where platelets were not transfused, but
where they were thrombin stimulated or were left unstimulated.
The FITC-labeled mouse IgG1p was used as an isotypic control for the anti-P-selectin monoclonal antibody, and no nonspeciﬁc binding was observed (data not shown). Although the same
ﬂow cytometer settings as described above were used, the background ﬂuorescence was evaluated by use of nonstimulated platelets. Compensation was performed for all dual-labeled samples to
ensure adequate separation of events with and without ﬂuorescence.

Aggregability of Platelets in PC Prepared with PGE1
Although there were signiﬁcant diﬀerences in the
aggregability between PRP and PGE1+ PRP (collagen:
P < .001; n = 5, ADP: P < .001; n = 5, Fig 2A and
2B), there was no signiﬁcant diﬀerence in the aggregability between PRP and PGE1-removed PC using
either agonist. As a result of the replacement of PGE1containing plasma with intact PPP, the collagen or
ADP-induced platelet aggregation recovered similar to
the PRP.

A

B

C

Statistical Analysis
All data were analyzed using the same statistical software program.q Normality was conﬁrmed by the Kolmogorov-Smirnov
test. The maximal aggregation values were compared between the
PRP and other fractions using Dunnett’s posthoc test. The
unpaired t-test was used for the analysis of the platelet survival
after transfusion. Unpaired t-tests were performed to analyze the

Fig 1. The platelet resuspension after high-speed centrifugation
and a 1‐hour resting period with (B) and without (C) PGE1 in
dogs. Platelet pellets (A) were manipulated gently by hand for
20 minutes to achieve uniform resuspension. A lot of platelet
aggregates were still found in bag C.
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B

Fig 3. A dot plot of the transfused platelets evaluated by ﬂow
cytometry in dogs. Biotin/phycoerythrin-streptavidin (SA) labeled
platelets were discriminated as PE positive events (upper
scatters).

was 8.04 ± 0.49 days (n = 5) in the group that was
transfused with PRP without PGE1 and was
7.56 ± 0.81 days (n = 5) in the group that was transfused with PC prepared with PGE1 (Fig 4). No signiﬁcant diﬀerence was found between the groups in the
platelet survival (P = .3).

Platelet Reactivity after Transfusion

Fig 2. The aggregability of platelets in platelet concentrates
(PC) prepared with prostaglandin E1 (PGE1) as analyzed by
turbidimetric aggregometry in dogs. The samples of platelet-rich
plasma (PRP), control PC (without PGE1), PGE1+ PRP, and
PGE1 removed PC were collected from transfusion bags at each
step of PC preparation. The ﬁnal concentrations of collagen (A;
n = 5) and ADP (B; n = 5) were 100 lg/mL and 20 lmol/L,
respectively. Dunnett’s posthoc test was used to compare the
PRP and other fractions. For box graphs, the line within the box
represents the median value, the limits of the box represent the
25th and 75th percentile values, and the whiskers represent the
range. NS, not signiﬁcant (same in Figs 4 and 6).

Survival of Platelets after Transfusion
Transfused platelets were discriminated as biotin/
PE-SA positive events (Fig 3). The platelet survival

Transfused platelets were completely discriminated
from other platelets as PE-positive events (Fig 5).
There were no signiﬁcant diﬀerences between PE-positive and PE-negative platelets with regard to the P-selectin expression that was evaluated as FITC positive
events. Thrombin-induced P-selectin expression events
were compared between transfused PC and control
data (Fig 6). There were no signiﬁcant diﬀerences
between the positive control (P-selectin positive ratio:
53.7 ± 5.1%; n = 5) and transfused PC prepared with
PGE1 (1 hour after transfusion: 42.0 ± 13.0%; n = 5,
24 hour after transfusion: 47.9 ± 13.3%; n = 5) by
unpaired t-tests. No signiﬁcant diﬀerence was found
between the values at 1 and 24 hours after transfusion
by the paired t-test.

Discussion
This study suggests that the addition of PGE1
during preparation of PC by serial diﬀerential centrifugation is an eﬀective tool for decreasing platelet
activation.
It is often diﬃcult to resuspend platelet pellets following high-speed centrifugation of PRP according to
the reported protocol,4,5 and treatment with PGE1
made platelet resuspension easier and faster. Therefore,
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% Platelets remaining

A

Days after reinfusion

% Platelets remaining

B

Fig 5. A dot plot of the transfused platelet responses to thrombin as quantitated by the P-selectin expression in dogs. To detect
platelet surface P-selectin, an FITC-labeled anti-human P-selectin
monoclonal antibody was used. Transfused platelets were
discriminated as indicated in Figure 3.

Days after reinfusion

Fig 4. The survival of biotin-labeled autologous platelets in
dogs, reinfused as platelet-rich plasma (A; n = 5) or PC prepared
with prostaglandin E1 (B; n = 5). The percentage of biotinylated
platelets at various times was quantitated by ﬂow cytometry as
indicated in Figure 3. The percentage of biotin-positive platelets
on Day 0 in each dog was estimated as 100% remaining. According to the consensus opinion of the Biomedical Excellence for
Safer Transfusion Collaborative, only time points beyond
20 hours after infusion were used to analyze the survival of platelets after transfusion. No signiﬁcant diﬀerence in the platelet
survival was found between the groups according to the unpaired
t-test. For box graphs, the line within the box represents the
median value, the limits of the box represent the 25th and 75th
percentile values, and the whiskers represent the range.

Fig 6. The reactivity of the transfused platelets in dogs. The
platelet responses at 1 and 24 hours after transfusion were quantitated by thrombin-induced P-selectin expression as indicated in
Figure 5. The positive and negative controls were derived from
platelets before transfusion with and without thrombin stimulation (n = 5). There were no signiﬁcant diﬀerences between the
positive control and transfused Platelet concentrates as determined by unpaired t-tests. There was also no signiﬁcant diﬀerence found between the values at 1 and 24 hours after
transfusion by the paired t-test. Neg. cont., negative control; Pos.
cont., positive control; after TX, after transfusion. For box
graphs, the line within the box represents the median value, the
limits of the box represent the 25th and 75th percentile values,
and the whiskers represent the range. NS, not signiﬁcant.

addition of PGE1 resolved the diﬃculties associated
with platelet pellet resuspension in dogs.
To treat hemostatic abnormalities caused by thrombocytopenia, thrombocytopathy, or both, platelets in
PGE1-treated PC should act normally after transfusion. The inhibitory eﬀect of PGE1 on platelets is
considered to be reversible,9,11 but it was necessary to
conﬁrm the reversibility in vitro before a PGE1-treated PC transfusion is performed. In this study, the
collagen- or ADP-induced platelet aggregation was
clearly inhibited by PGE1 treatment. After replacement of the supernatant plasma containing PGE1
with autologous intact PPP, the inhibitory eﬀects of
PGE1 were lost. This reversibility of the eﬀect of
PGE1 suggested that platelets in PGE1-treated PC act

normally during hemostasis when they are diluted
with a larger amount of circulating plasma after
transfusion.
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Whenever new platelet-rich products are produced,
an assessment of the in vivo platelet survival is essential to predict the platelet viability after transfusion.
We found that the platelet survival after transfusion of
PGE1-treated PC was equal to that of intact PRP.
The reversible eﬀect of PGE1 on platelets was
conﬁrmed in vitro using platelet aggregometry as
described above. However, the viability of platelets
after transfusion in PGE1-treated PC is not necessarily
guaranteed by evidence of their aggregation. Therefore, we investigated the platelet reactivity after transfusion. Although there are many kinds of laboratory
examinations that can be used to assess the quality of
PC, there are no in vivo methods to predict the clinical
eﬃcacy.22 For this study, we combined the thrombininduced P-selectin expression analysis with Heilmann’s
biotinylation technique7,16,17 which distinguishes transfused platelets from other intact platelets using ﬂow
cytometry. This original technique was considered to
be quite powerful to estimate the viability of the platelets after transfusion. Our results showed that the
strong inhibitory eﬀect of PGE1 on platelet function
had disappeared after PC transfusion, and that platelets in PGE1-treated PC maintain their reactivity for at
least 24 hours after transfusion.
Because the PGE1 solution is available commercially
and is licensed for clinical use, the addition of PGE1
during preparation of PC is easily implemented and
practical. In human medicine, the addition of PGE1 to
the preparation of PC and 5 days of storage reduced
the survival of platelets after transfusion to
5.8 ± 1.6 days compared with 6.9 ± 1.4 days in control
PC prepared without PGE1.9 Although the addition of
PGE1 did not shorten the survival of platelets after
transfusion in this study, we did not assess the in vivo
survival of stored platelets treated with PGE1. Therefore, the addition of PGE1 should only be considered
when fresh PC is transfused immediately in dogs. Furthermore studies are needed to investigate the storage
stability of PC prepared with PGE1.

Footnotes
a

Teruﬂex, BB-SCD207J01, Terumo Company, Tokyo, Japan
Transfer Bags, BB-T015CJ, Terumo Company
c
Prostaglandin E1, Sigma Chemical Company, Saint Louis, MO
d
Sysmex F-820, Sysmex Corporation, Kobe, Japan
e
Chrono-log C550 dual-channel aggregometer, Chrono-log Corp,
Havertown, PA
f
Chrono-collagen, Chrono-log Corp
g
Chrono-ADP, Chrono-log Corp
h
FRAGMINiv5,000, Pﬁzer Japan Inc, Tokyo, Japan
i
N-hydroxysuccinimido biotin, Sigma Chemical Company
j
Phycoerythrin-streptavidin, Sigma Chemical Company
k
EPICS XL, Beckman Coulter, Fullerton, CA
l
CyFlow SL, Partec Gmbh, Munster, Germany
m
DNA-check Beads, Beckman Coulter, Fullerton, CA
n
Anti-human CD62P-FITC, clone AC1.2, Becton Dickinson,
San Jose, CA
o
Thrombin, Sigma Chemical Company
b
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p

Mouse IgG1 isotype control-FITC, clone MOPC-21, Becton
Dickinson, San Jose, CA
q
Prism, Version 5.0, Graphpad Software, San Diego, CA
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ῶᑡࡋ࡚࠸ࡿ㑇ఏᏊ㸧ࡢೃ⿵ࡋ࡚ὀ┠ࡋࡓ 'O[㸦'LVWDOOHVVKRPHRER[㸧ཬࡧ /HI
㸦/\PSKRLG(QKDQFHU%LQGLQJ)DFWRU㸧ࡘ࠸࡚ࠊ௨ୗࡢࣉࣛࢫ࣑ࢻࢥࣥࢫࢺࣛࢡࢺ
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ࢆస〇ࡋࡓࠋ༶ࡕࠊ'1$ ᅜ㝿ࢹ࣮ࢱࣂࣥࢡⓏ㘓ࡉࢀ࡚࠸ࡿࢾࢤࣀ࣒㓄ิࢆཧ⪃ࠊ
ࢾ 'O[ 㑇ఏᏊࡢ᥎ᐃࣉ࣮ࣟࣔࢱ࣮㡿ᇦ㸦Ѹࠥ㸸 ࡣ㌿㛤ጞⅬ㸧ࢆ 3&5 ቑᖜ
ࡋࠊࣝࢩࣇ࢙࣮ࣛࢮ࣏࣮ࣞࢱ࣮ࣉࣛࢫ࣑ࢻࢆᵓ⠏ࡋࡓࠋѸࠥѸ ࡢ㛫࡛ᵝࠎ࡞㛗ࡉ
ࡢࣉ࣮ࣟࣔࢱ࣮㡿ᇦࢆࡶࡘࢹ࣮ࣜࢩ࣑࣮ࣙࣥࣗࢱࣥࢺࡢ࣏࣮ࣞࢱ࣮࣋ࢡࢱ࣮ࡶస〇ࡋࠊ
&& ⣽⬊ࢆ⏝࠸ࡓ࣏࣮ࣞࢱ࣮ࢵࢭ⣔ࢆᵓ⠏ࡋࡓࠋࡲࡓࠊࢾ /HI 㑇ఏᏊࡢࢱࣥ
ࣃࢡ㉁ࢥ࣮ࢻ㡿ᇦࡢ F'1$ ࢆࡶࡘⓎ⌧⣔࣋ࢡࢱ࣮ࢆస〇ࡋࡓࠋࡉࡽࠊ/HI 㑇ఏᏊࡢࣉ
࣮ࣟࣔࢱ࣮㡿ᇦࢆࡶࡘࣝࢩࣇ࢙࣮ࣛࢮ࣏࣮ࣞࢱ࣮࣋ࢡࢱ࣮ࡶస〇ࡋࡓࠋ
⤖ᯝ⪃ᐹ
'1$ ࣐ࢡࣟࣞࡼࡿ⥙⨶ⓗ㑇ఏᏊⓎ⌧ẚ㍑ゎᯒࡢ⤖ᯝࠊࣟ࣌ࢩ ; ࡢ⓶
⤌⧊࡛ᖖ⓶ẚ࡚᭷ពⓎ⌧㔞ࡢῶᑡࡀぢࡽࢀࡓ」ᩘࡢ㑇ఏᏊࡘ࠸࡚ᝈཎ
ᅉೃ⿵㑇ఏᏊࡋ࡚ὀ┠ࡋࡓࠋḟࠊࡇࢀࡽࡢೃ⿵㑇ఏᏊࡘ࠸࡚ࠊࣟ࣌ࢩ ; ᝈ
≟ᖖ≟ཬࡧ &'$ ᝈ≟ࡢᩘከࡃࡢಶయࡢ⓶࠾ࡅࡿཝᐦ࡞ᐃ㔞ⓗⓎ⌧ゎᯒࢆ
UHDOWLPH573&5 ἲࢆ⏝࠸࡚ᐇࡋࡓࠋࡑࡢ⤖ᯝࠊ᭱᭷ຊೃ⿵㑇ఏᏊ㸦ࣟ࣌ࢩ ;
ࡢࡳ࡛ῶᑡࡋ࡚࠸ࡿ㑇ఏᏊ㸧ࡋ࡚ࠊ'O[ ཬࡧ /HI ࡀᚓࡽࢀࡓ㸦ᅗ 㸧ࠋ'O[ 㑇ఏᏊ
⏘≀ࡣẟໟࡢศࡸẟࡢ࿘ᮇ㛵ࡍࡿࢱࣥࣃࢡ㉁ࡢ  ࡘ࡛࠶ࡾࠊ/HI 㑇ఏᏊ⏘≀ࡣ
'O[ 㑇ఏᏊⓎ⌧ࢆಁ㐍ࡍࡿ㌿ᅉᏊ࡛࠶ࡿࡇࡀ࣐࢘ࢫ࡛▱ࡽࢀ࡚࠸ࡿࠋ
ࢾ 'O[ 㑇ఏᏊࡢ᥎ᐃࣉ࣮ࣟࣔࢱ࣮㡿ᇦ㸦Ѹࠥ㸧ࣝࢩࣇ࢙࣮ࣛࢮ㑇ఏᏊࢆ
⤌ࡳ㎸ࢇࡔ᪂つࡢ࣏࣮ࣞࢱ࣮ࣉࣛࢫ࣑ࢻࠊཬࡧࡑࡢࢹ࣮ࣜࢩ࣑࣮ࣙࣥࣗࢱࣥࢺࡢ࣏࣮ࣞ
ࢱ࣮࣋ࢡࢱ࣮ࢆ⏝࠸࡚ࠊ&& ⣽⬊ෆ࡛Ⓨ⌧⣔࣋ࢡࢱ࣮ࢆ⏝࠸࡚ࢾ /HI 㑇ఏᏊࡢࢱ
ࣥࣃࢡ㉁ࢆ୍㐣ᛶ㐣Ⓨ⌧ࡉࡏࠊࣝࢩࣇ࢙࣮ࣛࢮάᛶࢆ

ᐃࡋࡓࠋࡇࡢホ౯⣔࡛ࠊ/HI

㌿ᅉᏊࡢⓎ⌧ࡣࠊᮇᚅ㏻ࡾ 'O[ 㑇ఏᏊࡢⓎ⌧ࢆቑຍࡉࡏࡓ㸦ᅗ 㸧ࠋ⯆῝࠸ࡇ
ࠊ࣐࢘ࢫ࡛ሗ࿌ࡉࢀ࡚࠸ࡿ /HI ㌿ᅉᏊࡀᛂ⟅ࡍࡿ⤖ྜ㒊㸦ѸࠥѸ㸧௨እ
ࡶࠊ'O[ 㑇ఏᏊࡢⓎ⌧ࢆไᚚࡍࡿᛂ⟅࢚࣓ࣞࣥࢺࡀ 'O[ 㑇ఏᏊࡢࣉ࣮ࣟࣔࢱ࣮㡿ᇦ
Ꮡᅾࡍࡿࡇࡀ♧၀ࡉࢀࡓ㸦ᅗ 㸧ࠋࡉࡽࠊࢾࣟ࣌ࢩ ; ᑐࡋ࡚ⓗ࡞Ⓨẟຠ
ᯝࡀ࠶ࡿࡇࡀሗ࿌ࡉࢀ࡚࠸ࡿᕷ㈍ࡢື≀⏝ᗣ⿵ຓ㣗ရ 5 8㸦⏕⌮άᛶ≀㉁ࢆྵࡴࣜ
ࢰ࣮ࣉࢫ⳦ UKL]RSXVRU\]DH ⏤᮶ᢳฟ≀㸧ࢆᮏホ౯⣔࡛ࢵࢭࡋࡓࡇࢁࠊ5 8 ࡣ⏝
㔞౫Ꮡⓗ 'O[ 㑇ఏᏊⓎ⌧ࢆಁ㐍ࡋࡓ㸦ᅗ 㸧ࠋ5 8 ࡢⓎẟ࣭⫱ẟຠᯝࢆࢧ࣏࣮ࢺࡍࡿ
୍ࡘࡢᶵᗎ࡛࠶ࡿࡶࡋࢀ࡞࠸ࠋࡲࡓࠊᵓ⠏ࡋࡓ /HI 㑇ఏᏊࡢࣉ࣮ࣟࣔࢱ࣮㡿ᇦࢆࡶ
ࡘࣝࢩࣇ࢙࣮ࣛࢮ࣏࣮ࣞࢱ࣮ࣉࣛࢫ࣑ࢻࡼࡿ࣏࣮ࣞࢱ࣮ࢵࢭ⣔ࢆ⏝࠸࡚ 5 8 ࢆ
ホ౯ࡋࡓࡇࢁࠊ5 8 ࡣ㌿ẁ㝵࡛ࡢ /HI 㑇ఏᏊࡢⓎ⌧ࡶಁ㐍ࡍࡿࡇࡀࢃࡗࡓ㸦ᅗ
㸧ࠋࡇࢀࡽࡢ࣏࣮ࣞࢱ࣮ホ౯⣔ࢆ⏝࠸࡚ࠊ'O[ 㑇ఏᏊⓎ⌧ࡢไᚚᶵᵓ㛵ࡍࡿศᏊ⏕
≀Ꮫⓗゎᯒࢆࡍࡿࡶࠊᙜヱ㑇ఏᏊⓎ⌧ࢆಁ㐍ࡍࡿ≀㉁ࡢ᥈⣴ࢆ⾜ࡗ࡚࠸ࡿࠋᮏ◊
✲࡛ࡢ࣏࣮ࣞࢱ࣮ホ౯⣔࡛ࡣࠊ࠸ࡃࡘࡢᇵ㣴⣽⬊ᰴࢆ᳨ウࡋࡓୖ࡛ࠊ&& ⣽⬊ᰴࢆ
⏝࠸ࡓࡀࠊࡼࡾಙ㢗ᛶࡢ㧗࠸Ⓨẟ࣭⫱ẟຠᯝࢆホ౯ࡍࡿࡓࡵࢾẟங㢌ึ௦ᇵ㣴⣽⬊
ᰴࢆ☜❧ࡋ⏝࠸ࡿࡢࡀᮃࡲࡋ࠸ᛮࢃࢀࡿࠋ
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ࡲࡓࠊࣟ࣌ࢩ ; ᝈ≟ᖖ≟࠾ࡅࡿࣉ࣮ࣟࣔࢱ࣮㡿ᇦࢆྵࡴ 'O[ 㑇ఏᏊࡢ
ሷᇶ㓄ิࢆỴᐃࡋẚ㍑ࡋࡓࡀࠊㄪࡓ㡿ᇦ࠾ࡅࡿ୧⪅ࡢሷᇶ㓄ิ┦㐪ࡣㄆࡵࡽࢀ࡞
ࡗࡓࠋ
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Lef1 promoter-Luc
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2. ᏛⓎ⾲


∦ᕝඃᏊࠊ⯚ሙṇᖾࠊᮧୖ㈼㸸%03 ⤒㊰ࡼࡿ 6PDG 㑇ఏᏊⓎ⌧ไᚚ㸬➨  ᅇ
᪥ᮏศᏊ⏕≀Ꮫᖺࠊ⚄ᡞࠊ ᖺ  ᭶



ஂಖᏊࠊ㉥ụࢇ࡞ࠊᮧୖ㈼㸸ᅜෆࢣ࣮ࣉ࣌ࣥࢠࣥࡢಶయ㆑ู࠾ࡼࡧ∗Ꮚ㚷ᐃ
࠾ࡅࡿ࣐ࢡࣟࢧࢸࣛࢺ '1$ ࣐࣮࣮࢝ࡢ᭷⏝ᛶ㸬➨  ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟
ࠊ༑⏣ࠊ ᖺ  ᭶



㯮⏣┿㐨ࠊᮧୖ㈼ࠊ⸨ᮏ㈗ྐࠊⲨඞಇ㸸㓄ิࢆࣉ࣮ࣟࣈࡋࡓ ),6+ ࡼࡿ
ᰁⰍయ㆑ูࢡ࣮ࣟࣥࢻࢪࣙ࢘ࡢ㞧✀㉳※ゎ᫂㸬ᖹᡂ  ᖺᗘ᪥ᮏỈ⏘Ꮫ⛅Ꮨ
ࠊ⚟ᒸࠊ ᖺ  ᭶



ᮧ⏣Ꮚࠊட᪩⣖ࠊᮧୖ㈼㸸ࣇࣥ࣎ࣝࢺ࣌ࣥࢠࣥᒓ  ✀ࡢ࣌ࣥࢠࣥࡢ᰾ᆺศᯒ
ࡼࡿ≉ᚩࡅ㸬➨  ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟ࠊᮐᖠࠊ ᖺ  ᭶



∦ᕝඃᏊࠊ⯚ሙṇᖾࠊᮧୖ㈼㸸%03 ࡼࡿ 6PDG Ⓨ⌧ㄪ⠇࣓࢝ࢽࢬ࣒ࡢゎᯒ㸬➨ 
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ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟ࠊᮐᖠࠊ ᖺ  ᭶


ὸஂ⨾Ꮚࠊ⯚ሙṇᖾࠊᮧୖ㈼㸸7*)șࡼࡿ 5$1./ ㄏᑟᛶ 0LWI( ࡢⓎ⌧◚㦵
⣽⬊ศࡢᙳ㡪㸬➨  ᅇ᪥ᮏศᏊ⏕≀Ꮫᖺࠊ⚄ᡞࠊ ᖺ  ᭶



∦ᕝඃᏊࠊᇼཱྀᫀ⚽ࠊ⯚ሙṇᖾࠊᮧୖ㈼㸸%03 ࡼࡿ 6PDG Ⓨ⌧ㄪ⠇㸬➨  ᅇ᪥
ᮏศᏊ⏕≀Ꮫᖺࠊ⚄ᡞࠊ ᖺ  ᭶



0XUDWD

. 0XUDNDPL 6 &KDUDFWHUL]DWLRQRI'1$PDUNHUVLVRODWHGIURPWKH

$IULFDQSHQJXLQ 6SKHQLVFXVGHPHUVXV E\XVLQJ5'$DQG0$6$WHFKQLTXHV WK
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Abstract
A previous study revealed that the expression of the Borna disease virus (BDV)-encoding phosphoprotein in glial cells was sufﬁcient to
induce neurobehavioral abnormalities resembling Borna disease. To evaluate the involvement of the TGF-b family in BDV-induced changes in
cell responses by C6 glial cells, we examined the expression levels of the TGF-b family and effects of inhibiting the TGF-b family pathway in
BDV-infected C6 (C6BV) cells. The expression of activin bA and BMP7 was markedly increased in BDV-infected cells. Expression of Smad7, a
TGF-b family-inducible gene, was increased by BDV infection, and the expression was decreased by treatment with A-83-01 or LDN-193189,
inhibitors of the TGF-b/activin or BMP pathway, respectively. These results suggest autocrine effects of activin A and BMP7 in C6BV cells.
IGFBP-3 expression was also induced by BDV infection; it was below the detection limit in C6 cells. The expression level of IGFBP-3 was
decreased by LDN-193189 in C6BV cells, suggesting that endogenous BMP activity is responsible for IGFBP-3 gene induction. Our results
reveal the regulatory expression of genes related to the TGF-b family, and the role of the enhanced BMP pathway in modulating cell responses in
BDV-infected glial cells.
© 2015 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.

Keywords: Borna disease virus; TGF-b family; Glial cells; BMP; IGFBP-3

1. Introduction
Borna disease virus (BDV) is a non-segmented negativestrand RNA virus belonging to the family Bornaviridae [1].
The genome of BDV encodes at least 6 proteins: a nucleoprotein (N), nonstructural protein (X), phosphoprotein (P),
matrix protein (M), envelope protein (G), and RNA polymerase (L) [2]. BDV naturally infects a wide range of warmblooded hosts [3]; BDV infection induces severe signs of
neurological disease, including behavioral abnormalities [3].
Responses to BDV infection vary according to differences in
the species, animal strain, age of the host at the time of

* Corresponding authors.
E-mail addresses: nishino@cc.kyoto-su.ac.jp (Y. Nishino), mfunaba@kais.
kyoto-u.ac.jp (M. Funaba).

infection, or viral strain, indicating that host-dependent factors
as well as virus-speciﬁc factors determine the onset of Borna
disease [4e6]. However, the precise mechanism underlying
the BDV-induced onset of behavioral disorders currently remains unclear.
Previous studies have attempted to identify the BDVderived molecule(s) responsible for the onset of Borna disease in BDV-infected animals [7,8], and found that the forced
expression of P in glial cells [7] but not N in neurons and glial
cells [8] induced behavioral abnormalities such as enhanced
intermale aggressiveness, hyperactivity, and spatial reference
memory deﬁcits resembling the neurobehavioral abnormalities
exhibited in BDV-infected animals. Furthermore, the ectopic
expression of BDV P did not affect neurodegenerative reactions [7]. Thus, functional modulations in glial cells have
been implicated in these behavioral abnormalities [7].

http://dx.doi.org/10.1016/j.micinf.2015.10.001
1286-4579/© 2015 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
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We previously demonstrated that the expression of transforming growth factor (TGF)-b family members and their
signal components was altered in the brains of 3-week-old rats
infected with BDV [6]; the expression of TGF-b1, activin bE,
and GDF15 was increased in the brain in response to BDV
infection, whereas that of TGF-b2, inhibin a, and BMP2 was
decreased [6]. Furthermore, the expression of TbRII and
ALK5, receptors for TGF-b [9,10], was shown to be increased
in BDV-infected brains, while that of Smads, signal mediators
and regulators of the TGF-b family [9,10], was generally
increased by BDV infection [6]. Cell growth and differentiation are potently regulated by the TGF-b family in many types
of cell, and alteration of TGF-b family signal is implicated in
the pathogenesis of diseases through disturbances of cell
response [9,10]. In view of the (patho-)physiological role of
the TGF-b family, we hypothesized the involvement of the
TGF-b family in the BDV-induced functional modulation of
the central nervous system; previous ﬁndings on the Borna
disease-like phenotype resulting from the glial expression of
BDV P [7] and modulated expression of TGF-b family
signaling components [6] prompted us to hypothesize that
BDV infection in glial cells induces behavioral disturbances
through the modulation of TGF-b family signaling. In order to
validate our hypothesis, the present study examined 1) the
regulatory expression of the signal components of the TGF-b
family in glial cells infected with BDV, and 2) the effects of
inhibiting the TGF-b family pathway on cell responses in
BDV-infected glial cells.
2. Materials and methods
2.1. Materials
The following reagents were purchased: TGF-b1 and
BMP7 were from R & D Systems (Minneapolis, MN, USA);
LDN-193189, an inhibitor of BMP type I receptors [11,12],
was from Stemgent (San Diego, CA, USA); A-83-01, an inhibitor of TGF-b/activin type I receptors [13], was from
Calbiochem (La Jolla, CA, USA); rabbit polyclonal antibodies against phospho-Smad1 (Ser463/Ser465)/Smad5
(Ser463/Ser465)/Smad8 (Ser465/Ser467) (#9511), phosphoSmad2 (Ser465/Ser467) (#3101), or phospho-ERK (Thr202/
Tyr204) (#9101) were from Cell Signaling Technology
(Danvers, MA, USA); and a mouse monoclonal antibody
against a-tubulin (B-5-1-2) was from Abcam (Cambridge,
MA, USA).
2.2. Cell culture
C6 glioma cells [14] and C6 glioma cells infected with the
BDV He/80 strain (C6BV, [15]) were cultured in Dulbecco's
modiﬁed Eagle's medium (DMEM) supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin, and 100 mg/mL streptomycin. In order to examine the
effects of inhibitors of the TGF-b family on gene expression,
C6 and C6BV cells were plated at the density of 1  104/mL.
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Sixteen hours after plating, cells were treated with A-83-01
(5 mM) or LDN-193189 (100 pM) or both for 72 h.
2.3. Western blot
C6 and C6BV cells were plated at the density of 2.5  105/
mL to examine the phosphorylation of Smad and ERK. Twenty
hours after plating, cells were cultured in DMEM medium with
0.2% FBS for 4 h to eliminate the effects of serum on phosphorylation. Cells were pretreated with A-83-01 (5 mM) or
LDN-193189 (100 pM) for 15 min, followed by a treatment
with TGF-b1 (100 pM) or BMP7 (2 nM) for 1 h. Western blot
analyses were performed as described previously [16].
Immunoreactive proteins were visualized using the ECL Select
Western blotting detection system (GE Healthcare, Buckinghamshire, UK), according to the manufacturer's protocol.
2.4. RNA isolation, cDNA synthesis, and real-time
quantitative PCR
Total RNA was isolated from C6 and C6BV cells using the
RNeasy Mini Kit (Qiagen, Venlo, the Netherlands). The concentration of RNA was calculated from absorbance at 260 nm.
The ratio of absorbance at 260 nm to that at 280 nm was
comparable among samples. The cDNA was synthesized from
1 mg of total RNA by the ReverTra Ace qPCR Master Mix
(Toyobo, Osaka, Japan), according to the manufacturers' protocols. The cDNA corresponding to 5 ng of total RNA, i.e.,
0.5% of the cDNA, was used as a template to evaluate
expression levels, except for IGFBP-3, for RT-quantitative
PCR (RT-qPCR); the cDNA corresponding to 20 ng of total
RNA (2% of the cDNA) was used to examine the expression
of IGFBP-3. qPCR was performed using Thunderbird qPCR
Mix (Toyobo) in Applide Biosystems StepOnePlus Real Time
PCR Systems (Life Technologies, Carlsbad, CA, USA), according to the manufacturers' protocol. The qPCR proﬁle was
as follows: after denaturing for 20 s at 95  C, 40 cycles consisted of 15 s at 95  C and 60 s at 60  C. The oligonucleotide
primers for RT-qPCR and PCR efﬁciency [17] are shown in
Table 1. All the primer sets were designed to span an
exoneexon junction to exclude the possibility of ampliﬁcation
of genomic DNA. After 40 cycles of RT-qPCR, the dissociation (melting) curve of the products was examined by changes
in the ramp temperature from 60  C to 95  C. Each sample
showed a single peak, suggesting the expected PCR products.
The abundance of gene transcripts was calculated by the
standard curve method, and the value was normalized against
HPRT1, GAPDH or TBP. The expression level of genes in C6
cells treated without the inhibitor was set to 1, except for
IGFBP-3. Since the expression of IGFBP-3 in C6 cells was
below the detection limit, its level in C6BV cells treated
without the inhibitor was set at 1. The cell culture experiments, i.e., comparison of gene expression between C6 cells
and C6BV cells as well as effect of inhibitors for the TGF-b
family pathway on gene expression, were performed at least
two times, and showed similar results.
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Table 1
Nucleotide sequences of primers used in RT-qPCR analyses, sizes of PCR products, and mean PCR efﬁciency.
Gene
TGF-b family:
TGF-b1
TGF-b2
TGF-b3
Inhibin a
Activin bA
Activin bB
Activin bC
Activin bE
BMP2
BMP4
BMP7
GDF15
Type I receptors:
ALK1
ALK2
ALK3
ALK4
ALK5
ALK6
Type II receptors:
TbRII
ActRIIA
ActRIIB
BMPRII
Smad:
Smad1
Smad2
Smad3
Smad4
Smad5
Smad6
Smad7

Efﬁciency (%)a

Primer

Sequence

GenBank accession number

Size (bp)

50
30
50
30
50
30
50
30
50
30
50
30
50
30
50
30
50
30
50
30
50
30
50
30

50 -cctggaaagggctcaacac-30
50 -ctgccgtacacagcagttct-30
50 -agtgggcagcttttgctc-30
50 -gtagaaagtgggcgggatg-30
50 -agtggctgttgcggagag-30
50 -gctgaaaggtatgacatggaca-30
50 -gcacaggacctctgaaccag-30
50 -agctgcctgatcctcacag-30
50 -atcatcacctttgccgagtc-30
50 -tcactgccttccttggaaat-30
50 -gatcatcagctttgcagagaca-30
50 -cataggggagcagtttcaggta-30
50 -ggaaaccctgttggagca-30
50 -agacgggtttggttgatgtt-30
50 -ccccaggcagcactgaccaga-30
50 -gcggtaggttgaagtggatt-30
50 -cggactgcggtctcctaa-30
50 -ggggaagcagcaacactaga-30
50 -cgggcttgagtaccctgag-30
50 -tgggatgttctccagatgttc-30
50 -cctgggcttacagctctcc-30
50 -tccatgccgtccaatcag-30
50 -cggatactcagtccagaggtg-30
50 -gcggtaggcttcggggaga-30

X52498

100

97.5

NM_031131

73

120.9

NM_013174

72

102.9

NM_012590

88

94.5

NM_017128

71

94.2

137

92.9

BC089799

90

104.4

AF140032

120

97.0

NM_017178

70

99.6

NM_012827

85

109.0

XM_001053727

82

101.1

NM_019216

99

86.6

50
30
50
30
50
30
50
30
50
30
50
30

50 -ctaaccgactggcagcagat-30
50 -ggtaccagcactctcgcatca-30
50 -tgggcctttggcctcgttctg-30
50 -ggtggcttgtaatcttccactatac-30
50 -ctgtattgtcgccatgatcg-30
50 -ggttgtaacgacctctgcttg-30
50 -tccttcttcccccttgttgtcct-30
50 -gcatgcacacagcagagcct-30
50 -ggccaaatattcccaacagat-30
50 -tctcataattttggccatcactc-30
50 -tccccaatcgatggagcagt-30
50 -cgcccagcactctgtcata-30

L36088

66

117.0

BC167754

77

84.3

D38082

86

93.3

S76466

84

96.1

BC087035

65

94.8

BC092609

68

100.2

50
30
50
30
50
30
50
30

50 -ctactctgtctgtggatgac-30
50 -ccaaattcatcctggattct-30
50 -cctaccctcctgtacttgttcc-30
50 -gcaatggcttcaaccctagtaa-30
50 -ggctcagctcatgaacgact-30
50 -ctctgccacgactgcttgt-30
50 -gagccctccctggacttg-30
50 -atatcgaccccgtccaatca-30

S67770

93

86.1

S48190

78

99.1

BC097358

69

108.8

NM_080407

60

97.0

50
30
50
30
50
30
50
30
50
30
50
30
50
30

50 -gcagcccttttcagatgccag-30
50 -ggctgagagccatcctgggc-30
50 -caggacgattagatgagcttg-30
50 -cgtatttgctgtactcagtcccc-30
50 -cctgccactgtctgcaagata-30
50 -gcaaattcctggttgttgaagat-30
50 -gaacactggatggacgactg-30
50 -acagacgggcatagatcaca-30
50 -cagcctatggacacaagcaa-30
50 -ggcaacaggctgaacatctc-30
50 -gttgcaacccctaccacttc-30
50 -ggaggagacagccgagaata-30
50 -acccccatcaccttagtcg-30
50 -aaatccatcgggtatctgga-30

BC061757

85

95.2

BC127497

113

96.0

U66479

65

99.5

AF056002

69

103.0

AB010955

78

98.6

NM_001109002

76

93.3

AF159626

73

94.2

XM_001053684

(continued on next page)
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Table 1 (continued )
Gene
Smad8
Target genes:
p21WAF
IGFBP-3
Corrected gene:
Hprt1
GAPDH
TBP
a

Size (bp)

Efﬁciency (%)a

Primer

Sequence

GenBank accession number

50
30

50 -accattaccgcagagtggaga-30
50 -tgagggttgtactcgctgtg-30

AF012347

73

91.2

50
30
50
30

50 -gcagtgcccgagttaagg-30
50 -ccaggatcggacatggtg-30
50 -ggaaagacgacgtgcattg-30
50 -gcgtatttgagctccacgtt-30

U24174

91

92.8

NM_012588

78

101.5

50
30
50
30
50
30

50 -gaccggttctgtcatgtcg-30
50 -acctggttcatcatcactaatcac-30
50 -acaactttggcatcgtgga-30
50 -cttctgagtggcagtgatgg-30
50 -cccaccagcagttcagtagc-30
50 -caattctgggtttgatcattctg-30

NM_012583

61

82.2

NM_017008

62

92.9

NM_001004198

75

97.6

Mean value.

2.5. Statistical analyses
Data are expressed as the mean ± SE. Gene expression
levels were log-transformed to provide an approximation of a
normal distribution before being analyzed. Regarding the
expression of genes related to the TGF-b family, differences
between C6 cells and C6BV cells were examined using an
unpaired t-test. Data for the expression of Smad7, p21WAF,
and IGFBP-3 were analyzed by ANOVA using the GLM
procedures of SAS [18]. Considered factors were cell type, A83-01, LDN-193189, interaction of cell type and A-83-01
(cell  A-83-01), the interaction of cell type and LDN-193189
(cell  LDN-193189), interaction of A-83-01 and LDN193189 (A-83-01  LDN-193189), and interaction of cell
type, A-83-01, and LDN-193189 (cell  A-83-01  LDN193189). The expression of IGFBP-3 was below the detection
limit in C6 cells irrespective of the treatment; therefore, the
factors were A-83-01, LDN-193189, and the interaction of A83-01 and LDN-193189 (A-83-01  LDN-193189). The effects of the inhibitor treatment in each cell type, and the effects of the cell type treated with the respective inhibitor (for
the expression of Smad7 and p21WAF) were examined by
Dunnett's test. Differences of P < 0.05 were considered
signiﬁcant.

mediated by BMPRII, ActRIIA, and ActRIIB type II receptors, and ALK2/3/6 type I receptors. According to current
models, constitutively active type II receptor kinases transphosphorylate and activate type I receptors, which subsequently transmit signals downstream by phosphorylating
serines at the carboxyl terminus of receptor-regulated (R)Smads. There are two R-Smad subclasses: activin/TGF-b
pathway-speciﬁc R-Smads (Smad2 and Smad3) and BMP
pathway-speciﬁc R-Smads (Smad1, Smad5, and Smad8).
Once activated by phosphorylation, R-Smads form complexes
with Smad4, and accumulate in the nucleus where they
interact with transcriptional regulators for target genes [9,10].
We ﬁrst explored the regulatory expression of 12 members
of the TGF-b family in C6 glioma cells in response to BDV
infection (Fig. 1). C6BV cells did not exhibit cytopathic

3. Results
3.1. Expression of the TGF-b family was modulated in
BDV-infected C6 glioma cells
TGF-b family consists of three major subfamilies, i.e.,
TGF-bs, activins and BMPs. TGF-b family transmits signals
through speciﬁc heteromeric complexes with type I receptors,
called activin-like kinases (ALKs), and type II receptors. Both
type I and type II receptors have intracellular serine/threonine
kinase domains. In canonical signal transduction, TGF-bs
signal via the TbRII type II receptor and uses the ALK5 type I
receptor. Activins associates with ActRIIA and ActRIIB type
II receptors, and the ALK4 type I receptor. BMP signaling is
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Fig. 1. Expression of TGF-b family members in C6 glioma cells infected with
BDV. Total RNA was isolated from C6 and C6BV cells, and expression of the
TGF-b family was evaluated by RT-qPCR. Expression was normalized to that
of HPRT1, and expression in C6 cells was set to 1. Data are shown as the
mean ± SE (n ¼ 5). **: P < 0.01.
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effects (data not shown), and the growth rate of C6BV cells
was similar to that of C6 cells (data not shown). The expression of TGF-b1, activin bA, and BMP7 was signiﬁcantly
increased in BDV-infected cells. The expression of activin bA
was clearly up-regulated; its expression level in C6BV cells
was 33-fold higher than that in C6 cells. In contrast, the
expression of activin bE and GDF15 was signiﬁcantly lower in
C6BV cells than in C6 cells; the expression of activin bE was
down-regulated in C6BV cells (17-fold). The altered expression of the TGF-b family in BDV-infected cells did not result
from changes in the expression level of HPRT1, the reference
gene; the expression pattern was essentially unchanged by the
correction by GAPDH or TBP (data not shown). Furthermore,
expression pattern of the other genes shown as below was also
comparable, irrespective of the reference gene (data not
shown). Expression levels of inhibin a, activin bB, activin bC,
and BMP4 were below the detection limit (data not shown).
We next examined the expression levels of receptors for the
TGF-b family (Fig. 2). The expression levels of ALK3 and
ALK4 were signiﬁcantly decreased in C6BV cells (Fig. 2), and
the BDV infection also decreased the expression of ActRIIA
(Fig. 2). In contrast, the expression levels of ActRIIB and
BMPRII were signiﬁcantly higher in C6BV cells than in C6
cells (Fig. 2). The expression of ALK1 and ALK6 was below
the detection limit (data not shown). We further evaluated the
expression levels of Smad (Fig. 3). The expression of Smad1
and Smad7 was signiﬁcantly lower and higher in C6BV cells
than in C6 cells, respectively.
3.2. BDV infection affected endogenous activities of
TGF-b family members in C6 glioma cells
In order to explore the role of the aberrant expression of
TGF-b family components, we used A-83-01 and LDN-

Fig. 2. Expression of receptors for the TGF-b family in C6 glioma cells
infected with BDV. Total RNA was isolated from C6 and C6BV cells, and the
expression of type I and type II receptors for the TGF-b family was evaluated
by RT-qPCR. Expression was normalized to that of HPRT1, and expression in
C6 cells was set to 1. Data are shown as the mean ± SE (n ¼ 5). * and **:
P < 0.05 and P < 0.01, respectively.

Fig. 3. Expression of Smads in C6 glioma cells infected with BDV. Total RNA
was isolated from C6 and C6BV cells, and the expression of Smad was
evaluated by RT-qPCR. Expression was normalized to that of HPRT1, and
expression in C6 cells was set to 1. Data are shown as the mean ± SE (n ¼ 5).
**: P < 0.01.

193189, inhibitors of the TGF-b/activin type I receptors [13]
and BMP type I receptors [11,12], respectively. Inhibition of
the type I receptor serine/threonine kinase leads to block Smad
phosphorylation and subsequent signaling [11e13]. As expected, the TGF-b1 treatment induced the phosphorylation of
Smad2 in C6 and C6BV cells; this phosphorylation was
blocked by the pretreatment with A-83-01, but not by that with
LDN-193189 (Fig. 4A, second line). In C6 cells, BMP7
potentiated the phosphorylation of Smad1/5/8, which was
blocked by the pretreatment with LDN-193189 (Fig. 4A, top).
The treatment with TGF-b only slightly induced the phosphorylation of Smad1/5/8, and this phosphorylation was
blocked by A-83-01, but not by LDN-193189. The phosphorylation of Smad1/5/8 was stronger in C6BV cells than in
C6 cells. Furthermore, BMP7 did not induce the phosphorylation of Smad1/5/8 in C6BV cells; this may have resulted
from the full activation of Smad1/5/8 in C6BV cells under
basal conditions.
Previous studies showed the modulation of the ERK MAP
kinase pathway in BDV-infected PC12 neuronal cells [19],
primary cultured neurons [20], and oligodendroglial cells [21].
In addition, the functional interaction between the TGF-b
family pathway and the ERK pathway has been reported in
many biological systems [9,10]. Thus, we measured phosphorylated ERK levels (Fig. 4A, third line), because ERK is
known to be phosphorylated and activated [22]. The phosphorylation level of ERK was lower in C6BV cells than in C6
cells. In C6 cells, TGF-b1 and BMP7 decreased the phosphorylation of ERK, as did the treatment with A-83-01 or
LDN-193189, suggesting that the phosphorylation of ERK is
regulated by the TGF-b family with dual effects, i.e., efﬁcient
ERK phosphorylation by the optimal activity of the TGF-b
family. In contrast, BMP7 increased phosphorylated ERK
levels in C6BV cells. Furthermore, A-83-01 increased the
phosphorylation of ERK, irrespective of the treatment with
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The expression of Smad7, which inhibits Smad-mediated
signaling [9,10], is regulated by the TGF-b family; TGF-b,
activin A, and BMP were previously shown to increase Smad7
mRNA levels in various cell types [23e25]. Not only A-83-01,
but also LDN-193189 effectively decreased the expression of
Smad7 in C6 cells and C6BV cells, except for the treatment
with LDN-193189 alone in C6 cells (Table 2, Fig. 4B). These
results suggested that the endogenous activities of TGF-b/
activin and BMP regulated Smad7 expression in C6 cells and
C6BV cells. Consistent with the results in Fig. 3, the expression of Smad7 was signiﬁcantly higher in C6BV cells than in
C6 cells (Fig. 4B). In view of the marked up-regulation in the
expression of activin bA and lack of expression of inhibin a in
C6BV cells, activin A (a homodimer of activin bA), but not
inhibin A (a heterodimer of inhibin a and activin bA) was
produced in C6BV cells, which may stimulate Smad7
expression in an autocrine manner. In contrast, BMP7 may be
the principle molecule responsible for enhanced BMP activity
in C6BV cells, as suggested by the higher level of Smad7
(Fig. 4B) and phosphorylated Smad1/5/8 (Fig. 4A) in C6BV
cells.
3.3. Expression levels of p21WAF and IGFBP-3 were
modulated in C6 glioma cells infected with BDV

Fig. 4. Smad7 expression and phosphorylation of Smad and ERK regulated by
BDV infection and the TGF-b family. A: The phosphorylation of Smad and
ERK in C6 and C6BV cells. After being cultured in DMEM medium with
0.2% FBS for 4 h, C6 and C6BV cells were pretreated with vehicle (V), A-8301 (A: 5 mM) or LDN-193189 (LDN: 100 pM) for 15 min, followed by a
treatment with TGF-b1 (T: 100 pM) or BMP7 (B: 2 nM) for 1 h. The phosphorylation of Smad and ERK was examined by Western blot analyses. B:
Smad7 expression in C6 and C6BV cells treated with inhibitors of the TGF-b
family. C6 and C6BV cells were treated with A-83-01 (5 mM) or LDN-193189
(100 pM) or both for 72 h. Smad7 mRNA levels were normalized to those of
HPRT1 mRNA. Expression in wild-type C6 cells without the inhibitor treatment was set to 1. Data are shown as the mean ± SE (n ¼ 6). *: P < 0.05,
signiﬁcantly different from that in respective cells without the inhibitor
treatment, and y: P < 0.05, signiﬁcantly different from that in C6 cells treated
with the respective inhibitor.

TGF-b1 or BMP7. These results suggested that the phosphorylation status of ERK was distinct between C6 cells and
C6BV cells, and that the involvement of TGF-b1 and BMP7 in
ERK phosphorylation was also dependent on the cell context.

A previous study showed that BDV P inhibited the p53induced expression of p21WAF, a cyclin-dependent kinase
inhibitor [26]. Furthermore, IGFBP-3 was identiﬁed by cDNA
microarray analyses as a gene that was more strongly
expressed in BDV P-expressing C6 cells than in C6 cells [27].
Therefore, we determined whether the expression of p21WAF
and IGFBP-3 was modulated in C6BV cells, and also if the
TGF-b/activin pathway or BMP pathway was involved in their
expression. Consistent with previous ﬁndings [26,27], the
expression of p21WAF was decreased in BDV-infected cells
(Fig. 5A). In addition, although the expression level of IGFBP3 was below the detection limit in C6 cells, its reproducible
expression was detected in C6BV cells, indicating that its
expression was up-regulated. An analysis of variance on the
expression of p21WAF indicated a signiﬁcant effect of cell
type and the interaction of cell type, A-83-01, and LDN193189 (Table 2); however, the effects of the inhibitors were
small (Fig. 5A). In contrast, LDN-193189 markedly decreased
the expression of IGFBP-3 in C6BV cells (Table 2, Fig. 5B).

Table 2
Effects of cell type, A-83-01, and LDN-193189 on gene expression.
Effects of
Cella
Smad7
p21WAF
IGFBP-3
a
b
c
d
e

0.001
0.001
ee

Ab
0.001
NS
NS

LDNc
0.001
NS
0.001

Cell  A
0.009
NS
e

Cell type.
A-83-01.
LDN-193189.
Non-signiﬁcant.
Not examined.
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Cell  LDN
NS
NS
e

d

A  LDN

Cell  A  LDN

NS
NS
NS

NS
0.04
e
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Fig. 5. Expression of p21WAF and IGFBP-3 in C6 glioma cells infected with
BDV. C6 and C6BV cells were treated with A-83-01 (5 mM) or LDN-193189
(100 pM) or both for 72 h. The expression of p21WAF (A) and IGFBP-3 (B)
was evaluated by RT-qPCR. Expression was normalized to that of HPRT1. The
expression of p21WAF in C6 cells without the inhibitor treatment was set to 1,
and the expression of IGFBP-3 in C6BV cells without the inhibitor treatment
was set to 1. Data are shown as the mean ± SE (n ¼ 6). *: P < 0.05,
signiﬁcantly different from that in respective cells without the inhibitor
treatment, and y: P < 0.05, signiﬁcantly different from that in C6 cells treated
with the respective inhibitor.

4. Discussion
Previous studies reported that the forced expression of BDV
P, but not N in glial cells induced neurobehavioral abnormalities resembling those in BDV-infected animals [7,8].
These ﬁndings suggested that the expression of BDV P in glial
cells was sufﬁcient for the onset of Borna disease. We previously revealed changes in the expression of genes related to
TGF-b family signaling in the brains of BDV-infected rats [6].
The TGF-b family has been shown to regulate diverse physiological processes including cell differentiation, cell-cycle
progression, reproductive function, development, bone
morphogenesis, immune surveillance, motility, adhesion,
neuronal growth, and wound healing [28e30]. Thus,

malfunctions in TGF-b family members have been implicated
in the pathogenesis of severe diseases [9,10]. We hypothesize
that alteration of the TGF-b family signaling is related to the
onset of neurological disturbances induced by BDV infection.
As the ﬁrst step to elucidate the molecular mechanisms underlying behavioral disturbances induced by BDV infection,
the present study initially explored the regulatory expression
of the signal components of the TGF-b family in BDVinfected glial cells as well as the possible role of the TGF-b
family. We demonstrated that 1) the expression of the TGF-b
family, especially activin bA, activing bE, BMP7, and GDF15,
was markedly altered in C6 glioma cells infected with BDV, 2)
the endogenous activity of activin and BMP was stimulated by
BDV infection, possibly through the autocrine action of activin
A and BMP7, respectively, and 3) the BMP pathway was
involved in the BDV-induced expression of IGFBP-3. Honda
et al. [27] suggested the involvement of IGFBP-3 produced in
BDV-infected glial cells in onset of neurological disturbances.
Also, considering that IGFBP-3 has growth inhibitory and
proapoptotic effects [31], the present results provide novel
information on the role of the BMP-mediated regulation of
cell responses in glial cells infected with BDV.
In addition to inhibiting the interaction between IGFs and
their receptors, IGFBP-3 has been shown to function through
the IGF/IGF receptor-independent pathway; this is now widely
recognized [32]. IGFBP-3 binds to the low-density lipoprotein
receptor-related protein-1/a2M receptor, which has also been
recognized as a type V TGF-b receptor [33]. IGFBP-3mediated signaling has been reciprocally related to TGF-b/
activin signaling [34e36]; however, the precise relationship
between these two signaling pathways remains unclear. Future
studies are warranted to identify the target cells and determine
the role of IGFBP-3 produced by BDV-infected glial cells.
Furthermore, the regulation of IGFBP-3 by the BMP pathway
needs to be clariﬁed.
The expression of activin bA was markedly increased in
C6BV cells, suggesting the up-regulated expression of activin
A. Previous studies revealed that the expression of activin A
was increased in T cells, B cells, macrophages, mast cells, and
microglial cells in response to activation [37,38]. Furthermore,
serum concentrations of activin A were increased in patients
infected with inﬂuenza [39]. Therefore, the increased expression of activin A may be a general phenotype of activated
cells.
Previous studies demonstrated that activin A potentiated the
up-regulated expression of p21WAF [40e42]. Since the
expression of activin A was markedly increased in C6BV cells
(Fig. 1), we expected that of p21WAF to also be up-regulated
in C6BV cells. However, similar to previous ﬁndings [26], the
expression of p21WAF was signiﬁcantly lower in C6BV cells
than in C6 cells (Fig. 5A). The activin A-induced expression
of p21WAF is known to be dependent on the cell context [43];
therefore, the enhanced expression of activin A in C6BV cells
regulates the expression of genes other than p21WAF. Alternatively, activin A produced in C6BV cells may act on neurons. Activin A has been identiﬁed as a neuron survival factor
[44]. In addition, an activin A infusion into the dentate gyrus,
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but not the CA1 pyramidal cell layer of the hippocampus
produced an antidepressant-like effect in a behavioral model
of depression [45].
We previously reported that the expression of TGF-b1 and
activin bE was up-regulated in the brains of rats infected with
BDV, whereas that of activin bA and BMP7 was unaffected by
the infection [6]. These results are inconsistent with the present
results: the expression of activin bA and BMP7 was markedly
higher in C6BV cells than in C6 cells, whereas that of activin
bE and GDF15 was decreased. These controversial results may
be related to differences in the materials examined; in our
previous study, 3-week-old rats were infected with BDV and
inﬂammatory cells inﬁltrated the brain [6]. The expression of
TGF-b1 was generally up-regulated in activated immune cells
[46,47]. Thus, the induction of brain TGF-b1 may be a result
of the inﬁltration of immune cells; however, its expression was
increased in BDV-infected brains without the inﬁltration of
immune cells [48]. The expression of the TGF-b family may
also be affected in BDV-infected neurons. The modulation of
gene expression in glial cells and neurons and changes in the
cell population of brains infected with BDV may result in an
inconsistent expression pattern of the TGF-b family.
The present results suggest aberrant signaling of the ubiquitous pathway in glial cells infected with BDV. Endogenous
BMP activity was enhanced in C6BV cells, which may have
been due to the enhanced expression of BMP7. Smad1/5/8
could not be further phosphorylated in response to BMP7
(Fig. 4A), suggesting the full activation of the BMP pathway
in C6BV cells. The phosphorylation of ERK was also modulated by BDV infection; phosphorylation levels of ERK were
lower in C6BV cells than in C6 cells (Fig. 4A). There are
inconsistent results regarding ERK phosphorylation in BDVinfected cells; ERK phosphorylation was decreased in primary cultured neurons infected with BDV [20]. In contrast,
BDV infection induced the constitutive phosphorylation of
ERK in PC12 neuronal cells and oligodendroglial cells,
whereas the nuclear translocation of ERK was inhibited by the
infection [19,21]. The present study also showed that ERK
phosphorylation was modulated by the TGF-b/activin and
BMP pathways; it was stimulated by the inhibition of the
TGF-b/activin pathway in C6BV cells, whereas endogenous
TGF-b/activin activity was required for ERK phosphorylation
in C6 cells. Modulation of the ubiquitous signaling pathways
in glial cells infected with BDV may lead to dysregulation of
the central nervous system.
The present study extends basic information on BDVinduced cell responses; our results clearly indicate the
involvement of the BMP pathway in IGFBP-3 gene induction
in C6BV cells. Previous studies revealed that BDV P negatively regulates p53-mediated signaling pathway as well as
transcription of interferon-b gene through association with
Traf family member-associated NF-kB activator-binding kinase-1 [26,49]. Future studies are needed to evaluate the
regulatory role of TGF-b family in these pathways, which may
be helpful in understanding the onset of Borna disease in
detail.
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Direct action of capsaicin in brown adipogenesis and activation of
brown adipocytes
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The ingestion of capsaicin, the principle pungent component of red and chili peppers, induces thermogenesis, in part, through the activation
of brown adipocytes expressing genes related to mitochondrial biogenesis and uncoupling such as peroxisome proliferator-activated receptor
(Ppar) γ coactivator-1α (Pgc-1α) and uncoupling protein 1 (Ucp1). Capsaicin has been suggested to induce the activation of brown adipocytes, which is mediated by the stimulation of sympathetic nerves. However, capsaicin may directly affect the differentiation of brown
preadipocytes, brown adipocyte function, or both, through its signiﬁcant absorption. We herein demonstrated that Trpv1, a capsaicin receptor,
is expressed in brown adipose tissue, and that its expression level is increased during the differentiation of HB2 brown preadipocytes. Furthermore, capsaicin induced calcium inﬂux in brown preadipocytes. A treatment with capsaicin in the early stage of brown adipogenesis did
not affect lipid accumulation or the expression levels of Fabp4 (a gene expressed in mature adipocytes), Pparγ2 (a master regulator of adipogenesis) or brown adipocyte-selective genes. In contrast, a treatment with capsaicin in the late stage of brown adipogenesis slightly increased the expression levels of Fabp4, Pparγ2 and Pgc-1α. Although capsaicin did not affect the basal expression level of Ucp1, Ucp1
induction by forskolin was partially inhibited by capsaicin, irrespective of the dose of capsaicin. The results of the present study suggest
the direct effects of capsaicin on brown adipocytes or in the late stage of brown adipogenesis. Copyright © 2015 John Wiley & Sons, Ltd.
key words—capsaicin; Trpv1; brown adipocytes; brown adipogenesis; Ucp1

INTRODUCTION

by the peripheral stimulation of transient receptor potential
(Trp) channels in sensory neurons.2,3
The ingestion of capsaicin, the principle pungent component of red pepper,4 and non-pungent capsaicin analogs
(capsinoids) has been shown to increase energy expenditure
and brown adipocyte-mediated thermogenesis.3,5–7 Because
capsaicin stimulates Trpv1,8 the capsaicin-induced stimulation of brown adipocytes may be mediated through the activation of sympathetic nervous activity.3 Previous studies
reported that capsaicin and capsinoids stimulated sympathetic nerve activity,9,10 and capsinoid-induced energy expenditure was attenuated by denervation of the spinal and
vagus nerves or in mice lacking the Trpv1 gene.11
However, the activation of brown adipocytes may also be
directly induced by capsaicin. Capsaicin is effectively
absorbed from the gastrointestinal tract.12 Trpv1 is predominantly expressed in sensory nerves, but is also expressed in
other tissues including the brain, lung, liver, testis and white
adipocytes.13,14 These ﬁndings suggest that absorbed capsaicin directly acts on the other tissues expressing Trpv1.
During an investigation of Trpv1 expression in the whole
body, we detected its expression in brown adipose tissue

There are two kinds of thermogenesis, shivering and nonshivering. The latter mainly occurs in brown adipocytes;
non-shivering thermogenesis in brown adipocytes has been
attributed to the expression of a series of genes related to
mitochondrial biogenesis and enhancements in cellular
respiration that is uncoupled from ATP synthesis.1 This
uncoupling occurs through the expression of uncoupling
protein 1 (Ucp1), a proton channel located at the inner
mitochondrial membrane.1 Non-shivering thermogenesis
in brown adipocytes is induced by the dissipation of
chemical energy in the form of heat against cold exposure.1 The stimulatory effects of cold exposure on brown
adipocyte activation are known to be mediated through
the activation of the sympathetic nervous system, initiated
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capsaicin and brown adipocytes
(BAT). Capsaicin has been shown to induce calcium inﬂux
via Trpv1,8 and increases in the concentration of intracellular
calcium inhibit the differentiation of white preadipocytes.15,16 These ﬁndings prompted us to pursue the
possibility of the direct activation of brown adipocytes as
well as brown adipogenesis by capsaicin without the mediation of sympathetic nerve activation. In the present study, we
employed a cell culture system that avoids the effects of
sympathetic nerve activation in order to evaluate the direct
role of capsaicin.

least three independent experiments were performed, and
representative results are shown.
RNA isolation, RT-PCR and RT-quantitative PCR
Interscapular BAT was obtained from adult female
C57BL/6 mice (Japan SLC, Hamamatsu, Japan); mice were
cared for under a protocol approved by the Azabu
University Animal Experiment Committee. Total RNA isolation and RT-PCR were performed to examine Trpv expression as previously described.23 The cDNA synthesized from
20 ng of total RNA was used as the template for RT-PCR.
Thermal cycling parameters consisted of 40 cycles for Trpv
or 35 cycles for Tbp (TATA-binding protein) of denaturation at 95 °C for 20 s, annealing at 58 °C for 20 s and
extension at 72 °C for 20 s. The PCR products were electrophoresed in agarose gels, and subsequently stained with
ethidium bromide.
The expression levels of Trpv and genes related to brown
adipogenesis in HB2 brown (pre)adipocytes were examined
by RT-real-time quantitative PCR (RT-qPCR) as described
previously.24 The oligonucleotide primers used are shown
in Table 1. The Ct value was determined, and the abundance
of gene transcripts was analysed using the ▵▵Ct method
with Tbp as the reference gene.25

MATERIALS AND METHODS
Materials
The following reagents were purchased: capsaicin and
forskolin, an activator of adenylate cyclase,17 were from
Wako (Osaka, Japan); iRTX (5′-iodoresiniferatoxin), an
antagonist of Trpv1,18 was from Alomone Labs (Jerusalem,
Israel); A23187, a calcium ionophore,19 was from Cayman
(Ann Arbor, MI, USA) and Fluo-8-AM, a ﬂuorescencebased calcium indicator,20 was from AAT Bioquest
(Sunnyvale, CA, USA).
Cell culture
HB2 brown preadipocytes,21 which were isolated from
mouse interscapular BAT and were kindly provided by Dr.
M. Saito, Emeritus Professor of Hokkaido University, were
cultured in Dulbecco’s modiﬁed eagle medium with 10%
FBS and antibiotics as described previously;22 HB2 cells
were stimulated to differentiate into brown adipocytes by
insulin (20 nM) 2 days after conﬂuence (day 0). In order to
examine the effects of capsaicin on brown adipogenesis,
capsaicin with or without iRTX at the indicated concentration (0–10 μM) was added to the culture medium from day
0 to day 8. We also evaluated the ability of capsaicin to activate brown adipocytes by treating cells with capsaicin
from day 8 to day 12, followed by a stimulation with
forskolin (10 μM) for 4 h. Lipid accumulation was examined
by Oil Red O staining on day 8 or 12. Images were obtained
by scanning stained wells (GT-9400UF, EPSON, Tokyo,
Japan).

Statistical analyses
Data are expressed as the mean ± standard error (SE). Data
on gene expression were log-transformed to provide an approximation of a normal distribution before analyses. Differences between gene expression levels in cells were
examined using unpaired t-tests. Differences of p < 0.05
were considered signiﬁcant.

RESULTS
Regulatory expression of Trpv1 during brown adipogenesis
We examined the expression of Trpv family members in
mouse BAT (Figure 1A). The signiﬁcant expression of
Trpv1, Trpv2, Trpv3 and Trpv4 was detected. Based on
these results, we next evaluated changes in the expression
of Trpv family members during brown adipogenesis using
HB2 brown preadipocytes (Figure 1B–E). The expression
of Trpv1 increased with time after day 4 of the induction
of differentiation, whereas that of Trpv2 and Trpv4 decreased after the induction of differentiation. The expression
of Trpv3 increased on day 6 after the induction of differentiation; however, this increase was not signiﬁcant because
of large variations. The expression levels of TrpV5 and
Trpv6 were lower than the detection limit throughout brown
adipogenesis (data not shown).

Calcium imaging
The calcium imaging reagent was freshly prepared as
follows: 5-μM Fluo-8 AM (Invitrogen, Paisley, UK) and
0.04% Pluronic F-127 (AnaSpec Inc., Fremont, CA, USA)
were suspended in phosphate buffered saline with
1.27 mM Ca2+ (PBS(Ca2+)), and treated with ultrasonication
for 10 s. HB2 cells plated in 96-well plates were washed
with PBS(Ca2+) twice, and loaded with 100 μl of the
calcium imaging reagent for 20 min at 37 °C under a 5%
CO2/95% air. Cells were subsequently washed with
PBS(Ca2+) twice, and 50 μl of PBS(Ca2+) was added,
followed by a stimulation with or without capsaicin or
A23187. Fluo-8 ﬂuorescence was captured using a ﬂuorescence microscope (FSX100, Olympus, Tokyo, Japan). At

Capsaicin induces calcium inﬂux in brown preadipocytes
Capsaicin induces calcium inﬂux via the activation of
Trpv1; the overexpression of Trpv1, but not that of Trpv2
or Trpv4, was previously reported to induce calcium inﬂux
Cell Biochem Funct 2016; 34: 34–41.
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Nucleotide sequences of primers used in RT-qPCR analyses

Gene

Primer

Sequence

5′
3′
5′
3′
5′
3′
5′
3′
5′
3′
5′
3′

5′-caacaagaaggggcttacacc-3′
5′-tctggagaatgtaggccaagac-3′
5′-caccatagttgcctaccacca-3′
5′-gtcgcttttgatgagggaat-3′
5′-tcgtctacaacaccaacattga-3′
5′-tttcgtgtgtagcagcgtatg-3′
5′-tcagaagatcctcttcaaagacct-3′
5′-acggattcaggagggtgac-3′
5′-atggaggagaccacctgaag-3′
5′-cgcttccgtttctgcattag-3′
5′-gctcagagccgagacgag-3′
5′-gaagaggtgattcccagatcc-3′

5′
3′
5′
3′
5′
3′
5′
3′
5′
3′

GenBank accession number

Size (bp)

Trpv family:
Trpv1
Trpv2
Trpv3
Trpv4
Trpv5
Trpv6

NM_001001445

77

NM_011706

63

NM_145099

77

NM_022017

98

NM_001007572

124

NM_022413

61

5′-aaggtgaagagcatcataaccct-3′
5′-tcacgcctttcataacacattcc-3′
5′-tgtggaactctctggaactgc-3′
5′-gccttgaaagggttatcttgg-3′
5′-tgctgttatgggtgaaactctg-3′
5′-ctgtgtcaaccatggtaatttctt-3′
5′-ctttgcctcactcaggattgg-3′
5′-actgccacacctccagtcatt-3′

NM_024406

133

NM_008904

81

NM_011146

110

NM_009463

123

5′-ccaatgactcctatgaccccta-3′
5′-cagccaagattcacggtagat-3′

NM_013684

104

Adipocyte-related genes:
Fabp4
Pgc-1α
Pparγ2
Ucp1
Reference gene:
Tbp

in response to capsaicin.8,26,27 Furthermore, capsaicin modulated membrane currents in cells expressing Trpv1,8 but
not in those expressing Trpv226 or Trpv3.28 Thus, Trpv1,
but not Trpv2, Trpv3 or Trpv4, mediates capsaicin-induced
cell responses. In order to evaluate the activation of Trpv1
by capsaicin, calcium inﬂux was examined using ﬂuorescent
analyses (Figure 2). The treatment of cells with capsaicin at
10 μM, but not 0.1 or 1 μM, increased ﬂuorescent intensity,
suggesting the induction of calcium inﬂux by a high dose of
capsaicin. Capsaicin-induced calcium inﬂux was detected
within 10 s, and continued for at least 120 s. A23187, a
calcium ionophore, expectedly induced rapid and robust
calcium inﬂux within 10 s, which thereafter decreased.
These results are consistent with previous ﬁndings obtained
in white preadipocytes; capsaicin induced the prolonged inﬂux of calcium in 3T3-L1 preadipocytes,29 although the
effective concentration of capsaicin to induce calcium inﬂux
was lower (~0.01 μM). In addition, A23187-induced calcium inﬂux was found to be transient in human white
preadipocytes.16 We also attempted to examine calcium
inﬂux in mature brown adipocytes, but were unsuccessful
because of autoﬂuorescence (data not shown).

inhibition by iRTX affected lipid accumulation, as evaluated
by Oil Red O staining (Figure 3A). In addition, the
expression level of Fabp4, a marker of maturation in white
and brown adipocytes,30,31 was unaffected by capsaicin
(Figure 3B). Because peroxisome proliferator-activated
receptor (Ppar) γ2 is a master regulator of white and brown
adipogenesis,32 we also measured the expression level of
Pparγ2 and showed that it was not affected by capsaicin
(Figure 3C). Pparγ coactivator-1α (Pgc-1α) and Ucp1 are
genes that are more strongly expressed in brown fat than
in white fat33 and are the principle genes for thermogenesis
in brown adipocytes.1 The treatment of cells with capsaicin
during brown adipogenesis did not affect the expression
levels of Pgc-1α (Figure 3D) or Ucp1 (Figure 3E). Because
the expression levels of these genes reﬂect the activity of
brown adipocytes,1,34,35 these results suggest that capsaicin
does not signiﬁcantly affect the early stage of brown
adipogenesis.
Effects of capsaicin on activation of brown adipocytes
We next examined the role of capsaicin in the function of
brown adipocytes and late stage of brown adipogenesis;
HB2 brown adipocytes were treated for 4 days with capsaicin, i.e. the treatment was performed during the period between day 8 and 12. The treatment of these cells with
capsaicin did not affect lipid accumulation, irrespective of
the dose of capsaicin (Figure 4A). However, the expression
of Fabp4 was up-regulated by increases in the concentration
of capsaicin used; the expression level of Fabp4 in cells
treated with 10 μM of capsaicin was signiﬁcantly higher
than that in control cells (Figure 4B). The expression levels

Effects of capsaicin on brown adipogenesis
The result that Trpv1 is expressed in brown preadipocytes
and its expression is increased with differentiation suggests
the direct action of capsaicin in the early stage of brown adipogenesis. Thus, we treated cells with capsaicin or iRTX
for 8 days after the induction of differentiation in order to
examine their effects on the early stage of brown adipogenesis. Neither Trpv1 activation by capsaicin nor Trpv1
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modulates brown adipogenesis in the late stage rather than
brown adipogenesis in the early stage. Furthermore, capsaicin modulates the activation of brown adipocytes; a treatment with capsaicin during the late stage of brown
adipogenesis increased the expression levels of Pparγ2 and
Pgc-1α, and blunted forskolin-induced Ucp1 expression.
Our results indicate the direct action of capsaicin in brown
(pre)adipocytes.
Previous studies reported the expression of Trpv1 in
white adipose tissue (WAT),36 and that the expression levels
of Trpv1 decreased with time during white adipogenesis.29,37 This is in contrast to the changes observed in the
expression levels of Trpv1 during brown adipogenesis,
which suggests the differential regulation of Trpv1 expression between brown and white (pre)adipocytes. Trpv1 transcription is known to be stimulated by the transcription
factors Sp1, Sp4, Runx1 and C/ebpβ in neuronal cells.38,39
Gene transcription is regulated in a cell context-dependent
manner,40 and the transcriptional regulation in adipogenic
cells currently remains unclear. Nevertheless, in view of
the regulation of adipogenesis by Sp1 and C/ebpβ,31 the
above described transcription factors may be involved in
changes in Trpv1 during brown adipogenesis.
Capsaicin at 0.1 μM or 10 μM increased the expression of
Pparγ2 and Pgc-1α when cells were treated during the late
stage of brown adipogenesis. Pparγ2 promotes a transcriptional cascade involved in the function of adipocytes,31,32
while Pgc-1α stimulates mitochondrial biogenesis as well
as brown adipocyte function including the transcriptional
activation of Ucp1.1 Therefore, the present results suggest
that capsaicin stimulates the differentiation of brown
preadipocytes present in the late stage of brown adipogenesis, increases expression levels in brown adipocytes or both.
In contrast to the treatment with capsaicin during the late
stage of brown adipogenesis, the up-regulated expression of
Pparγ2 and Pgc-1α was not detected when cells were treated
with capsaicin during the early stage of brown adipogenesis.
This differential response to capsaicin may be related to
increases in the expression level of Trpv1 during brown
adipogenesis. Capsaicin-induced calcium inﬂux may be
greater in brown adipocytes than in brown preadipocytes.
Previous studies demonstrated that increases in the concentration of intracellular calcium induced the up-regulated
expression of Pparγ2 in human white adipocytes,16 and
the calcium signalling pathway activated the transcription
of the Pgc-1α gene.41 Alternatively, the cell response itself
is likely to change during brown adipogenesis.
Norepinephrine-induced increases in intracellular calcium
concentrations were found to be slower in brown
preadipocytes than in brown adipocytes.42 Shi et al.16 also
revealed differential white adipogenesis in response to
calcium signalling in a stage-dependent manner; increases
in intracellular calcium inhibited adipogenesis in the early
stages of differentiation, whereas they promoted adipogenesis in the late stage.
The cell stage-dependent effects of capsaicin might be
related to changes in expression level of Trpv1 during
brown adipogenesis. We explored calcium ﬂux in response

Figure 1. Expression of Trpv in mouse brown adipose tissues and HB2
cells. (A) Total RNA was isolated from the brown adipose tissue of adult
C57BL/6 mice, and RT-PCR was performed in order to examine the expression of Trpv. PCR products were electrophoresed on agarose gels,
followed by staining with ethidium bromide. A representative result is
shown. (B–E) Two days after conﬂuence (day 0), HB2 brown
preadipocytes were differentiated into brown adipocytes by a treatment with
insulin. The expression of Trpv1 (B), Trpv2 (C), Trpv3 (D) and Trpv4 (E)
was examined using RT-qPCR and expressed as ratios to Tbp, with the
level being set to 1 in cells on day 4. Data shown are the mean ± SE
(n = 4). * and **: p < 0.05 and p < 0.01 signiﬁcantly different from expression levels on day 0, respectively

of Pparγ2 and Pgc-1α were signiﬁcantly increased in
brown adipocytes treated with 0.1 μM or 10 μM of capsaicin (Figure 4C and D). Although capsaicin did not affect
Ucp1 expression under the unstimulated state, it partially
inhibited Ucp1 expression induced by forskolin, irrespective of the dose used (Figure 4E). These results suggest that
brown adipocytes are target cells of capsaicin or that
capsaicin affects the late stage of brown adipogenesis.

DISCUSSION
The present study showed that the capsaicin receptor Trpv1
is expressed in mouse BAT, and also that its expression
level is increased with brown adipogenesis. By taking these
results together with the efﬁcient absorption of capsaicin
from the gastrointestinal tract,12 we expected capsaicin to
directly modulate brown adipogenesis, the activation of
brown adipocytes or both. We revealed that capsaicin
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Figure 2. Calcium inﬂux by capsaicin or A23187 in HB2 brown preadipocytes. HB2 brown preadipocytes loaded Fluo-8 AM were treated with the indicated
concentration of capsaicin or A23187 (1 μM) for the indicated time. A representative ﬂuorescent image is shown

Figure 3. Effects of capsaicin and the Trpv1 antagonist on brown adipogenesis. Two days after conﬂuence (day 0), HB2 brown preadipocytes were differentiated into brown adipocytes by a treatment with insulin in the presence or absence of the indicated concentration of capsaicin or iRTX, a Trpv1 antagonist
(200 nM). (A) Cells on day 8 were examined by Oil Red O staining. The expression of Fabp4 (B), Pparγ2 (C), Pgc-1α (D) and Ucp1 (E) was examined using
RT-qPCR and expressed as ratios to Tbp, with the level being set to 1 in cells treated without capsaicin and iRTX. Data shown are the mean ± SE (n = 4)

to capsaicin in brown preadipocytes but not in mature brown
adipocytes because of autoﬂuorescence as described above.
In view of higher concentration of capsaicin to induce

calcium inﬂux effectively in brown preadipocytes than in
3T3-L1 preadipocytes,29 capsaicin-induced calcium inﬂux
in brown preadipocytes may not be mediated by Trpv1.
Cell Biochem Funct 2016; 34: 34–41.
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Figure 4. Effects of capsaicin on brown adipocyte function. HB2 brown preadipocytes were differentiated into brown adipocytes by a treatment with insulin.
Brown adipocytes were treated with or without the indicated concentration of capsaicin in the presence of insulin on days 8–12. (A) Cells on day 12 were examined by Oil Red O staining. The expression of Fabp4 (B), Pparγ2 (C) and Pgc-1α (D) was examined. In addition, on day 12, cells were treated with or
without forskolin (10 μM) for 4 h, and the expression of Ucp1 (E) was examined using RT-qPCR and expressed as ratios to Tbp, with the level being set to
1 in cells treated without capsaicin and forskolin. Data shown are the mean ± SE (n = 4). * and **: p < 0.05 and p < 0.01 signiﬁcantly different from expression
levels in cells treated without capsaicin (and with forskolin (E)), respectively

effect of capsaicin is in contrast to the in vivo effects of capsaicin and capsinoids on brown adipocytes.7,49,50 In adult
humans, the chronic ingestion of capsinoids for 6 weeks
did not affect basal energy expenditure, but increased coldinduced thermogenesis;7 capsaicin or capsinoid-induced
thermogenesis in animals has been attributed to sympathetic
nerve-mediated events,3 whereas capsaicin intrinsically inhibits the activation of brown adipocytes.
The precise reason why capsaicin partially inhibited
forskolin-induced Ucp1 expression currently remains unclear.
Forskolin activates adenylate cyclase,17 which increases
cAMP concentrations and the subsequent stimulation of the
protein kinase A pathway, leading to the transcription of the
Ucp1 gene.1 Capsaicin-induced calcium inﬂux may stimulate
the activity of calmodulin-dependent phosphodiesterase,
which degrades cAMP.51 This enhancement in phosphodiesterase activity with increases in intracellular calcium concentrations has also been suggested in brown adipocytes.52
Chaiyasit et al.53 reported that peak concentration of
plasma concentration was 2.47 ng/ml (8.1 nM) in humans
ingested capsicum containing 26.6 mg of capsaicin. The
concentration is lower than that examined effect on brown
adipogenesis and brown adipocyte function in this study.
Therefore, it is not clear whether capsaicin at the concentration detected in plasma affects brown adipogenesis and
brown adipocyte function. Future studies are needed to clarify the effect of physiological concentration of capsaicin.

Molecules responsible for capsaicin-induced calcium inﬂux
at the higher concentration should be explored in future.
There are two kinds of thermogenic adipocytes, i.e.
brown and beige. In mice, BAT consists of brown adipocytes, whereas beige adipocytes relatively exhibit sparse distribution in WAT.43 Both adipocyte types express genes
involved in thermogenesis such as Ucp1 and Pgc-1α at similar levels,44 and forskolin has been shown to up-regulate
Ucp1 expression in both types of adipocytes.45 However,
molecular signatures differ between brown and beige adipocytes,44–47 as do the cell lineages; brown adipocytes are
derived from skeletal muscle cells,48 whereas beige adipocytes are from smooth muscle-derived cells.44 Baboota
et al.37 recently revealed that the treatment of cells with capsaicin during the early stage of 3T3-L1 white adipogenesis
induced the up-regulation of Pparγ2, Pgc-1α and Ucp1 expression, suggesting the promotion of differentiation to
beige adipocytes. Capsaicin has the potential to increase
the activity of brown/beige adipocytes. However, the action
point of capsaicin may differ between brown and beige
(pre)adipocytes; the target of capsaicin is brown adipocytes
or brown preadipocytes present in the late stage of brown
adipogenesis, whereas capsaicin induces beige adipocytes
through the promotion of adipogenesis in the early stage.
Forskolin-induced Ucp1 expression was partially
inhibited by capsaicin, which suggests the inhibitory effect
of capsaicin on the activation of brown adipocytes. This
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ABSTRACT
Members of the transforming growth factor-b (TGF-b) family function through Smad-dependent and Smad-independent pathways. The
Smad-dependent pathway is stimulated through the phosphorylation of receptor-regulated Smad (R-Smad) and inhibited through the
dephosphorylation of R-Smad or the gene induction of inhibitory Smad (I-Smad). Little information is available on the regulation of R-Smad
gene expression. BMP4 potentiated the up-regulation of Smad8/9 expression in C2C12, H9c2, 3T3-L1, HepG2, B16, and primary ﬁbroblasts.
BMP4-induced Smad8/9 expression was cycloheximide-insensitive and LDN-193189-sensitive, suggesting a direct event mediated through
BMP type I receptors. BMP4 transcriptionally stimulated the Smad8/9 gene, and BMP-responsive elements (BREs) spanning nt 121 to nt 44
are involved in the up-regulation of Smad8/9 expression in response to BMP4. Phosphorylated Smad1/5/8/9 speciﬁcally bound to the BREs of
Smad8/9 gene. The present study reveals that Smad8/9 is a unique R-Smad regulated through the BMP pathway at the mRNA level. J. Cell.
Biochem. 9999: 1–9, 2016. © 2016 Wiley Periodicals, Inc.
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(I)-Smads (Smad6 and Smad7) is up-regulated through TGF-b1,
activin A, BMP2, and BMP7 [Nakao et al., 1997; Ishisaki et al., 1998;
Takase et al., 1998], and I-Smads directly associate with activated
type I receptors to compete with R-Smads [Hayashi et al., 1997].
Alternatively, I-Smads interact with a Smad-interacting ubiquitin
ligase known as Smurf, leading to the ubiquitination and
proteasomal degradation of these receptors [Ebisawa et al., 2001;
Murakami et al., 2003]. The signaling of the TGF-b family is further
negatively regulated through the de-phosphorylation of R-Smads
[Duan et al., 2006; Knockaert et al., 2006; Lin et al., 2006].
In contrast to I-Smads, the activity of R-Smads is not generally
regulated at the expression level; the TGF-b family does not affect
the expression of R-Smad [Nakao et al., 1997; Poncelet et al., 1999;
Herrera et al., 2009; Murakami et al., 2009], although a few studies
have reported the modulation of Smad3 expression through TGF-b
[Yanagisawa et al., 1998; Poncelet et al., 1999; Winbanks et al.,
2011]. We previously showed that the expression of Smad8/9, but
not Smad1 and Smad5, is decreased in response to the differentiation
stimulation of myoblasts into myotubes [Furutani et al., 2011]; the
dynamic changes in Smad8/9 expression paralleled changes in
endogenous BMP activity. The results suggested that unlike the other
R-Smads, Smad8/9 is a target gene for the BMP pathway. Here we

he transforming growth factor-b (TGF-b) family, comprising
three subfamilies, TGF-b, activin, and BMP groups [Miyazono
et al., 2010; Massague, 2012; Sakaki-Yumoto et al., 2013], plays
diverse physiological roles, including the control of cell division,
early embryonic patterning, cell differentiation, and cell determination [Derynck et al., 2008]. Compared with these diverse functions,
the signal transduction pathways of these transcription factors,
collectively referred to as the Smad pathway, are relatively simple.
Members of the TGF-b family transmit signals through speciﬁc
heteromeric complexes through type I and type II receptors, followed
by the phosphorylation of the type I receptor via the type II
receptor serine/threonine kinase. The phosphorylation of the type I
receptor activates the serine/threonine kinase activity of
this receptor, resulting in the phosphorylation of C-terminal serines
of receptor-regulated (R)-Smads (Smad1, 2, 3, 5, and 8 [or 9]: Smad1/
5/8/9 are regulated through BMP receptor complexes, and Smad2/3
are regulated via activin or TGF-b receptor complexes),
complex formation with common Smads (Smad4) and the transactivation of target genes [Miyazono et al., 2010; Massague, 2012;
Sakaki-Yumoto et al., 2013].
The negative regulation of TGF-b family signaling is also partly
mediated through the Smad proteins. The expression of inhibitory
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showed that the BMP pathway up-regulates Smad8/9 expression in
multiple cell types, indicating the unique regulation of the BMPinduced Smad-dependent signaling pathway.

MATERIALS AND METHODS
MATERIALS
The following reagents were purchased: BMP2, BMP4, TGF-b1,
and activin A were from R & D Systems (Minneapolis, MN);
LDN-193189, an inhibitor for BMP type I receptor [Yu et al.,
2008], was from Stemgent (San Diego, CA); a rabbit monoclonal
antibody against Smad5 (D4G2, #12534), and rabbit polyclonal
antibodies against phospho-Smad1 (Ser463/Ser465)/Smad5
(Ser463/Ser465)/Smad8 (Ser465/Ser467) (#13820 for Western
blot and #11971 for chromatin immunoprecipitation [ChIP]) were
from Cell Signaling Technology (Danvers, MA); a rabbit
monoclonal antibody against Smad1 (EP565Y, ab33902), a
goat polyclonal antibody against Smad8/9 (ab48011), and a
mouse monoclonal antibody against a-tubulin (B-5-1-2,
ab11304) were from Abcam (Cambridge, MA).
CELL CULTURE
C2C12, H9c2, 3T3-L1, HepG2, and B16 cells were cultured in
Dulbecco0 s modiﬁed Eagle0 s medium (DMEM) supplemented with
10% heat-inactivated fetal bovine serum (FBS), 100 U/ml penicillin
and 100 mg/ml streptomycin. C2C12, 3T3-L1, and B16 are mouseoriginated cell lines. H9c2 and HepG2 are rat- and human-originated
cell lines, respectively. Rat primary ﬁbroblasts were prepared from
skin of Wistar rats [Messenger, 1984] and cultured in DMEM
supplemented with 10% FBS and antibiotics.
RNA ISOLATION AND QUANTITATIVE RT-PCR (QRT-PCR)
Total RNA isolation and qRT-PCR analyses were performed as
previously described [Murakami et al., 2015]; total RNA was
isolated using the RealTime ready Cell Lysis Kit (Roche,
Mannheim, Germany), and cDNA was synthesized using Transcriptor Universal cDNA Master (Roche). The oligonucleotide
primers for qRT-PCR are shown in Table I. As described above,
because we used cell lines and primary cells originated from
several species, that is, C2C12 (mouse), H9c2 (rat), 3T3-L1
(mouse), HepG2 (human), B16 (mouse), and primary ﬁbroblasts
(rat), we designed PCR primers to detect human, rat, and mouse
genes. The mRNA levels were expressed relative to b-actin or
GAPDH mRNA levels.

KARYOTYPE ANALYSES
To prepare the metaphase chromosomes, 3T3-L1 cells were grown to
80% conﬂuency in 100-mm dishes. Colchicine (Calbiochem, La
Jolla, CA) was added at a ﬁnal concentration of 0.1 mg/ml for 1 h to
stop the cell cycle. The cells were collected and subsequently treated
with 0.075 M potassium chloride for 30 min at 37°C. The cells were
ﬁxed in Carnoy0 s solution (methanol: acetic acid, 3:1) and spread
onto glass slides using the air-drying method. After staining
with a 5% Giemsa solution, the number of chromosomes with 23
metaphases was counted.
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WESTERN BLOT
The cells were lysed using the EzRIPA Lysis Kit (Atto, Tokyo, Japan),
according to the manufacturer0 s instructions. The protein concentration was determined using the Pierce BCA Protein Assay Kit
(Thermo Fisher Scientiﬁc, Waltham, MA). After heating for 5 min
at 95°C, 10 mg of the protein samples was subjected to 10%
SDS–polyacrylamide gel electrophoresis, followed by blotting onto
iBlot Gel Transfer Stacks PVDF, Mini membranes (Life Technologies,
Grand Island, NY) using an iBlot Gel Transfer Device (Life
Technologies). The membranes were blocked with EzBlock (Atto)
for 2 h and reacted with primary antibody diluted 1:1,000–5,000 in
Can Get Signal solution (Toyobo, Tokyo, Japan) overnight at 4°C.
Subsequently, the membranes were reacted with the appropriate
secondary antibody conjugated with HRP for 1 h at room temperature. The immunoreactive proteins were visualized using the ECL
Select Western blotting detection system (GE Healthcare, Buckinghamshire, UK) according to the manufacturer0 s instructions.
PLASMIDS
The DNA sequence spanning nt 1000 to nt þ113 of the mouse
Smad8/9 promoter was ampliﬁed and cloned into a pGL4 basic
vector containing the ﬁreﬂy luciferase reporter (Smad8/9(1000)luc); nt þ1 was deﬁned as the transcriptional initiation site. Reporter
plasmids with deleted promoters or point mutations were prepared
using a PCR-based method. The plasmids were veriﬁed through
DNA sequencing.
REPORTER ASSAYS
C2C12 and 3T3-L1 cells were transiently transfected with the
Smad8/9 reporter construct and a plasmid expressing Renilla
luciferase under the control of thymidine kinase promoter
(pRL-tk) using Polyethylenimine Max reagent (Polysciences,
Warrington, PA). At 24 h post-transfection, the cells were cultured
with members of the TGF-b family in the presence of 0.2% FBS in
DMEM for 16 h. The ﬁreﬂy luciferase activity in the cell lysate was
normalized to the Renilla luciferase activity.
ChIP
C2C12 cells were treated with or without BMP4 (4 nM) for 2 h, and
ChIP assays were performed by use of a commercial kit (Simple ChIP
Plus Enzymatic Chromatin IP (#9005), Cell Signaling Technology).
Binding of Smad1/5/8/9 to the region including BMP-responsive
elements (BREs) of Smad8/9 gene (nt 164 to nt þ21) was evaluated
by PCR. Nucleotide sequence of the used PCR primers is shown in
Table I. Because the GC-content of the region is extremely high
(77%), we ampliﬁed the region by use of PrimeSTAR GXL DNA
polymerase (TaKaRa, Otsu, Japan), which is suitable for ampliﬁcation of the GC-rich template. According to the manufacturer0 s
protocol, the PCR proﬁle was as follows: after denaturing for 2 min
at 98°C, 30 cycles consisted of 10 sec at 98°C and 20 sec at 68°C,
followed by extension for 3 min at 68°C. We also ampliﬁed outside
region of the BREs of Smad8/9 (nt 2861 to nt 2702), the
unrelated region to BMP signaling of hepcidin (nt 150 to nt 35),
and the region including BREs of Id2 gene (nt 2872 to nt 2673,
Nakahiro et al., 2010); hepcidin is a BMP-responsive gene,
but the region spanning nt 150 to nt 35 is not involved in
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TABLE I. Oligonucleotide Sequences For qRT-PCR and ChIP Assay

Gene
Human
Smad1
Smad2
Smad3
Smad4
Smad5
Smad6
Smad7
Smad9
b-actin
Mouse
Smad1
Smad2
Smad3
Smad4
Smad5
Smad6
Smad7
Smad8/9
b-actin
GAPDH
Rat
Smad1
Smad2
Smad3
Smad4
Smad5
Smad6
Smad7
Smad9
b-actin
ChIP
BRE of Smad8
Outside BRE of Smad8
Unrelated to responsiveness to BMP in hepcidin
BRE of Id2

50 -primer

30 -primer

50 -caacagccacccgtttcct-30
50 -tcatagcttggatttacagccag-30
50 -tggacgcaggttctccaaac-30
50 -gccaactttcccaacattcctg-30
50 -ctttccaccagcccaacaacac-30
50 -tctcctcgcgacgagtacaa-30
50 -acccgatggattttctcaaac-30
50 -atgtgatttactgctgcgtgt-30
50 -ccaaccgcgagaagatga-30

50 -gtttgggtaactgctattggga-30
50 -acaccaaaatgcaggttctgag-30
50 -gtgctggggacatcggattc-30
50 -tgctgctgtcctggctgag-30
50 -taggcaggaggaggcgtatcag-30
50 -ccggagcagtgatgagggagt-30
50 -gccagataattcgttccccc-30
50 -cggtagtggtaagggttaatgc-30
500 -ccagaggcgtacagggatag -30

U59423
BC014840
BC0550743
BC002379
AF009678
NM_005585
AF015261
BC011559
NM_001101

50 -tgaaaacaccaggcgacata-30
50 -tgtgcagagccccaactgt-30
50 -ggaatgcagccgtggaact-30
50 -aagctgccctgttgtgactgt-30
50 -gcagtaacatgattcctcagacc-30
50 -gttgcaacccctaccacttc-30
50 -acccccatcaccttagtcg-30
50 -cggatgagctttgtgaagg-30
50 -ctaaggccaaccgtgaaaag-30
50 -cgtgttcctacccccaatgt-30

50 -tgaggcattccgcatacac-30
50 -gcctggtgggatcttacacact-30
50 -aagacctcccctccgatgtag-30
500 -ggagagttgacccaagcaaaag-30
50 -gcgacaggctgaacatctc-30
50 -ggaggagacagccgagaata-30
50 -gaaaatccattgggtatctgga-30
50 -gggtgctcgtgacatcct-30
50 -accagaggcatacagggaca-30
50 -tgtcatcatacttggcaggtttct-30

NM_008539
U60530
AB008192
NM_008540
AF063006
AF010133
AF015260
AY145520
NM_007393
NM_008084

50 -gcagcccttttcagatgccag-30
50 -caggacgattagatgagcttg-30
50 -cctgccactgtctgcaagata-30
50 -gaacactggatggacgactg-30
50 -cagcctatggacacaagcaa-30
50 -gttgcaacccctaccacttc-30
50 -acccccatcaccttagtcg-30
50 -accattaccgcagagtggaga-30
50 -ctaaggccaaccgtgaaaag-30

50 -ggctgagagccatcctgggc-30
50 -cgtatttgctgtactcagtcccc-30
50 -gcaaattcctggttgttgaagat-30
50 -acagacgggcatagatcaca-30
50 -ggcaacaggctgaacatctc-30
50 -ggaggagacagccgagaata-30
500 -aaatccatcgggtatctgga-30
50 -tgagggttgtactcgctgtg-30
50 -accagaggcatacagggaca-30

NM_013130
NM_019191
NM_013095
NM_019275
NM_021692
NM_001109002
NM_030858
AF012347
NM_031144

50 -aaggctctctgcaggcatgatgtg-30
50 -gggtggtgccagtcaggtttgctt-30
50 -cactattttcttggaaatgagtcagagc-30
50 -gctgagtgacggcgcggttgctat-30

50 -tccagaggcgtcagtcaggctgga-30
50 -cacatcaatcataaactaagaaaa-30
50 -tgtgtggtggctgtctaggagcc-30
50 -gtgatccctgacaggtgatgaatt-30

NC_000069.6
NC_000069.6
NC_000073.6
NC_000078.6

RESULTS

BMP-mediated transcriptional activation [Truksa et al., 2009].
Because the GC-content of the former two sequences was 43% and
53%, respectively, we ampliﬁed the region by use of Ex-Taq DNA
polymerase (TaKaRa) with the PCR proﬁle of initial denaturation
for 3 min at 95°C, 30 cycles consisted of 20 sec at 95°C, 20 sec at
60°C and 20 sec at 72°C, followed by extension for 3 min at 72°C.
The region including BREs of Id2 gene is GC-rich (75%). Thus, we
used PrimeSTAR GXL DNA polymerase; the two-step PCR proﬁle
to detect the BREs of Smad8/9 gene; however, did not properly
amplify the Id2 promoter. Therefore, we performed three-step PCR
with the PCR proﬁle of initial denaturation for 2 min at 98°C,
30 cycles consisted of 10 sec at 98°C, 15 sec at 55°C and 20 sec at
68°C, followed by extension for 3 min at 68°C, according to the
manufacturer0 s protocol. The PCR products were electrophoresed
in agarose gels, followed by ethidium bromide staining and
visualization under ultraviolet light. We also examined several
antibodies against Smad for ChIP assays in preliminary experiments; reproducible results were obtained, when antibody against
phosphorylated Smad1/5/8/9 was used. Thus, chromatin samples
were reacted with control IgG as a negative control or antiphosphorylated Smad1/5/8/9 antibody.

SMAD8/9 EXPRESSION IS UP-REGULATED THROUGH BMP4 IN
MULTIPLE CELL TYPES
In a previous study, we revealed that changes in Smad8/9 expression,
but not Smad1/5, paralleled endogenous BMP activity during
myogenesis [Furutani et al., 2011]. We explored whether Smad8/9
expression is up-regulated through exogenous BMP and determined
whether this regulation is detected in multiple cell types. Treatment
with BMP4 for 2 h increased Smad8/9 expression in all examined cells
(Fig. 1); expectedly, the expression of I-Smads, Smad6 and Smad7
were increased as previously shown [Nakao et al., 1997; Takase et al.,
1998]. In addition, the expression levels of R-Smads other than
Smad8/9 were unaffected after BMP4 treatment. The up-regulation of
Smad8/9 expression was also detected in cells treated with BMP2, a
closely related molecule to BMP4 (Fig. 2, data not shown).
Smad8 is closely related to Smad9; the nucleotide sequence of
mouse Smad9 (GenBank accession number: NM_019483) indicates
that six nucleotides (50 -cgagtc-30 ) are inserted at nt þ961 of mouse
Smad8 (AF175408, Fig. 3A), leading to differences of two amino
acids between Smad8 and Smad9. To characterize Smad8/9 in
the cells examined in Figure 1, the nucleotide sequence of the
region spanning the six nucleotides was determined (Fig. 3B). The
insertion of the six nucleotides was detected in all cells
examined (Fig. 3B upper, data not shown), except for C2C12 cells
(Fig. 3B middle), indicating that C2C12 cells express Smad8,
whereas the other cells express Smad9. Treatment with BMP4 did

STATISTICAL ANALYSES
The data are expressed as the means  standard error (SE).
Differences in the gene expression between cells were examined
using unpaired t-tests. Differences of P < 0.05 were considered
signiﬁcant.
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Fig. 1. Smad expression in response to BMP4 in multiple cell types. Smad expression in response to treatment with BMP4 was examined in C2C12 cells (A), H9c2 cells (B),
primary ﬁbroblasts (C), 3T3-L1 cells (D), HepG2 cells (E), and B16 cells (F). The cells were cultured in the presence or absence of BMP4 (4 nM) for 2 h. Expression of Smad
was examined using qRT-PCR and expressed as ratios to b-actin, with the level set to 1 in cells cultured in the absence of BMP4. The data are presented as the means  SE (n ¼ 4).
, : P < 0.05 and P < 0.01, respectively, compared with expression in cells treated without BMP4.

not induce expression of Smad9 in C2C12 cells, which was veriﬁed
by direct sequencing of the RT-PCR products (data not shown).
Notably, the nucleotide sequencing in 3T3-L1 cells reproducibly
indicated the expression of both Smad8 and Smad9 (Fig. 3B bottom).
We cloned Smad8/9 mRNA expressed in 3T3-L1 cells and
determined the nucleotide in a total of 58 clones: 24 clones (41%)
of Smad8 and 34 clones (59%) of Smad9 (data not shown).
The karyotype analyses of a total of 23 cells showed 63  15

Fig. 2. Smad expression in response to BMP2 in 3T3-L1 cells. Smad expression
in response to treatment with BMP2 was examined in 3T3-L1 cells. The cells
were cultured in the presence or absence of BMP2 (4 nM) for 2 h. The expression
of Smad was examined using qRT-PCR and expressed as ratios to GAPDH, with
the level set to 1 in cells cultured in the absence of BMP2. The data are
presented as the means  SE (n ¼ 4). , : P < 0.05 and P < 0.01, respectively,
compared with expression in cells treated without BMP2.
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Fig. 3. Nucleotide sequence of Smad8/9 in multiple cell types. A: Nucleotide
sequence surrounding nt þ961 of mouse Smad9 compared with that of mouse
Smad8. B: Waveform of the nucleotide sequence of Smad8/9 in B16 (upper),
C2C12 (middle), and 3T3-L1 cells (bottom).
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chromosomes in 3T3-L1 cells. Considering the 40 chromosomes
observed in normal mice, the mixed and uneven ratio of Smad8 and
Smad9 might reﬂect abnormal chromosomes.
We next evaluated the effects of the other members of the TGF-b
family, TGF-b1, and activin A, on Smad8/9 expression (Fig. 4).
As expected, TGF-b1 increased the expression of I-Smad in C2C12
cells (Fig. 4A) and 3T3-L1 cells (Fig. 4B). Activin A potentiated the
up-regulation of I-Smad expression in 3T3-L1 cells. In contrast,
activin A did not up-regulate I-Smad expression in C2C12 cells,
although the effects of activin A were statistically signiﬁcant. Both
TGF-b1 and activin A did not substantially increase Smad8/9
expression. These results indicate that Smad8/9 is a unique R-Smad
gene regulated at the mRNA level through BMPs.
BMP4-INDUCED SMAD8/9 EXPRESSION IS TRANSCRIPTIONALLY
REGULATED
To examine the molecular mechanism underlying the regulation of
Smad8/9 expression, the effects of cycloheximide, an inhibitor of
protein synthesis, on BMP-induced Smad8/9 expression were
examined (Fig. 5). Smad8/9 expression in response to BMP4
treatment was up-regulated, irrespective of treatment with cycloheximide, suggesting that the Smad8/9 induction is a direct event.
Thus, we speculated that BMP-induced Smad8/9 expression is
transcriptionally regulated. To this end, luciferase-based reporter
assays using the Smad8/9 promoter were performed.
Initially, we examined the BMP4-induced transcription of Smad8/
9 using a reporter containing 1,000 bp of the Smad8/9 gene promoter
(Fig. 6A and B). BMP4 increased the expression of luciferase, and
pretreatment with LDN-193189, an inhibitor of BMP type I receptors
[Yu et al., 2008], suppressed the responsiveness to BMP4 in C2C12
and 3T3-L1 cells, indicating that BMP4-induced Smad8/9 expression is transcriptionally regulated through the activation of BMP
type I receptors. Considering that, BMP type I receptors phosphorylate and activate Smad1/5/8/9 [Miyazono et al., 2010; Massague,
2012; Sakaki-Yumoto et al., 2013], the stimulated Smad8/9
transcription is likely achieved through a Smad-dependent pathway.
Indeed, LDN-193189 inhibited the BMP4-induced phosphorylation
of Smad1/5/8/9 (Fig. 6C).

Fig. 4. Smad expression in response to the TGF-b family in C2C12 and 3T3-L1
cells. Smad expression in response to treatment with TGF-b1, activin A, or
BMP4 was examined in C2C12 cells (A) and 3T3-L1 cells (B). The cells were
cultured in the presence or absence of TGF-b1 (100 pM), activin A (4 nM), or
BMP4 (4 nM) for 2 h. The expression of Smad was examined using qRT-PCR
and expressed as ratios to b-actin, with the level set to 1 in cells cultured
in the absence of ligand. The data are presented as the means  SE (n ¼ 4).
, : P < 0.05 and P < 0.01, respectively, compared with expression in cells
treated without ligand.

MULTIPLE BMP-RESPONSIVE ELEMENTS ARE REQUIRED FOR
BMP4-INDUCED SMAD8/9 TRANSCRIPTION
We next explored the potential region within the Smad8/9 promoter
responsible for transcriptional activation in response to BMP4
treatment using deleted mutants of the Smad8/9 reporter (Fig. 7).
The deletion of 330 bp within 1,000 bp upstream of the Smad8/9
gene decreased responsiveness to BMP4 in C2C12 cells (Fig. 7A);
nevertheless, signiﬁcant transcriptional activation through BMP4
was detected. Compared with Smad8/9(338)-luc, further deletions
of the Smad8/9 promoter resulted in gradual decrease of BMP4induced transcription. The responsiveness to BMP4 nearly disappeared when Smad8/9(43)-luc was used as a reporter. Similar
effects of BMP4 were detected in 3T3-L1 cells, although the
responsiveness to BMP4 in Smad8/9(1000)-luc was not different
from that in Smad8/9(670)-luc (Fig. 7B). Similar to the response in
C2C12 cells, BMP4 did not induce transcriptional activation, when
Smad8/9(43)-luc was used in 3T3-L1 cells. These results suggest
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that BREs are located at the distal region of nt 43 of the Smad8/9
promoter.
The BMP-induced phosphorylation of Smad1/5/8/9 stimulates
transcription through binding to a GCCG or GC-rich sequence
located in the promoter region of the target gene [Kusanagi et al.,
2000; L
opez-Rovira et al., 2002]. Examination of the nucleotide
sequence indicated ﬁve potential regions of GCCG (BRE-1, 2, 4,
and 5) or GC-rich sequence (BRE-3) within nt 121 of the Smad8/9
promoter (Fig. 8A). To examine the involvement of these BREs in
BMP4-induced transcription, reporter plasmids with individual or
combinational mutations of the BREs were prepared.
All ﬁve mutations of the BREs completely inhibited responsiveness to BMP4 (Fig. 8B). The mutations of individual BREs partially
decreased the BMP response; speciﬁcally, BRE-3 mutations
markedly reduced luciferase activity in response to BMP4. BRE-1
and BRE-2 mutations did not have the additive effects of BRE-3
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Fig. 5. Modulation of BMP4-induced Smad8/9 expression through cycloheximide. The necessity of new protein synthesis was examined for BMP4-induced mRNA expression of
Smad8 in C2C12 cells (A) and 3T3-L1 cells (B). The cells were treated with or without BMP4 (4 nM) for 12 h after pre-treatment with or without cycloheximide (0.5 mg/ml) for
15 min. Smad8/9 expression was examined using qRT-PCR and expressed as ratios to b-actin, with the level set to 1 in cells cultured in the absence of BMP4 and cycloheximide.
The data are presented as the means  SE (n ¼ 4). The numbers on the bar indicate fold-induction.

Fig. 6. Modulation of BMP4-induced Smad8/9 transcription through LDN-193189. BMP type I receptor kinase activity was examined for the BMP4-induced transcription and
phosphorylation of Smad8/9 in C2C12 cells (A and C) and 3T3-L1 cells (B and C). The cells were treated with or without BMP4 (4 nM) for 1 h (C) or 16 h (A and B) after pretreatment with or without LDN-193189 (100 nM) for 15 min. A, B: Smad8/9 transcription was evaluated as Smad8/9(1000)-luc expression. Fireﬂy, luciferase activity was
expressed as a ratio to Renilla luciferase activity, with the level set to 1 in cells cultured in the absence of BMP4 and LDN193189. The data are presented as the means  SE (n ¼ 6).
‡
P < 0.01, compared with the respective treatment with BMP4, but not with LDN-193189. C: The effects of LDN-193189 on the phosphorylation of Smad1/5/8/9 in C2C12 and
3T3-L1 cells were examined through western blot analyses. Expression level of total Smad1, Smad5, Smad8/9, and a-tubulin was also examined.
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Fig. 7. Transcriptional regulation of Smad8/9 through BMP4. The BRE in Smad8/9 promoter was examined using a series of Smad8/9 reporters with deleted promoters in C2C12
cells (A) and 3T3-L1 cells (B). The cells were transiently transfected with the indicated reporter plasmid with Renilla-luc and treated with or without BMP4 (4 nM) for 16 h. Fireﬂy
luciferase activity was expressed as a ratio to Renilla luciferase activity, with the level set to 1 in cells transfected with Smad8/9(1000)-luc and cultured in the absence of BMP4.
The data are presented as the means  SE (n ¼ 4).

Fig. 8. Identiﬁcation of BRE in Smad8/9. A: Nucleotide sequence of BRE-1 to BRE-5 of Smad8/9. B: BRE in Smad8/9 promoter was explored through reporter assays using
Smad8/9 promoter with point mutations in C2C12 cells. The cells were transiently transfected with the indicated reporter plasmid with Renilla-luc and treated with or without
BMP4 (4 nM) for 16 h. Fireﬂy luciferase activity was expressed as a ratio to Renilla luciferase activity, with the level set to 1 in cells cultured in the absence of BMP4. The data are
presented as the means  SE (n ¼ 4). C: C2C12 cells were treated with (þBMP4) or without BMP4 (-BMP4, 4 nM) for 2 h. Chromatin extracts were immuneprecipitated with
antibody against phosphorylated Smad1/5/8/9 or control IgG, followed by ampliﬁcation of the region spanning BREs of Smad8 gene (Smad8 BRE), outside BREs of Smad8 gene
(Smad8 outBRE), unrelated to responsiveness to BMP in hepcidin gene (Hepc), and BREs of Id2 gene (Id2). PCR was also performed using distilled water as the negative control
(NC). The PCR products were electrophoresed in agarose gels and stained by ethidium bromide. A representative result is shown.
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mutations. Similar results were obtained with BRE-4 and BRE-5
mutations; mutations of both BRE-4 and BRE-5 did not inhibit the
responsiveness to BMP4 induced through BRE-3 mutations. These
results suggest that all ﬁve BREs are necessary for BMP-induced
Smad8/9 transcription, although BRE-3 is the most critical region.
We further explored whether Smad1/5/8 binds to the region
including BREs of Smad8 gene, that is, nt 164 to nt þ21, in C2C12
cells by ChIP assay (Fig. 8C). When anti-phosphorylated Smad1/5/8
antibody but not control IgG was used for ChIP assay, the region
including the BREs of Smad8 was ampliﬁed; the band intensity
tended to increase in response to BMP4 treatment. Phosphorylated
Smad1/5/8 also bound to the region including the BREs of Id2 in a
BMP4-dependent manner. On the contrary, signiﬁcant band was not
detected, when the primer sets to detect the outside BREs of Smad8
gene or the unrelated region to BMP responsiveness in hepcidin gene
were used. These results suggest that phosphorylated Smad1/5/8
binds to the BREs of Smad8 gene, and that the binding is dependent
on BMP signaling in C2C12 cells.

DISCUSSION
BMPs elicit physiological effects through the transcriptional activation of
target genes; BMPs induce phosphorylation of R-Smads and complex
formation with Smad4, leading to transcriptional activation of the target
genes. The signaling model of BMP indicates that the dephosphorylation
of R-Smads and gene induction of I-Smads terminate the stimulated BMP
signaling [Miyazono et al., 2010; Massague, 2012; Sakaki-Yumoto et al.,
2013]; the activity of R-Smads is not regulated through expression, but
rather through the phosphorylation status [Miyazono et al., 2010]. The
present study revealed that Smad8/9 is an exceptional R-Smad positively
regulated via the BMP pathway at the mRNA level, and that gene
induction occurs in multiple cell types; recently, Tsukamoto et al.
[2014] reported similar results that BMP regulates expression of Smad9.
The present study extends their results [Tsukamoto et al., 2014]:
expression of Smad8 and Smad9 is cell-type dependent, Smad8/9 gene
expression is transcriptionally regulated by BMP, and several BREs are
involved in the transcriptional activation of Smad8/9.
Functional role of Smad8/9 is still controversial. As described
above, Smad8/9 is categorized as R-Smad that is phosphorylated in
response to treatment with BMP [Miyazono et al., 2010; Massague,
2012; Sakaki-Yumoto et al., 2013]. Similar to Smad1 and Smad5,
Smad8/9 mediates the transcription of a reporter with BREs derived
from the Id1 gene [Kawai et al., 2000; Tsukamoto et al., 2014],
suggesting that functions of Smad8/9 are compatible with those
of Smad1 and Smad5. Indeed, Smad8/9 is required for brain
development [Hester et al., 2005] and dorso-ventral patterning
during embryogenesis [Wei et al., 2014]; these effects were similar to
those of Smad1. In contrast, Tsukamoto et al. [2014] recently
demonstrated the inhibition of the BMP pathway by Smad8/9; BMP
induced phosphorylation of Smad1 and Smad8/9, and phosphorylated Smad8/9 formed complex with Smad1 to inhibit Smad1mediated transcription. These results suggest a dominant-negative
role of Smad8/9 in transcriptional activation by Smad1. In the
case of similar role of Smad8/9 to Smad1 and Smad5, the present
results on BMP-induced up-regulation of Smad8/9 expression is
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interpreted to accelerate the BMP signaling. Taken the role with wellcharacterized gene induction of I-Smad, that is, Smad6 and Smad7,
by the BMP pathway [Miyazono et al., 2010] together, net BMP
signaling may be ﬁnely tuned by simultaneous stimulation and
inhibition of BMP activity. In contrast, in the case of inhibitory role
of Smad8/9 in BMP pathway, the present results reﬂect a negative
feedback of BMP signaling. The dominant-negative role of Smad8/9
suggested by Tsukamoto et al. [2014] has not been shown in
biological process yet. Further studies to explore the biological role
of Smad8/9 clarify the signiﬁcance of Smad8/9 gene induction.
There is an alternative splicing variant of Smad8/9 gene,
designated Smad8B in humans, which lacks C-terminal serines
phosphorylated through receptor complexes [Nishita et al., 1999]. We
examined Smad8B expression in HepG2 cells, a human-derived cell
line, using previously reported PCR primers [Nishita et al., 1999], but
could not detect signiﬁcant Smad8B expression, irrespective of the
BMP treatment (data not shown). We also explored the corresponding
sequence of murine Smad8/9, but did not detect Smad8B. Thus, we
concluded that the induction of Smad8/9 gene expression through
BMP4 in multiple cell types does not reﬂect the expression of Smad8/9
variant lacking region with C-terminal serines.
A search of the nucleotide database indicated mouse Smad8/9 variants
with inserted sequences between exons 1 and 2 (variant 1: GenBank
accession number XM_006501728) and the deletion of a part of exon 2
(variant 2: XM_00651729). Furthermore, other human Smad8/9 variants
lacking lack exons 2 and 3, or exon 3 alone have been identiﬁed [Cheng
et al., 2004]. The expression of these Smad8/9 variants and effects of
BMP4 treatment were further examined using RT-PCR analyses with
primers to discriminate these variants in C2C12 cells. We detected Smad8/
9 variants 1 and 2, but not Smad8/9 variants lacking exons 2 and 3, or
exon 3 alone as previously reported [Cheng et al., 2004] (data not shown).
BMP4 increased the gene transcript levels of all 3 Smad8/9, that is,
wild-type Smad8/9, Smad8/9 variants 1 and 2 (data not shown). The
amino acid sequence of Smad8/9 variant 1 is identical to that of wild-type
Smad8/9. In addition, differences in the amino acid sequences between
wild-type Smad8/9 and Smad8/9 variant 2 only involves 13 amino acids;
the ﬁrst nine amino acids of wild-type Smad8/9 are deleted in Smad8/9
variant 2, and four amino acids within the next ﬁve amino acids are
different between wild-type Smad8/9 and Smad8/9 variant 2. Thus, the
present results suggest that the stimulated BMP pathway substantially
increases activity of wild-type Smad8/9.
The R-Smads, except for Smad2, and Smad4 can bind to preferred
DNA sequences. However, the afﬁnity of Smads to the DNA sequence is
not sufﬁcient to support the association of Smads with regulatory
promoter sequences [Miyazono et al., 2010; Massague, 2012; SakakiYumoto et al., 2013]. Therefore, Smad complexes interact and cooperate
with the other transcription factors, leading to transcriptional
regulation of target genes with the help of transcriptional
coactivators and corepressors [Miyazono et al., 2010; Massague,
2012; Sakaki-Yumoto et al., 2013]. Future studies are needed to
characterize Smad complexes bound to the BREs of Smad8/9.
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"CTUSBDU 4UBQIZMPDPDDVT QTFVEJOUFSNFEJVT JT B NBKPS QBUIPHFO PG DBOJOF QZPEFSNB  LOPXO UP QSPEVDF
FYGPMJBUJWF UPYJOT UIBU DPVME CF JOWPMWFE JO GPSNBUJPO PG DVUBOFPVT MFTJPOT 5P VOEFSTUBOE UIF HFOPUZQJD
EJTUSJCVUJPOPG4QTFVEJOUFSNFEJVT XFTVSWFZFEEPHTXJUIQZPEFSNBJOUISFFWFUFSJOBSZIPTQJUBMTJO+BQBO
4FWFOUZGPVS 4 QTFVEJOUFSNFEJVT TUSBJOT XFSF JTPMBUFE   PG XIJDI   XFSF NFD"QPTJUJWF NFUIJDJMMJO
SFTJTUBOU 4 QTFVEJOUFSNFEJVT .341  4UBQIZMPDPDDBM DBTTFUUF DISPNPTPNF NFD 4$$NFD  UZQJOH PG UIF
JEFOUJàFE .341 TUSBJOT SFWFBMFE UIBU UIF NPTU QSFWBMFOU HFOPUZQF XBT UZQF ***MJLF   GPMMPXFE CZ UZQF
7  5IFTFEBUBTVHHFTUIJHIQSFWBMFODFPG.341TUSBJOTDPOTJTUJOHPGUXPNBKPS4$$NFDUZQFTBNPOH
DBOJOFQZPEFSNBJO+BQBO8FGPVOEMPXQSFWBMFODFPGFYGPMJBUJWFUPYJOHFOFT FYQ JOUIF.341TUSBJOTFYQ"
BOEFYQ#XFSFQSFTFOUJOBOE SFTQFDUJWFMZ5IFTFàOEJOHTTVHHFTUOPBTTPDJBUJPOJODBSSJBHFCFUXFFO
NFD"BOEFYQHFOFTJO4QTFVEJOUFSNFEJVTGSPNDBOJOFQZPEFSNB
,FZXPSET4UBQIZMPDPDDVTQTFVEJOUFSNFEJVTTVQFSàDJBMQZPEFSNBNFUIJDJMMJOSFTJTUBODF4$$NFD
FYGPMJBUJWFUPYJO

4JODF UIF GJSTU SFQPSU PG B NFD"QPTJUJWF .341

Introduction

TUSBJO JO   .341 JOGFDUJPOT IBWF CFFO JODSFBTJOH
4UBQIZMPDPDDVT QTFVEJOUFSNFEJVT JT B OPSNBM JOIBCJUBOU

JO TNBMM BOJNBM NFEJDJOF  "DDPSEJOH UP QSFWJPVT

PG UIF TLJO BOE NVDPTBF PG EPHT   5IJT TQFDJFT JT BMTP

TUVEJFT  .341 TUSBJOT BSF NBJOMZ DMBTTJGJFE JOUP UXP

LOPXO UP CF UIF NBKPS QBUIPHFO PG TVQFSàDJBM QZPEFSNB 

HFOPUZQFT CBTFE PO UIF UZQF PG TUBQIZMPDPDDBM DBTTFUUF

POF PG UIF NPTU DPNNPO JOGFDUJPVT EJTFBTFT PG DBOJOF

DISPNPTPNF NFD 4$$NFD  4$$NFD UZQF ***MJLF

DVUBOFPVT EJTPSEFS

 1SFWJPVT TUVEJFT IBWF SFWFBMFE UIBU

DMPOFT JOGPSNBMMZ EFTJHOBUFE UZQF ***** CZ %FTDMPVY

4 QTFVEJOUFSNFEJVT QPTTFTT WJSVMFODF GBDUPST TVDI BT

FU BM   XIJDI BSF GPVOE JO &VSPQF BOE NBOZ PUIFS

FYGPMJBUJWF UPYJOT &5T  &YQ" BOE #  XIJDI DBVTF TLJO

BSFBT BDSPTT UIF XPSME  BOE UZQF7 DMPOFT  XIJDI BSF

FYGPMJBUJPO  )PXFWFS  GFX TUVEJFT IBWF EFTDSJCFE UIF

QSFWBMFOUJO/PSUI"NFSJDB ,PSFBBOE5IBJMBOE   

EJTUSJCVUJPO PG &5T JO 4 QTFVEJOUFSNFEJVT GSPN DBOJOF

(FOPUZQJOH JT JNQPSUBOU BOE IFMQGVM JO VOEFSTUBOEJOH

TVQFSGJDJBM QZPEFSNB  

 BOE UIF QSFTFODF PG &5T JO

UIF HFPHSBQIJD EJTUSJCVUJPO BOE FTUJNBUJOH UIF FQJEFNJD

NFUIJDJMMJOSFTJTUBOU 4 QTFVEJOUFSNFEJVT .341  IBT OPU

OBUVSF BOE TQSFBE PG .341 DMPOFT )PXFWFS  POMZ B GFX

CFFOSFQPSUFE

TUVEJFT IBWF QFSGPSNFE HFOPUZQFCBTFE BOBMZTJT PG DBOJOF
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TVQFSGJDJBM QZPEFSNB DBVTFE CZ .341 JO +BQBO  8F

QFSGPSNFE5PEJTDSJNJOBUF4$$NFDUZQFT*UP7 JODMVEJOH

UIFSFGPSF DPOEVDUFE NPMFDVMBS BOBMZTJT PG .341 TUSBJOT

UZQF ***MJLF  DMBTTJGJFE CBTFE PO UIF DDS BOE NFD HFOF

JTPMBUFE GSPN DBOJOF TVQFSàDJBM QZPEFSNB BOE EFUFSNJOFE

DPNQMFYFT  UXP .1$3T  BOE POF EVQMFY 1$3  XFSF

4$$NFD UZQFT JO +BQBO8F BMTP BOBMZ[FE UXP FYGPMJBUJWF

DBSSJFEPVU

UPYJO HFOFT  FYQ" BOE FYQ#  UP JOWFTUJHBUF UIF BTTPDJBUJPO
CFUXFFO NFUIJDJMMJO SFTJTUBODF BOE UIF DBSSJBHF PG UPYJO

Detection of exfoliative toxin genes

HFOFT )FSF  XF EFTDSJCF UIF QSFWBMFODF PG NFUIJDJMMJO

'SBHNFOUT GSPN UXP FYGPMJBUJWF UPYJO HFOFT  FYQ"

SFTJTUBODF BOE FYGPMJBUJWF UPYJO HFOFT JO UIF HFOPNF PG

BOE FYQ#  XFSF BNQMJGJFE CZ DPOWFOUJPOBM 1$3 5IF

4 QTFVEJOUFSNFEJVT BNPOH  EPHT XJUI TVQFSGJDJBM

PMJHPOVDMFPUJEF QSJNFST XFSF BT QSFWJPVTMZ SFQPSUFE
:B N B N P U P F U B M          U I  " O O V B M N F F U J O H P G

QZPEFSNBGSPNUISFFWFUFSJOBSZIPTQJUBMTJO+BQBO

5IF +BQBOFTF 4PDJFUZ PG 7FUFSJOBSZ %FSNBUPMPHZ 
{"555(55$"$"5(("555"55{ GPSXBSE  BOE

Materials and Methods

{"(((($"55""$""5""("5${ SFWFSTF  GPS
FYQ" BOE{555"5("$"($5"5($5$"55{ GPSXBSE 

Sample collecting
8FFYBNJOFEEPHTXJUITVQFSàDJBMQZPEFSNBJOUISFF

BOE {5$$5"""55"($(5$"""""5{ SFWFSTF 

QSJWBUF WFUFSJOBSZ IPTQJUBMT JO UISFF QSFGFDUVSFT PG +BQBO

GPS FYQ# 5IF UIFSNBM DZDMJOH QBSBNFUFST DPOTJTUFE PG

CFUXFFO"QSJMBOE%FDFNCFS5IFEPHT 

BO JOJUJBM EFOBUVSBUJPO BU $ GPS  NJO GPMMPXFE CZ 

NBMFT GFNBMFTNFBOBHF ZFBST<SBOHF NPOUIT

DZDMFTPGEFOBUVSBUJPOBU$GPST BOOFBMJOHBU$

UP  ZFBST>  XFSF  4IJI 5[V EPHT   'SFODI #VMMEPHT 

GPST BOEFYUFOTJPOBU$GPST XJUIBOBEEJUJPOBM

 1PPEMFT   .JOJBUVSF %BDITIVOET   4IJCB *OV EPHT  

GJOBM FYUFOTJPO TUFQ PG $ GPS  NJO 1$3 QSPEVDUT

1VHT   $IJIVBIVBT   $PDLFS 4QBOJFMT  8FTU )JHIMBOE

XFSF TFQBSBUFE PO  BHBSPTF HFM XJUI 5"& CVGGFS BOE

XIJUF UFSSJFST   3FUSJFWFST   .BMUFTFT  :PSLTIJSF

WJTVBMJ[FEXJUIFUIJEJVNCSPNJEF

UFSSJFST $BWBMJFS,JOH$IBSMFT4QBOJFMT +BDL3VTTFMMT 
 #BTTFU   $IJO   (FSNBO TIFQIFSE   1FLJOHFTF  

Results and Discussion

4DIOBV[FS  8FJNBSBOFS BOE  .JYFE CSFFET" UPUBM PG
 TQFDJNFOT XFSF DPMMFDUFE CZ TXBCCJOH TLJO MFTJPOT

"UPUBMPGTUBQIZMPDPDDJGSPNEPHTXJUITVQFSàDJBM

#BDUFSJBM TUSBJOT GSPN UIF TQFDJNFOT XFSF DVMUJWBUFE PO

QZPEFSNB XFSF PCUBJOFE"MM TUSBJOT XFSF JEFOUJàFE BT 4

USZQUJD TPZ BHBS DPOUBJOJOH  TIFFQ CMPPE #% +BQBO 

QTFVEJOUFSNFEJVT BT QSFWJPVTMZ EFTDSJCFE  .PMFDVMBS

$P -UE 5PLZP +BQBO BU$GPSI"MMTUSBJOTXFSF

DIBSBDUFSJTUJDT PG UIF JTPMBUFE 4 QTFVEJOUFSNFEJVT XFSF

JEFOUJGJFE BT TUBQIZMPDPDDJ CBTFE PO DPMPOZ NPSQIPMPHZ 

JOWFTUJHBUFE VTJOH TFWFSBM DPOWFOUJPOBM 1$3 NFUIPET BT

(SBNTUBJOBQQFBSBODFBOEUIFDBUBMBTFUFTU

QSFWJPVTMZ EFTDSJCFE  "T TIPXO JO 5BCMF   .341
XJUINFD"BDDPVOUFEGPS  PGUIFTUSBJOT5IJT
GSFRVFODZXBTWFSZIJHIDPNQBSFEUPQSFWJPVTTVSWFJMMBODF

Species identiﬁcation, determination of methicillin
resistance and SCC

EBUB GSPN PUIFS DPVOUSJFT  JO UIF 6,   JO

typing

,PSFB  BOE  JO /PSUI $IJOB  BOE XBT TJNJMBS UP
$SVEF %/" FYUSBDUJPO GSPN B TJOHMF DPMPOZ BOE

UIFQSFWJPVTMZSFQPSUFEJO+BQBO 5IJTJOEJDBUFTB

TUBQIZMPDPDDBM TQFDJFT JEFOUJàDBUJPO VTJOH NVMUJQMFY 1$3

IJHIQSFWBMFODFPG.341JODBOJOFTVQFSàDJBMQZPEFSNBJO

.1$3  XFSF QFSGPSNFE BT QSFWJPVTMZ EFTDSJCFE CZ

+BQBO 4JYUZàWF   PVU PG  EPHT IBE CFFO USFBUFE

4BTBLJFUBM

XJUI BOUJNJDSPCJBMT QSFWJPVTMZ    PG  EPHT


 B 1$3 NFUIPE 



JOGFDUFE XJUI .341 BOE    PG  EPHT JOGFDUFE

GPS EFUFDUJPO PG UIF NFD" HFOF XBT VTFE 4VCTFRVFOUMZ 

XJUI .441 %PHT JOGFDUFE XJUI .341 UFOEFE UP IBWF

4$$NFD UZQJOH PG UIF .341 TUSBJOT JEFOUJGJFE XBT

HSFBUFS FYQPTVSF UP BOUJCJPUJDT UIBO .441JOGFDUFE EPHT

5P JEFOUJGZ NFUIJDJMMJO SFTJTUBODF
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Table 1

Distribution of methicillin-resistant
strains from canine pyoderma

Table 2

/PPGTUSBJOT 
4QTFVEJOUFSNFEJVT
.FUIJDJMMJOTVTDFQUJCMF
.FUIJDJMMJOSFTJTUBOU
4$$NFDUZQF***MJLF
4$$NFDUZQF7
/POUZQFBCMF

 
 
 


 

Distribution of two exfoliative toxin genes among
strains

4QTFVEJOUFSNFEJVT

O

.FUIJDJMMJOTVTDFQUJCMF
.FUIJDJMMJOSFTJTUBOU




/PPGQPTJUJWFTUSBJOT 
FYQ"
FYQ#
 
 

 
 

Fig. 1 Multiplex PCR analysis of
gene complex (A) and
gene complex
(B).
Lane 1, SCC
type III-like MRSP; lane 2, SCC
type V MRSP;
lane 3, SCC
nontypeable MRSP. (A) Upper bands in lanes 1 and 2
represent types 3 and 5
genes, respectively. Lane 3 is a nontypeable strain that possesses
gene only. (B) Lanes 1 and 2 show
single bands speciﬁc to class A and C
gene complexes.
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Fig. 2

PCR analysis of exfoliative genes.
Lane 1, a MSSP isolate carrying the
gene; lane 2, positive control strain for
;
lane 3, a MSSP carrying the
gene;
lane 4, positive control strain for
.
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ABSTRACT

J. Exp. Zool.
323A:593–606,
2015

In a few Japanese populations of the loach Misgurnus anguillicaudatus (Teleostei: Cobitidae),
clonal diploid lineages produce unreduced diploid eggs that normally undergo gynogenetic
reproduction; however the origin of these clones remains elusive. Here, we show the presence of
two diverse clades, A and B, within this loach species from sequence analyses of two nuclear genes
RAG1 (recombination activating gene 1) and IRBP2 (interphotoreceptor retinoid-binding protein,
2) and then demonstrate heterozygous genotypes ﬁxed at the two loci as the evidence of the
hybrid nature of clonal lineages. All the clonal individuals were identiﬁed by clone-speciﬁc
mitochondrial DNA haplotypes, microsatellite genotypes, and random ampliﬁed polymorphic DNA
ﬁngerprints; they commonly showed two alleles, one from clade A and another from clade B,
whereas other wild-type diploids possessed alleles from either clade A or B. However, we also
found wild-type diploids with clone-speciﬁc mitochondrial DNA and nuclear genes from clade B.
One possible explanation is an introgression of a clone-speciﬁc mitochondrial genome from clonal
to these wild-type loaches. These individuals likely arose by a cross between haploid sperm from
bisexual B clade males and haploid eggs with clone-speciﬁc mtDNA and clade B nuclear genome,
produced by meiotic hybridogenesis (elimination of unmatched A genome followed by meiosis
after preferential pairing between two matched B genomes) in clone-origin triploid individual
(ABB). J. Exp. Zool. 323A:593–606, 2015. © 2015 Wiley Periodicals, Inc.
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2015. Hybrid origin of gynogenetic clones and the introgression of their mitochondrial genome
into sexual diploids through meiotic hybridogenesis in the loach, Misgurnus anguillicuadatus.
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The loach Misgurnus anguillicaudatus (Teleostei: Cobitidae) is a
gonochoristic diploid with 2n ¼ 50 chromosomes and it reproduces sexually, but clonal diploid lineages have been found in the
northern area of Hokkaido Prefecture and the Notojima Island of
Ishikawa Prefecture, Japan (Morishima et al., 2002, 2008a). These
clonal diploid loaches are essentially all-female and generate
unreduced diploid eggs by premeiotic endomitosis, that is,
chromosome doubling without cytokinesis (Itono et al., 2006).
Most clonal diploid eggs initiate gynogenetic development after
fertilization by sperm of sympatric sexually reproducing wildtype males, whereas some incorporate the sperm nucleus into the
egg to develop as triploid animal (Itono et al., 2007). Genetics and
atypical reproduction of clonal diploid and other polyploid
Misgurnus loaches have been reviewed by Arai and Fujimoto
(2013).
Interspeciﬁc hybridization is considered to be involved in the
origin of unisexual vertebrates, which atypically reproduce by
parthenogenesis, gynogenesis (sperm-dependent parthenogenesis), or hybridogenesis, and this is often accompanied by
polyploidy (reviewed in Dawley, '89; Vrijenhoek et al., '89;
Vrijenhoek, '94), although nonhybrid origins were recently
reported in parthenogenetically reproducing lizard Lepidophyma
genus (Sinclair et al., 2010). Hybridization often causes a
disruption of regular meiosis because of unsuccessful pairing
between non-homologous chromosomes derived from different
species, and it often results in sterility, but it seldom induces
atypical gametogenesis and unusual modes of reproduction in
ﬁsh species (Dawley et al., '85; Fujimoto et al., 2008). Examples of
unisexual ﬁsh with an apparent hybrid origin are included in the
genera Poecilia, Poeciliopsis, Menidia, Phoxinus, Squalius,
Carassius, and Cobitis (reviewed in Dawley, '89; Vrijenhoek
et al., '89; Gui and Zhou, 2010; Collares-Pereira et al., 2013).
Recent large-scale multi-locus analyses revealed the hybrid
origin of asexuality, establishment of clones in different ploidy
levels, and effect of asexual complexes to the initiation of
clonality and polyploidy in Cobitis loach, different members of
the family Cobitidae (Janko et al., 2012). In the Misgurnus loach,
however, a relationship between clonal reproduction in certain
diploids and hybridization is ambiguous, because M. anguillicaudatus has been identiﬁed as a single species entity (Saitoh,
'89).
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There are two major groups of Japanese M. anguillicaudatus,
namely, A and B, which are further clustered into two sub-groups,
B-1 and B-2, based on highly differentiated sequences (average
sequence divergence, 13%) of the mitochondrial DNA control
region (mtDNA-CR) (Morishima et al., 2008a). Similar intergeneric equivalent diversity has also been observed in M.
anguillicaudatus (Koizumi et al., 2009), in which different mtDNA
regions, particularly cytochrome b sequences, were analyzed, and
a large genetic divergence was observed (average sequence
divergence, 15–18%). However, recent molecular phylogenetic
studies strongly suggest that the entire mitochondrial genome of
group B Misgurnus must have originated from the ancestral loach
genus Cobitis through introgression; thus, the presence of two
different lineages diverging early in the speciation process within

M. anguillicaudatus is highly spurious (Slechtov
a et al., 2008;
Kitagawa et al., 2011). The hypotheses about the mitochondrial
introgression are supported by the recent analyses of the
complete mitochondrial genomes of different polyploid M.
anguillicaudatus (Zhou et al., 2014). Although these results raise
the question of genealogy based on previous mtDNA analyses
(Morishima et al., 2008a; Koizumi et al., 2009), the presence of
two different groups in the Japanese wild populations have also
been demonstrated by using allozymes (Khan and Arai, 2000) and
microsatellite analyses (Arias-Rodriguez et al., 2006). Recent
molecular phylogenetic studies on Misgurnus from the Far
Eastern region of Russia also suggested the presence of different
species within M. anguillicaudatus (Perdices et al., 2012).
Disruption of normal meiosis and subsequent gametogenesis
was also reported in inter-populational M. anguillicaudatus
hybrids between group A females and group B males as in
atypical reproduction occurred in inter-speciﬁc hybrids: most
hybrids generated unreduced diploid and other types of unusual
gametes (Arias-Rodriguez et al., 2009, 2010). All these studies
support the hybrid-origin theory for the occurrence of gynogenetically reproducing clones in nature.
In natural triploid loaches arising from the spontaneous
incorporation of a haploid sperm nucleus from a wild-type
diploid into an unreduced diploid egg of clonal lineage, haploid
eggs are formed by meiotic hybridogenesis: one of the two
different chromosome-sets (haploid genome) of the clone
preferentially pairs with the genetically similar haploid set
from a sperm donor to form bivalents and then they produce
haploid gametes by regular meiosis, but another haploid set of the
clone is eliminated before meiosis because of the low pairing
afﬁnity between the two haploid genomes of the clone
(Morishima et al., 2008b). This unusual pattern of meiotic
hybridogenesis also suggests that the genomic constitution of the
clonal loach might be heterozygous because of its presumptive
hybrid origin.
All the above-mentioned results support the involvement of
hybridization in the origin of clonal diploid loaches in nature, but
direct genetic evidence has not been obtained so far. In the
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present study, we analyzed sequences of the nuclear genes, RAG1
(recombination activating gene 1) and IRBP2 (interphotoreceptor
retinoid-binding protein 2), which have been utilized for
molecular phylogenetic studies in Cypriniformes ﬁshes, includ
ing loach species (Slechtov
a et al., 2008; Saitoh et al., 2010;
Perdices et al., 2012), in putative clonal diploid loaches and wildtype diploid loaches from different localities. Here, we demonstrate that the sequences of the RAG1 and IRBP2 genes can be
classiﬁed into two different clades, which closely correspond to
two groups that were previously observed in mtDNA-CR
sequences. We then show that clonal diploid specimens with
clone-speciﬁc mtDNA-CR sequences and microsatellite genotypes are heterozygotes possessing two different alleles from
diverse clades at both RAG1 and IRBP2 loci, indicating the hybrid
origin of clonal lineage.

MATERIALS AND METHODS
Ethics
All experiments procedures were performed in accordance with
Institutional guidelines on animal experimentation and care, and
were approved by the Animal Research Committee of Hokkaido
University.
Fish Specimens
From 2000 to 2010, M. anguillicaudatus (n ¼ 54) were collected
from 12 Japanese localities (Table 1). The ploidy status of each
individual was examined by ﬂow cytometry according to
Morishima et al. (2002) and one triploid individual was detected

among the specimens collected from site number 1. Clonal
individuals (#3 and #6) were previously identiﬁed by
reproduction experiments including artiﬁcial fertilization
with normal sperm, hybridization with goldﬁsh sperm, and
induced gynogenesis with UV-irradiated sperm as well as
genetically identical genotypes in several microsatellite loci
and multi-locus DNA ﬁngerprinting (Morishima et al., 2002).
Clone 1 strain was established by reproduction of the identiﬁed
female (#3: Morishima et al., 2002) and then maintained in the
Aquarium room of the Environment Control Experiment
Building of the Faculty of Fisheries Sciences, Hokkaido
University, Hakodate. Clone 1 strain was used as reference
for clone 1. The other clonal strains (2 to 4) were later identiﬁed
by the presence of mtDNA-CR haplotype III as well as
absolutely identical proﬁles in random ampliﬁed polymorphic
DNA (RAPD)-PCR analyses using several random primers and
multi-locus DNA ﬁngerprinting using a tetranucleotide probe
(Morishima et al., 2008a). Preserved specimens of clones 2 to 4
were also used as reference control samples to identify clonal
strains. The mud loach M. mizolepis specimen (n ¼ 1), obtained
from a commercial aquarium shop, was also used in the
analysis.
Mitochondrial DNA Analysis
DNA was extracted from ﬁn clips or muscle tissue by using the
standard phenol/chloroform protocol (Asahida et al., '96). The
mtDNA-CR was ampliﬁed and subjected to restriction fragment
length polymorphism (RFLP) analysis, followed by determination
of the partial sequences of the mtDNA-CR region (444–448 bp)

Table 1. Sampling sites, sample size, and year of sampling of specimens used in the present.
Locality
Site no.

Prefecture

City/town/village (former name)
(Site no. in Morishima et al. [2008a])

1
2
3
4
5
6
7
8
9
10
11
12
Total

Hokkaido
Hokkaido
Aomori
Iwate
Yamagata
Miyagi
Niigata
Saitama
Aichi
Mie
Ishikawa
Shimane

Ozora (Memanbetsu) [5]
Iwamizawa [8]
Yomogita
Hanamaki [18]
Tsuruoka [20]
Osaki (Naruko) [22]
Niigata (Maki) [30]
Hanyu [27]
Inazawa [40]
Yokkaichi [42]
Nanao2 [33]
Izumo [49]

1
2

N

Year of sampling

12 (1)1
8
2
2
2
1
9
4
2
2
9
1
54

1998/2009
1996
2009
2004
2004
1998
1996
1998
2003
2004
2009
1997

Number of triploid individual is indicated in parentheses.
Hannoura region, Notojima island.
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according to the procedures described in Morishima et al. (2008a).
Precise group identiﬁcation of each specimen was performed by
100 to 99.3% matching in the corresponding site between the
deposited 942–954 bp mtDNA-CR sequences (AB306717AB306793) clustered into different genetic groups (A, B-1, and
B-2; Morishima et al., 2008a) and present partial 444–448 bp
sequences by using Bioedit (http://www.mbio.ncsu.edu/BioEdit/
bioedit.html).
Identiﬁcation of Clonal Diploid Individuals by DNA Marker Analyses
Since all the previously identiﬁed clonal individuals and cloneorigin triploid individuals had mtDNA-CR RFLP haplotype III,
that is, sequences III-1 or III-2 (Morishima et al., 2008a),
candidates of clones were predicted to have such a clone-speciﬁc
haplotype. Thus, samples taken from localities (site no, 1, 7, and
11), where previously known clones were found, were ﬁrstly
screened to separate candidates of clones among diploid loaches
by presence or absence of the clone-speciﬁc mtDNA-CR
haplotype.
Next, selected candidates of clones were analyzed by
independent microsatellite loci (Mac 3, Mac37, Mac 404,
Mac458 and Mac477; Morishima et al., 2008b, c, 2012) in order
to ﬁnd out clonal individuals with genotypes identical to those of
the reference control samples of clones 1, 2, 3, and 4. These ﬁve
loci were used to genotype progeny of clone 1 in Morishima et al.
(2008b, 2012).
Candidates of clones were further examined by RAPD (random
ampliﬁed polymorphic DNA) ﬁngerprinting using three different
random primers, Wako-01 (Arbitorary Primer set A-01, Wako,
Osaka, Japan), OPA-11 (Kit A-11, Operon Technologies, Alameda,
CA, USA) and OPA-12 (Kit A-12) according to the procedures
described by Itono et al. (2006, 2007) and Morishima et al.
(2008a). The other specimens without clone-speciﬁc mtDNA-CR
haplotype, clonal microsatellite genotypes and clonal RAPD
ﬁngerprints were conveniently categorized to wild-type diploids,
although the bisexual reproductive mode was not individually
conﬁrmed by reproduction experiments.
For microsatellite genotyping, PCR was performed with a 10 mL
mixture containing 1.0 mL of the DNA sample, 6.45 mL of DDW,
0.8 mL of dNTP mixture (TaKaRa, Otsu, Shiga, Japan), 1.0 mL of
10PCR buffer (TaKaRa), 0.05 mL of r Taq DNA Polymerase
(TaKaRa), 0.37 mL of the primer mix (Forward:Reverse ¼ 1:10),
and 0.33 mL of the M13-tailed forward primer (with ﬂuorescencelabeled 50 ends). The PCR conditions were as follows: initial
denaturation at 94° for 1 min, 35 cycles of 94° for 15 sec, 56° for
15 sec, and 72° for 1 min 30 sec. The reaction was completed by a
ﬁnal extension at 72° for 60 min. Electrophoresis was carried out
using ABI PRISM 3130xl (Applied Biosystems, Foster City, CA,
USA). The alleles were distinguished by differences in the
molecular size using the Gene Scan 500LIZ (Applied Biosystems).
Genotyping was performed using the Gene Mapper Software v.3.7
(Applied Biosystems).

The ampliﬁcation reactions were conducted for RAPD ﬁngerprinting in a mixture comprising DNA template (100 ng/mL),
DDW 16.0 mL, dNTP mixture (TaKaRa) 1.6 mL, 10 PCR buffer
(TaKaRa) 2.0 mL, rTaq polymerase (TaKaRa) 0.2 mL and random
primer 0.2 mL in 0.2 mL microtube. Ampliﬁcation proﬁles were
follows: initial step of 3 min at 95°, subsequent 30 cycles of 30 sec
at 95°, 1 min at 36°, and 1 min at 72°, followed by ﬁnal primer
extension for 7 min at 72°. About 5 mL of PCR products were
electrophoresed on 1.5% agalose gel and stained with ethidium
bromide and photographed on a UV transilluminator using a gel
documentation system (UVP BioDoc-ItTM Imagining System,
Cambridge, UK).
Sequencing of the RAG1 Gene
RAG1 was ampliﬁed using the primer RAG-1F (50 -AGCTGTAGTCAGTAYCACAARATG-30 : Quenouille et al., 2004) and RAG-RV1

(50 -TCCTGRAAGATYTTGTAGAA-30 : Slechtov
a et al., 2007). PCR
was performed with a 20 mL mixture containing 1.0 mL of the
DNA sample, 13.3 mL of DDW, 1.6 mL of a dNTP mixture (TaKaRa),
2.0 mL of 10xEx Taq Buffer (TaKaRa), 0.1 mL of Ex Taq DNA
Polymerase (TaKaRa), 1.0 mL of 10 mM RAG-1F primer, and 1.0 mL
of 10 mM RAG-RV1 primer. The PCR conditions were as follows:
initial denaturation at 95° for 5 min, touch-down proﬁle of 1 min
at 94°, 1 min 30 sec at 60–55° (1° /cycle), and 2 min at 72°
followed by 30 cycles with annealing temperature held at 54°. The
reaction was completed by a ﬁnal extension at 72° for 7 min. The
PCR products were puriﬁed using AMPure Kits (Beckman Coulter,
Brea, CA, USA) and the puriﬁed products were sequenced with
PCR primers using BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems). The sequence products were puriﬁed using
Clean SEQ (Beckman Coulter) and resolved on an ABI PRISM
3130xl (Applied Biosystems). The sequences were aligned using
ClustalW in the program BioEdit (http://www.mbio.- ncsu.edu/
BioEdit/bioedit.html), and the alleles were identiﬁed when no or
only one double-peaked site was observed. When two or more
double-peaked sites were detected, the PCR product was cloned
again using the TA Cloning Kit (Invitrogen, Paisley, UK), and each
allele per clone was identiﬁed.
Sequencing of the IRBP-2 Gene
IRBP-2 was ampliﬁed using the primer IRBP 76F
(50 -CTTRTTGTGGATATGGCAAAAAT-30 ) and IRBP 1162R
(50 -TGGTGGWCTTYAGGCACTTGT-30 ) (Chen et al., 2008). PCR
was performed with a 20 mL mixture containing 1.0 mL of the
DNA sample, 13.3 mL of DDW, 1.6 mL of dNTP mixture (TaKaRa),
2.0 mL of 10 Ex Taq Buffer (TaKaRa), 0.1 mL of Ex Taq DNA
polymerase (TaKaRa), 1.0 mL of 10 mM IRBP 76F primer, and
1.0 mL of 10 mM IRBP 1162R primer. The PCR conditions were as
follows: initial denaturation at 95° for 4 min, 30 cycles of 95° for
40 sec, 58° for 40 sec, and 72° for 1 min 30 sec. The reaction was
completed by a ﬁnal extension at 72° for 7 min. The PCR products
were puriﬁed using AMPure Kits (Beckman Coulter), and the
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puriﬁed products were sequenced using PCR primers and the
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). The sequence products were puriﬁed using Clean SEQ
(Beckman Coulter) and resolved on ABI PRISM 3130xl (Applied
Biosystems). The sequences were aligned using ClustalW in the
program BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.
html), and alleles were identiﬁed when no or only one doublepeaked site was observed. When two or more double-peaked sites
were detected, the PCR product was cloned using a TA Cloning Kit
(Invitrogen), and alleles were identiﬁed in the clone.
Data Analysis
We conducted maximum likelihood (ML) phylogenetic analysis
by using MEGA 5 (Tamura et al., 2011). The best-ﬁt substitution
models indicated that the Kimura 2-parameterþ discrete gamma
model (Kimura, '80; Yang, '94) was the best ﬁt implemented in
MEGA 5. Bootstrap analysis was performed on 1,000 replications
in the phylogenetic tree. We obtained Cobitis biwae (RAG-1:
AB531299, IRBP-2: AB531238), Cobitis striata (RAG-1:
AB531286, IRBP-2: AB531223), and Acantopsis choirorhynchos
(RAG-1: AB531313, IRBP-2: 531254) as the outgroup from DDBJ/
GenBank/EMBL. The genetic distance between the groups was
also calculated using MEGA5 against the p-distance.

RESULTS
Table 2 shows the genetic groups inferred from mtDNA-CR RFLP
haplotypes and the partial sequences of all the loach specimens
examined. Clone-speciﬁc mtDNA-CR haplotypes (III-1 or III-2)
were detected in six out of 12 samples from site number 1, one out
of 9 samples from site number 7, and six out of nine samples from
site number 11. No clone-speciﬁc mtDNA-CR haplotypes were
detected in specimens from other sampling sites.
When microsatellite genotyping was performed at ﬁve different loci in above-mentioned samples, ﬁve candidates from site
number 1 were identiﬁed as clone 1, because they exhibited
microsatellite genotypes identical to the reference control of
clone 1 and other samples gave polymorphic variations (Table 3).
On the other hand, clone 2 was found in site number 7, and clones
3 and 4 were detected in site no. 11 (Table 3). Clonal individual
was not detected by microsatellite genotyping in other candidates
from site number 11, although they had clone-speciﬁc mtDNACR III-1 or III-2 haplotype (Tables 2 and 3). A naturally triploid
individual (ﬁsh no. 7 from site no. 1) harbored two microsatellite
alleles speciﬁc to clone 2, which may presumably be a
spontaneous triploid progeny of clone 2 (Table 3).
RAPD-ﬁngerprinting with three different random primers
(Wako-01, OPA-11, and OPA-12) veriﬁed genetically identical
characteristics of ﬁve candidates from site number 1 (clone 1), one
candidate from site number 7 (clone 2) and two candidates from
site number 11 (clone 3 and 4), because they gave ﬁngerprints
identical to that of reference control samples of clone 1–4 (Fig. 1).
Triploid sample (no. 7 from site no. 1; lane 12 in left gels) gave DNA

ﬁngerprints comprising all fragments of clone 2 and additional
fragments (Fig. 1). Genetic variation was found by RAPD
ﬁngerprinting in other diploids from site number 1, 7, and 11
(Fig. 1). Several samples that had clone-speciﬁc mtDNA-CR III-1 or
III-2 haplotype also gave polymorphic ﬁngerprints (Fig. 1).
The 527-bp RAG1 gene sequence was determined in 52
individuals of M. anguillicaudatus and one individual of M.
mizolepis. Consequently, 16 different sequences were distinguished among M. anguillicaudatus specimens examined and all
these sequences were deposited in DDBJ/GenBank/EMBL as
accession numbers AB698049 to AB698064, with allele names
serially designated as RAG1-01 to RAG1-16 in the present study.
Two sequences (AB704298, 704299) from a M.mizolepis specimen were also deposited in DDBJ/GenBank/EMBL and designated as RAG1-a and RAG1-b, respectively. ML phylogenetic
analysis resulted in the construction of a tree (Fig. 2), which
clustered in two major clades, A and B, with clade B further
divided in two sub-clades, B-1 and B-2. RAG1 sequences of M.
anguillicaudatus were clearly distinguished from those of M.
mizolepis and this difference indicated the presence of genetically
diversiﬁed groups within the species. The genetic distance of
RAG1 by mean uncorrected p-distance was 4.3  0.8% between
Cobitis and Misgurnus, 3.1  0.6% between M. anguillicaudatus
and M. mizolepis, 2.6  0.6% between clade A and B, and
2.4  0.6% between sub-clades B-1 and B-2.
Among M. anguillicaudatus and M. mizolepis specimens
examined, 20 genotypes were detected in the RAG1 gene locus
(Table 2). In wild-type diploids of M. anguillicaudatus from site
numbers 2 to 5, 7, 9, 10, and 12, the individuals were either
homozygous (Rag1-01/Rag1-01, Rag1-02/Rag1-02) or heterozygous (Rag1-01/Rag1-02, Rag1-01/Rag1-11, Rag1-01/Rag112) for the RAG1 alleles of the sub-clade B-1. All these genotypes
had mtDNA-CR sequences classiﬁed in the B-1 group. Loaches
from site number 8 were either homozygous (Rag1-13/Rag1-13)
or heterozygous (Rag1-13/Rag1-14, Rag1-13/Rag1-16, Rag114/Rag1-15) for the RAG1 alleles of the sub-clade B-2. All these
genotypes contained an mtDNA-CR classiﬁed as B-2. In 13
loaches from site number 1, ﬁve wild-type diploids were either
homozygous (Rag1-05/Rag1-05) or heterozygous (Rag1-03/
Rag1-04, Rag1-04/Rag1-05, Rag1-05/Rag1-06) for the RAG1
alleles of clade A. The wild-type diploids with RAG1 alleles of the
clades A, B-1, and B-2 were categorized into genetic groups A, B1, and B-2, as inferred from mtDNA-CR, respectively (Table 2).
On the other hand, clonal diploid loaches from site numbers 1,
7, and 11 showed the characteristic RAG1 genotype: all clonal
individuals were heterozygous for clade A and clade B-1 (Rag101/Rag1-07, Rag1-07/Rag1-10), that is, hybrids between genetically different clades. In site number 11, however, wild-type
diploid loaches with homozygous (Rag1-10/Rag1-10) or heterozygous genotypes (Rag1-01/Rag1-09, Rag1-01/Rag1-10, Rag101/Rag1-11) within the same B-1 clade showed clone-speciﬁc
mtDNA-CR.
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1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
5
6
7
8
1
2
1
2
1
2
1
1
2
3
4
5
6
7
8

1

J. Exp. Zool.

339

6
7

5

4

3

2

Fish
no.

Site
no.

III
I
III
III
III
IV
III
III
I
I
I
I
V
V
V
V
V
V
V
V
V
V
V
V
V
V
X
V
VII
V
VII
V
V
IX
V

RFLP

III-1, III-2
I-3, I-4, I-5
III-1, III-2
III-1, III-2
III-1, III-2
IV-1
III-1, III-2
III-1, III-2
I-3, I-4, I-5
I-7
I-7
I-7
V-1, V-4
V-3
V-1, V-4
V-1, V-4
V-1, V-4
V-1, V-4
V-1, V-4
V-1, V-4
V-5, V-6, V-24
V-5, V-6, V-24
V-2, V-21
V-27
V-5, V-6, V-24
V-5, V-6, V-24
n.d.
V-23
VII-8, VII-15
V-23
VII-8, VII-15
V-5, V-6, V-24
V-23
IX-1
V-23

Haplotype (444–
448 bp)

mtDNA-CR

A
A
A
A
A
A
A
A
A
A
A
A
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1
A
B-1
B-1
B-1
B-1
B-1
B-1
B-1
B-1

Group1

Identification of
Clone3
Clone 1

Clone 1
Clone 1
Clone 1

Triploid 4
Clone 1




























Clone-specific
Haplotype2
þ

þ
þ
þ

þ
þ



























7
45
7
7
7
55
7
7
34
55
56
.n.d.














88







n.d.

Clade A
allele

11
11
11
11
11
11
11

11
12
22
12
22
11
22
22
11
1 12
1 12
11
11
11

1

1
1
1

1
1




Clade B
allele

RAG1 Genotype5

9
11 12
9
9
9
11 12
.n.d.6
9
n.d.
12 13
10 12
10 12




n.d.

n.d.





n.d.

77

n.d.
n.d.
n.d.
n.d
n.d.
n.d.


Clade A
allele

3
2
2
4
4


66

66

22

2
1
1
2
2

12




11
12
22
12

6

6

6
6
6


Clade B
allele

IRBP2 Genotype5

Table 2. Clones and wild-type diploids inferred from mtDNA-CR haplotypes, microsatellite genotypes and RAPD ﬁngerprinting and clade A and B alleles of RAG1 and IRBP2 loci.
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RFLP

III
VII
VII
VII
VII
V
V
V
V
III
III
III
III
V
III
VII
V
III
VII

Fish
no.

9
1
2
3
4
1
2
1
2
1
2
3
4
5
6
7
8
9
1

III-1, III-2
VII-1, VII-12
VII-4, VII-9
VII-14
VII-1, VII-12
V-19, V-26
V-23
V-20
V-20
III-1, III-2
III-1, III-2
III-1, III-2
III-1, III-2
V-7
III-1, III-2
VII-7
V-7
III-1, III-2
VII-11

Haplotype (444–
448 bp)
A
B-2
B-2
B-2
B-2
B-1
B-1
B-1
B-1
A
A
A
A
B-1
A
B-1
B-1
A
B-1

Group1

Identification of
Clone3
Clone 2








Clone 4







Clone 3


Clone-specific
Haplotype2
þ








þ
þ
þ
þ

þ


þ

7








7







7


Clade A
allele
1
14 15
13 13
13 14
13 16
11
11
1 11
1 11
10
19
10 10
19
1 10
1 10
19
1 10
1
11

Clade B
allele

RAG1 Genotype5

9
n.d.
n.d.
n.d.

n.d.
n.d.
d.d.
n.d
8







8
n.d.

Clade A
allele




5
66
66
56
56
66
56
66
5

14 15

6

Clade B
allele

IRBP2 Genotype5

2

Group inferred from mtDNA-CR haplotypes (RFLP, sequences) by Morishima et al. (2008a).
Presence (þ) or absence () of clone-speciﬁc mtDNA haplotypes based on Morishima et al. (2008a).
3
Clone-candidates were ﬁrst screened for presence of clone-speciﬁc mtDNA haplotypes and then identiﬁed as clone 1 to 4 based on identical microsatellite genotypes as shown in Table 3 and identical
RAPD ﬁngerprints as shown Figure 1. Symbol “” means non-clonal wild-type.
4
Triploid probably derived from clone 1 diploid by accidental sperm nucleus incorporation into diploid egg.
5
Symbol “” means absence of allele categorized to clade A or B.
6
Not determined.

1

12

11

10

9

8

Site
no.

mtDNA-CR

Table 2. (Continued)
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Mac 3(12)
103/145
103/145
103/161
103/161
103/145
113/113
103/145
103/145
103/145
117/117
103/113/145
103/145
123/151
109/163
103/145
103/161
137/143
135/135
135/151
103/145
105/135
137/151
103/143
103/161

Samples with clone-speciﬁc mtDNA haplotypes.

11

7

1

clone
clone
clone
clone
1
2
3
4
5
6
7
8
7
8
9
1
2
3
4
5
6
7
8
9

Reference control

1
2
3
4

Fish No.

Site No.
101/107
101/105
101/107
101/107
101/107
99/105
101/107
101/107
101/107
79/85
93/101/105
101/107
105/109
107/107
101/105
101/107
105/131
105/107
105/107
105/107
105/131
115/117
105/107
101/107

Mac37 (10)
207/211
213/223
203/211
203/211
207/211
195/199
207/211
207/211
207/211
181/189
201/213/223
207/211
193/243
193/201
213/223
203/211
203/219
219/219
203/219
203/229
203/205
203/219
203/219
203/211

Mac404 (4)
224/232
232/232
228/234
216/238
224/232
228/244
224/232
224/232
224/232
250/264
232/260
224/232
234/264
212/260
232/232
216/238
200/200
218/236
202/216
218/234
200/200
202/228
202/230
228/234

Mac458 (16)

Microsatellite locus (Linkage group)

124/192
124/202
124/196
124/196
124/192
126/126
124/192
124/192
124/192
126/126
124/126/202
124/192
136/140
138/202
124/202
124/196
178/194
196/216
178/214
178/178
178/196
194/212
178/216
124/196

Mac477 (11)
1
2
3
4
1

clone 3

clone 2
clone 4

clone 2 origin 3n
clone 1

clone 1
clone 1
clone 1

clone
clone
clone
clone
clone

Identification of clone

Table 3. Identiﬁcation of clonal individuals by matching of genotypes of ﬁve independent microsatellite loci with those of reference control samples identiﬁed as clones 1–4 by
Morishima et al. (2002, 2008a, b, 2012).
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Figure 1. RAPD-PCR ﬁngerprints using random primers WAKO-01(A), OPA-11(B), and OPA-12(C). Left gels: Lanes 1–4 denote reference
control samples of clone 1, 2, 3, and 4, respectively. Lane 5, blank. Lanes 6–13 denote ﬁsh no. 1–8 from site number 1 (see Table 1 and 2).
Central gels: Lanes 1–3 denote ﬁsh no. 7, 8, and 9 from site number 7 (see Table 1 and 2). Right gels: Lanes 1–4 denote reference control
samples of clone 1, 2, 3, and 4, respectively. Lane 5, blank. Lanes 6–13 denote ﬁsh number 1–9 from site number 11 (see Table 1 and 2). M in a
gel indicates size marker. Left bars also indicate molecular size marker of 3.0, 1.5, 1.0, and 0.5 kbp.

The 575-bp IRBP2 gene sequence was determined in 35
individuals of M. anguillicaudatus and one individual of M.
mizolepis. Consequently, 15 different alleles were detected in M.
anguillicaudatus specimens and all these sequences were
deposited in DDBJ/GenBank/EMBL under accession numbers
AB702651 to AB702665, with allele names serially designated
asIRBP2-01 to IRBP2-15. Two sequences (AB704300 and
704301) from a M. mizolepis specimen were also deposited in
DDBJ/GenBank/EMBL and designated as IRBP2-a and IRBP2-b,
respectively. ML phylogenetic analysis resulted in the construction of a tree (Fig. 3), which clustered at two major clades, A and
B. The IRBP2 sequences of M. anguillicaudatus were clearly
distingusished from those of M. mizolepis and indicated the
presence of two genetically differentiated groups in M.
anguillicaudatus. Further sub-clade analysis was not possible
using the phylogenetic tree. The genetic distance of IRBP2 by
mean uncorrected p-distance was 5.3  0.7% between Cobitis

and Misgurnus, 3.8  0.6% between M. anguillicaudatus and M.
mizolepis, and 2.9  0.6% between clades A and B.
A total 15 genotypes were detected in the IRBP2 gene locus
(Table 2). Wild-type diploid samples from site numbers 2 to 5, 7,
and 8 were either homozygous (IRBP2-01/ IRBP2-01, IRBP2-02/
IRBP2-02, IRBP2-06/ IRBP2-06) or heterozygous (IRBP2-01/
IRBP2-02, IRBP2-02/ IRBP2-04, IRBP2-05/ IRBP2-06, IRBP214/ IRBP2-15) for IRBP2 sequences of the clade B. All these
genotypes harbored an mtDNA-CR that was classiﬁed as
belonging to either the B-1 or B-2 subgroup. In loaches from
site number 1, ﬁve diploid included only the IRBP2 alleles of
clade A (IRBP2-11/ IRBP2-12, IRBP2-12/ IRBP2-13, IRBP2-10/
IRBP2-12). The wild-type loach individuals with IRBP2 alleles of
the clades A and B were categorized into genetic groups A and B,
as inferred from mtDNA-CR, respectively.
On the other hand, all the clonal diploid individuals from site
numbers 1, 7, and 11 exhibited heterozygosity between alleles
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Figure 2. ML phylogenetic tree using RAG1 sequences. The numbers on the branches are bootstrap values.

from clades A and B of the IRBP2 gene (IRBP2-05/ IRBP2-08,
IRBP2-06/ IRBP2-09). However, in wild-type diploid loaches
from site number 11, four individuals showed IRBP2 gene
sequences exclusively from clade B (IRBP2-06/ IRBP2-06),
although these showed an mtDNA-CR belonging to group A
(Table 2).

DISCUSSION
Although recent molecular phylogenetic studies using both
nuclear genes and mitochondrial DNA markers suggest that the
entire mitochondrial genome of one of the two major groups in
Japanese M. anguillicaudatus should have been replaced by that
of the genus Cobitis due to introgression after a hybridization
event that occurred approximately 7 to 10 million years ago
(Slechtova et al., 2008; Kitagawa et al., 2011; Pardices et al.,
2012), both RAG1 and IRBP2 sequences examined in this study

were clustered into two clades of the same species. Among wildtype diploid M. anguillicaudatus specimens within clade A of
both RAG1 and IRBP2 gene sequences were categorized as group
A, as inferred from its mtDNA-CR, whereas those within clade B
of both gene sequences as that of group B. Specimens within the
subclade B-1 of RAG1 and those within the subclade B-2 also
correspond to the B-1 and B-2 groups, as inferred from the
mtDNA-CR, respectively. Thus, genetic results from mtDNA and
nuclear gene sequence analyses strongly suggest the presence of
different groups within M. anguillicaudatus.
The inter-clade genetic distance for RAG1 (2.6  0.6%)
estimated in the present study was slightly higher than the
inter-speciﬁc genetic distance reported for several Misgurnus
species (2.1  0.8%; Perdices et al., 2012) and similar to that for
the Cobitis species (2.5  0.5%; Perdices et al., 2012). A similar
inter-clade distance was also estimated in the present study for
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Figure 3. ML phylogenetic tree using IRBP2 sequences. The numbers on the branches are bootstrap values.

IRBP2 (2.9  0.6%). Molecular systematics of Asian and Far
Eastern Misgurnus are poorly understood (Perdices et al., 2012),
but present RAG1 and IRBP2 genetic distances between clades of
the Japanese M. anguillicaudatus suggest the presence of
genetically diverse groups or cryptic species in loaches.
Wild-type loaches were homozygous or heterozygous for
RAG1 and IRBP2 gene alleles within the same clade. In contrast,
all the clonal diploid individuals that were identiﬁed by mtDNACR haplotype, microsatellite genotype analyses and RAPD
ﬁngerpinting showed heterozygous genotypes between clades
A and B alleles in both RAG1 and IRBP2 genes. These results
show that natural clonal diploid loaches may have occurred from
an earlier hybridization event between the loaches from different
genetic groups (Fig. 4). Hybridization presumably caused a
disruption of normal meiosis and subsequent irregular gametogenesis because of the failure of pairing between chromosomes,
with each set originating from a different species or genetic

group. However, in the inter-populational (or inter-clade)
Misgurnus hybrids, females might have generated genetically
identical unreduced eggs to recover fertility, and very few such
eggs might have acquired the developing mode of gynogenesis
through mutation for clonal reproduction. The unreduced diploid
egg formation was reported in inter-populational M. anguillicaudatus hybrids between group A and B-1, as inferred from
mtDNA-CR sequences (Arias-Rodriguez et al., 2009). Recently in
the genus Cobitis spinous loaches, clonality and polyploidy were
artiﬁcially synthesized by hybridization: F1 hybrids between two
bisexual species produced unreduced eggs, a few of which
initiated gynogenesis in nature (Choleva et al., 2012). The
formation of unreduced diploid eggs has also been reported in
inter-speciﬁc hybridizations in Salmo (Johnson and Wright, '86),
Oryzias (Shimizu et al., 2000), Lepomis (Dawley et al., '85) and in
the inter-generic hybridization between Carassius and Cyprinus
(Liu et al., 2001). As a cytological mechanism responsible for
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Figure 5. A scenario of introgression of clone-speciﬁc mtDNA
from clonal diploid loaches to sexual diploid loaches through
meiotic hybridogenesis of triploid progeny with one group A
genome and two group B genomes, accidentally formed by
incorporation of a group B sperm nucleus into a diploid unreduced
egg from a clonal diploid loach. III in ﬁgure means clone-speciﬁc
mitochondrial DNA control region haplotype transmitted from A
group female.

Figure 4. A scenario for the formation of natural clonal diploids
through the hybridization of a group A female and a group B male
in Misgurnus loaches. III in ﬁgure means clone-speciﬁc
mitochondrial DNA control region haplotype transmitted from A
group female.

unreduced oogenesis, premeiotic endomitosis has been proposed
because natural clonal diploid loaches were shown to form
unreduced diploid eggs through this mechanism (Itono et al.,
2006), probably occurring at an early germ cell stage (Yoshikawa
et al., 2009; Morishima et al., 2012).
In specimens from site number 11 (Hannoura, Notojima,
Nanao City, Ishikawa Prefecture, site no. 33 in Morishima et al.,
2008a), wild-type diploid loaches with clone-speciﬁc mtDNACR haplotypes occurred sympatrically with clonal diploid
individuals, although these harbored RAG1 and IRBP2 gene
sequences exclusively from clade B. The mitochondrial genome
of clade B loaches may have thus been replaced by that from
the natural clonal lineage. One possible explanation to this
occurrence is an introgression of clone-speciﬁc mitochondrial
genomes from clones to sympatric wild-type diploid loaches.
However, introgression of mitochondrial genome by backcrossing of paternal species (group) to hybrids is not realistic,
because most hybrids from intergeneric crosses are often sterile
or sometimes nonviable (reviewed in Chevassus, '83). Intergeneric hybrids between M. anguillicaudatus and Cobitis
species have been reported to produce viable progeny
(Minamori, '53; Kusunoki et al., '94), although sterility in
most hybrids has also been reported by Minamori ('57). It is also

been shown that inter-populational Misgurnus hybrids derived
from genetically different groups are generally sterile or
undergo unusual reproduction. Experimental Misgurnus hybrids from groups A and B-1 produce a small number of haploid
eggs, a large number of unreduced diploid eggs, and other
genetically abnormal eggs, including aneuploids and mosaicisms (Arias-Rodriguez et al., 2009). The inter-populational
male hybrids generated a very small number of fertile haploid
or/and diploid spermatozoa (Arias-Rodriguez et al., 2010).
Similar results were also obtained in hybrids within the genus
Cobitis (Choleva et al., 2012). Production of functional gametes
by hybrids is a prerequisite for the introgression theory by
subsequent backcrossing of fertile hybrids with its original
species or population.
Wild-type diploid genotypes with clone-speciﬁc mtDNA-CR
are likely to occur through meiotic hybridogenesis (Morishima
et al., 2008b). Unreduced diploid eggs with a heterozygous
genotype (AB) are formed by a clone from a crossing between a
clade A female with clone-speciﬁc mtDNA and a clade B male
(Fig. 4) and these diploid eggs infrequently develop into triploid
ﬁsh with genotype ABB: a haploid sperm from a wild-type male
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from clade B was thus accidentally incorporated into an
unreduced diploid egg (genotype AB) of the clonal diploid
(Fig. 5). These clone-derived triploid loaches (genotype ABB)
are known to produce haploid eggs by meiotic hybridogenesis
(Morishima et al., 2008b), that is, elimination of an unmatched
chromosome set from clade A and pairing between two
chromosome sets from clade B, followed by quasinormal
meiosis (Fig. 5). Thus, the occurrence of wild-type diploid
loaches with chromosome sets of clade B and a mtDNA-CR of
group A in site number 11 is well explained by this meiotic
hybridogenetic mechanism. Consequently, the formation of
triploids from clonal lineages and the subsequent reproduction
through meiotic hybridogenesis presumably produce bisexually
reproducing diploid loaches with clone-speciﬁc mtDNA. Therefore, introgression of clonal mtDNA through meiotic hybridogenesis of clone-origin triploids produces bisexually
reproducing loaches with clone-derived group A mitochondrial
genomes.
The present study concluded that the RAG1 and IRBP2
genotypes in natural clonal loaches, that generate unreduced
diploid eggs with identical genotypes and develop through
gynogenesis, arose through the hybridization of two genetically
different groups of M. anguillicaudatus.
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a b s t r a c t
Porphyromonas gulae, a suspected pathogen for periodontal disease in dogs, possesses approximately 41-kDa
ﬁmbriae (FimA) that are encoded by the ﬁmA gene. In the present study, the association of ﬁmA genotypes
with mitral regurgitation (MR) was investigated. Twenty-ﬁve dogs diagnosed with MR (age range 6–13 years
old, average 10.8 years) and 32 healthy dogs (8–15 years old, average 10.8 years) were selected at the participating clinics in a consecutive manner during the same time period. Oral swab specimens were collected from the
dogs and bacterial DNA was extracted, then polymerase chain reaction analysis was performed using primers
speciﬁc for each ﬁmA genotype, with the dominant genotype determined. The rate for genotype C dominant
specimens was 48.0% in the MR group, which was signiﬁcantly higher than that in the control group (18.8%)
(P b0.05). These results suggest that P. gulae ﬁmA genotype C is associated with MR.
© 2015 Elsevier Ltd. All rights reserved.

Periodontal disease, including gingivitis and periodontitis, is
commonly found in dogs, with prevalence rates ranging from 5070% (Harvey and Emily, 1993). Gingivitis involves inﬂammation of the
gingiva, whereas periodontitis is a more progressive form of periodontal
disease that involves the loss of tooth supporting tissues (i.e., periodontal
ligament, cementum, alveolar bone). Proper periodontal therapy can reduce gingival bleeding, tooth mobility, and, in some cases, sophisticated
methods can be utilized to regenerate lost tissues. The distribution of
bacterial species related to periodontal disease has been investigated
using oral swab specimens taken from dogs, with Porphyromonas gulae,
a Gram-negative black-pigmented anaerobe, one of the species frequently detected (Kato et al., 2011). The cell surface component Fimbrillin
(FimA), a 41-kDa ﬁmbriae subunit, of P. gulae has also been characterized
and shown to be a possible factor related to periodontal disease in dogs
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(Hamada et al., 2008). In our recent study, FimA of P. gulae was classiﬁed
into 3 major genotypes; A, B, and C, with type C shown to have a high virulence for periodontal disease, followed by B and A (Nomura et al., 2012;
Yamasaki et al., 2012).
The association of periodontal disease with systemic diseases has
recently been gaining attention (Pavlica et al., 2008; Rawlinson et al.,
2011). Mitral regurgitation (MR) caused by myxomatous mitral valve
disease is one of the most common types of cardiovascular diseases occurring in dogs (Serfass et al., 2006; Atkins et al., 2009) and characterized by chronic progression, with the condition worsening from mild
to severe over time (Borgarelli et al., 2008). A few reports have shown
an association of periodontal disease with MR in dogs (Glickman et al.,
2009). In the present study, oral specimens from dogs diagnosed with
MR were analyzed to investigate the association of the disease with
the presence of P. gulae and genotypes of ﬁmA encoding FimA.
Twenty-ﬁve dogs diagnosed with MR and treated at veterinary
clinics in Tokyo in 2012 and 2013 were consecutively enrolled (MR
group). In addition, 36 dogs older than 6 years old and without periodontitis, MR, diabetes mellitus, or other relevant clinical history,
were selected as Control group. Among them, we removed the 4 larger
breed dogs that weighed more than 20 kilograms and used the remaining 32 as controls. The study protocol was approved by the Animal
Research Committee of Azabu University (No. 130307–3). Prior to
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sample collection, the owners were informed of the purpose of the
study and gave approval for their participation. None of the dogs or
their owners received antibiotic treatment within the previous 3
months prior to collection. Oral specimens were obtained from supraand sub-gingival areas of the left and/or right upper fourth premolar
and/or lower ﬁrst molar using Seed-SwabR g-1 or − 2 swabs (Eiken
Chemical, Tokyo, Japan), then bacterial DNA was extracted using a
method previously described (Kato et al., 2011).
According to the ACVIM (American College of Veterinary Internal
Medicine) functional classiﬁcation (Atkins et al., 2009), the 25 dogs in
the MR group (18 males, 7 females; 10.8 ± 0.3 year old) were diagnosed
based on physical examination, thoracic radiography, electrocardiography, and echocardiography ﬁndings, as follows; Stage A (n = 0), Stage
B1 (n = 4), Stage B2 (n = 10), Stage C (n = 7), and Stage D (n = 4).
In addition, the severity of MR has been reported to be associated with
murmur intensity and audibility (Ljungvall et al., 2009). Thus, these
dogs were also evaluated using the Levine classiﬁcation, which is a scoring system used to classify the intensity or loudness of a heart murmur
(Freeman and Levine, 1933), as follows; I/VI (n = 0), II/VI (n = 8),
II-III/VI (n = 2), III/VI (n = 7), IV/VI (n = 7), V/VI (n = 0), and VI/VI
(n = 1). Breeds represented in the MR group are listed in Supplementary Table 1. The 32 healthy dogs in the control group (17 males, 15 females, 10.8 ± 0.4 years old) had no abnormal cardiac conditions
shown in physical examination, thoracic radiography, electrocardiography, and echocardiography ﬁndings. Breeds represented in the control
group are listed in Supplementary Table 2.
Statistical analyses were performed using the computational
software packages StatView 5.0e and Prism 4f. Fisher’s protected leastsigniﬁcant difference test was utilized to compare the detection
frequencies of each ﬁmA genotype for each gingival condition. Odds
ratio (OR) and 95% conﬁdence interval (CI95) values were calculated
to determine the signiﬁcance of the association of each ﬁmA genotype
in the dogs with each periodontal condition. A P value of b 0.05 was
considered to be statistically signiﬁcant.
We evaluated calculus coverage, and gingival and periodontal scores
based on methods previously described, with some modiﬁcations
(Warrick and Gorrel, 1997; Harvey and Emily, 1993; Löe, 1967; Wolf
et al., 2005). For each dog, 22 teeth were scored according to a previously described technique (Kate and Cecilia, 1999). Dental calculus

accumulation was scored visually, as follows; (3) more than half of
the area of the portion of the tooth from the gingival margin to the tip
of the crown, (2) less than half of that area, (1) slight, only at gingival
margin, and (0) none. Gingival scores were evaluated visually as follows; (3) prominent inﬂammation (intensive redness with gingival
swelling) identiﬁed throughout entire area, (2) prominent inﬂammation (intensive redness with gingival swelling) identiﬁed in limited
area, (1) slight inﬂammation (slight redness without gingival swelling)
identiﬁed only in gingival margin, and (0) no signiﬁcant ﬁndings. Periodontal scores were evaluated based on visual examination and palpation, as follows; (3) tooth mobility with severe attachment loss,
(2) attachment loss identiﬁed in more than one quarter of the portion
of the tooth but no tooth mobility, (1) attachment loss identiﬁed in
less than one quarter of that portion, and (0) no signiﬁcant ﬁndings.
Table 1 summarizes the oral conditions in the MR and Control groups.
There were no signiﬁcant differences in regard to dental calculus and
gingival scores. As for periodontal scoring, the MR group had higher
scores than the control group, though there were no signiﬁcant differences between the groups.
Detection of P. gulae and ﬁmA genotypes in addition to Tannerella forsythia and Campylobacter rectus were performed by PCR using speciesspeciﬁc sets of primers (Kato et al., 2011; Nomura et al., 2012;
Yamasaki et al., 2012). PCR ampliﬁcation was performed in a total volume of 20 μl with 1 μl of bacterial DNA using Ex Taq polymerase (Takara
Bio, Shiga, Japan) with the following cycling parameters: initial denaturation at 95 °C for 4 minutes and then 30 cycles consisting of 95 °C for 30
seconds, 60 °C for 30 seconds, and 72 °C for 30 seconds, with a ﬁnal extension at 72 °C for 7 minutes. Speciﬁcity with this method was shown
in our previous study, with the minimum detection level reported to be
10–100 cells (Nomura et al., 2012; Yamasaki et al., 2012). The dominant
genotypes were determined using samples with multiple ﬁmA genotypes detected. PCR was performed with titrated DNA samples (1/10,
1/100, 1/1000) from each specimen. The dominant genotype was determined as that with the lowest detection limit. When the detection limits
were similar for at least two genotypes, the results were described as no
dominancy. Fig. 1A shows the results of detection using the PCR system
with genomic DNA extracted from titrated cultures of representative
strains of each type. The lowest numbers of tested strains for identiﬁcation were the same for all 3 ﬁmA genotypes. Fig. 1B, C, and D show

Table 1
Oral conditions and distribution frequency of P. gulae and its ﬁmA genotypes in oral specimens in MR and Control groups.
MR (n = 25)

Control (n = 32)

Statistical analysis

10.8 ± 0.3 (6–13)

10.8 ± 0.4 (8–15)

NS b

5.7 ± 0.8 (1.6-14.6)

5.7 ± 0.7 (1.6-18.8)

NS b

Oral condition
Dental calculus score (mean ± SE a)
Gingival score (mean ± SE a)
Periodontal score(mean ± SE a)

1.7 ± 0.1
0.8 ± 0.2
0.6 ± 0.2

1.8 ± 0.2
0.8 ± 0.1
0.3 ± 0.1

NS b
NS b
NS b

PCR detection
P. gulae-positive
A-dominant

24 (96.0%)
5 (20.0%)

30 (93.8%)
17 (53.1%)

B-dominant
C-dominant

3 (12.0%)
12 (48.0%)

4 (12.5%)
6 (18.8%)

A=C
A=B=C
Untypeable

2 (8.0%)
0 (0%)
2 (8.0%)

1 (3.1%)
1 (3.1%)
1 (3.1%)

NS b
P = 0.0143
OR: 0.22
(CI95: 0.07-0.73)
NS b
P = 0.0240
OR c: 4.00
(CI95 d: 1.22-13.08)
NS b
NS b
NS b

Age in years
Mean ± SE a (range)
Body weight in kg
Mean ± SE a (range)

a
b
c
d

SE, standard error.
NS, not signiﬁcant.
OR, odds ratio.
CI95, 95% conﬁdence interval.
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such as type II and IV, indicated that they are highly virulent for periodontitis (Nakano et al., 2008). In addition, it is interesting that analysis
of the evolutionary relationship revealed that type C ﬁmA of P. gulae is
close to type IV ﬁmA of P. gingivalis (Yamasaki et al., 2012). Taken
together, these results indicate the possibility of an association of
periodontal disease with MR.
In summary, the present results indicate a possible association
between the presence of a speciﬁc genotype of ﬁmA of P. gulae with
MR. In addition, our novel method used to specify the dominant
genotype of P. gulae in the specimens obtained may enable identiﬁcation of subjects at risk and in need of preventive approaches.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.rvsc.2015.07.009.
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Fig. 1. Methodology designed to identify the dominant genotype ﬁmA of P. gulae, using polymerase chain reaction (PCR). A. Comparisons of PCR products using diluted genomic
DNA extracted from P. gulae strains with each ﬁmA genotype. M; molecular size marker
(100-bp DNA ladder). B, C, D. Representative results obtained with clinical specimens
using PCR system constructed for the present study.

representative results obtained using titrated bacterial DNA samples
from the original concentration to 10−3 in the PCR system constructed
for the present study. Fig. 1B presents a representative specimen, in
which positive bands were observed in the original and 10−1 dilution
samples for type B and the original dilution for type C, while positive
bands were observed when applying the original, 10−1, 10−2, and
even 10−3 dilution samples for type A detection. Thus, this specimen
was classiﬁed as “type A-dominant.” Fig. 1C and D present representative results of other “type B-dominant” and “type C-dominant” specimens, respectively. The detection rates for both T. forsythia and
C. rectus were not signiﬁcantly between the Control and MR groups
(Supplementary Tables 1 and 2).
Table 1 summarizes the distribution frequencies of P. gulae and its
ﬁmA genotypes in oral specimens obtained from the MR and Control
groups. P. gulae was detected in nearly all specimens from both groups.
On the other hand, there was a signiﬁcantly larger number of type
A-dominant specimens in the Control group (P b0.05) and a signiﬁcantly
larger number of type C-dominant specimens in the MR group (P b 0.05).
The odds ratios for type-A and type-C detection in the MR group were
0.22 and 4.00, respectively.
This is the ﬁrst known study to analyze oral specimens obtained
from dogs with MR in comparison to those from healthy dogs, though
the number of subjects, variety of breeds, and clinical assessment
parameters were limited. We previously reported that genomic DNA
speciﬁc for P. gingivalis was detected in approximately 10% of heart
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possible association between periodontal disease and cardiovascular
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Systemic iron balance is governed by the liver-derived peptide hormone hepcidin. The transcription of
hepcidin is primarily regulated by the bone morphogenetic protein (BMP) and inﬂammatory cytokine
pathways through the BMP-response element (BMP-RE) and STAT-binding site, respectively. In addition
to these elements, we previously identiﬁed a TPA-responsive element (TRE) in the hepcidin promoter
and showed that it mediated the transcriptional activation of hepcidin through activator protein (AP)-1
induced by serum. In the present study, we examined the role of TRE in the BMP-induced transcription of
hepcidin in HepG2 liver cells. The serum treatment increased the basal transcription of hepcidin;
however, responsiveness to the expression of ALK3(QD), a constitutively active BMP type I receptor, was
unaffected. Consistent with these results, mutations in TRE in the hepcidin promoter decreased basal
transcription, whereas responsiveness to the expression of ALK3(QD) remained unchanged. HepG2 cells
signiﬁcantly expressed AP-1 components in the basal state, whereas BMP did not up-regulate the
expression of these components. The expression of c-fos enhanced the basal transcription of hepcidin as
well as ALK3(QD)-mediated hepcidin transcription, whereas that of dominant-negative c-fos decreased
hepcidin transcription. The results of the present study suggested that the cis-elements of the hepcidin
promoter, BMP-RE and TRE, individually transmitted BMP-mediated and AP-1-mediated signals,
respectively, whereas transcription was synergistically increased by the stimulation of BMP-RE and TRE.
© 2015 Elsevier Inc. All rights reserved.

Keywords:
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BMP
AP-1

1. Introduction
Hepcidin is a peptide hormone that regulates systemic iron
balance. Under iron overload conditions, hepcidin is mainly produced in the liver, and inhibits intestinal iron absorption and iron
release from macrophages, thereby decreasing iron concentrations
in the blood [1,2]. The expression of hepcidin was also previously
shown to be induced by inﬂammation caused by infection; this has
been suggested as a host defense mechanism to reduce the availability of iron for pathogens [3,4]. The ability of hepcidin to
decrease systemic iron levels is primarily regulated at its expression level; hepcidin mRNA levels are primarily controlled by transcription [1,2].

Abbreviations: AP, activator protein; BMP, bone morphogenetic protein; BMPRE, BMP-response element; IL, interleukin; STAT-BS, STAT-binding site; TRE, TPAresponsive element.
* Corresponding author. Division of Applied Biosciences, Graduate School of
Agriculture, Kyoto University, Kitashirakawa Oiwakecho, Kyoto 606-8502, Japan.
E-mail address: mfunaba@kais.kyoto-u.ac.jp (M. Funaba).

Accumulating evidence has indicated that the transcription of
hepcidin is mainly regulated by the BMP-Smad and inﬂammatory
cytokine-STAT pathways [1,2]. Under iron overload conditions,
BMP6 produced in the liver binds to its receptors, consisting of type
I receptor and type II receptors, which phosphorylate and activate
Smad1/5/8 and subsequently stimulate the transcription of hepcidin via promoter elements, i.e., BMP-response element (BMP-RE) 1
located at nt 155 to nt 150 (nt þ 1 is deﬁned as the translational
initiation site of hepcidin) and BMP-RE2 (nt 1678 to nt 1673)
[5e8]. In contrast, inﬂammatory cytokines such as interleukin (IL)6 and oncostatin M have been shown to induce the phosphorylation and activation of STAT3, which result in the transcriptional
activation of hepcidin through binding to the STAT-binding site
(STAT-BS, nt 143 to nt 134) [9,10].
We recently revealed that serum exhibited potency to stimulate
the transcription of hepcidin [11]. A TPA-responsive element (TRE,
nt 133 to nt 127), which has not yet been characterized, was
found to play a role in the serum-induced transcription of hepcidin;
mutations in TRE resulted in decreases in hepcidin promoter activity induced by serum. The inhibition of basal BMP activity or

http://dx.doi.org/10.1016/j.bbrc.2015.08.123
0006-291X/© 2015 Elsevier Inc. All rights reserved.
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mutations in BMP-REs also inhibited the serum-induced transcription of hepcidin, suggesting a functional interaction between
BMP-REs and TRE. However, the involvement of TRE in hepcidin
transcription mediated by the BMP pathway currently remains
obscure. The aim of the present study was to determine the role of
TRE in the transcriptional activation of hepcidin by the BMP
pathway in luciferase-based reporter assays using the hepcidin
promoter.
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The hepcidin reporter construct, i.e., the hepcidin promoter
spanning nt 2018 to nt 35 inserted into the luciferase reporter
vector pGL4 (hepcidin(-2018)-luc), and the mutated plasmids were
previously described [11]. The expression plasmid for ALK3(QD)
[12], a constitutively active BMP type I receptor, was kindly provided by Dr. K. Miyazono. HepG2 human hepatoma cells were
cultured in DMEM supplemented with 10% heat-inactivated fetal
bovine serum (FBS) and antibiotics. HepG2 cells (6  104 cells per
well) seeded onto 24-well plates were transfected with hepcidin(2018)-luc or the indicated reporter plasmid (0.5 mg), indicated
expression plasmid, or empty plasmid (0.5 mg) and b-galactosidase
expression plasmid under the control of a cytomegalovirus-derived
promoter (pCMV-bGal, 0.1 mg) using polyethylenimine Max reagent
(Polysciences, Warrington, PA, USA). Cells were harvested 30 h after
transfection. In the ligand stimulation, transfected cells were
cultured in DMEM with 0.2% FBS for 4 h, followed by a culture with
or without 4 nM of BMP2 (R & D Systems, Minneapolis, MN, USA) or
2.5 nM of IL-6 (R & D Systems) for 24 h. In order to examine the
effects of inhibiting the BMP pathway, transfected cells were
treated with or without LDN-193189 (100 nM, Stemgent, San Diego,
CA, USA), an inhibitor of the BMP type I receptor [13] for 24 h.
Luciferase activity was normalized to b-galactosidase activity as
previously described [14].
2.2. RNA isolation, RT-PCR, and RT-quantitative PCR
Total RNA isolation, cDNA synthesis, PCR, and real-time quantitative PCR (qPCR) were performed as described previously [15].
The following primers were used: 50 -ACTACCACTCACCCGCAGAC-30
and
50 -CCAGGTCCGTGCAGAAGT-30
for
c-fos,
50 -AGGATAGTGCGATGTTTCAGG-30 and 50 -GACTTCTCAGTGGGCTGTCC-30 for
c-jun, 50 -ATACACAGCTACGGGATACGG-30 and 50 -GCTCGGTTTCAGGAGTTTGT-30 for junB, 50 -CAGTTCCTCTACCCCAAGGTG-30 and 50 TTCTGCTTGTGTAAATCCTCCA-30 for junD, 50 -CAGAGACAAAATATTTCCCATTTGT-30 and 50 -CAGAGACAAAATATTTCCCATTTGT-30
for Fra1, 50 -TTCTCCGGCTCCTTTTCTAA-30 and 50 -ATTTCAGACAGGGCCAAAAA-30 for Fra2, and 50 -AGCCACATCGCTCAGACAC-30
and 50 -GCCCAATACGACCAAATCC-30 for GAPDH. The ▵▵Ct method
was used to normalize the levels of target transcripts to GAPDH
levels [16].
3. Results and discussion
In order to evaluate the role of TRE in hepcidin transcription
induced by the BMP pathway, the effects of serum and the
expression of ALK3(QD) were examined in luciferase-based reporter assays using the hepcidin promoter (Fig. 1A). Consistent with
previous ﬁndings [11,15], the treatment with serum or expression
of ALK3(QD) increased luciferase expression, indicating the stimulation of hepcidin transcription. The ALK3(QD)-induced transcription of hepcidin was enhanced in the presence of serum,
whereas the fold-induction of luciferase activity by the expression
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Fig. 1. TRE was required for the full activation of hepcidin transcription induced by the
BMP pathway and IL-6 pathway. (A) HepG2 cells were transfected with hepcidin(2018)-luc and pCMV-bGal with or without ALK3(QD). Cells were stimulated with or
without 10% FBS for 24 h (B and C) HepG2 cells were transfected with the indicated
reporter and pCMV-bGal. Cells were also co-transfected with or without ALK3(QD) (B)
or treated with or without IL-6 (2.5 nM) for 24 h (C). Luciferase activity was normalized
to b-galactosidase activity, and luciferase activity in cells in the absence of ALK3(QD)
and FBS (A) or in cells transfected with the wild-type reporter, but not ALK3(QD) (B) or
IL-6 (C) was set to 1. Results are shown as the mean ± SE (n ¼ 3). The number at the
side of the bar indicates fold-induction.

of ALK3(QD) was similar between cells treated with (12.1-fold) and
without serum (16.6-fold). Mutations in TRE decreased the basal
transcription of hepcidin, whereas responsiveness to ALK3(QD)
expression was unchanged, i.e., the fold-induction in response to
the stimulation of the BMP pathway was 16.6 for the wild-type
reporter and 15.1 for the reporter with TRE mutations (Fig. 1B).
These results indicated the synergistic effects of TRE on the
BMP-mediated transcription of hepcidin; although TRE was
required for the basal transcription of hepcidin, TRE-mediated
transcription did not modulate the efﬁciency of transcriptional
activation by the BMP pathway.
We subsequently investigated the role of TRE in IL-6-mediated
hepcidin transcription (Fig. 1C). A previous study revealed that IL6 induced STAT3 phosphorylation and hepcidin transcription via
STAT-BS [9], whereas another study showing that mutations in
STAT-BS did not change responsiveness to IL-6 did not support
these ﬁndings [17]. Since STAT-BS was located adjacent to TRE, we
examined the role of TRE as well as STAT-BS in IL-6-induced hepcidin transcription (Fig. 1C). Mutations in STAT-BS blocked the
transcriptional activation of hepcidin by IL-6, whereas TRE mutations did not affect fold-induction in response to the IL-6 treatment
on hepcidin transcription. These results suggested that, similar to
the regulation of BMP-induced hepcidin transcription, TRE did not
affect the efﬁciency of IL-6-induced hepcidin transcription, but was
required for the maximal transcription of hepcidin.
Activator protein (AP)-1 has been shown to bind to TRE and
stimulate the transcription of its target genes [18,19]. We examined
the expression of AP-1 components in cells treated with or without
BMP2 (Fig. 2). All AP-1 components examined were signiﬁcantly
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Fig. 2. BMP did not induce the expression of AP-1 components. (A) The basal expression of AP-1 components in HepG2 cells. Total RNA was isolated from basal HepG2 cells, and the
expression of the indicated gene was evaluated by RT-PCR. cDNA was synthesized by a treatment with reverse transcriptase, and was used as the template of PCR (RT(þ)). As the
negative control, an equal amount of RNA was treated without reverse transcriptase, followed by PCR (RT()). (BeG) Time-course changes in the expression of AP-1 components in
response to the BMP2 treatment. The expression of c-fos (B), c-jun (C), junB (D), junD (E), Fra1 (F), and Fra2 (G) was quantiﬁed and expression levels in cells before the treatment
with BMP2 were set to 1. Results are shown as the mean ± SE (n ¼ 4).

expressed under the basal condition (Fig. 2A), and BMP2 did not
affect the expression of these components (Fig. 2BeG). Provided
that TRE plays a role in the basal transcription of hepcidin, as shown
in Fig. 1B and C, we suspected that at least one of the AP-1 components expressed in unstimulated cells was important for the
basal transcription of hepcidin. Thus, the effects of the forced
expression of c-fos, a representative AP-1 component, were
examined (Fig. 3A). The expression of c-fos increased the basal
transcription of hepcidin, which was blocked by the TRE mutations.
ALK3(QD)-induced hepcidin transcription was further increased by
the expression of c-fos, for which TRE in the promoter was
required; enhancements in ALK3(QD)-induced hepcidin transcription by the expression of c-fos were not detected with mutations in
TRE. The fold-induction of the transcription of the reporter with
TRE mutations in response to ALK3(QD) expression was unaffected
by c-fos expression, whereas that of the wild-type reporter was
decreased by the overexpression of c-fos; the precise reason for the
decrease observed in the fold-induction in the presence of overexpressed c-fos currently remains unknown, but may reﬂect the
saturation of transcriptional activation induced by ALK3(QD) and cfos. The involvement of c-fos in the basal transcription of hepcidin
was also examined by the expression of dominant-negative c-fos;
although dominant-negative c-fos inhibited the basal transcription
of hepcidin, responsiveness to BMP2 remained unchanged (Fig. 3B).
In contrast to the effects of c-fos, the forced expression of c-jun
did not affect the basal transcription of hepcidin, but decreased
responsiveness to the stimulation of the BMP pathway, irrespective
of TRE mutations (Fig. 3C). These results suggested that c-jun
negatively regulated the BMP-mediated transcription of hepcidin
through regions other than TRE in the hepcidin promoter. AP-1
components may regulate the BMP-mediated transcription of
hepcidin differently.
The role of endogenous BMP activity in the TRE-mediated basal
transcription of hepcidin was further evaluated using LDN-193189,
an inhibitor of the BMP pathway [13] (Fig. 4A). In this case, we used

reporter plasmids with the hepcidin promoter spanning nt 270 to
nt 35, which included both BMP-RE1 and TRE; BMP-RE1 rather
than BMP-RE2, which was previously shown to be involved in
serum-induced hepcidin transcription [11]. The treatment with
LDN-193189 decreased the expression of the wild-type reporter
gene to one-ﬁfth; transcriptional activity in cells treated with LDN193189 was similar to that of the reporter gene with BMP-RE1
mutations in cells treated without LDN-193189. In addition, the
transcriptional activity of the BMP-RE1-mutated reporter was
insensitive to LDN-193189. Consistent with the results shown in
Fig. 1B and C, the expression of the reporter with TRE mutations
was lower than that of the wild-type reporter, and the treatment
with LDN-193189 further decreased the transcription of the TREmutated reporter. The extent of this decrease was less than that
induced by LDN-193189 on the transcription of the wild-type reporter; LDN-193189 decreased transcription by as much as onehalf. Luciferase expression of the reporter with mutations in
BMP-RE1 and TRE was similar to that of the TRE-mutated reporter
in cells treated with LDN-193189, and the expression of the double
mutated reporter was LDN-193189-insensitive. These results suggested that not only AP-1 expression in the steady state, but also
endogenous BMP activity was required for the basal transcription of
hepcidin. Our previous ﬁndings also suggested the necessity of
endogenous BMP activity for the basal transcription of hepcidin
[11]. The differential fold-inhibition in response to LDN-193189
between the wild-type reporter (0.21) and TRE-mutated reporter
(0.47) may be explained by the regulation of molecules related to
BMP signaling by AP-1 (Fig. 4B). For example, Smurf1 has been
identiﬁed as a negative regulator of the BMP pathway through the
degradation of BMP receptors [20], and the transcriptional activation of Smurf1 is known to be stimulated by AP-1 [21]. Liberated
AP-1 resulting from TRE mutations may stimulate Smurf1 transcription, thereby decreasing endogenous BMP activity. As a result,
the expression of the TRE-mutated reporter gene may be decreased
more than luciferase expression resulting from the loss of TRE-
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Fig. 3. AP-1 components regulated BMP-induced hepcidin transcription differently. (A and C) HepG2 cells were transfected with the indicated reporter and pCMV-bGal with or
without c-fos (A) or c-jun (C). (B) HepG2 cells were transfected with hepcidin(-2018)-luc and pCMV-bGal with or without dominant-negative c-fos. Cells were stimulated with or
without BMP2 (4 nM) for 24 h. Luciferase activity was normalized to b-galactosidase activity, and luciferase activity in cells transfected with the wild-type reporter, but not the AP-1
component (A and C) or in cells transfected without dominant-negative c-fos and BMP2 (B) was set to 1. Results are shown as the mean ± SE (n ¼ 3). The number at the side of the
bar indicates fold-induction.

mediated transcription itself, ultimately reducing responsiveness to
LDN-193189. In any case, the results of the present study suggest
that the cis-elements of the hepcidin promoter, BMP-RE and TRE,
individually transmitted BMP-mediated and AP-1-mediated signals, respectively; however, transcription was synergistically
increased by the stimulation of BMP-RE and TRE, indicating that
BMP-RE and TRE are both required for the maximal transcription of
hepcidin.
Two relationships are likely to exist between TRE- and BMP-REmediated hepcidin transcription; they individually or interactively
regulate its transcription. When the transcription of hepcidin is
individually regulated through TRE or BMP-RE, TRE- and BMP-REmediated transcription may be additively or synergistically
increased. The ﬁrst case is that TRE-mediated transcription is independent of and additive to BMP-induced transcription; the
extent of decreases in BMP-induced hepcidin transcription by TRE
mutations corresponds to those in basal transcription. The second
case is that TRE-mediated transcription is independent of BMPinduced transcription, similar to the ﬁrst case, whereas

transcription is synergistically increased. In this case, responsiveness to the stimulation of the BMP pathway, which is evaluated by
the fold-induction of hepcidin transcription, is not changed by TRE
mutations, whereas basal transcription is decreased. Furthermore,
when hepcidin transcription is interactively regulated through TRE
and BMP-RE, BMP-induced hepcidin transcription may be blocked
by TRE mutations; not only basal transcription but also responsiveness to the stimulation of the BMP pathway is reduced (the
third case). The present study revealed that TRE is required for basal
transcription of hepcidin, but does not affect efﬁciency of BMPmediated transcription. We conclude that hepcidin transcription
via TRE and BMP-RE is regulated by the mode indicated by the
second case.
Various relationships are known to exist between AP-1 and the
BMP pathway. BMP2 was previously found to block AP-1dependent gene transcription in monocytes, suggesting the negative regulation of AP-1 activity by the BMP pathway [22]. A previous
study demonstrated that BMP6 and AP-1 had reciprocal effects on
miRNA-21 expression; AP-1 stimulated the transcription of miRNA-

Fig. 4. Functional interaction between the BMP-responsive element and TRE in BMP-mediated hepcidin transcription. (A) HepG2 cells were transfected with the indicated reporter
and pCMV-bGal. Cells were treated with or without LDN-193189 (100 nM) for 24 h. Luciferase activity was normalized to b-galactosidase activity, and luciferase activity in cells
transfected with the wild-type reporter and treated with vehicle was set to 1. Results are shown as the mean ± SE (n ¼ 3). The number at the side of the bar indicates fold-induction.
(B) A proposed model for the role of TRE in hepcidin transcription mediated by endogenous BMP activity.
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21, whereas BMP6 inhibited it by blocking the binding of AP-1 to
the promoter of the miRNA-21 gene [23]. In contrast, a cooperative
relationship has been reported between AP-1 and the BMP
pathway; BMP4 promoted hematopoiesis in concert with AP-1,
which was partly achieved through the up-regulation of junD
expression [24]. Furthermore, BMP2 has been shown to stimulate
GlcAT-1 gene transcription, which is mediated by AP-1 binding to
the AP-1 binding site of the GlcAT-1 gene promoter; mutations in
the AP-1 binding site completely blocked the BMP2-induced transcription of GlcAT-1 [25]. Similar to previous ﬁndings reported by
Lee et al. [24] and Hiyama et al. [25], the results of the present study
suggest a cooperative relationship between AP-1 and the BMP
pathway for transcriptional activation. However, BMP2 did not
induce AP-1 gene expression in the present study, and the basal
expression of c-fos was important for the transcription of hepcidin.
Furthermore, AP-1 did not affect the efﬁciency of transcriptional
activation by the BMP pathway. The interactive mode between AP1 and the BMP pathway depends on the regulated gene, which
leads to the diverse effects of BMP and AP-1 in various physiological
processes.
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a b s t r a c t
The expression of uncoupling protein (UCP1) is up-regulated in mammalian brown adipocytes during cold exposure. However, a previous study revealed that UCP1 was highly expressed in the liver of common carps, and that
the hepatic expression of UCP1 was down-regulated during cold exposure. The present study examined the effects of temperature on the recovery of UCP1 expression levels and the expression of genes involved in UCP1
transcription in the livers and kidneys of common carps. The hepatic and renal expressions of UCP1 were
decreased by acclimation from 22 °C to 8 °C, and a subsequent increase in the water temperature from 8 °C to
28 °C recovered the renal, but not hepatic expression of UCP1. Changes in the expression of peroxisome
proliferator-activator receptor (PPAR) γ, retinoid X receptor (RXR) α and PPARγ co-activator (PGC)-1α, genes
that are involved in the expression of UCP1 in mammals, with ambient temperature indicated that the expressions of PPARγ and RXRα, but not expression of PGC-1α was decreased in response to cold exposure; the hepatic
and renal expressions of PPARγ and RXRα recovered to basal levels with the cessation of cold exposure, although
this was not complete for hepatic expression of PPARγ. The results of the present study indicate that a unique
regulatory mechanism is responsible for the hepatic and renal expressions of carp UCP1 during cold exposure
and subsequent reacclimation, and is distinct from that in murine brown adipocytes.
© 2015 Elsevier Inc. All rights reserved.

1. Introduction
Uncoupling protein (UCP) 1 increases proton leakage from the mitochondrial inner membrane, resulting in a decreased proton motive
force, which leads to increased oxygen consumption and heat generation without the concomitant generation of ATP. The restricted expression of UCP1 in mammalian brown adipocytes located in brown and
white fat renders these cells responsible for non-shivering heat production (Cannon and Nedergaard, 2004).
The expression of UCP1 and its orthologs has been detected not only
in placental mammals, but also in ectothermic vertebrates (Gesta et al.,
2007). UCP1 was identiﬁed in the common carp (Cyprinus carpio), an
ectothermic vertebrate, based on the conserved synteny within the
mammalian lineage (Jastroch et al., 2005). It was found to be highly
expressed in the liver and to a lesser extent in the kidney. The

⁎ Corresponding authors.
E-mail addresses: murakami@azabu-u.ac.jp (M. Murakami),
mfunaba@kais.kyoto-u.ac.jp (M. Funaba).

expression of UCP1 could not be detected in carp adipose tissues,
which suggested that the role of UCP1 in energy expenditure in ﬁsh differed from that in placental mammals (Jastroch et al., 2005).
The expression of UCP1 in murine brown fat was previously shown
to be up-regulated in response to cold exposure (Puigserver et al.,
1998; Barbatelli et al., 2010), whereas hepatic UCP1 transcript levels
were lower in the common carp acclimated at 8 °C for 4 weeks than in
those kept at 20 °C (Jastroch et al., 2005). Similar responses were
observed in gilthead sea bream (Sparus aurata); expression levels of
hepatic UCP1 were lower in winter than in summer and fall (BermejoNogales et al., 2010). The mechanism underlying the regulation of ﬁsh
UCP1 expression currently remains unknown. In addition, changes in
UCP1 expression upon recovery from cold exposure have not experimentally been examined. Furthermore, studies are needed to elucidate
the relationship between the expression of UCP1 and non-shivering
heat production in ectothermic vertebrates.
In murine brown fat, the transcription of UCP1 is regulated by several key molecules including the tissue-restricted transcription factors
peroxisome proliferator-activator receptor (PPAR) α, β/δ and γ, thyroid
hormone receptor (TR) α, and the transcriptional co-activator PPARγ
co-activator (PGC)-1α (Puigserver et al., 1998; Barbera et al., 2001;

http://dx.doi.org/10.1016/j.cbpa.2015.04.003
1095-6433/© 2015 Elsevier Inc. All rights reserved.
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Cannon and Nedergaard, 2004; Cao et al., 2004; Komatsu et al., 2010;
Seebacher and Glanville, 2010). In addition, PGC-1β, a molecule
structurally related to PGC-1α, is known to be highly expressed in
murine brown fat (Lin et al., 2002; Seale et al., 2007). PPAR and
TR heterodimerize with retinoid X receptor (RXR), and the formed
complex regulates transcription of target genes including UCP1 and
PGC-1 (Cannon and Nedergaard, 2004; Evans and Mangelsdorf, 2014).
Furthermore, a transcription factor, cAMP responsive element binding
protein (CREB) is phosphorylated and activated by protein kinase
A, which leads to stimulation of UCP1 transcription (Cannon and
Nedergaard, 2004). The expression levels of nuclear respiratory factor
1 (NRF1), which stimulates mitochondrial biogenesis by interacting
with PGC-1α (Scarpulla, 2008), have been closely related to those of
UCP1, PPARδ, and PGC-1α during cold exposure in murine brown fat
(Seebacher and Glanville, 2010).
We hypothesized that regulation of carp UCP1 expression is similar
to that established in murine UCP1 expression, although response to
cold exposure is different between common carps and mice. As the
ﬁrst step to clarify regulation of ﬁsh UCP1 expression, we isolated not
only 5′ ﬂanking region of carp UCP1 gene but also coding region of
carp mRNA for several molecules involved in regulation of murine
UCP1 expression partially, because the information has not yet been
available yet. By use of the information, we examined the effects of
ambient temperature on expression levels of UCP1 and the candidates
to regulate UCP1 expression in common carps.
2. Materials and methods
2.1. Animals
A total of 30 common carps aged 7 months were used. These carps
were fed with commercial pellets ad libitum with a 12-h light/12-h
dark cycle. They were kept in a temperature-controlled recirculating
water system maintained at 22 °C for at least 2 weeks (day 0). The
water temperature was gradually lowered to 8 °C over 3 days. After
14 days at 8 °C (days 3–17), the water temperature was gradually
returned to 28 °C over 3–5 days and kept at 28 °C for 14 days (days
21–35). Carps were sacriﬁced on days 0, 17, and 35, and the livers and
kidneys were removed.
2.2. RNA isolation and RT-quantitative real-time PCR
RNA isolation and reverse transcription (RT)-quantitative real-time
PCR (qPCR) analyses were performed as described previously
(Murakami et al., 2008; Asai et al., 2014). Total RNA was isolated from
the livers and kidneys of carps using QuickGene RNA tissue kit S
(Wako, Osaka, Japan) in QuickGene-810 (Wako, Osaka, Japan), an automatic nucleic acid extraction system, according to the manufacturer's
protocol. The concentration of RNA was determined from absorbance
at 260 nm. In RT-qPCR analyses, cDNA was synthesized using the high
capacity cDNA reverse transcription kit with an RNase inhibitor (Life
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Technologies, Carlsbad, CA, USA), according to the manufacturer's
protocol. The cDNA corresponding to 5 ng of total RNA was used as a
template of qPCR; the qPCR was performed using KAPA SYBR FAST Universal qPCR Master Mix (Kapa Biosystems, Boston, MA, USA) in Thermal
Cycler Dice Real Time System TP800 (Takara, Otsu, Japan), according to
the manufacturer's protocol. The qPCR proﬁle was as follows: after denaturing for 30 s at 95 °C, 40 cycles consisted of 5 s at 95 °C and 30 s
at 60 °C. The oligonucleotide primers for qPCR are shown in Table 1.
After 40 cycles of RT-qPCR, the dissociation (melting) curve of the products was examined by changes in the ramp temperature from 60 °C to
95 °C. Each sample showed a single peak, suggesting the expected PCR
products. The mRNA levels were expressed relative to EF1α mRNA
levels, and the expression level in the liver of control carps was set at
100.

2.3. Isolation of 5′ ﬂanking region of UCP1 gene from carps
The 5′ ﬂanking region of carp UCP1 gene was isolated by two rounds
of PCR; we designed 4 PCR primers. Because of lack of information on 5′
ﬂanking region of carp UCP1 gene, forward primers were designed on
the basis of information of zebraﬁsh UCP1 gene; 5′-gttgtagttttgg
tttattacacaagg-3′ named as primer A that corresponds to nt −4500 to
nt − 4474 of zebraﬁsh UCP1 gene (GenBank accession number
NC_007112) and 5′-taaagtcctgctgcagtggaaacag-3′ as primer B that
is nt − 3000 to nt − 2976 of zebraﬁsh UCP1 gene. The reverse
primers were designed based on the carp UCP1 gene (AY461434),
i.e., 5′-gatggagtgacaggatgatgcctcgtg-3′ (nt + 45 to nt + 19) and 5′ctgacagctgtgattgagttcctctg-3′ (nt + 74 to nt + 49) as primer C and
primer D, respectively. The ﬁrst round PCR was performed using genomic DNA, which was isolated from carp muscle cells, as a template DNA as well as primers A and D; PCR was conducted in a
total volume of 50 μL by use of PrimeSTAR GXL DNA Polymerase
that is a high ﬁdelity polymerase (TaKaRa). The PCR proﬁle
consisted of 35 cycles of denature for 10 s at 98 °C, annealing for
15 s at 55 °C and extension for 4 min at 68 °C. The second round of
PCR re-ampliﬁed using one-ﬁftieth of the PCR products as the template, and primers B and C with the same PCR proﬁle. The products
of the nested-PCR were electrophoresed in agarose gels, followed by
ethidium bromide staining and visualization under ultraviolet light.
A signiﬁcant band was detected at ~ 2800 bp, which was within the
range of expected size. The band was excised from the gels, and the
nucleotide sequence was determined by direct sequencing and
deposited in GenBank (LC003596). To examine the validity of
sequence, PCR was performed by use of genomic DNA as a template
DNA and PCR primers spanning nt − 434 to nt − 412 (5′-tttctgagctc
ctttaatgcatc-3′) and nt + 930 to nt + 908 (5′-gcggtgtccagaggg
aaggtgac-3′), and the nucleotide sequence of PCR product was conﬁrmed by direct sequencing. The 5′ ﬂanking region of carp, human,
mouse, rat and zebraﬁsh UCP gene was compared by use of Pairwise
Sequence Alignment of EMBOSS (http://emboss.open-bio.org/).

Table 1
Nucleotide sequence of primers used in RT-qPCR analyses.
Gene

Forward primer

Reverse primer

GenBank accession number

CREB
EF1α
NRF1
PGC-1α
PGC-1β
PPARα
PPARβ/δ
PPARγ
RXRα
TRα
UCP1

5′-ctcagcagattgccaccttgg-3′
5′-atgcggtggaatcgacaa-3′
5′-aagccctgaggactattgtt-3′
5′-tgcctgagcttgacctctct-3′
5′-tggggaagaggaggtctgc-3′
5′-gggaaagagcagcacgagtcc-3′
5′-tggctttgtggatctcttcc-3′
5′-aggcaactctacgagtcctatct-3′
5′-cacccaatgatccagtcacaaaca-3′
5′-aatcacccgcaaccagtgccag-3′
5′-cgccttctacaaaggtttcg-3′

5′-gggcagctgaactaaggtcac-3′
5′-cagagagcaatgtcaatggtg-3′
5′-gctcctgtgccaacctgtat-3′
5′-cgtcttcatccactgggatac-3′
5′-ccgtccaggctgtctgtg-3′
5′-ggtaggcttcatgcatctgtc-3′
5′-gatctcgccgaaaggtttgc-3′
5′-agttgatcatctgctcgccttcc-3′
5′-agctcattccatcctgctcgtaga-3′
5′-tcgatcagacgcctcttggcc-3′
5′-cgaatgacacgaacatcacc-3′

LC0006801
AF485331
AB9246411
AB7673021
AB7673031
FJ849065
LC0006831
FJ849064
LC0006821
LC0006811
AY461434

1

Nucleotide sequence was determined in this study.
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2.4. Isolation of PGC-1α, PGC-1β, PPARβ/δ, TRα, RXRα, CREB, and NRF1
mRNA from carp livers

2.5. Statistical analyses
Data are expressed as the mean ± SE. Data were log-transformed to
provide an approximation of a normal distribution before analysis.
Differences between groups in each tissue were analyzed by Tukey's
multiple comparison test. P b 0.05 was considered signiﬁcant.
3. Results
The expression of UCP1 was evaluated in the livers and kidneys of
common carps acclimatized at various temperatures (Fig. 1). A decrease
in the water temperature from 22 °C to 8 °C signiﬁcantly reduced the expression of UCP1 in the liver and kidney within 14 days. Although increasing the water temperature from 8 °C to 28 °C did not change the
hepatic expression of UCP1, the renal expression of UCP1 returned to
basal levels. Consistent with previous ﬁndings (Jastroch et al., 2005),
the expression level of UCP1 was higher in the liver than in the kidney.
Expression of mammalian UCP1 gene is transcriptionally regulated
(Cannon and Nedergaard, 2004). We determined nucleotide sequence
of 5′ ﬂanking region of carp UCP1 gene, because it has not yet been
available. Whole genome sequence of common carps is not known,
and, therefore, we isolated 2634 bases upstream sequence of the
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relative mRNA level

To isolate PGC-1α, PGC-1β, PPARβ/δ, TRα, RXRα, CREB, and NRF1
cDNA from carp livers, 1 μg of the recovered RNA was treated with
RNase-free DNase I (Invitrogen) to remove residual DNA. RNA was subsequently reverse-transcribed in a 21 μl volume reaction using the
oligo(dT) primer and Superscript III First-Strand Synthesis System for
RT-PCR (Invitrogen) to generate ﬁrst-strand cDNA (Murakami et al.,
2008).
Based on the nucleotide sequence of the PGC-1α mRNAs of goldﬁsh
(Carassius auratus, FJ710611 and EU426842), zebraﬁsh (Danio rerio,
FJ710604), grass carp (Ctenopharyngodon idella, JN195739), and golden
shiner (Notemigonus crysoleucas, FJ710606), the following PCR primers
were designed to isolate PGC-1α cDNA: 5′-atggcgtgggacaggtgtaatc-3′
and 5′-tcaaaggaagtggcaagatggt-3′. To isolate PGC-1β mRNA, the following
PCR primers were designed based on the nucleotide sequence of zebraﬁsh
PGC-1β (XM_009291061): 5′-atggcggactgcgcttcactgttagatg-3′ and 5′agacccccgactccgtcctcaacaat-3′. To isolate PPARβ/δ mRNA, the PCR
primers, 5′-cagtgcaccacagtggaaactg-3′ and 5′-gaatgccatcctgaatctgctc-3′,
were designed based on the nucleotide sequence of zebraﬁsh PPARδb
(NM_131468 and XM_683192). The mRNA of TRα was isolated on the
bases of nucleotide sequences of goldﬁsh TRα1 (AY973629) and
TRα2 (DQ172902) and zebraﬁsh TRαa (NM_131396) by use of 5′gcatcacatgtgagggctgcaa-3′ and 5′-tctccatacagcagcctttcag-3′ as PCR
primers. The mRNA of RXRα was isolated on the bases of nucleotide
sequences of goldﬁsh RXRα (AY197562) and zebraﬁsh RXRαa
(NM_001161551 and XM_001923838) by use of 5′-cagaagtgtttgg
ccatgggc-3′ and 5′-gcaaaccttccaggttgttcag-3′ as PCR primers. The
mRNA of CREB was isolated on the bases of nucleotide sequences of
goldﬁsh CREB1 (AM886438) and zebraﬁsh CREB1 (NM_001161551
and XM_001923838) by use of 5′-caggagcagatgtccagcagg-3′ and 5′gcatactgcaggatggtggtg-3′ as PCR primers. As for NRF1 mRNA, the following PCR primers were designed based on the nucleotide sequence
of zebraﬁsh NRF1 (XM_005164709) and Japanese pufferﬁsh (Takifugu
rubripes) NRF1-like isoform 1 (XM_003972802): 5′-caggcccagctccg
agcgttcat-3′ and 5′-ggccacagcctgcgtggcctct-3′. Using these primers,
cDNA was isolated from common carp livers, and agarose gel electrophoresis of the PCR products indicated bands with an expected size of
~ 920 bp for PGC-1α, ~ 350 bp for PGC-1β, ~ 270 bp for PPARβ/δ,
~ 440 bp for TRα, ~ 450 bp for RXRα, ~ 440 bp for CREB, and ~ 560 bp
for NRF1. The nucleotide sequence of the PCR product was determined
by direct sequencing.

UCP1
control
8°C-14 d
28°C-14 d

A
100

50

B B
a

a
b
0

liver

kidney

Fig. 1. UCP1 expression in the livers and kidneys of common carps acclimated to various
temperatures. Common carps acclimated at 22 °C were subjected to cold exposure for
14 days at 8 °C. They were then acclimated at 28 °C for 14 days. The gene transcript levels
of UCP1 were determined by RT-qPCR and are expressed relative to the expression of
EF1α, with the hepatic level determined on day 0 (control) set to 100. Data shown are
the mean ± SE (n = 10). A, B and a, b: P b 0.05.

putative transcriptional initiation site of carp UCP1 through the
nested-PCR strategy in reference to the nucleotide sequence of 5′
ﬂanking region of zebraﬁsh UCP1 gene (Fig. 2A). When genomic DNA
from three carps was individually used as the template DNA, comparable results were obtained (data not shown). The validity of the isolated
nucleotide sequence was also determined by the expected ampliﬁcation
of genomic DNA using PCR primers designed within the region of determined nucleotide (data not shown).
The nucleotide sequence indicated the lack of the ﬁrst 18 bases (5′tggatccaaagaattcgg-3′) within 5′ untranslated region of carp UCP1
mRNA in GenBank accession number AY461434, and three nucleotide
substitutions, T, C, and T instead of A, G, and G of the 20th, 22nd, and
25th nucleotides, respectively. We performed RT-PCR using liver cDNA
as the template DNA and the ﬁrst 22 bases of AY461434 (primer E: 5′tggatccaaagaattcggcacg-3′) as the forward primer and primer for the
RT-qPCR as the reverse primer, and found no band (Fig. 2B, lanes 1–
3). In contrast, when the ﬁrst 22 bases overlapping to AY461434 determined in this study (primer F: 5′-ctccagtcatcatcctgtcact-3′), i.e., corresponding region spanning the 19th nucleotide to the 40th nucleotide
of AY461434, were used as the forward primer, we detected the PCR
product with the expected size (Fig. 2B, lanes 5–7). Therefore, we
conclude that the 19th nucleotide of DNA sequence recorded in
AY461434 is the putative transcriptional initiation site of UCP1 gene in
common carps used in this study; the 19th nucleotide is designated as
nt + 1. The nucleotide sequence near 5’′ untranslated region of carp
UCP mRNA may be different between the strains. The nucleotide sequence has limited homology with that of 5′ ﬂanking region of
human, mouse, and rat UCP1 genes (Fig. 2C). The less homology of the
nucleotide sequence was also detected between carps and zebraﬁsh.
Previous studies identiﬁed and characterized the brown adipose
tissue (BAT)-speciﬁc enhancer region (~220 bp) around nt −2500 upstream of murine UCP1 transcriptional initiation site (Kozak et al., 1994;
Rim and Kozak, 2002). The region plays a critical role in the regulation of
UCP1 that includes responsive element to PPAR, TR, and CREB (Cannon
and Nedergaard, 2004). Homology search indicated no similarity between the murine BAT-speciﬁc enhancer and the carp UCP1 promoter
(data not shown). In addition, there was no consensus responsive element to PPAR, TR, and CREB within the carp UCP1 promoter, i.e., direct
repeats (DR) 1 and 2 (core sequence 5′-agg(a/t)ca-3′ separated by one
and two base-pairs, respectively) for PPAR (Evans and Mangelsdorf,
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100 70 39 41
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Fig. 2. Nucleotide sequence of the 5′ ﬂanking region of the carp UCP1 gene. (A) Nucleotide sequence of the 5′ ﬂanking region of the carp UCP1 gene. The nt +1 is deﬁned as putative transcriptional-initiation site. Possible CRE, BRE-1, and NF-E2 recognition sequences are shown with underline, box, and double underline, respectively. (B) RT-PCR analyses were performed
using cDNA prepared from kidney (K: lanes 1 and 5) and liver (L: lanes 2, 3, 6 and 7) as the template. The cDNA was prepared by Superscript III First-Strand Synthesis System (S) to isolate
full-length of carp UCP1 mRNA (lanes 1, 2, 5 and 6) or by high capacity cDNA reverse transcription kit (H: lanes 3 and 7). Lanes 1–3 and 5–7 indicate PCR products using primer E and the
reverse primer for RT-qPCR, and primer F and the reverse primer for RT-qPCR, respectively. Lanes 4 and 8: negative control and 100-bp DNA ladder, respectively. (C) Homology between
nucleotide sequences spanning nt −2634 to nt −1 of UCP1 gene of various animal species.

2014), DR-4 for TR (Evans and Mangelsdorf, 2014), and cAMP response
element (5′-tgacgtca-3′) for CREB (Montminy, 1997). We also searched
speciﬁc sequence motifs present in the murine BAT-speciﬁc enhancer
region, and found two half-site consensus sequence of CRE (5′-cgtca3′ and its complementary sequence 5′-tgacg-3′, Fig. 2A, underline),
two contiguous TTCC motifs within brown adipocyte-regulatory
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element 1 (BRE-1, Fig. 2A, box), and two possible NF-E2 sites (Fig. 2A,
double underline).
The expression of genes involved in the expression of UCP1 in mammals (Puigserver et al., 1998; Barbera et al., 2001; Cannon and
Nedergaard, 2004; Cao et al., 2004; Komatsu et al., 2010; Seebacher
and Glanville, 2010) was examined next. Sequence information for
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common carp PGC-1α, PGC-1β, PPARβ/δ, TRα, RXRα, CREB, and NRF1
cDNAs was unavailable; thus, we isolated gene transcripts from the
liver of the common carp. The partial amino acid sequences deduced

from the nucleotide sequences exhibited sequence similarity to ﬁsh
PGC-1α, PGC-1β, PPARβ/δ, TRα, RXRα, CREB, and NRF1, respectively
(Fig. 3), which suggested that these are orthologs of respective genes

Fig. 3. Comparison of the amino acid sequence deduced from the nucleotide sequence of PGC-1, PPARβ/δ, TRα, RXRα, CREB, and NRF1. The partial gene transcripts of PGC-1α, PGC-1β,
PPARβ/δ, TRα, RXRα, CREB, and NRF1 were isolated and sequenced. The deduced amino acid sequences of PGC-1α (A), PGC-1β (B), PPARβ/δ (C), TRα (D), RXRα (E), CREB (F), and
NRF1 (G) were compared to that of ﬁsh PGC-1α, PGC-1β, PPARβ/δ, TRα, RXRα, CREB, and NRF1, respectively. The dot stands for the same amino acid as that in Cca. Cca: Cyprinus carpio,
Cau: Carassius auratus, Dre: Danio rerio, Cid: Ctenopharyngodon idella, Spr: Schizothorax prenanti, Ncr: Notemigus crysoleucas, Ssa: Salmo salar, Caca: Carassius carassius, Omy: Oncorhynchus
mykiss, Pma: Pagrus major, Ola: Oryzias latipes. β/δ, β, and β2 and δb: PPARβ/δ, PPARβ, PPARβ2, and PPARδb, respectively. α1, α2, and αA: TRα1, TRα2, and TRαA, respectively.
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in common carps. Since ﬁsh PGC-1α, PGC-1β, PPARβ/δ, TRα, RXRα,
CREB, and NRF1 consist of ~ 878, ~ 495, ~ 517, ~ 421, ~ 343, ~ 318, and
~ 514 amino acids, respectively, the gene transcripts clariﬁed in the
present study are expected to correspond to approximately one-ﬁfth
of PGC-1β and PPARβ/δ, one-third of PGC-1α, TRα, and NRF1, and half
of RXRα and CREB of the coding regions.
Unlike the hepatic and renal expressions of UCP1, the expression
level of PGC-1α did not decrease with a reduction in the water temperature from 22 °C to 8 °C; the renal expression of PGC-1α was increased
by cold exposure (Fig. 4A). The hepatic expression of PGC-1α remained
unchanged by increases in the water temperature from 8 °C to 28 °C,
whereas the cold-induced expression of renal PGC-1α returned to
basal levels with increases in the water temperature from 8 °C to
28 °C. Decreasing the water temperature from 22 °C to 8 °C decreased
the expression of PGC-1β in the kidney, but not signiﬁcantly in the
liver (Fig. 4B). The renal expression of PGC-1β tended to return to
basal levels with increases in the water temperature from 8 °C to 28 °C.
The hepatic expression of PPARα was unaffected by cold exposure,
but decreased with increases in the water temperature from 8 °C to
28 °C (Fig. 5A). In contrast, changes in the water temperature did not affect the renal expression of PPARα. Expression of hepatic and renal
PPARβ/δ was increased by cold exposure, and the increase in water temperature from 8 °C to 28 °C decreased the expressions; hepatic expression levels at 28 °C were lower than those at 22 °C (Fig. 5B). Both the
hepatic and renal expressions of PPARγ were markedly reduced with
decreasing water temperature from 22 °C to 8 °C, and the cessation of
cold exposure returned to these expression levels back to basal levels;
however, hepatic expression was not completely recovered (Fig. 5C).
Expression of renal TRα was decreased during the cold exposure, and
the cessation of cold exposure further decreased the expression; hepatic
expression of TRα was also decreased by the increase in water temperature from 8 °C to 28 °C (Fig. 5D). Similar to the regulatory expression of
PPARγ, RXRα expressions in the liver and kidney were signiﬁcantly
decreased during cold exposure, and the re-warming resulted in return
to the basal expression levels (Fig. 5E).
Cold exposure did not affect expression levels of hepatic and renal
expressions of CREB, but the increase in water temperature from 8 °C
to 28 °C signiﬁcantly decreased renal CREB expression (Fig. 6A). The
cold exposure increased the hepatic and renal expression levels of
NRF1, and an increase in the water temperature from 8 °C to 28 °C
decreased expression levels; expression levels at 28 °C were lower
than those at 22 °C (Fig. 6B).

down-regulated by cold exposure, 2) expression levels in the kidney,
but not in the liver recovered with the cessation of cold exposure,
3) water temperature-related changes in the renal expression of UCP1
paralleled those in the renal expression of PPARγ and RXRα, 4) the
cold-induced down-regulation of hepatic PPARγ partially recovered
with the cessation of cold exposure, 5) contrary to hepatic PPARγ and
RXRα expressions, expressions of hepatic and renal PPARβ/δ and
NRF1 were up-regulated during cold exposure, and the cessation of
cold exposure returned the expression, and 6) the expression of hepatic
and renal PGC-1α was not decreased by cold exposure. Of these, the
down-regulation observed in the hepatic expression of UCP1 during
cold exposure was consistent with previous ﬁndings (Jastroch et al.,
2005); considering that the common carp is an ectothermic animal,
down-regulation of UCP1, a drive engine of non-shivering thermogenesis, during cold exposure is reasonable. The other 5 points were not
evaluated in the study by Jastroch et al. (2005). Our results conﬁrm
that regulatory expression of carp UCP1 during cold exposure and subsequent recovery from cold exposure is distinct from that of mammalian UCP1 expression, but suggests that expression level of carp UCP1 is
partly but not completely related to that of molecules involved in regulation of mammalian UCP1 expression. The present study has provided a
novel insight into the regulatory expression of carp UCP1.
Although expression levels of UCP1 were closely related to those of
molecules regulating UCP1 expression in murine brown adipocytes during the changes in ambient temperature in common carps, the detailed
regulation was distinct between murine brown adipocytes and carp
tissues such as liver and kidney. In murine brown adipocytes, the
cold-induced stimulation of the sympathetic nervous system and accompanying β3 adrenergic receptor activation induce the transcription
of PGC-1α, which in turn stimulates UCP1 transcription through complex formation with PPARγ (Oberkoﬂer et al., 2002; Cao et al., 2004).
The expression level of PGC-1α, but not PPARγ was shown to increase
during cold exposure in murine brown fat (Seale et al., 2007;
Karamitri et al., 2009; Komatsu et al., 2010). The present study indicates
that renal expression of UCP1 is closely related to that of PPARγ rather
than PGC-1α; water temperature-related changes in the renal expression of UCP1 paralleled those in the expression of PPARγ, but not in
PGC-1α. Cold exposure also decreased hepatic expressions of UCP1
and PPARγ, but the expression level of hepatic PGC-1α was unaffected.
Consistent with previous ﬁndings on the effects of cold on the
expression of PPARα in murine brown fat (Komatsu et al., 2010), the hepatic and renal expression levels of PPARα in common carps were unaffected by cold exposure. In addition, hepatic and renal expressions of
PPARβ/δ were rather increased during cold exposure. Taking the
expression level of PPARs and PGC-1α together, the down-regulation
of PPARγ expression during cold exposure may be responsible for the
down-regulation of UCP1 expression in common carps. Changes in
expression levels of RXRα, a PPARγ partner (Evans and Mangelsdorf,

4. Discussion
This study revealed six aspects of the regulation of the hepatic and
renal expressions of UCP1 in carps in response to changes in ambient
temperature 1) both the hepatic and renal expressions of UCP1 were
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Fig. 4. PGC-1 expression in the livers and kidneys of common carps acclimated to various temperatures. Common carps acclimated at 22 °C were subjected to cold exposure for 14 days at
8 °C. They were then acclimated at 28 °C for 14 days. Transcript levels of PGC-1α (A) and PGC-1β (B) were determined by RT-qPCR and are expressed relative to the expression of EF1α,
with the hepatic level determined on day 0 (control) set to 100. Data shown are the mean ± SE (n = 10). a, b: P b 0.05.
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Fig. 5. Expression of PPAR, TRα, and RXRα in the livers and kidneys of common carps acclimated to various temperatures. Common carps acclimated at 22 °C were subjected to cold exposure for 14 days at 8 °C. They were then acclimated at 28 °C for 14 days. Transcript levels of PPARα (A), PPARβ/δ (B), PPARγ (C), TRα (D), and RXRα (E) were determined by RT-qPCR and
are expressed relative to the expression of EF1α, with the hepatic level determined on day 0 (control) set to 100. Data shown are the mean ± SE (n = 10). A, B, C and a, b, c: P b 0.05.

2014), basically paralleled to those of PPARγ. Therefore, expression
levels of RXRα may be also involved in regulation of UCP1 expression
by PPARγ during cold exposure.
However, the regulatory expressions of PPARγ/RXRα do not explain
UCP1 expression in liver of common carps during the water temperature from 8 °C to 28 °C; the cessation of cold exposure increased hepatic
expressions of PPARγ and RXRα but not UCP1. It is possible that inhibitory factor(s) on UCP1 expression is induced in carp livers during the
recovery period from cold exposure.
We isolated 2634 bases upstream to putative transcription initiation
site of UCP1 gene. The nucleotide sequence has low homology to corresponding region of humans, mice, rats, and even zebraﬁsh, although
some sequence motifs in the murine BAT-speciﬁc enhancer are present
scattered widely. The enhancer region of human UCP1 gene, which
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includes responsive elements to PPAR, TR, and CREB, is located around
nt −3800 (Rim and Kozak, 2002; Shore et al., 2013). It is possible that
the transcriptional enhancer is located in a more distal region of UCP1
promoter. In addition, the sequence motifs in ﬁsh may not match to
those suggested in mammals. These should be evaluated in future
studies.
We also evaluated the expression of NRF1, because NRF1 has been
shown to regulate energy metabolism in concert with PGC-1α in mammals (Scarpulla, 2008). A previous study revealed that changes in NRF1
expression paralleled those in UCP1, PGC-1α, and PPARδ expressions
during cold exposure and physical activity in murine brown fat
(Seebacher and Glanville, 2010). Cold exposure increased the renal
expression of PGC-1α, PPARβ/δ, and NRF1, and the cessation of cold
exposure decreased the expression of these genes; similar changes

control
8°C-14 d
28°C-14 d

a

300
200
100

A

b

B

c
C

0

liver

kidney

liver

kidney

Fig. 6. Expression of CREB and NRF1 in the livers and kidneys of common carps acclimated to various temperatures. Common carps acclimated at 22 °C were subjected to cold exposure for
14 days at 8 °C. They were then acclimated at 28 °C for 14 days. Transcript levels of CREB (A) and NRF1 (B) were determined by RT-qPCR and are expressed relative to the expression of
EF1α, with the hepatic level determined on day 0 (control) set to 100. Data shown are the mean ± SE (n = 10). A, B, C and a, b, c: P b 0.05.
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were also detected in hepatic expressions of PPARβ/δ and NRF1.
However, water temperature-related changes in the expression pattern
of PGC-1α, PPARβ/δ, and NRF1 differed from those in UCP1 expression.
PGC-1α, PPARβ/δ, and NRF1 may cooperatively function through their
up-regulation during cold exposure, and this is distinct from the regulation of energy metabolism through the modulation of UCP1 expression.
A previous study showed that the hepatic expressions of PGC-1α,
PGC-1β, and PPARβ and NRF1 were higher in goldﬁsh acclimated at
4 °C for 3 weeks than in those acclimated at 20 °C, and PPARα expression was lower during cold exposure (LeMoine et al., 2008). Bremer
et al. (2012) observed that cold exposure signiﬁcantly increased expression of PGC-1β and NRF1, decreased expression of PGC-1α, PPARα, and
TRα, and did not affect expression of PPARβ/δ and RXRα in white muscle of goldﬁsh. The temperature-related changes in gene expression
were partly but not completely consistent with the previous results.
At present, it is difﬁcult to understand relationships among expression
levels of these genes comprehensively; effects of cold exposure are
also different among tissues in gold ﬁsh (LeMoine et al., 2008), and
there may be species differences on cold-related changes in gene
expression.
Although carp UCP1 may be a functional uncoupling protein, similar
to its mammalian counterpart (Jastroch et al., 2007), a correlation between the expression of UCP1 and non-shivering heat production has
yet to be established in ﬁsh. Future studies are needed to determine
the role of UCP1 expression, the physiological signiﬁcance of regulatory
changes in the hepatic and renal expressions of UCP1, and the molecular
mechanisms underlying altered expression levels of genes during cold
exposure and subsequent recovery from cold exposure in common
carps. Also, aging, diet, feed restriction, and hypoxia are known to affect
expression levels of UCP2 and UCP3, structurally related molecules to
UCP1, in gilthead sea bream (Bermejo-Nogales et al., 2010, 2014). To
understand uncoupling-related regulation of energy metabolism in
ectothermic animals fully, it is needed to explore regulatory expressions
of UCP2 and UCP3 in addition to UCP1.
Acknowledgments
We thank Dr. Masaaki Hasegawa for providing the common carps.
Also, we are grateful to anonymous reviewer's constructive comments.
This work was supported by a research project grant awarded by the
Azabu University (2013K08).
References
Asai, K., Funaba, M., Murakami, M., 2014. Enhancement of RANKL-induced MITF-E
expression and osteoclastogenesis by TGF-β. Cell Biochem. Funct. 32, 401–409.
Barbatelli, G., Murano, I., Madsen, L., Hao, Q., Jimenez, M., Kristiansen, K., Giacobino, J.P.,
De Matteis, R., Cinti, S., 2010. The emergence of cold-induced brown adipocytes in
mouse white fat depots is determined predominantly by white to brown adipocyte
transdifferentiation. Am. J. Physiol. Endocrinol. Metab. 298, E1244–E1253.
Barbera, M.J., Schluter, A., Pedraza, N., Iglesias, R., Villarroya, F., Giralt, M., 2001.
Peroxisome proliferator-activated receptor α activates transcription of the
brown fat uncoupling protein-1 gene. A link between regulation of the thermogenic
and lipid oxidation pathways in the brown fat cell. J. Biol. Chem. 276, 1486–1493.

364

149

Bermejo-Nogales, A., Calduch-Giner, J.A., Pérez-Sánchez, J., 2010. Gene expression survey
of mitochondrial uncoupling proteins (UCP1/UCP3) in gilthead sea bream (Sparus
aurata L.). J. Comp. Physiol. B. 180, 685–694.
Bermejo-Nogales, A., Calduch-Giner, J.A., Pérez-Sánchez, J., 2014. Tissue-speciﬁc gene
expression and functional regulation of uncoupling protein 2 (UCP2) by hypoxia
and nutrient availability in gilthead sea bream (Sparus aurata): implications on the
physiological signiﬁcance of UCP1-3 variants. Fish Physiol. Biochem. 40, 751–762.
Bremer, K., Monk, C.T., Gurd, B.J., Moyes, C.D., 2012. Transcriptional regulation of
temperature-induced remodeling of muscle bioenergetics in goldﬁsh. Am. J. Physiol.
Regul. Integr. Comp. Physiol. 303, R150–R158.
Cannon, B., Nedergaard, J., 2004. Brown adipose tissue: function and physiological
signiﬁcance. Physiol. Rev. 84, 277–359.
Cao, W., Daniel, K.W., Robidoux, J., Puigserver, P., Medvedev, A.V., Bai, X., Floering, L.M.,
Spiegelman, B.M., Collins, S., 2004. p38 mitogen-activated protein kinase is the
central regulator of cyclic AMP-dependent transcription of the brown fat uncoupling
protein 1 gene. Mol. Cell. Biol. 24, 3057–3067.
Evans, R.M., Mangelsdorf, D.J., 2014. Nuclear receptors, RXR, and the big bang. Cell 157,
255–266.
Gesta, S., Tseng, Y.H., Kahn, C.R., 2007. Developmental origin of fat: tracking obesity to its
source. Cell 131, 242–256.
Jastroch, M., Wuertz, S., Kloas, W., Klingenspor, M., 2005. Uncoupling protein 1 in ﬁsh
uncovers an ancient evolutionary history of mammalian nonshivering thermogenesis. Physiol. Genomics 22, 150–156.
Jastroch, M., Buckingham, J.A., Helwig, M., Klingenspor, M., Brand, M.D., 2007. Functional
characterisation of UCP1 in the common carp: uncoupling activity in liver mitochondria and cold-induced expression in the brain. J. Comp. Physiol. B. 177, 743–752.
Karamitri, A., Shore, A.M., Docherty, K., Speakman, J.R., Lomax, M.A., 2009. Combinatorial
transcription factor regulation of the cyclic AMP-response element on the Pgc-1α
promoter in white 3 T3-L1 and brown HIB-1B preadipocytes. J. Biol. Chem. 284,
20738–20752.
Komatsu, M., Tong, Y., Li, Y., Nakajima, T., Li, G., Hu, R., Sugiyama, E., Kamijo, Y., Tanaka, N.,
Hara, A., Aoyama, T., 2010. Multiple roles of PPARα in brown adipose tissue under
constitutive and cold conditions. Genes. Cells 15, 91–100.
Kozak, U.C., Kopecky, J., Teisinger, J., Enerbäck, S., Boyer, B., Kozak, L.P., 1994. An upstream
enhancer regulating brown-fat-speciﬁc expression of the mitochondrial uncoupling
protein gene. Mol. Cell. Biol. 14, 59–67.
LeMoine, C.M., Genge, C.E., Moyes, C.D., 2008. Role of the PGC-1 family in the metabolic
adaptation of goldﬁsh to diet and temperature. J. Exp. Biol. 211, 1448–1455.
Lin, J., Puigserver, P., Donovan, J., Tarr, P., Spiegelman, B.M., 2002. Peroxisome proliferatoractivated receptor gamma coactivator 1β (PGC-1β), a novel PGC-1-related transcription coactivator associated with host cell factor. J. Biol. Chem. 277, 1645–1648.
Montminy, M., 1997. Transcriptional regulation by cyclic AMP. Annu. Rev. Biochem. 66,
807–822.
Murakami, M., Kondo, S., Funaba, M., 2008. Expression and function of alternative splice
variants of the mouse TGF-β type I receptor. Cell Biol. Int. 32, 848–854.
Oberkoﬂer, H., Esterbauer, H., Linnemayr, V., Strosberg, A.D., Krempler, F., Patsch, W.,
2002. Peroxisome proliferator-activated receptor (PPAR) γ coactivator-1 recruitment
regulates PPAR subtype speciﬁcity. J. Biol. Chem. 277, 16750–16757.
Puigserver, P., Wu, Z., Park, C.W., Graves, R., Wright, M., Spiegelman, B.M., 1998. A coldinducible coactivator of nuclear receptors linked to adaptive thermogenesis. Cell 92,
829–839.
Rim, J.S., Kozak, L.P., 2002. Regulatory motifs for CREB-binding protein and Nfe2l2 transcription factors in the upstream enhancer of the mitochondrial uncoupling protein
1 gene. J. Biol. Chem. 277, 34589–34600.
Scarpulla, R.C., 2008. Transcriptional paradigms in mammalian mitochondrial biogenesis
and function. Physiol. Rev. 88, 611–638.
Seale, P., Kajimura, S., Yang, W., Chin, S., Rohas, L.M., Uldry, M., Tavernier, G., Langin, D.,
Spiegelman, B.M., 2007. Transcriptional control of brown fat determination by
PRDM16. Cell Metab. 6, 38–54.
Seebacher, F., Glanville, E.J., 2010. Low levels of physical activity increase metabolic
responsiveness to cold in a rat (Rattus fuscipes). PLoS One 5, e13022.
Shore, A., Emes, R.D., Wessely, F., Kemp, P., Cillo, C., D'Armiento, M., Hoggard, N., Lomax,
M.A., 2013. A comparative approach to understanding tissue-speciﬁc expression of
uncoupling protein 1 expression in adipose tissue. Front. Genet. 3, 304.

Gene 551 (2014) 119–126

Contents lists available at ScienceDirect

Gene
journal homepage: www.elsevier.com/locate/gene

The regulation of hepcidin expression by serum treatment:
Requirements of the BMP response element and STAT- and
AP-1-binding sites
Yohei Kanamori a, Masaru Murakami b, Tohru Matsui a, Masayuki Funaba a,⁎
a
b

Division of Applied Biosciences, Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan
Laboratory of Molecular Biology, Azabu University School of Veterinary Medicine, Sagamihara 252-5201, Japan

a r t i c l e

i n f o

Article history:
Received 9 April 2014
Received in revised form 26 June 2014
Accepted 20 August 2014
Available online 21 August 2014
Keywords:
Hepcidin
Serum
AP-1
BMP
Liver

a b s t r a c t
Expression of hepcidin, a central regulator of systemic iron metabolism, is transcriptionally regulated by the bone
morphogenetic protein (BMP) pathway. However, the factors other than the BMP pathway also participate in the
regulation of hepcidin expression. In the present study, we show that serum treatment increased hepcidin expression and transcription without inducing the phosphorylation of Smad1/5/8 in primary hepatocytes, HepG2
cells or Hepa1-6 cells. Co-treatment with LDN-193189, an inhibitor of the BMP type I receptor, abrogated this
hepcidin induction. Reporter assays using mutated reporters revealed the involvement of the BMP response
element-1 (BMP-RE1) and signal transducers and activator of transcription (STAT)- and activator protein (AP)1-binding sites in serum-induced hepcidin transcription in HepG2 cells. Serum treatment induced the expression
of the AP-1 components c-fos and junB in primary hepatocytes and HepG2 cells. Forced expression of c-fos or
junB enhanced the response of hepcidin transcription to serum treatment. By contrast, the expression of dominant negative (dn)-c-fos and dn-junB decreased hepcidin transcription. The present study reveals that serum
contains factors stimulating hepcidin transcription. Basal BMP activity is essential for the serum-induced
hepcidin transcription, although serum treatment does not stimulate the BMP pathway. The induction of c-fos
and junB by serum treatment stimulates hepcidin transcription, through possibly cooperation with BMPmediated signaling. Considering that AP-1 is induced by various stimuli, the present results suggest that hepcidin
expression is regulated by more diverse factors than had been previously considered.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Iron is essential for fundamental metabolic processes in cells and organisms. Iron homeostasis is strictly maintained through cellular and
systemic systems. Cellular iron metabolism is regulated through ironregulatory proteins that bind iron-responsive elements in regulated
mRNAs. By contrast, systemic iron metabolism is mainly governed by
the synthesis and secretion of the iron-regulating hormone hepcidin.
Hepcidin is produced by liver parenchymal cells and orchestrates

Abbreviations: BMP, bone morphogenetic proteins; TGF-β, transforming growth
factor-β; IL, interleukin; AP, activator protein; STAT, signal transducers and activator of
transcription; BMP-RE, BMP response element; CMF, calcium and magnesium-free;
HBSS, Hank's buffered salt solution; DMEM, Dulbecco's modiﬁed Eagle's medium; FBS,
fetal bovine serum; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; pCMV-βGal, plasmid expressing β-galactosidase under the control cytomegalovirus promoter; SE, standard error;
TRE, TPA-responsive element.
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systemic iron ﬂuxes and decreases plasma iron levels by binding to
and degrading the iron exporter ferroportin on the surface of ironreleasing cells, especially on the basolateral membrane of enterocytes
(Anderson et al., 2012; Hentze et al., 2010; Lee and Beutler, 2009).
Hepcidin expression is transcriptionally regulated; bone morphogenetic protein (BMP), a member of the transforming growth factor-β
(TGF-β) family, potently stimulates the process (Finberg, 2013; Hentze
et al., 2010; Lee and Beutler, 2009; Muckenthaler, 2008). Members of
the TGF-β family, including BMP, TGF-β, and activin, elicit their activities
through similar but distinct signal transduction pathways. Upon ligand
binding, the receptor complexes phosphorylate carboxyl-terminal serines
of receptor-regulated (R-) Smad; BMP induces the phosphorylation of
Smad1/5/8, whereas TGF-β/activin does Smad2/3 phosphorylation. Phosphorylated R-Smad forms complexes with the common Smad, Smad4,
and these translocate into the nucleus where they participate in the regulation of gene transcription (Massagué, 2012; Miyazono et al., 2010;
Sakaki-Yumoto et al., 2013).
In addition to the BMP pathway, several other molecules, such as
interleukin (IL)-6, IL-22, oncostatin M and testosterone, also regulate
hepcidin transcription (Chung et al., 2010; Guo et al., 2013; Kanda
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et al., 2009; Nemeth et al., 2003; Smith et al., 2013); other factors and
mechanisms that regulate hepcidin expression have not yet been fully
elucidated.
During the exploration of BMP-induced hepcidin expression, we noticed that serum starvation down-regulates hepcidin expression in hepatocytes. This observation prompted us to pursue the role of serum
as a positive regulator in hepcidin expression. Here we show that
serum stimulates hepcidin transcription via the following: an activator
protein (AP)-1 binding site within the hepcidin promoter, which
spans nt −133 to nt −127 and was identiﬁed previously but was not
characterized (Truksa et al., 2007); the signal transducers and activator
of transcription (STAT)-binding site (STAT-BS), which spans nt −143 to
nt − 134; and the BMP response element 1 (BMP-RE1), which spans
nt − 155 to nt − 150. Although serum treatment does not stimulate
the BMP pathway, the basal BMP activity is indispensable for seruminduced hepcidin transcription. In addition, the AP-1 components
c-fos and junB induced by serum treatment would be involved in the
transcriptional activation. The present study extends our understanding
of hepcidin expression. AP-1 is induced by various stimuli, such as
stress, infections and inﬂammations, and certain stimuli that are mediated by cytokines and growth factors (Hess et al., 2004). Thus, the
present results suggest that hepcidin is regulated by more factors than
were previously considered.
2. Materials & methods
2.1. Materials
The following reagents were purchased and used: BMP2 was from
R&D Systems (Minneapolis, MN, USA); BMP6 was from GeneTex (Irvine,
CA, USA); LDN-193189, an inhibitor for BMP type I receptor (Yu et al.,
2008a) was from Stemgent (San Diego, CA, USA); rabbit polyclonal antibodies against phospho-Smad1 (Ser463/Ser465)/Smad5 (Ser463/
Ser465)/Smad8 (Ser426/Ser428) (#9511) and p38 (#9212) were
from Cell Signaling Technology (Danvers, MA, USA); a mouse monoclonal antibody against Smad1 (A-4, sc-7965) was from Santa Cruz Biotechnology (Santa Cruz, CA, USA); and a rabbit monoclonal antibody
against Smad1 (EP565Y, ab33902) and a mouse monoclonal antibody
against β-actin (AC-15, ab6276) were from Abcam (Cambridge, MA,
USA).
2.2. Cell culture
Animal experiments were approved by the Kyoto University Animal
Experiment Committee. Primary rat hepatocytes were isolated by collagenase digestion of livers from male Sprague–Dawley rats aged 4 weeks.
The livers were perfused from the portal vein to the incised inferior
vena cava with calcium and magnesium-free (CMF) buffer (40 mM
Hepes, pH 7.4, 120 mM NaCl, 5.4 mM KCl, 5.0 mM NaHCO3 and 5.6 mM
glucose supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin
and 250 ng/mL amphotericin B) for 10 min at a rate of ~12 mL/min
followed by perfusion with CMF buffer containing 0.05% collagenase
(Wako, Osaka, Japan) for 10 min. Subsequently, hepatocytes were liberated into Hank's buffered salt solution (HBSS), i.e., 140 mM NaCl, 5.4 mM
KCl, 0.34 mM Na2HPO4, 0.44 mM KH2PO4, 0.81 mM MgSO4·7H2O,
1.3 mM CaCl2, 4.2 mM NaHCO3 and 5.6 mM glucose supplemented
with 100 U/mL penicillin, 100 μg/mL streptomycin and 250 ng/mL
amphotericin B. After cell recovery by centrifugation at 50 ×g for
2 min, the cells were washed with HBSS three times and were then resuspended in Dulbecco's modiﬁed Eagle's medium (DMEM) with 10%
heat-inactivated fetal bovine serum (FBS) and antibiotics. Cells (N90%
hepatocytes by microscopy) were seeded on collagen-coated plates at
1.5 × 105 cells per well in 12-well plates. Attached cells were subsequently used. HepG2 hepatoma cells and Hepa1-6 hepatoma cells
were cultured in DMEM with 10% heat-inactivated FBS and antibiotics.

2.3. RNA isolation and RT-quantitative PCR
Total RNA was isolated from rat primary hepatocytes by using TRIZOL
(Invitrogen, Grand Island, NY, USA) and cDNA was synthesized by the ABI
high capacity cDNA reverse transcription kit (Applied Biosystems, Foster
City, CA, USA), according to the manufacturers' protocols. The cDNA that
was reverse-transcribed from 5 ng of total RNA was used as a template
for RT-quantitative PCR (RT-qPCR) as previously described (Asano et al.,
2013). The oligonucleotide primers for RT-qPCR are as follows: 5′gatggcactcagcactgga-3′ and 5′-gctgcagctctgtagtctgtct-3′ for hepcidin, 5′gaacactggatggacgactg-3′ and 5′-acagacgggcatagatcaca-3′ for Smad4,
and 5′-cgtgttcctacccccaatgt-3′ and 5′-tgtcatcatacttggcaggtttc-3′ for
glyceraldehyde-3-phosphate dehydrogenase (Gapdh). The Ct value
was determined, and the abundance of gene transcripts was analyzed
using the ΔΔCt method and by normalizing against the Gapdh gene
(Duran et al., 2005).
2.4. Western blot
Western blot analyses were performed as previously described
(Funaba and Murakami, 2008). The immunoreactive proteins were
visualized using the ECL Select Western blotting detection system (GE
Healthcare, Buckinghamshire, UK) according to the manufacturer's
protocol.
2.5. Plasmids
The DNA sequence that spans nt − 2018 to nt − 35 of the mouse
hepcidin (Hamp1) promoter was ampliﬁed and cloned into a pGL4
basic vector that contained the ﬁreﬂy luciferase reporter (Hepcidin
(− 2018)-luc); nt + 1 was deﬁned as the translation initiation site.
Reporter plasmids with deleted promoters or point mutations were
prepared by a PCR-based method. The dominant negative (dn)-c-fos,
which lacks region encoding amino acid 133 to amino acid 159
(Ransone et al., 1990), was also prepared by a PCR-based method.
The plasmids were veriﬁed by DNA sequencing. Expression vectors
for c-fos, junB and dn-jun B were kindly provided by Dr. M. Hibi.
2.6. Reporter assays
HepG2 and Hepa1-6 hepatoma cells were transiently transfected
with the described expression vectors, reporter construct and a plasmid expressing β-galactosidase (pCMV-βGal) with the use of the
polyethylenimine Max reagent (Polysciences, Warrington, PA, USA) according to the manufacturer's protocol. DNA transfection was performed in the absence of heat-inactivated FBS. Equal amounts of DNA,
adjusted with empty vector, were transfected in each experiment. At
4 h post-transfection, cells were cultured with medium with or without
heat-inactivated FBS for 24 h. Luciferase activity in the cell lysate was
normalized to β-galactosidase activity.
2.7. Statistical analyses
Data are expressed as the mean ± standard error (SE). Data on gene
expression were log-transformed to provide an approximation of a normal distribution before analysis. Differences between gene expressions
in the cells were examined using unpaired t-tests. Differences of P b 0.05
were considered signiﬁcant.
3. Results and discussion
3.1. Serum stimulates hepcidin transcription in liver cells
When effects of exogenous ligand are examined, cells are typically
cultured with a reduced concentration of heat-inactivated FBS before
and during ligand stimulation. During the analysis of BMP-induced
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hepcidin expression in rat primary hepatocytes, we reproducibly observed that serum starvation itself down-regulates hepcidin expression
signiﬁcantly (P b 0.05, Fig. 1A). The decreased expression levels of
hepcidin were not caused by a non-speciﬁc down-regulation of gene expression, because serum starvation did not affect Smad4 expression.
These results suggest that serum has a stimulatory effect on hepcidin
expression. Thus, we aimed to verify the up-regulation of hepcidin
expression levels in response to serum treatment. Attached rat primary
hepatocytes were cultured in the absence of heat-inactivated FBS
followed by treatment with or without 10% FBS. Consistent with
the results on the effects of serum starvation (Fig. 1A), the serum treatment clearly increased the expression of hepcidin but not Smad4 in primary hepatocytes (P b 0.01, Fig. 1B).
Previous studies revealed that hepcidin expression is primarily increased by the activation of the BMP pathway (Finberg, 2013; Hentze
et al., 2010; Lee and Beutler, 2009). Especially, BMP6 principally regulates hepcidin transcription in livers; mice lacking BMP6 exhibited
inappropriately low level of hepcidin and massive iron overload
(Andriopoulos et al., 2009; Meynard et al., 2009). BMP2 is relatively
heat-stable, and heat-inactivation of FBS for 30 min at 56 °C did not decrease the bioactivity of BMP2 (Ohta et al., 2005), although the stability
of BMP6 in response to the heat treatment is unknown. Thus, it is possible that BMP or the related molecule(s) in heat-inactivated FBS is

A

121

responsible for serum-induced hepcidin expression. To this end, we
evaluated phosphorylated Smad1/5/8 in response to serum stimulation
in primary hepatocytes because BMPs elicit their activities through the
phosphorylation of carboxyl-terminal serines of Smad1/5/8 (Massagué,
2012; Miyazono et al., 2010; Sakaki-Yumoto et al., 2013).
Serum treatment did not increase the phosphorylation levels of
Smad1/5/8 in primary hepatocytes; rather, phosphorylated Smad1/5/8
levels tended to decrease with serum treatment, implying the presence
of inhibitor(s) for the BMP pathway in serum (Fig. 1C, lanes 2–9). As expected, Smad1/5/8 was clearly phosphorylated within 1 h after BMP2
treatment in primary hepatocytes (Fig. 1C, lanes 10 and 11). Pretreatment with LDN-193189 decreased phosphorylation levels of
Smad1/5/8 (Fig. 1D) and abrogated serum-induced hepcidin expression (Fig. 1E).
To explore serum-induced hepcidin expression in detail, experiments were next performed in HepG2 cells and Hepa1-6 cells. Consistent with the results from primary hepatocytes, serum treatment did
not induce the phosphorylation of Smad1/5/8 in either HepG2 cells or
Hepa1-6 cells (Fig. 2A). We next examined hepcidin transcription by
luciferase-based reporter assays in HepG2 cells and Hepa1-6 cells;
these cell lines are suitable to examine hepcidin transcription but not
hepcidin expression at the mRNA level (Kanamori et al., 2014). Serum
treatment increased the expression levels of hepcidin (−2018)-luc in
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experiment (n = 3).

HepG2 cells and Hepa1-6 cells (Fig. 2B), which indicated that seruminduced hepcidin expression is regulated at the level of transcription.
In addition, pre-treatment with LDN-193189 decreased the luciferase
activity and blocked serum-induced hepcidin transcription (Fig. 2B).
These results indicate that the BMP activity is not further enhanced by
serum treatment but that the endogenous BMP activity is required for
serum-induced hepcidin expression and transcription in liver cells.
We also evaluated the effects of BMP6 in heat-inactivated FBS on
Smad1/5/8 phosphorylation and hepcidin transcription in HepG2 cells
and Hepa1-6 cells. Herrera and Inman (2009) reported that FBS
contains ~ 300 pM of BMP6, which was determined by the transcriptional activity of BMP-responsive reporter. Thus, it is estimated
that the culture medium, i.e., DMEM with 10% FBS, contains ~ 30 pM
of BMP6 that was heated for 30 min for 56 °C. Signiﬁcant induction of
Smad1/5/8 phosphorylation and hepcidin transcription could not be
detected in HepG2 cells and Hepa1-6 cells treated with below 30 pM
of the heat-treated BMP6 (Fig. 2C and D). Taken failure of Smad1/5/8
phosphorylation in response to serum treatment in primary hepatocytes (Fig. 1C and D) with the inability to phosphorylate Smad1/5/8
and transactivate hepcidin by 30 pM of the heat-treated BMP6 in live
cell lines together, BMP in the FBS is not likely to explain the seruminduced up-regulation of hepcidin expression. Previous studies also
revealed that a BMP concentration greater than 100 pM is required to
induce hepcidin expression (Maes et al., 2010; Truksa et al., 2006; Wu
et al., 2012).
3.2. Serum-induced hepcidin transcription is mediated via BMP-RE1, TRE
and STAT-BS
Previous studies revealed that the hepcidin promoter has two BMP
responsive elements: BMP-RE1 (spanning nt − 155 to nt − 150) and
BMP-RE2 (spanning nt − 1678 to nt − 1673) (Casanovas et al., 2009;
Truksa et al., 2009). We performed reporter assays using a series of deleted reporters of mouse hepcidin promoter. The responsiveness to
serum treatment was still detected by a deletion of BMP-RE2, although
basal transcription was reduced and the extent of the increase in

luciferase expression in response to serum treatment was decreased
(Fig. 3A). The deletion of BMP-RE1 further decreased the basal transcription and inhibited the responsiveness to serum treatment (Fig. 3A),
which suggests an essential role of BMP-RE1 in serum-induced hepcidin
transcription. Consistent with these results, reporter assays that used reporters with point mutations in BMP-RE1, BMP-RE2 or both revealed
that serum-induced hepcidin transcription was inhibited in reporters
containing mutations in BMP-RE1 but not BMP-RE2 (Fig. 3B).
Serum treatment is known to induce the expression of AP-1 components, which stimulate transcription by binding to the TPA-responsive
element (TRE) located in the transcriptional regulatory region of the
gene (Hess et al., 2004; Shaulian and Karin, 2002). The TRE consensus
sequence is TGAG/CTCA (Hess et al., 2004; Shaulian and Karin, 2002),
but the closely related sequence TGAGACA also binds to AP-1 and
confers AP-1-mediated transcription (Kim et al., 1990). A search for
the hepcidin gene identiﬁed a possible TRE sequence from nt −133 to
nt −127 (Fig. 4A).
Truksa et al. (2007) reported the existence of the TRE sequence in the
hepcidin gene and explored its function in IL-6 and BMP9-induced
hepcidin transcription by using a reporter plasmid containing the
hepcidin promoter with TRE mutations. However, to create the “TRE mutated reporter” they mutated sequence outside of the core TRE sequence
(TGAG/CTCA) (Truksa et al., 2007), and therefore the role of TRE was not
strictly evaluated in their study. Additionally, adjacent to the TRE sequence, a STAT-BS sequence spans nt − 143 to nt − 134 (Fig. 4A). Although the STAT-BS sequence has been reported to function in IL-6induced transcription (Wrighting and Andrews, 2006), mutations in the
STAT-BS in mouse hepcidin (Hamp1) did not affect the responsiveness
to IL-6 (Truksa et al., 2007). In the present study, we prepared reporter
plasmids with mutated core TRE sequence (mTRE), STAT-BS sequence
(mSTAT) or both (mSTAT, TRE) by introducing point mutations at distal
sites from the mutual elements (Fig. 4B). In this case, we used a reporter
plasmid with a shorter hepcidin promoter, hepcidin(− 270)-luc, as a
wild-type plasmid to evaluate serum responsiveness (Fig. 3A).
Serum-induced hepcidin transcriptional activation was decreased
when the TRE or STAT-BS was mutated (Fig. 4C), and the double
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mutations completely abrogated serum-induced hepcidin transcription.
In addition, mutations in the TRE decreased basal transcription levels of
hepcidin. These results suggest that both the TRE and STAT-BS are required for full activation of hepcidin transcription induced by serum; especially, TRE is essential for the basal transcription of hepcidin.
Verga Falzacappa et al. (2007) identiﬁed a possible AP-1 binding
site but not the TRE in the human hepcidin gene, which extends from
nt −313 to nt −304, by the use of the nucleotide database on putative
transcription factor binding sites. The nucleotide database did not
indicate the corresponding region of mouse hepcidin gene (Hamp1),
nt −292 to nt −283, as a putative AP-1 binding site (Fig. 5A). Nevertheless, we examined the role of the region spanning from nt − 292 to
nt − 283 by the use of hepcidin(− 581)-luc as a wild-type plasmid.
The responsiveness to serum was not changed by the mutations of the
region (Fig. 5B). The results are consistent with those that deletion of
nt −581 to nt 271 did not affect hepcidin transcription in response to
serum (Fig. 3A). Thus, we conclude that the putative AP-1 site suggested
by Verga Falzacappa et al. (2007) is not functional for serum-induced
transcription of mouse hepcidin.

3.3. Serum induces c-fos and junB expressions in liver cells, which are
responsible for hepcidin transcription via TRE and STAT-BS
We examined the induction of AP-1 in response to serum treatment
in primary hepatocytes (Fig. 6A) and HepG2 cells (Fig. 6B). The timecourse changes that occurred during serum stimulation were similar between the two cell types but were different among the genes analyzed;
c-fos expression was transiently induced within 30 min after serum
treatment, and c-fos expression levels returned to basal levels at 1.5 h
after serum treatment in primary hepatocytes and at 2 h in HepG2
cells. Expression levels of junB were signiﬁcantly higher in cells treated
with serum at 1 h of serum treatment in primary hepatocytes and from
0.5 h to 4 h in HepG2 cells. In contrast, serum treatment did not significantly affect c-jun expression in primary hepatocytes, although it
slightly but signiﬁcantly increased from 0.5 to 4 h in HepG2 cells.
Considering that serum treatment stimulated hepcidin expression and
transcription in primary hepatocytes and HepG2 cells, the expression of
c-fos and junB but not c-jun may be involved in serum-induced hepcidin
transcription. Thus, we explored that the effects of the forced expression
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-313

-304
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-283

-289

-280

H. sapiens: AATGACATCG

M. musculus (Hamp1): TGTGACATCA

R. norvegicus: GGTGACATCA

B

luciferase activity
AP1-like

TRE

0

2

4

6

wild-type
mAP1-like

X
□ -serum
■ +serum

Fig. 5. Role of a putative AP-1 binding site in serum-induced hepcidin expression.
(A) Nucleotide sequence of human putative AP-1 binding site and the corresponding region in mouse and rat hepcidin promoter. (B) The role of the putative AP-1 binding site
in serum-induced hepcidin transcription. After transfection with the indicated reporter
plasmid and CMV-βGal, HepG2 cells were cultured in the absence of heat-inactivated
FBS for 4 h followed by culture with or without 10% heat-inactivated FBS for 24 h. Luciferase activity was normalized to β-galactosidase activity, and the luciferase activity in cells
that were cultured in the absence of FBS and were transfected with hepcidin(−581)-luc
was set to 1. Data were expressed as the mean ± SE from a representative experiment
(n = 3). The corresponding region to human putative AP-1 binding site (TGTGACATCA)
was mutated to TGTGttATCA; the mutated nucleotides are shown in small characters.

of c-fos and junB were examined (Fig. 7). The expression of c-fos alone increased the transcription of hepcidin, and it also increased serum-induced
hepcidin transcription. The responsiveness to serum also increased
with junB expression, although junB expression alone did not stimulate
hepcidin transcription. Mutations of either the STAT-BS or TRE sequences
decreased hepcidin transcription, irrespective of serum stimulation. The
effects of the TRE mutations were more remarkable, but the reporters
still responded to serum treatment. Double mutations in both the STATBS and TRE sequences completely inhibited hepcidin transcription.
We further examined the effects of the expression of dn-c-fos or dnjunB on hepcidin transcription (Fig. 8). Basal transcription of hepcidin
was decreased by the expression of dn-c-fos or dn-junB. In addition,
the extent of the increase in luciferase activity in response to serum
treatment was smaller in cells expressing dn-c-fos or dn-junB than in
those expressing empty vector.
Here, we showed that the withdrawal of heat-inactivated FBS decreased the expression of hepcidin in primary hepatocytes and that
serum treatment increased hepcidin expression and transcription
(and vice versa) in primary hepatocytes, HepG2 cells and Hepa1-6
cells. We also demonstrated that serum treatment does not stimulate
the BMP pathway but the basal BMP activity is required for hepcidin induction through the BMP-RE1 region of its promoter. The serum induced
expression of c-fos and junB and both the TRE and STAT-BS sequences
within the hepcidin promoter are essential for serum-induced transcription. AP-1 enhances the transcription of the α2-macroglobulin gene
through complex formation with STAT3 (Ginsberg et al., 2007). The requirement of adjacent STAT-BS and TRE sequences suggests the cooperative role of AP-1 and STAT3 in AP-1-mediated hepcidin transcription,
similar to that for the α2-macroglobulin gene.
Hepcidin transcription, via both STAT-BS and TRE regulation, may be
elicited by some cytokines. For example, oncostatin M, a stimulator of
hepcidin expression (Chung et al., 2010; Kanda et al., 2009), can induce
the expression of AP-1 components (Botelho et al., 1998). Not only JAK inhibition but also MEK1/2 inhibition blocked oncostatin M-mediated
hepcidin expression (Chung et al., 2010; Kanda et al., 2009); JAK phosphorylates and activates STAT (Ihle, 2001), and MEK1/2 is a MAPK kinase
and an upstream molecule that induces AP-1 components (Shaulian and
Karin, 2002).
The present study reveals the requirements of BMP-RE1, TRE and
STAT-BS for the full induction of hepcidin transcription by serum treatment; BMP-RE1 is essential for the responsiveness to serum, although
the BMP activity is not enhanced by serum. In view of a central role of
the BMP pathway in hepcidin transcription, AP-1 possibly accelerates
hepcidin transcription through enhancement of the basal BMP activity. Previous studies revealed that AP-1 cooperatively enhanced
TGF-β-mediated transcription through activated Smad3 and Smad4
(Busnadiego et al., 2013; Funaba et al., 2006; Wong et al., 1999; Zhang
et al., 1998), but at present, no direct evidence is available on the role
of AP-1 in BMP-mediated signaling. Members of the Jun family physically interact with Smad4 (Liberati et al., 1999), a common Smad that
transmits both TGF-β and BMP signals (Massagué, 2012; Miyazono
et al., 2010; Sakaki-Yumoto et al., 2013). In addition, a liver-speciﬁc disruption of Smad4 decreased the expression of hepcidin in mice, and the
overexpression of Smad4 increased the transcription of hepcidin in
Hepa1-6 cells (Wang et al., 2005), which indicates the involvement of
Smad4 in hepcidin expression. To clarify the role of AP-1 in BMP signaling, the effects of exogenous BMP should be examined in future studies.
During the preparation of this manuscript, the effect of serum
treatment on hepcidin transcription was reported (Shanmugam and
Cherayil, 2013). These researchers showed that heat-inactivated FBS
treatment increased the phosphorylation levels of Smad1/5/8 and
hepcidin mRNA levels in HepG2 cells, which were blocked by cotreatment with dorsomorphin, an inhibitor of the BMP type I receptor,
as well as AMPK (Yu et al., 2008b; Zhou et al., 2001). These authors concluded that BMP or BMP-related proteins in heat-inactivated FBS are responsible for the serum-induced hepcidin mRNA changes, and these
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Fig. 6. The induction of AP-1 components in response to serum stimulation. Primary hepatocytes (A) and HepG2 cells (B) were cultured in the absence of heat-inactivated FBS for 4 h
followed by culturing with or without 10% heat-inactivated FBS for the indicated time. The expression of AP-1 components such as c-fos, c-jun and junB was examined by RT-qPCR
and expressed as ratios to Gapdh, with the level in cells at time = 0 set to 1. Data shown are the mean ± SE (n = 4). * and **: P b 0.05 and P b 0.01, respectively, vs. cells treated without
serum at the same time point.
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Fig. 7. Enhancement of hepcidin transcription by AP-1 via TRE. The role of AP-1 components in serum-induced hepcidin transcription. After transfection with the indicated AP-1 component expression vector and reporter plasmid, and CMV-βGal, HepG2 cells were cultured in the absence of heat-inactivated FBS for 4 h followed by culturing with or without 10% heatinactivated FBS for 24 h. Luciferase activity was normalized to β-galactosidase activity, and the luciferase activity was set to 1 in cells that were cultured in the absence of exogenous
AP-1 components and FBS and were transfected with hepcidin(−270)-luc. Data were expressed as the mean ± SE from a representative experiment (n = 3).
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Fig. 8. Inhibition of hepcidin transcription by dn-c-fos and dn-junB. After transfection with
the indicated dominant negative form of the AP-1 component expression vector and reporter plasmid, and CMV-βGal, HepG2 cells were cultured in the absence of heatinactivated FBS for 4 h followed by culturing with or without 10% heat-inactivated FBS
for 24 h. Luciferase activity was normalized to β-galactosidase activity, and the luciferase
activity was set to 1 in cells that were cultured in the absence of exogenous AP-1 components and FBS and were transfected with hepcidin(−270)-luc. Data were expressed as the
mean ± SE from a representative experiment (n = 3).

researchers' results on serum-induced hepcidin expression are consistent
with those of the present study. However, the underlying mechanism
clearly contrasts with our results; the reason for this inconsistency is currently unknown.
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a b s t r a c t
Hepcidin produced in the liver negatively regulates intestinal iron absorption, and the bone morphogenetic protein (BMP) pathway is well-known to stimulate hepcidin expression. However, the regulation of hepcidin
expression has not been fully elucidated. In this study, we evaluate different systems that can be used to determine how hepcidin expression is regulated. The basal expression of hepcidin in liver cell lines, such as HepG2
cells and Hepa1-6 cells, was lower than that in the liver and primary hepatocytes; the expression levels of
hepcidin in the cell lines were near the limit of detection for RT-PCR and RT-qPCR analyses. Treatment with
trichostatin A, RNAlater, or MG-132 enhanced the expression of hepcidin in HepG2 cells, suggesting that histone
deacetylation, instability of mRNA, or proteosomal degradation of the protein(s) that positively regulate hepcidin
expression may be responsible for the decreased expression of hepcidin in HepG2 cells. In luciferase-based reporter assays, BMP induced the transcription of a reporter, hepcidin(− 2018)-luc, that contains nt − 2018
through nt −35 of the hepcidin promoter in HepG2 cells and Hepa1-6 cells. However, BRE-luc, a representative
reporter used to evaluate BMP signaling, was unresponsive to BMP in HepG2 cells. These results suggest that
hepcidin transcription can be best evaluated in liver cell lines and that the hepcidin promoter senses BMP signaling with high sensitivity. The present study demonstrates that studies regarding the regulation of hepcidin expression at the mRNA level should be evaluated in primary hepatocytes, and liver cell lines are well-suited for
studies examining the transcriptional regulation of hepcidin.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
The iron uptake of the body is tightly regulated through the modulation of its absorption from the intestine (Lee and Beutler, 2009). Ferric
iron is reduced at the luminal site by intestinal cytochrome b, and ferrous iron is transferred into the enterocyte via the transmembrane protein divalent metal transporter-1. On the basolateral side, ferrous iron is
exported from enterocytes to the circulatory system via ferroportin, and
after being oxidized by the membrane bound ferroxidase hephaestin,
iron is incorporated into transferrin (Ganz and Nemeth, 2012).

Abbreviations: BMP, bone morphogenetic protein; CMF, calcium and magnesium-free;
HBSS, Hank's buffered salt solution; DMEM, Dulbecco's modiﬁed Eagle's medium; FBS,
fetal bovine serum; ALK, activin receptor-like kinase; RT-PCR, reverse transcriptionpolymerase chain reaction; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; pCMV-βGal, plasmid expressing β-galactosidase under the control cytomegalovirus promoter; SEM, standard error of
the mean; Id1, inhibitor of differentiation 1; Hprt1, hypoxanthine phosphoribosyltransferase
1.
⁎ Corresponding author at: Division of Applied Biosciences, Kyoto University Graduate
School of Agriculture, Kitashirakawa Oiwakecho, Kyoto 606-8502, Japan.
E-mail address: mfunaba@kais.kyoto-u.ac.jp (M. Funaba).

Hepcidin is a 25-amino acid antimicrobial peptide that serves as the
central regulator of intestinal iron absorption (Lee and Beutler, 2009).
Hepcidin binds to the iron exporter ferroportin and induces its endocytosis and proteolysis, thus preventing intestinal absorption of iron (De
Domenico et al., 2007; Nemeth et al., 2004). Previous studies suggested
that hepcidin activity is mainly regulated at the gene transcript level
(Ganz and Nemeth, 2012). The ratio of intestinal iron absorption to
iron intake decreases as dietary iron levels increase (Laftah et al.,
2004), and this is achieved by the up-regulation of hepatic hepcidin expression (Corradini et al., 2009; Kautz et al., 2008). The current model
suggests that hepcidin expression is transcriptionally regulated by the
pathway induced by bone morphogenetic proteins (BMPs) such as
BMP2, BMP4, BMP6 and BMP9 (Babitt et al., 2006, 2007; Lee and
Beutler, 2009; Muckenthaler, 2008; Truksa et al., 2006). Increased levels
of iron have been shown to increase the hepatic expression of BMP6
(Kautz et al., 2008), and the disruption of BMP6 resulted in decreased
hepatic hepcidin expression and the accumulation of iron in the liver
(Andriopoulos et al., 2009; Meynard et al., 2009). However, factors
other than the BMPs are also involved in modulating hepcidin expression (Goodnough et al., 2012; Lee and Beutler, 2009; Muckenthaler,
2008), indicating that the mechanisms governing hepcidin expression
have not yet been fully elucidated.
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While exploring the factors that affect hepcidin expression, we noticed that hepcidin expression in liver cell lines is extremely low compared to that in the liver and primary hepatocytes, and this low level
of expression makes it difﬁcult to evaluate the regulation of hepcidin
at the mRNA level. The main objective of this study is to clarify the differences of the hepcidin expression level among the livers, primary hepatocytes and liver cell lines. The present study provides information on
cultured cell systems suitable for evaluating hepcidin expression.
2. Materials & methods
2.1. Animals and cell culture
Animal experiments were approved by the Kyoto University Animal
Experiment Committee or the Azabu University Animal Experiment
Committee. Mouse and rat livers were obtained from normal adult
C57BL/6 mice and Sprague–Dawley rats, respectively. Primary rat hepatocytes were isolated by collagenase digestion of livers from male Wistar
rats weighing 200 to 300 g. Livers were perfused from the portal vein to
the incised inferior vena cava with calcium and magnesium-free (CMF)
buffer consisting of 40 mM Hepes, pH 7.4, 120 mM NaCl, 5.4 mM KCl,
5.0 mM NaHCO3 and 5.6 mM glucose supplemented with 100 U/mL
penicillin, 100 μg/mL streptomycin and 250 ng/mL amphotericin B for
10 min at a rate of ~12 mL/min followed by perfusion with CMF buffer
containing 0.05% collagenase (Wako, Tokyo, Japan) for 10 min. Subsequently, hepatocytes were liberated into Hank's buffered salt solution (HBSS), i.e., 140 mM NaCl, 5.4 mM KCl, 0.34 mM Na 2 HPO 4 ,
0.44 mM KH2 PO 4, 0.81 mM MgSO 4 ·7H2O, 1.3 mM CaCl2 , 4.2 mM
NaHCO3 and 5.6 mM glucose supplemented with 100 U/mL penicillin,
100 μg/mL streptomycin and 250 ng/mL amphotericin B. After cell recovery by centrifugation at 50 ×g for 2 min, the cells were washed
with HBSS three times and resuspended in Dulbecco's modiﬁed Eagle's
medium (DMEM) with 10% fetal bovine serum (FBS) and antibiotics.
Cells (N 90% hepatocytes by microscopy) were seeded on collagencoated plates at 1.5 × 105 cells per well in 12-well plates. After attachment, the medium was replaced with the same medium, and the cells
were incubated for 24 h. Then, the cells were treated with or without
BMP2 (4 nM; R&D Systems, Minneapolis, MN, USA) in the presence or
absence of cycloheximide (0.5 μg/mL) for 12 h.
HepG2 hepatoma cells, Hepa1-6 hepatoma cells and 3T3-L1
preadipocytes were cultured in DMEM with 10% FBS and antibiotics.
For the luciferase-based reporter assays, these cells were transiently
transfected using PolyFect transfection reagent (Qiagen, Valencia, CA,
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USA) or polyethylenimine Max reagent (Polysciences, Warrington,
PA, USA), according to the manufacturers' protocols. At 24 h posttransfection, the cells were pre-treated with or without LDN-193189
(100 nM), an inhibitor of the BMP type I receptor (Cuny et al., 2008),
for 15 min before BMP2 (4 nM) treatment for 16 h. To evaluate the expression of constitutively active activin receptor-like kinase (ALK) 3
(ALK3(QD)), cells were harvested at 36 h post-transfection. To evaluate
the levels of hepcidin mRNA, HepG2 cells and Hepa1-6 cells were treated for 24 h with or without trichostatin A (TSA: 0.1 μg/mL; Wako,
Tokyo, Japan), an inhibitor of class I and II histone deacetylases (Gräff
and Tsai, 2013), RNAlater (0.1 or 1%; Life Technologies, Carlsbad, CA,
USA) to denature RNase at a controlled pH (Zaitoun et al., 2010) or
MG-132 (20 μM; EMD Millipore, Billerica, MA, USA), a proteasome
inhibitor (Tsubuki et al., 1993). In Hepa1-6 cells, treatment with MG132 at 20 μM caused detachment of the cells from culture dish, and,
therefore, we also treated with MG-132 at 10 μM.
2.2. RNA isolation, RT-PCR and RT-quantitative PCR
Total RNA was isolated from the livers and cells, and cDNA was synthesized using TRIZOL (Invitrogen, Grand Island, NY, USA) and ReverTra
Ace qPCR RT kit (Toyobo, Osaka, Japan), respectively, according to the
manufacturers' protocols. The cDNA reverse-transcribed from 5 or
20 ng of total RNA was used as a template for conventional reverse
transcription-polymerase chain reaction (RT-PCR) or RT-quantitative
PCR (RT-qPCR) using SYBR Green I (Thunderbird SYBR qPCR mix,
Toyobo, Osaka, Japan) as described previously (Asano et al., 2013). The
oligonucleotide primers for the conventional RT-PCR and RT-qPCR are
presented in Table 1. The Ct value was determined, and the abundance of gene transcripts was analyzed using the ΔΔ Ct method
using glyceraldehyde-3-phosphate dehydrogenase (Gapdh) as the
normalization gene (Duran et al., 2005).
2.3. Plasmids and reporter assays
Plasmids were obtained as follows: BRE-luc reporter plasmids
(Korchynskyi and ten Dijke, 2002) was from Dr. P. ten Dijke, and
ALK3(QD) (Imamura et al., 1997) was obtained from Dr. K. Miyazono.
The DNA fragment spanning from −2018 bp to −35 bp of the mouse
hepcidin (Hamp1) promoter was ampliﬁed and cloned into the basic
vector pGL4 containing the ﬁreﬂy luciferase reporter (Hepcidin
(−2018)-luc) with nt +1 as the translation initiation site. The product
was veriﬁed through nucleotide sequencing. Luciferase-based reporter

Table 1
Oligonucleotide PCR primers for RT-PCR and RT-qPCR.
Oligonucleotide

GenBank accession number

5′-primer

3′-primer

5′-TTCATTGACCTCAACTACATGGT-3′

5′-GCTAAGCAGTTGGTGGTGCAGGA-3′

Hprt1

5′-ATGGGAGGCCATCACATTG-3′

5′-CTTTCCAGTTAAAGTTGAGAGATCA-3′

mhHepcidina

5′-TGCCTCCTGCTCCTCCTCCT-3′

5′-GCAGAAAATGCAGATGGGGAAGT-3′

mrHepcidinb

5′-GCTGCCTGTCTCCTGCTT-3′

5′-TTACAGCATTTACAGCAGAAGAGG-3′

RT-PCR:
Tmprss6

5′-CACTGTGACTGTGGCCTCCAGG-3′

5′-CGTCGTAGTCATGGCTGTCCTC-3′

NM_153609 (human)
NM_027902 (mouse)
NM_001130556 (rat)

RT-qPCR:
rGapdh
rHepcidin

5′-ACAACTTTGGCATCGTGGA-3′
5′-GCTGCCTGTCTCCTGCTT-3′

5′-CTTCTGAGTGGCAGTGATGG-3′
5′-AGCCGTAGTCTGTCTCGTCT-3′

NM_017008 (rat)
NM_053469 (rat)

RT-PCR and qPCR:
Gapdh

a
b

PCR primers common to mouse and human hepcidin.
PCR primers common to mouse and rat hepcidin.
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NM_002046 (human)
NM_008084 (mouse)
NM_017008 (rat)
NM_000194 (human)
NM_013556 (mouse)
NM_012583 (rat)
NM_021175 (human)
NM_032541 (mouse)
NM_053469 (rat)
NM_032541 (mouse)
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2.4. Statistical analyses
Data are expressed as the mean ± standard error of the mean
(SEM). Data on gene expression were log-transformed to provide an
approximation of a normal distribution before analysis. Differences between control cells and BMP2-treated cells, between cycloheximidetreated and untreated cells, and between LDN-193189-treated and
untreated cells were examined using unpaired t-tests. Differences
of P b 0.05 were considered signiﬁcant.
3. Results and discussion
3.1. Hepcidin expression is lower in cell lines than in liver and primary
hepatocytes

Mouse liver
Rat liver

Hepcidin expression was examined in mouse and rat livers, rat primary hepatocytes and the human HepG2 and mouse Hepa1-6 liver
cell lines. To compare the hepcidin expression levels, we designed PCR
primers to amplify both mouse hepcidin (Hamp1) and rat hepcidin
(Fig. 1A), and both human hepcidin and mouse hepcidin (Fig. 1B). Signiﬁcant hepcidin expression was detected in livers and primary hepatocytes, but the levels of hepcidin expression in HepG2 cells and Hepa1-6
cells was lower or below the limit of detection. Gapdh and hypoxanthine phosphoribosyltransferase 1 (Hprt1), house-keeping genes,
were individually ampliﬁed by use of common PCR primers applicable

to human, mouse and rat Gapdh and Hprt1. The Gapdh levels tended
to be higher in HepG2 cells and Hepa1-6 cells than in the livers and primary hepatocytes, and the Hprt1 levels were higher in primary hepatocytes and liver cell lines (Fig. 1C).
We also examined hepcidin expression by RT-qPCR analyses (Fig. 2).
Consistent with the RT-PCR analyses (Fig. 1), hepcidin expression level
in primary hepatocytes was as high as that in the livers (Fig. 2A), whereas hepcidin expression level was below detection limit in the liver cell
lines, including HepG2 cells and Hepa1-6 cells (Fig. 2B). In some samples, we could detect signiﬁcant ﬂuorescence in qPCR more than 35 cycles in HepG2 cells, but it was not reproducible (data not shown).
Hepcidin mRNA level has been clearly detected in liver cell lines including HepG2 cells (Ravasi et al., 2012); the discrepancy could be due to the
differences of the sensitivity of RT-qPCR analyses. The RT-qPCR analyses
for Gapdh and Hprt1 indicated clear expression in all samples (Fig. 2C
and D); similar to the RT-PCR analyses (Fig. 1), expression level in the
liver samples tended to be lower than that in the primary hepatocytes
and liver cell lines. All these results suggest that hepcidin expression
levels in liver cell lines are lower than those in the livers and primary hepatocytes, and that the lower expression of hepcidin in the liver cell
lines is not due to a non-speciﬁc decrease in gene transcript levels.
There are several possible explanations for the lower hepcidin mRNA
levels in the liver cell lines. Hepcidin mRNA is negatively regulated by
Tmprss6, a transmembrane matriptase-2 (Du et al., 2008); the increase
in Tmprss6 mRNA levels in response to BMP treatment is delayed compared to the up-regulation of hepcidin expression, indicating a negative
feedback loop to avoid excess hepcidin expression (Meynard et al.,
2011). Because the lower expression of hepcidin in the liver cell lines likely results from higher expression of Tmprss6, we examined the Tmprss6
expression level in liver cell lines. However, Tmprss6 expression was undetectable in the liver cell lines (Fig. 1D). Thus, the low level of hepcidin
expression in the liver cell lines is not due to high levels of Tmprss6.
We also examined the potential roles of histone deacetylase activation and mRNA instability in the low expression of hepcidin in liver

A

Water

assays were conducted as described previously (Murakami et al., 2009).
Cells were transiently transfected with the indicated expression vectors,
reporter construct and a plasmid expressing β-galactosidase under the
control cytomegalovirus promoter (pCMV-βGal). Equal amounts of
DNA were transfected in each experiment and adjusted with empty
vector. Luciferase activity was normalized to the β-galactosidase activity, and the luciferase activity in the cell lysate transfected without BMP
treatment or with the empty vector was set at 1.

Rat primary

52

Hepcidin

Water

B

Hepa1-6

Mouse liver
HepG2

1 2 3 4

Hepcidin

Gapdh

Water

Hepa1-6

HepG2

Rat primary

Rat liver

Hprt1
1 2 3 4 5 6

Water

Hepa1-6

HepG2

Rat liver
Rat primary

Mouse liver

1 2 3 4 5 6

D

Mouse liver

Water

Hepa1-6

HepG2

C

Rat liver
Rat primary

Mouse liver

1 2 3 4

Tmprss6
1 2 3 4 5 6
Fig. 1. Hepcidin expression in the liver, primary hepatocytes and liver cell lines. The cDNA was prepared from total RNA from mouse and rat livers, rat primary hepatocytes and the liver cell
lines HepG2 and Hepa1-6. RT-PCR was performed using primers to detect (A) mouse and rat hepcidin using mrHepcidin primer set, (B) human and mouse hepcidin using mhHepcidin
primer set, (C) human, mouse and rat Gapdh and Hprt1 and (D) human, mouse and rat Tmprss6. The PCR products were electrophoresed on 2% agarose gels and stained with ethidium
bromide. A representative result is shown.
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Fig. 2. Lower hepcidin expression in liver cell lines than in the liver and primary hepatocytes. The cDNA was prepared from total RNA from mouse and rat livers, rat primary hepatocytes
and the liver cell lines HepG2 and Hepa1-6. RT-qPCR was performed using primers to detect (A) mouse and rat hepcidin using mrHepcidin primer set, (B) human and mouse hepcidin
using mhHepcidin primer set, (C) human, mouse and rat Gapdh and (D) human, mouse and rat Hprt1. The ampliﬁcation plots are shown. Note that cDNA from HepG2 cells and
Hepa1-6 cells was not ampliﬁed (B).

TSA:

-

+

on hepcidin expression. Treatment with MG-132 increased hepcidin
transcription in HepG2 cells but not in Hepa1-6 cells (Fig. 3C). These results suggest the different reasons underlying the lower expression
level of hepcidin between HepG2 cells and Hepa1-6 cells. Future studies
are needed to clarify the reason of the lower expression of hepcidin in
Hepa1-6 cells. Additionally, histone acetylation within the hepcidin promoter and hepcidin mRNA instability should be also evaluated to clarify
the relation to the silencing of hepcidin in HepG2 cells. Furthermore, the

-

liver
water

A

liver
water

cell lines. Treatment with TSA robustly increased the expression of
hepcidin in HepG2 cells but not in Hepa1-6 cells, although the expression level in cells without TSA treatment was near the limit of detection
(Fig. 3A). Hepcidin expression was also induced by treatment with an
RNase inhibitor in HepG2 cells but not in Hepa1-6 cells (Fig. 3B). Unlike
Hepa1-6 cells, transcriptional repression due to histone deacetylation,
mRNA instability or both may be responsible for the low levels of
hepcidin in HepG2 cells. We further examined the effect of MG-132
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Fig. 3. Altered expression of hepcidin by histone deacetylases, RNase and the proteasome in HepG2 cells but not in Hepa1-6 cells. HepG2 cells were treated with TSA (A), RNase inhibitor
(B) or MG-132 (C) as described in the Materials and methods section. The treatments were performed in quadruplicate. The hepcidin (upper) and Gapdh (lower) expression levels were
examined by RT-PCR. The PCR products were electrophoresed on 2% agarose gels and stained with ethidium bromide. A representative result is shown.
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CHX:

The BMP-regulated expression of hepcidin has been studied in various systems, including the liver cell lines such as HepG2, Hep3B and
Huh7 cells (Babitt et al., 2006, 2007; Mleczko-Sanecka et al., 2010;
Truksa et al., 2007, 2009). The Lin group has examined hepcidin
mRNA by RT-qPCR analyses, and their studies revealed that treatment
with BMP increased the expression of hepcidin by 50 to 1100-fold and
12 to 25-fold in Hep3B cells and HepG2 cells, respectively. An approximately 8-fold induction was detected in mouse and rat primary hepatocytes, and intraperitoneal injection of BMP resulted in only a
1.3 to 2-fold increase in hepatic hepcidin expression (Andriopoulos
et al., 2009; Babitt et al., 2006, 2007; Corradini et al., 2009, 2010;
Theurl et al., 2011). One explanation for the larger effect BMP treatment on hepcidin expression in the liver cell lines may be related
to a lower basal expression level; the magnitude of the increase in
the hepcidin mRNA copy number in response to BMP treatment relative
to the total hepcidin mRNA is larger when the basal expression is lower.
Examining hepcidin mRNA in liver cell lines can allow one to overlook
factor(s) that positively and negatively affect hepcidin expression.

+

-

Fig. 4. Hepcidin expression and transcription in response to BMP2 in liver cells. Rat primary hepatocytes were treated with or without BMP2 in the presence (+) or absence (−) of
cycloheximide (CHX). Hepcidin expression examined by RT-qPCR using rHepcidin primer
set was normalized to Gapdh expression, which was quantiﬁed by use of rGapdh primer
set. The expression level in cells treated without BMP2 or cycloheximide was set at 1. **:
P b 0.01 vs. cells treated without BMP2. ‡: P b 0.01 vs. cells treated with BMP2 and without
cycloheximide.

3.2. Hepcidin transcription can be examined in cell lines
molecule(s) that positively regulate hepcidin, which is degraded by proteasome, should be identiﬁed in HepG2 cells.
As described above, the activation of hepcidin expression by the BMP
pathway is well-known (Babitt et al., 2006, 2007; Lee and Beutler, 2009;
Muckenthaler, 2008). We also evaluated hepcidin expression in response
to BMP treatment and the effect of cycloheximine, a protein synthesis inhibitor, in rat primary hepatocytes. BMP increased hepcidin expression
4.5-fold, and cycloheximide partially blocked the up-regulation of
hepcidin expression (Fig. 4). The results indicate that BMP-induced
hepcidin expression is partially a direct event, and that it is also enhanced
through de novo protein synthesis; the results clearly disagree with a previous study using HepG2 cells in which cycloheximide did not affect BMPinduced hepcidin expression (Babitt et al., 2006). The contradicting conclusions are possibly due to the different cell types used in the studies.

A

LDN-193189:

Primary hepatocytes are suitable for examining hepcidin mRNA levels,
but they are inappropriate for studying the transcriptional regulation of
hepcidin using a reporter gene; it is generally difﬁcult to transfect primary
cells with plasmid DNA, although plasmid DNA can be highly transfected
in primary cells by use of a special apparatus (Gresch and Altrogge, 2012).
In contrast, cell lines can be easily transfected with plasmid DNA, and
the transcriptional regulation of hepcidin has been examined by
luciferase-based reporter assays in many studies (Goodnough et al.,
2012; Mleczko-Sanecka et al., 2010; Pandur et al., 2013; Truksa
et al., 2009). Consistent with the results of previous studies, the expression of hepcidin(− 2018)-luc was signiﬁcantly increased by
BMP treatment in HepG2 cells (P b 0.01) and was inhibited by pretreatment with LDN-193189; both basal expression of the luciferase
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Fig. 5. Hepcidin expression and transcription in response to BMP2 in liver cells. HepG2 cells (A) and Hepa1-6 cells (B) were transiently transfected with Hepcidin(−2018)-luc and pCMVβGal and treated with or without BMP2 in the presence (+) or absence (−) of LDN-193189. (C) Hepcidin(−2018)-luc, ALK3(QD) and pCMV-βGal were transfected into the indicated
cells. (D) The indicated reporter gene and pCMV-βGal were transfected in HepG2 and 3T3-L1 cells, and the cells were treated with or without BMP2. (E) HepG2 cells were transfected
with the indicated reporter, ALK3(QD) and pCMV-βGal. Luciferase activity was normalized to β-galactosidase activity, and luciferase activity in the cell lysates in the absence of BMP2,
ALK3(QD) and LDN-193189 was set at 1. Data are expressed as the mean ± S.E. (n = 3). **: P b 0.01 vs. cells treated without BMP2. ‡: P b 0.01 vs. cells treated without LDN-193189.
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and the induced expression in response to BMP treatment were signiﬁcantly decreased (P b 0.01, Fig. 5A). Similar results were obtained
in Hepa1-6 cells (Fig. 5B). Furthermore, the enhanced transcription
of hepcidin(− 2018)-luc was signiﬁcantly elicited by the forced expression of ALK3(QD), a constitutively active BMP type I receptor
(Imamura et al., 1997) (P b 0.01, Fig. 5C). These results conﬁrm previous results that showed that BMP-induced hepcidin transcription
is evaluated in liver cell lines.
BRE-luc, which is derived from the promoter region of inhibitor of differentiation 1 (Id1), a BMP target gene, is a representative reporter that
transmits canonical BMP signaling (Korchynskyi and ten Dijke, 2002).
Provided that hepcidin transcription is stimulated by the BMP pathway
in liver cells (Fig. 5A–C), we expected that not only hepcidin(−2018)luc but also BRE-luc is transcriptionally stimulated by the BMP pathway.
However, the BMP-induced transcriptional activation of BRE-luc was not
detected in HepG2 cells. 3T3-L1 cells and C2C12 cells are non-liver cells
that can transmit canonical BMP signaling (Korchynskyi and ten Dijke,
2002; Rebbapragada et al., 2003); in these cells, BMP treatment increased
expression of BRE-luc and hepcidin(−2018)-luc (P b 0.01, Fig. 5D, data
not shown). The higher response of hepcidin(−2018)-luc than BRE-luc
was also detected when the BMP signal was transmitted by ALK3(QD)
expression, although ALK3(QD) expression signiﬁcantly increased expression of hepcidin(−2018)-luc (P b 0.01, Fig. 5E). The results suggest
that it is difﬁcult to evaluate BMP signaling by BRE-luc and that the
hepcidin promoter senses exogenous BMP with high sensitivity in liver
cell lines, thus extending the current understanding of how hepcidin
expression is regulated by the BMP pathway.
4. Conclusions
The present study revealed that 1) compared with expression in the
livers and primary hepatocytes, hepcidin expression levels are lower in
liver cell lines, 2) the activation of histone deacetylase and the accelerated degradation of mRNA or protein(s) may be involved in the lower
expression levels of hepcidin in HepG2 cells, and 3) the transcriptional
regulation of hepcidin, which is highly responsive to BMP, can be evaluated in liver cell lines. We conclude that primary hepatocytes should be
used to examine the regulation of hepcidin expression at the mRNA
level. In addition, liver cell lines such as HepG2 cells and Hepa1-6 cells
should be limited to studies that aim to evaluate the transcriptional regulation of hepcidin.
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Abstract We investigated 793 bird combs [645
chickens and 148 ﬁghting cocks (Shamo)] to determine the prevalence of dermatophytes and their
related fungal species. The targeted fungal species
were recovered from 195 of the 793 examined birds
(24.6 %). Prevalence ratios were compared in temperate (the mainland) and subtropical (Nansei Islands)
areas, genders, strains, breeding scale (individual and
farm), and housing system (in cage and free ranging).
The frequency of the fungal species in the mainland,
males, ﬁghting cocks, breeding scale by individual

nursing, and free-range housing system exhibited
signiﬁcantly higher positive ratios than that in the
other groups. A total of 224 dermatophytes and related
species were isolated, including 101 Arthroderma
(Ar.) multiﬁdum, 83 Aphanoascus (Ap.) terreus, ﬁve
Uncinocarpus queenslandicus, two U. reesii, two Ap.
pinarensis, one Amauroascus kuehnii, one Ar. simii,
one Gymnoascus petalosporus, one Microsporum
gallinae, and 28 Chrysosporium-like (Chrysosporium
spp.) isolates, which were identiﬁed using internal
transcribed spacer regions of ribosomal RNA gene
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sequences. The predominant fungal species in the
mainland was Ap. terreus and that in the Nansei
Islands was Ar. multiﬁdum. Pathogenic fungal species
to humans and animals were limited to M. gallinae and
Ar. simii, which corresponded to 0.025 % of the
isolates in this study.

Materials and Methods
Animals
Seven hundred ninety-three chickens nursing in Japan,
including 293 from the mainland and 500 from the
Nansei Island areas, were investigated. Prefectures are
not mentioned to comply with the privacy policy. The
survey was carried out from December 2008 to March
2013. The details of the chickens are given in Table 1.
Approval was obtained from the ethics committee for
animal welfare of the University of the Ryukyus (No.
2011-5271 and 2012-5437).

Keywords Dermatophyte Ketanophilic
Gallus gallus domesticus Internal transcribed
spacer (ITS) rDNA

Introduction
Chickens (Gallus gallus domesticus) and their nursing
environments contain dermatophytes and related species. The predominant dermatophyte species related to
chickens are Microsporum gallinae and Arthroderma
(Ar.) simii; these are known causative agents of
mycotic zoonoses [1, 2]. The former fungal species
was isolated from a human [3] and from a ﬁghting
cock [4] in Japan. The latter fungal species caused
ringworm in an imported chimpanzee [5].
According to Chermette et al., human Ar. simii
infections are rare [2]; however, the fungal species is
spread worldwide [6]. Furthermore, dermatophyterelated species, mainly keratinophilic fungi represented
by Chrysosporium-like species, have also been isolated
from chickens and their raising habitats in Egypt [7, 8],
India [9, 11], Nigeria [12], Iran [13], Germany [14],
Bahrain [15], and Saint Kitts and Nevis [16].
We previously reported the isolation of chicken
dermatophytes; one human case of M. gallinae
infection was found in a subtropical area of Japan
[3], and one case from a ﬁghting cock was reported in a
temperate area [4]. However, no other dermatophytes
or species related to chicken have been investigated in
Japan. The present study, as a representative study in
the Far East, aims to investigate the prevalence ratio of
dermatophytes and their related fungal species in
chickens and ﬁghting cocks (Shamo) with comparisons between temperate and subtropical areas of
Japan.

Isolation
Transparent plastic tape 18 mm in width (Scotch
Sumitomo 3A, Tokyo, Japan) was cut into strips
approximately 10 cm in length. Both 1-cm ends were
folded for handling. The adhesive surface (approximately 6 cm in length) was placed on the comb and
gently rubbed with both the thumb and index ﬁnger to
collect scales. The tape was incubated at 42 C for 4 h
to remove the mites. Afterward, the tape was stamped
on BBLTM MycoselTM Agar (Becton, Dickinson and
Company (BD), Sparks, MD, USA) plates in duplicate
and cultured at 35 C for up to 28 days.
White to slightly beige colored, cottony or powdery
colonies, which are characteristics of dermatophytes
and/or related species, were picked and transferred
onto potato dextrose agar (DifcoTM Potato Dextrose
Agar; PDA, BD) slants and incubated at 25 C for
further molecular biological analysis. In addition, we
placed the transparent tape on the ﬁrst colonies to
appear and observed them by light microscopy after
staining with lactophenol cotton blue to detect round
or pyriform conidia attached to the right angle of the
hyaline septate hyphae.
Following molecular biological identiﬁcation, plural fungal sprouts from one comb sample with
different genotypes of identical species were treated
as individual isolates.
Molecular Biological Identiﬁcation

K. Sugiyama
Sugiyama Veterinary Clinic, Shizuoka, Japan

Sequences of the internal transcribed spacer (ITS)
1-5.8S-ITS 2 region of the rRNA gene (ITS rDNA)
were obtained by routine methods [17]. Brieﬂy, DNA
was extracted with a DEXPAT kit (TaKaRa, Ohtsu,
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Table 1 Number of positive samples from a total number of samples classiﬁed based on areas, sex, strains, breeding scale, and form
Area

Sex
Female

Mainland

42/136

Strain
Male

47/147

Chicken

Shamo

Female

Male

Female

Male

28/115

28/113

14/21

19/44

Breeding scale

Housing system

Total

Individual

Farm

Cage

Free range

28/78

61/215

8/19

81/274

89/293

293

(30.9)

(40.0)

(24.3)

(24.8)

(66.6)

(43.2)

(37.8)

(28.4)

(42.1)

(29.6)

(30.4)

Nansei Islands

50/337

56/163

46/321

40/96

4/16

16/67

54/185

52/315

47/348

59/152

106/500

500

(14.8)

(34.4)

(14.3)

(41.7)

(25.0)

(23.9)

(29.2)

(16.5)

(21.2)

(49.2)

(21.2)

Total

92/473

103/320

74/436

68/209

18/37

35/111

82/263

113/530

55/367

140/426

195/793

793

(19.5)

(32.2)

(17.0)

(32.5)

(48.6)

(31.5)

(31.7)

(21.3)

(24.6)

(32.9)

(24.6)

The data are shown as the number of dermatophyte-positive/total number of chickens with the percentage in parentheses

labeled samples were directly sequenced on an ABI
PRISM 3100 sequencer (Applied Biosystems) using
the primers ITS-5, ITS-4, ITS-2 (50 -GCTGCGTTC
TTCATCGATGC-30 ), and ITS3 (50 -GCATCGATG
AAGAACGCAGC-30 ) [18]. The DNA sequences
were aligned using GENETEX-MAC genetic information processing software (Software Development
Co., Ltd., Tokyo, Japan). Sequences were analyzed by
a basic local alignment search tool (BLAST) (http://
www.ncbi.nlm.nih.gov/BLAST/Blast.cgi), and closely related sequences were obtained. The conﬁrmation of fungal species was based on[99 % identity to
the known fungal species, and those of fungal genera
was \98 %.

Japan) using a modiﬁed procedure. Approximately
100 lL fungal cells from the cultures that were
incubated at 25 C for 1 month on PDA slants was
placed in a sterile microtube (1.5 mL); subsequently,
0.5 mL DEXPAT solution was added, and the
mixture was homogenized with a plastic pestle. The
tube was incubated at 100 C for 10 min and then
centrifuged at 13,2009g for 10 min, and the supernatants were used as DNA samples. Although this type of
kit is designed to extract DNA from parafﬁn-embedded tissue samples, we routinely use it to isolate genes
from DNA from fungal cultures because of its
convenience [17].
We mixed 2.5 lL DNA extract with Ready-To-Go
polymerase chain reaction (PCR) beads (Amersham
Pharmacia Tokyo, Japan), 2.5 lL 10 pM primers ITS5 (50 -GGAAGTAAAAGTCGTAACAAGG-30 ) and
ITS-4 (50 -TCCTCCGCTTATTGATATGC-30 ) [18],
and 17.5 lL distilled water. The reaction mixture
was subjected to one denaturation cycle at 95 C for
4 min; 30 ampliﬁcation cycles at 94 C for 1 min,
50 C for 1 min, and 72 C for 2 min; and a ﬁnal
extension cycle at 72 C for 10 min in a PCR Thermal
Cycler MP (TaKaRa).
The PCR products were visualized by electrophoresis on 1.0 % agarose gels in 19 TBE buffer [0.04 M
Tris-boric acid, and 0.001 M ethylenediaminetetraacetic acid (EDTA, pH 8.0)] followed by ethidium
bromide staining. The PCR samples were puriﬁed
using a PCR puriﬁcation kit (QIAquick, Qiagen Co.
Ltd., Tokyo, Japan) and labeled with BigDye Terminator ver. 1.1 (Applied Biosystems, Foster City, CA,
USA) following the manufacturer’s protocol. The

Statistical Analysis
The comparison of the prevalence ratios of the
chickens between the mainland and Nansei Islands,
the females and males, the chickens and ﬁghting cocks
(Shamo strain), breeding scale (e.g., individual habits
and commercial or institutional farms), and housing
system (in cage including battery and individual cage
and free range) were evaluated using Pearson’s chisquare method with odds ratios and two-tailed
Fischer’s exact probability test via the website http://
vassarstats.net/odds2x2.html and the text http://
vassarstats.net/textbook/index.html. P values \0.05
were considered statistically signiﬁcant. The areadependent appearance of the fungal species of Ar.
multiﬁdum and Aphanoascus (Ap.) terreus was also
compared by the same method mentioned above.
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Table 2 Statistic comparisons of the prevalence ratio of dermatophyte and their related species in the poultries
Data
Number of dermatophyte-positive/
total number of birds (%)

Signiﬁcance

Odds ratio (range)

89/293 (30.4) versus 106/500 (21.2)

P \ 0.001

1.6216 (1.1674–2.2525)

Males versus females in total
birds

217/320 (67.8) versus 92/473 (19.5)

P \ 0.0001

1.9657 (1.4176–2.7256)

Males versus females in
mainland

50/158 (31.6) versus 39/135 (28.9)

Not signiﬁcant

–

Males versus females in
Nansei Islands

50/163 (30.7) versus 56/337 (16.6)

P \ 0.001

2.2203 (1.3463–3.4455)

Chickens versus ﬁghting
cocks in total birds

142/503 (28.2) versus 53/148 (35.8)

P \ 0.001

1.9762 (1.3458–2.9019)

Chickens versus ﬁghting
cocks in males

68/209 (32.5) versus 35/111 (31.5)

Not signiﬁcant

–

Chickens versus ﬁghting
cocks in Females

74/436 (17.0) versus 18/37 (48.6)

P \ 0.001

4.6344 (2.3211–9.2534)

Chickens versus ﬁghting
cocks in Mainland

56/228 (24.6) versus 33/65 (50.8)

P \ 0.001

3.1674 (1.7873–5.6131)

Chickens versus ﬁghting
cocks in Nansei Islands

86/417 (20.6) versus 20/96 (20.8)

Not signiﬁcant

–

Individual versus Farm in
total birds

82/263 (31.2) versus 113/530 (21.3)

P \ 0.01

1.6718 (1.1976–2.3338)

Individual versus farm in
malesa

58/166 (34.9) versus 48/155 (31.0)

Not signiﬁcant

–

Individual versus farm in
femalesa

24/97 (24.7) versus 65/375 (17.3)

Not signiﬁcant

–

Individual versus farm in
mainland

28/78 (35.9) versus 61/215 (28.4)

Not signiﬁcant

–

Individual versus farm in
Nansei Islands

54/185 (29.2) versus 52/315 (16.5)

P \ 0.001

2.0849 (1.3499–3.2200)

Cage versus free range in
total birds

55/367 (24.6) versus 140/426 (32.9)

P \ 0.001

2.7769 (2.0429–5.6727)

Cage versus free range in
malesa
Cage versus free range in
femalesa

29/115 (25.2) versus 32/205 (15.6)

Not signiﬁcant

–

26/252 (10.4) versus 66/221 (29.9)

P \ 0.001

3.7012 (2.3485–8.6923)

Cage versus free range in
mainlanda

8/19 (42.1) versus 81/274 (29.6)

Not signiﬁcant

–

Cage versus free range in
Nansei Islandsa

47/348 (13.5) versus 59/152 (38.8)

P \ 0.001

4.0629 (1.6152–6.3607)

Comparisons

Area
Mainlands versus Nansei
Islands
Gender

Strain

Breeding scale

Housing system

a

Data were not shown in Table 1

Signiﬁcantly higher data were indicated in bold letters
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Results

according to the housing system of the mainland
samples, while a signiﬁcantly higher prevalence was
observed in the free-range housing system in the
Nansei Islands (P \ 0.001; odds ratio 4.0629).
Two hundred twenty-four dermatophytes and
related species were isolated in this survey. The
number of positive birds and the number of isolates did
not match because of duplicate or more isolates and/or
genotypes from ten females and 13 males. Isolated
species were identiﬁed based on ITS rDNA gene
sequences with more than 99 % identity to the known
isolates in the GenBank database and included 101 Ar.
multiﬁdum, 83 Ap. terreus, ﬁve Uncinocarpus queenslandicus, two U. reesii, one Ap. pinarensis, one
Amauroascus (Am.) kuehnii, one Ar. simii, one
Gymnoascus petalosporus, and one M. gallinae
isolates [4]. In addition, 28 Chrysosporium spp.
isolates were identiﬁed based on the gene sequences
with \99 % homology to the known species
(Table 3). The ITS rDNA gene sequences of the
isolates were deposited in the GenBank database
under the accession numbers AB861650–AB861872
and AB667976 for M. gallinae [4].
Ar. multiﬁdum, Ap. terreus, and Chrysosporium
spp. were isolated from all areas, genders, strains,
breeding scales, and housing systems. The background
of the M. gallinae isolate from a male Shamo has been
described in a previous report [4]. U. queenslandicus
isolates were recorded from the mainland in both sexes
of chicken strains with individual breeding and
housing in cages. The remaining species were limited
to the Nansei Islands. U. reesii was isolated from
males and females, breeding scales, and housing
systems in the Shamo strain. Ap. pinarensis was
isolated from a female chicken, Am. kuehnii was
isolated from a male chicken, and Ar. simii was
isolated from a male Shamo with individual breeding
scale and housing in cages, whereas G. petalosporus
was isolated from a female chicken in farm housing in
a battery cage (Table 3).
Ar. multiﬁdum had a signiﬁcantly higher dermatophyte prevalence ratio in the Nansei Islands than in the
mainland (P \ 0.001; odds ratio 7.4622). The prevalence ratio of Ar. multiﬁdum in chickens was higher
than that in Shamo (P \ 0.05; odds ratio 1.9518). The
prevalence ratio of dermatophytes and related fungi in
Ap. terreus was signiﬁcantly higher in the mainland
than in the Nansei Islands (P \ 0.001; odds ratio
4.7866). Both Ar. multiﬁdum and Ap. terreus exhibited

Of the 793 birds that were examined, dermatophytes or
related species were recovered from the combs of 195
(24.6 %). The prevalence ratios based on the gender,
strain, breeding scale, and housing system are shown
in Table 1. In addition, a marked clinical change was
detected in a ﬁghting cock that was positive for M.
gallinae [4].
The results of the comparisons of area, gender,
strain, breeding scale, and housing system are shown
in Table 2. The prevalence ratio of the birds from the
mainland was signiﬁcantly higher than that of the
Nansei Islands (P \ 0.001; odds ratio 1.6216).
The prevalence ratio of the males was higher than
that of the females (P \ 0.001; odds ratio 1.9657). No
signiﬁcant difference was noted between the ratios of
males and females from the mainland. However, the
prevalence ratio of males from the Nansei Islands was
signiﬁcantly higher than that of the females
(P \ 0.001; odds ratio 2.2203).
The prevalence of dermatophyte-related fungi in
the Shamo strain was higher than that in chickens of
both sexes (P \ 0.001; odds ratio 1.9762). The
comparison between female chickens and female
Shamo strain birds showed a signiﬁcant difference
(P \ 0.001; odds ratio 4.6344). The signiﬁcance was
also detected in the comparison of females from the
mainland and those from the Nansei Islands
(P \ 0.001; odds ratio 3.1674). The comparisons in
males were not signiﬁcantly different.
The breeding scale by individual habit exhibited a
signiﬁcantly higher positive ratio than that of commercial or institutional nursing farms (P \ 0.01; odds
ratio 1.6718). There was no signiﬁcant difference in
the prevalence of dermatophyte-related fungi according to the breeding scale of birds in the mainland and
birds grouped by gender, while a signiﬁcant difference
was detected in the individual breeding scale in the
Nansei Islands (P \ 0.001; odds ratio 2.0849).
The free-range housing system had a signiﬁcantly
higher positive ratio than that of birds in cages
(P \ 0.001; odds ratio 2.7769). No signiﬁcant difference was noted in the housing system of the male sex,
but a signiﬁcant difference was observed in the
prevalence of dermatophyte-related fungi according
to the housing system of females (P \ 0.001; odds
ratio 3.7012). No signiﬁcant difference was observed
in the prevalence of dermatophyte-related fungi
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Table 3 Details of 224 isolates
Species or genus
(number of isolates)

Area

Sex

Strain of bird

ML

NI

F

M

C

S

Breeding
scale
I

Housing system

Arthroderma multiﬁdum (101)

17 (18.7)

84 (63.2)

44 (42.3)

57 (47.5)

81 (49.4)

20 (33.3)

61 (59.2)

40 (33.1)

40 (60.6)

Aphanoascus terreus (83)

53 (58.2)

30 (22.6)

43 (41.3)

40 (33.3)

55 (33.5)

28 (46.7)

21 (20.4)

62 (51.2)

13 (19.7)

70 (44.3)

Chrysosporium sp. (28)

17 (18.7)

11 (8.3)

10 (9.6)

18 (15.0)

20 (12.2)

8 (13.3)

11 (10.7)

17 (14.0)

2 (3.0)

26 (16.5)

Uncinocarpus queenslandicum
(5)

5 (5.5)

0 (0)

4 (3.8)

1 (0.8)

5 (3.0)

0 (0)

5 (4.9)

0 (0)

5 (7.6)

0 (0)

Uncinocarpus reesii (2)

0 (0)

2 (1.5)

1 (1.0)

1 (0.8)

0 (0)

2 (3.3)

1 (1.0)

1 (0.8)

1 (1.5)

1 (0.6)

Aphanoascus pinarensis (1)

0 (0)

1 (0.8)

1 (1.0)

0 (0)

1 (0.6)

0 (0)

1 (1.0)

0 (0)

1 (1.5)

0 (0)

Amauroascus kuehnii (1)

0 (0)

1 (0.8)

0 (0)

1 (0.8)

1 (0.6)

0 (0)

1 (1.0)

0 (0)

1 (1.5)

0 (0)

Arthroderma simii (1)

0 (0)

1 (0.8)

0 (0)

1 (0.8)

0 (0)

1 (1.7)

1 (1.0)

0 (0)

1 (1.5)

0 (0)

Gymnoascus petalosporus (1)

0 (0)

1 (0.8)

1 (1.0)

0 (0)

1 (0.6)

0 (0)

0 (0)

1 (0.8)

1 (1.5)

0 (0)

FA

CA

FR
61 (38.6)

Microsporum gallinae (1)

1 (1.1)

0 (0)

0 (0)

1 (0.8)

0 (0)

1 (1.7)

1 (1.0)

0 (0)

1 (1.5)

0 (0)

Total numbers of isolates (224)

93

131

104

120

164

60

103

121

66

158

The percentage was calculated from the number of isolate(s) divided by the total number of isolates times 100
ML mainland, NI Nansei Islands, F female, M male, C chicken, S ﬁghting cock (Shamo); I individual, FA farm, CA battery and individual cage, FR indoor and
outdoor free-range housing

target fungal species, because the housing management was out of political control until October 1, 2011.
Direct contact with soil by the free-range housing
system of the birds may increase the prevalence ratio
of the fungal species. We supposed that the prevalence
ratio might reﬂect soil and environmental fungal ﬂora.
There were only two pathogenic dermatophyte
isolates: one Ar. simii isolate and one M. gallinae
isolate. The ratio of pathogenic species was extremely
low: two of 793 chickens, corresponding to 0.025 %.
Furthermore, these fungal species rarely caused zoonotic infection. Human records of Ar. simii infections
worldwide were reviewed by Beguin et al. [6].
However, both the rare zoonotic dermatophyte species
derived from the Shamo strain seemed to be endemic
to Japan. To our knowledge, the isolation of Ar. simii
from autochthonous animals is the ﬁrst record in
Japan, although a previous study showed the isolation
of the fungal species from an imported chimpanzee
[5].
Interestingly, there were regional differences in the
prevalence ratio of the major two fungal species, Ar.
multiﬁdum and Ap. terreus. The former specie was the
predominant species in the Nansei Islands and the
latter one in the mainlands. These results suggest that
the differences are climate and environmental based.
The above two major species may not become
pathogenic. According to Chanasee et al. [19],

signiﬁcantly higher prevalence ratios in individual
breeding scales than in farms (P \ 0.001; odds ratios
1.9861 and 4.1033, respectively). On the other hand,
Ar. multiﬁdum showed a signiﬁcantly higher ratio in
birds housed in cages (P \ 0.001; odds ratio 2.4464),
while Ap. terreus exhibited a signiﬁcantly higher ratio
in free-range housing birds (P \ 0.001; odds ratio
3.2430) (Table 4).

Discussion
The average temperature in Tokyo, as a representative
area of the mainland, is 16.8 C and that of Naha of the
Nansei Islands is 23.1 C based on the data by the
Japan Meteorological Agency. Chickens in the temperate regions (mainland) showed signiﬁcantly higher
prevalence ratio of dermatophyte and related species
than chickens in the subtropical area (Nansei Islands),
indicating that the prevalence of dermatophyte and
related species was not correlated with the mean
annual temperature.
The prevalence ratio was higher in males than in
females and in Shamo strain than in chickens, which
seems to reﬂect the vigorous action of males and
Shamo strain. Breeding scales also inﬂuenced the
prevalence ratio. Sloppy management of the individual housing of the birds could increase the number of
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Table 4 Statistical comparisons of the prevalence ratio of Ar. multiﬁdum and Ap. terreus in poultry
Data
Number of dermatophyte-positive/
total number of isolates (%)

Signiﬁcance

Odds ratio (range)

Mainland versus Nansei
Islands

17/91 (18.7) versus 84/133 (63.2)

P \ 0.001

7.4622 (3.9582–14.068)

Males versus females

44/104 (42.3) versus 57/120 (47.5)

Not signiﬁcant

–

Chickens versus ﬁghting
cocks

81/164 (49.4) versus 20/60(33.3)

P\ 0.05

1.9518 (1.0521–3.6207)

Individual versus farm

51/103 (49.5) versus 40/121 (33.1)

P\ 0.05

1.9861 (1.1562–3.4115)

Cage versus free range

40/66 (60.6) versus 61/158 (38.6)

P\ 0.001

2.4464 (1.3581–4.4068)

Mainland versus Nansei
Islands

53/91 (58.2) versus 30/133 (22.6)

P\ 0.001

4.7866 (2.6753–8.5712)

Males versus females

43/104 (41.3) versus 40/120 (33.3)

Not signiﬁcant

–

Chickens versus ﬁghting
cocks

55/164 (33.5) versus 28/60 (46.7)

Not signiﬁcant

–

Individual versus farm

21/103 (20.4) versus 62/121 (51.2)

P\ 0.001

4.1033 (2.2579–7.4571)

Cage versus free range

13/66 (19.7) versus 70/158 (44.3)

P\ 0.001

3.2430 (1.6380–6.4207)

Comparisons

Arthroderma multiﬁdum

Aphanoascus terreus

Signiﬁcantly higher data were indicated in bold letters

Am. kuehnii was isolated from crater soil in India
[31]. However, identiﬁcation based on ITS rDNA gene
sequences was insufﬁcient because of more than 10 %
of diversities among the species tree via BLAST
search. The identity of the present Am. kuehnii to the
ex-type strain: CBS 539.72 was 98 %; however, the
homologies to the other Am. kuehnii sequences were
more than 99 % located at the same subcluster at the
‘‘Distance tree of results’’ via BLAST search. Then,
we conﬁrm the isolate as Am. kuehnii.
G. petalosporus was isolated from a bird sanctuary
[32], suggesting the isolate is related to a chickenbreeding environment.
Identiﬁcation of Chrysosporium-like isolates at the
species level requires further investigation. Chrysosporium spp. are known causative agents for mycotic
disease in poultry [9, 10] and are often isolated from
feathers [15, 16, 22] and animal-related environments
[7–15, 19, 23, 26]. Human cases of onychomycosis
[33] and systemic infection in a patient with acute
lymphocytic leukemia caused by Chrysosporium sp.
[34] have been reported. However, the present isolates
were not matched to pathogenic Chrysosporium spp.
based on the ITS rDNA sequences.
In conclusion, the predominant fungal species in
the Main Lands was Ap. terreus and that in the Nansei

pathogenicity of Ar. multiﬁdum to guinea pig skin and
the peritoneal cavity of mice were negative. Therefore,
we suspect that there is currently no need for concern
regarding to Ar. multiﬁdum infection. Ap. terreus is a
keratinophilic fungus and has been isolated from soil
and birds [20–23], however, this fungal species has no
record of pathogenicity.
Uncinocarpus queenslandicus (Chrysosporium
queenslandicus anamorph) has been isolated from
indoor samples from India [24], soil from Egypt [25]
and Kuwait [26]. This species also caused infections in
snakes [27]. The present isolates are correspondent to
the ﬁrst isolates of this species in Japan.
U. reesii is related to highly pathogenic fungi, for
example, Coccidioides spp. and Paracoccidioides spp.
[28]. Isolation of this fungal species has been recorded
in India [29] and Egypt [25]. The present isolates are
also the ﬁrst report in Japan.
The identiﬁcation of the present Ap. pinarensis
isolate was based on ITS rDNA gene sequences
(AB861811) exhibiting 99 % identity to AJ439433
derived from Ap. pinarensis isolated in Cuba. However, we did not detect ascospores with an irregularly
reticulate wall and two prominent and delicate equatorial rims under microscopy described by Cano et al.
[30].
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Abstract
Background: Carbonic anhydrase VI (CA-VI) is produced by the salivary gland and is secreted into the saliva.
Although CA-VI is found in the epithelial cells of distal straight tubule of swine kidneys, the exact function of CA-VI
in the kidneys remains unclear.
Results: CA-VI was located in the epithelial cells of distal straight tubule of swine kidneys.
A full-length cDNA clone of CA-VI was generated from the swine parotid gland by reverse transcription polymerase
chain reaction, using degenerate primers designed based on conserved regions of the same locus in human and
bovine tissues.
The cDNA sequence was 1348 base pairs long and was predicted to encode a 317 amino acid polypeptide with a
putative signal peptide of 17 amino acids. The deduced amino acid sequence of mature CA-VI was most similar
(77.4%) to that of human CA-VI. CA-VI expression was confirmed in both normal and nephritic kidneys, as well as
parotid. As the primers used in this study spanned two exons, the influence of genomic DNA was not detected.
The expression of CA-VI was demonstrated in both normal and nephritic kidneys, and mRNA of CA-VI in the normal
kidneys which was the normalised to an endogenous β–actin was 0.098 ± 0.047, while it was significantly lower in
the diseased kidneys (0.012 ± 0.007). The level of CA-VI mRNA in normal kidneys was 19-fold lower than that of the
parotid gland (1.887).
Conclusions: The localisation of CA-VI indicates that it may play a specialised role in the kidney.
Keywords: Carbonic anhydrase VI, cDNA, Swine kidney, mRNA, RT-PCR, Kidney disease

Background
Carbonic anhydrase (CA; EC 4.2.1.1) is a well-characterised enzyme that catalyses the reversible hydration
of CO2 to form HCO3− and protons according to the
following reaction: CO2 + H2O ↔ H2CO3 ↔ HCO3− +
H+. The first reaction is catalysed by CA and the second
reaction occurs instantaneously. The mammalian α-CA
gene family includes at least 15 enzymatically active isoforms with different structural and catalytic properties. Six
of the active CA isozymes are cytosolic (CA-I, −II, −III,
* Correspondence: nishida@azabu-u.ac.jp; ochiaih@azabu-u.ac.jp
1
Laboratory of Physiology I, School of Veterinary Medicine, Azabu University,
1-17-71 Fuchinobe, Sagamihara, Kanagawa 252-5201, Japan
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Research Institute of Biosciences, School of Veterinary Medicine, Azabu
University, 1-17-71 Fuchinobe, Sagamihara, Kanagawa 252-5201, Japan
Full list of author information is available at the end of the article

−VII, −VIII, and -XIII), 4 are membrane-associated (CAIV, −IX, −XII, and -XIV), 2 are mitochondrial (CA-VA
and CA-VB), and 1 is secretory form (CA-VI), while 2
CA-related proteins (CA-X and XI) are inactive variants
[1-3]. The physiological function of carbonic anhydrase is
to maintain the acid–base balance in various tissues and
biological fluids [4].
CA-VI has been previously purified from the saliva
and parotid glands of sheep [5] humans [6], cattle [7],
pigs [8], and dogs [9]. The enzyme is localised in the serous acinar and demilune cells of the parotid and submandibular glands [7,10], from which it is secreted into
saliva. CA-VI may participate in the regulation of salivary pH and buffer capacity, and protect the mouth and
upper alimentary canal against excess acidity [11]. On

© 2014 Nishita et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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the other hand, Hooper et al. [12] suggested that the
unique oligosaccharide structures on bovine CA-VI might
have an antibacterial function. Karhumaa et al. [13] also
suggested that the glycoproteins on CA-VI confer multifunctionality on the enzyme.
To date, human, bovine, mouse, canine, and equine
CA-VI cDNAs have been cloned successfully [14-18].
CA-VI was previously reported to be present in the parotid gland, saliva, bile, and serum of pigs [19]. However,
the exact physiological and clinical significance of swine
CA-VI has not been established. Here, we demonstrated
immunohistochemical localization of CA-VI in the swine
kidney and deduced the nucleotide sequence of swine
CA-VI. Furthermore, we demonstrate expression of CAVI in both normal and diseased kidneys of pigs. These
data provide an initial step toward exploring the physiological and pathological roles of CA-VI.

Methods
Tissue samples

Samples from normal kidneys (n = 9), parotid gland (n = 1),
and diseased kidneys (n = 19) of domestic pigs were taken
from a slaughterhouse in Miyagi prefecture (Japan).
Macroscopically, diseased swine kidneys showed signs
of necrosis (n = 7), nephritis (n = 7), pyelectasis (n = 3),
and cystic kidney (n = 2).
All samples were obtained in accordance with the
guidelines of the Laboratory Animal Care Committee of
Azabu University, Japan, and programs accredited by the
Office of Laboratory Animal Welfare (OLAW) USA
(#A5393-01) were used.
The samples were immediately fixed in neutralised 10%
formalin and Bouin’s solution, dehydrated with a graded
series of alcohols, cleared with xylene, and then embedded in paraffin wax blocks that were cut into 4-μmthick histological sections. To observe the morphologic
changes, renal tissue samples were stained with hematoxylin
and eosin. Microscopic inspection of diseased kidney
revealed predominantly renal tubule necrosis and stromal
cell permeation.
Immunohistochemical staining of CA-VI in kidney

Biopsies of pig kidneys were performed. The samples
were immediately fixed in neutralized 10% formalin and
Bouin’s solution, dehydrated with a graded series of alcohols, cleared with xylene and then embedded in paraffin
wax blocks that were cut into 4 μm-thick histological
sections.
Endogenous peroxidase activity was blocked in deparaffinized and rehydrated sections using 0.3% H2O2 in
methanol, and immersion in normal goat serum (2% in
PBS) for 20 min blocked fragment crystallizable receptors. Monospecific primary antisera (diluted 1:2000)
against swine CA-VI produced in our laboratory [8] was

used to detect the respective isozymes during a 1-h incubation. Antibody binding was visualized using the Vectastain Elite avidin-biotin-peroxidase complex kit (ABCPOD reagent kit; Vector) and diaminobenzidine (DAB)
according to the manufacturer’s protocol.
The kidney sections were stained with hematoxylin,
dehydrated through a graded alcohol series, and mounted
on coverslips.
Samples were observed and photographed under a
light microscope.
cDNA sequence of pig CA-VI

Total RNA was isolated from the parotid gland of a
healthy pig by using RNA extraction solution (Isogen;
Nippon Gene, Japan). Degenerate primers used for the
amplification of a central region of swine CA-VI cDNA
were designed based on the conserved sequences in human [14] and bovine [15] cDNAs. Reverse transcriptionpolymerase chain reaction (RT-PCR) amplification was
then performed using the SuperScript One-Step RT-PCR
system (Life Technologies, MS, USA), according to the
manufacturer’s instructions. The RT-PCR products were
verified to be single bands on agarose gel electrophoresis
and were then purified using Ultrafree-DA (Millipore,
MA, USA) and Microcon YM-100 (Millipore). The purified DNA was cloned into a pGEM-T Easy cloning vector (Promega, WI, USA) and sequenced using a Thermo
Sequenase Fluorescent Labeled Primer Cycle sequencing
kit (Amersham Biosciences, NJ, USA) and a DSQ2000L
DNA sequencer (Shimadzu, Japan). In order to minimise
PCR errors, sequences from several clones were analysed. The consensus nucleotide sequence showed a high
similarity of approximately 80% to bovine CA-VI cDNA
sequences. In order to amplify the 3′ and 5′ regions of
pig CA-VI cDNA, 3′- and 5′ -rapid amplification of
cDNA ends (3′- and 5′-RACE) methods were employed.
3′-RACE was performed as previously described [20]
and 5′-RACE was carried out using a SMART RACE
cDNA amplification kit (Clontech, CA, USA), according
to the manufacturer’s protocol.
Each RACE product was cloned into the pGEM-T
Easy vector and sequenced by employing an AmpliTaq
Dye Terminator Cycle Sequencing FS Ready Reaction kit
(Applied Biosystems, CA, USA) on a 373A DNA sequencer (Applied Biosystems).
RNA extraction from FFPE tissue

A total of 19 diseased and 9 healthy kidney samples in
formalin-fixed, paraffin-embedded (FFPE) were used in
this study. The 4 pieces of 10-μm-thick FFPE sections
were cut from each paraffin block and collected in a 1.5mL tube. A NucleoSpin FFPE RNA isolation kit for FFPE
Tissues (Takara, Kyoto, Japan) was then used according
to the manufacturer’s protocol. Briefly, 1 mL of xylene
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was added into the 4 pieces of 20-μm-thick FFPE sections to remove traces of paraffin. The tissues were
digested with proteinase K at 60°C for 3 h and treated
with DNase I. After washing, total RNA, including a
small miRNA fraction, was eluted with distilled water
and stored at −80°C until use.
cDNA synthesis and PCR evaluation of pig CA-VI

Reverse transcription was performed using a SuperScript
III First-Strand Synthesis System (Invitrogen, Carlsbad,
CA) according to the manufacturer protocol, and the
resulting cDNA was used as a template for RT-PCR. Primer set used was purchased from Takara (Kyoto, Japan).
Primer sequences for the CA-VI genes were following;
forward: 5′-AGAATGTCCACTGGTTTGTGCTTG-3′;
reverse: 5′-GGATGGTCTTGTTCTGGTCATTCA-3′.
The expected product size of the PCR using this primer
set is 102 bp. PCR reaction was performed using Takara
Ex Taq™ Hot Start version (Takara, Kyoto, Japan). Amplification was conducted using the following protocol: initial
denaturation phase at 95°C for 30 s, and then 40 cycles at
95°C for 15 s for denaturation, then at 60°C for 30 s for annealing and extension step. PCR products were loaded in
3% agarose gel.
Real-time PCR evaluation of pig CA-VI

Real-time quantitative PCR was performed using a Thermal Cycler Dice® Real Time System II (Takara). Samples
(final volume of 25 μL) were run in duplicate and contained the following: X1 SYBR® Premix Ex Taq™ II
(Takara) 1 μL 10 mM of each primer and 2 μL cDNA
template. Amplification conditions were carried out as
manufacturer’s protocol. The primer set used in CA-VI
amplification was the same as described above. The
housekeeping gene β-actin was used as a reference gene
(forward: 5′-TCTGGCACCACACCTTCT-3′, reverse; 5′TGATCTGGGTCATCTTCTCAC-3′; DDBJ accession
number AY550069). The Real-Time RT-PCR results are
presented as the gene expression of the target gene (CAVI) relative to that of the housekeeping gene (β-actin),
and CA-VI gene expression levels are achieved using the
2-ΔΔCT method of quantification [21].

in Figure 1. CA-VI was located in the epithelial cells of
distal straight tubule of swine kidneys.

Nucleotide sequence of swine CA-VI cDNA

A 1348-bp nucleotide sequence corresponding to fulllength swine CA-VI cDNA was obtained (accession
number AB333806), consisting of a 951-bp open reading frame encoding swine CA-VI of 317 amino acids
(Figure 2A). A typical polyadenylation signal was found
in the 3′ untranslated region. The deduced 317 amino
acids included a signal peptide (17 amino acids) typical
of most secreted proteins where the region was enriched with hydrophobic residues [22]; thus, the predicted
mature protein consisted of 300 amino acids. To determine the genomic structure, the UCSC genome browser
site (http://genome.ucsc.edu/) was used to align canine
genomic sequences and the cDNA sequence of CA-VI
(Figure 2B).
The amino acid sequence of the deduced swine mature
CA-VI was 3 residues shorter than that of canine CAVI, and 9 residues (in the carboxy-terminal region) longer than that of mouse and human CA-VI, respectively.
The sequence of swine CA-VI showed approximately
77.4% identity to human CA-VI (Figure 3). Two cysteine
residues (amino acid positions 25 and 207), which are
known to form intra-molecular disulphide bonds in
sheep CA-VI [23], are conserved, and 3 histidine residues (amino acid positions 94, 96, and 121) responsible
for zinc binding were also found. In addition, 2 potential
N-glycosylation sites (Asn-X-Thr/Ser) were detected; 1
of these (amino acid positions 239–241, Asn-Lys-Thr) is
known to be glycosylated in sheep CA-VI [23].

Statistical analysis

To compare differences in the relative levels of CA-VI
mRNA between normal and nephritic kidneys, statistical
analysis was carried out using an unpaired t-test. Values
of P < 0.01 were considered to be statistically significant.

Results
Immunohistochemical study

The results of immunohistochemical localization of CAVI in the kidneys of clinically normal pigs were shown
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Figure 1 Immunohistochemical localization of CA-VI in the
swine kidney. CA-VI was found in the epithelial cells of the distal
straight tubule of swine kidneys. Scale bar: 50 μm.
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Figure 2 Nucleotide and deduced amino acid sequences of swine CA-VI cDNA. The DDBJ accession number is AB333806. The termination
codon is asterisked and the polyadenylation signal is boxed. The putative signal peptides consisting of 17 amino acid is underlined. Arrows
indicate the positions of introns (A). Alignment of the cDNA sequence with swine genome chromosome 1 predicts 8 exons of 70–447 base pairs.
Exon ■: intron ▬(B).

Figure 3 Comparison of the amino acid sequences of mature CA-VI in pigs, dogs, humans, sheep, and cattle. Multiple sequence
alignments were performed using the Genetyx program (version 12). Asterisks and dots indicate identical residues and conservative substitution,
respectively. Cys residues are indicated by diamonds, and His residues, by triangles. These are likely to form an intra-molecular disulphide bond
and to bind to zinc, respectively. The potential glycosylation sites are indicated by circles.
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The levels of CA-VI mRNA in the kidney

Expression levels of CA-VI mRNA were measured by
qRT-PCR in FFPE samples of normal and diseased kidneys (Figure 4). The relative level of CA-VI mRNA in the
normal kidneys was 0.098 ± 0.047, while it was significantly
lower in the diseased kidneys (0.012 ± 0.007; p = 2.71 × 10−8,
Figure 5). The level of CA-VI mRNA in normal kidneys was 19-fold lower than that of the parotid gland
(1.887).

Figure 4 RT-PCR analysis of CA-VI expression from FFPE
samples. m; 100-bp ladder, 1; parotid, 2; normal kidney, 3;
nephritic kidney.

Expression of swine CA-VI mRNA in kidney

Figure 4 shows the RT-PCR analysis of CA-VI expression from FFPE samples. CA-VI expression was confirmed in both normal and nephritic kidneys, as well as
parotid. As the primers used in this study spanned two
exons, the influence of genomic DNA was not detected.

Figure 5 Comparison of CA-VI expression in normal or diseased
kidneys from FFPE samples as shown by quantitative RT-PCR.
CA-VI levels were normalised to an endogenous β-actin mRNA. The
values represent the mean ± SD. Asterisks indicate a significant
difference between the normal and diseased kidneys (P < 0.05,
unpaired t-test).

Discussion
Fernley et al., [24] reported that CA-VI was absent from
the sublingual salivary gland, kidney, lung, adrenal, brain,
skeletal muscle, liver, heart, pancreas, small intestine, and
cerebrospinal fluid of sheep. However, CA-VI was found
in the lung, skeletal muscle, liver, heart, and pancreas of
pigs by using ELISA [19]. In the present study, we show
for the first time that CA-VI is expressed in the epithelial
cells of distal straight tubule of swine kidneys.
The expression of bovine CA-VI mRNA has previously
been detected in the parotid gland, liver, and mammary
gland of cow [25,26]. Canine CA-VI mRNA signals were
strong in the major salivary glands and weaker in the
minor salivary glands and esophagus, and were absent in
the pancreas, liver, and almost all parts of the digestive
tract, except the esophagus [17]. In the horse, CA-VI
mRNA was detected in the digestive tract, salivary glands,
testis, thyroid gland, and liver, but not in nerve tissue,
skeletal muscle, spleen, or lymph node [18].
To our knowledge, there have been no previous studies on CA-VI mRNA expression in normal and diseased
kidneys. Although the levels of CA-VI mRNA were
lower in diseased kidneys, further studies are necessary
to determine whether CA-VI is a suitable biomarker for
kidney disorders.
In the kidney, cytosolic CA-II accounts for >95% of all
CA activity. In humans, rabbits, and bovine species,
most of the remaining ~ 5% of renal CA is membrane
associated and consists of CA-IV and CA-XII [27] CA-II
is expressed in the renal proximal tubule; thin descending limb; thick ascending limb; and intercalated cells of
the cortical collecting duct, outer medullary collecting
duct, and inner medullary collecting duct. Schwartz [28]
described that the function of CA-II in renal H+/HCO3−
transport is perhaps best understood by examining CAII interactions with specific transporters.
Räisänen et al., [29] suggested that CA-III is an oxyradical scavenger that protects cells from oxidative damage. Using HK-2 cells, which represent an established
model for normal human proximal tubule cells, Gailly
et al. [30] reported that exposure to 1 mM H2O2 induced a significant increase in CA-III mRNA expression.
This suggests that CA-III may be a multifunctional
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enzyme, and that 1 of the functions is to protect cells
from oxidative damage.
Recently, Pertovaara et al. [31] reported that the levels
of anti-CA-VI antibody were significantly higher in patients with primary Sjogren’s syndrome (pSS). The
amount of antibody correlated significantly with urinary
pH, and inversely with serum sodium concentrations.
Anti-CA-VI antibody seems to be associated with renal
acidification capacity in patients with pSS. However, the
role of CA-VI autoantibodies in modulating urinary pH
in the kidney remained perplexing, since the presence of
CA-VI has never been demonstrated in the human kidneys. Pertovaara et al. [31] speculated that anti-CA-VI
antibodies might exhibit cross-reactivity with CA-XIII
expressed in the kidneys. However, the molecular weight
of CA-XIII is 30 kDa [2] and the subunit molecular
weight of swine CA-VI is 37 kDa [8]. Furthermore, the
amino acid sequence homology between human CA-VI
and CA-XIII is only 35%, which is also the degree of
homology between CA-VI and CA-II [2]. We feel it is
unlikely that cross-reactivity explains the results above.
In support of this, despite a 62% amino acid sequence
homology between equine CA-I and CA-II, sera raised
against each of these isoforms do not exhibit crossreactivity with the other [32]. These results indicate that
anti human CA-VI serum does not cross-react with both
human CA-XIII and CA-II.
The exact function of CA-VI in the kidneys remains unclear at this stage. However, based on our preliminary
data, additional studies should be conducted to determine
whether measuring the CA-VI concentration in the urine
of pigs with kidney disorders is of clinical utility.

Conclusions
CA-VI was located in the epithelial cells of distal straight
tubule of swine kidneys.
The cDNA sequence was 1348 base pairs long and
was predicted to encode a 317 amino acid polypeptide
with a putative signal peptide of 17 amino acids. The deduced amino acid sequence of mature CA-VI was most
similar (77.4%) to that of human CA-VI. The expression
of CA-VI was demonstrated in both normal and nephritic kidneys, and the relative levels of CA-VI mRNA in
the nephritic kidneys were significantly lower than in
normal kidneys. The level of CA-VI mRNA in normal
kidneys was 19-fold lower than that of the parotid gland.
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Enhancement of RANKL-induced MITF-E expression and
osteoclastogenesis by TGF-β
Kumiko Asai1, Masayuki Funaba2* and Masaru Murakami1*
1
2

Laboratory of Molecular Biology, Azabu University School of Veterinary Medicine, Sagamihara, Japan
Division of Applied Biosciences, Graduate School of Agriculture, Kyoto University, Kyoto, Japan

Microphthalmia-associated transcription factor (MITF) is a transcription factor that is expressed in limited types of cells, including
osteoclasts, but the expression and role of MITF during osteoclastogenesis have not been fully elucidated. The expression of the MITF-E
isoform but not that of the MITF-A isoform was induced in response to differentiation stimulation towards osteoclasts by receptor activator
of NF-κB ligand (RANKL) in both RAW264.7 cells and primary bone marrow cells. The RANKL-induced formation of tartrate-resistant acid
phosphatase (TRAP)-positive multinucleated cells was inhibited in RAW264.7 cells expressing siRNA for MITF-E. Transforming growth
factor-β (TGF-β) enhanced RANKL-induced MITF-E expression and -TRAP positive multinucleated cell formation. In particular, TGF-β
potentiated the formation of larger osteoclasts. The expression levels of NFATc1, TRAP and CtsK, genes related to osteoclast development
and activity, were concurrently enhanced by TGF-β in the presence of RANKL. Furthermore, the expression of dendritic cell-speciﬁc
transmembrane protein (DC-STAMP), Itgav, Itga2, Itga5, Itgb1, Itgb3 and Itgb5, genes related to cell adhesion and fusion, were up-regulated
by co-treatment with TGF-β. In particular, the regulatory expression of Itgav and Itgb5 in response to RANKL with or without TGF-β resembled
that of MITF-E. Because MITF is involved in cell fusion in some cell systems, these results imply a role for MITF-E as an enhancer of
osteoclastogenesis and that RANKL-induced levels of both MITF-E mRNA and of MITF-dependent gene expression are enhanced by treatment
with TGF-β. Copyright © 2014 John Wiley & Sons, Ltd.
key words—osteoclastogenesis; MITF; TGF-β; cell fusion; integrins

INTRODUCTION

differentiation depend on the cell culture system and the stage
of osteoclast differentiation,7,8 TGF-β consistently stimulates
RANKL-induced osteoclastogenesis in differentiation models
using RAW264.7 cells.9–11 The detailed mechanism underlying the enhanced osteoclastogenesis by TGF-β in RAW264.7
cells is not, as of yet, fully characterized.
The regulation of osteoclast differentiation and maturation is
not determined only by secreted proteins from osteoblasts and
stromal cells. Microphthalmia-associated transcription factor
(MITF) is a transcription factor expressed in a tissue-speciﬁc
manner.12,13 MITF is also expressed in monocyte–macrophage
lineage cells and osteoclasts.14 The Mitfmi allele produces an
impaired bone phenotype. The bones of Mitfmi/Mitfmi mice
present signs of osteopetrosis due to a lack of functional osteoclasts.14,15 MITF regulates osteoclastogenesis in at least two
steps. First, MITF up-regulates the expression of genes related
to osteoclast activity such as TRAP,16 chloride channel 7,17
cathepsin K (CtsK)18 and v-ATPase d2.19 Second, MITF
governs osteoclast development through the regulation of cell
fusion. Dendritic cell-speciﬁc transmembrane protein (DCSTAMP) is required for efﬁcient cell–cell fusion of
osteoclasts,20 and transcription of DC-STAMP is positively
regulated by MITF.21 The activity of MITF in stimulating cell
fusion has also been shown in different cell types. MITF expression in myoblasts and nascent myotubes is essential for

Osteoclasts, which degrade bone matrix through the
secretion of acid and various enzymes,1–3 are tartrateresistant acid phosphatase (TRAP)-positive multinucleated
cells formed by the fusion of precursor cells of monocyte–
macrophage lineage.4,5 Osteoclast differentiation is
supported by osteoblasts and stromal cells, which produce
factors affecting the number and activity of osteoclasts.
Macrophage-colony-stimulating factor (M-CSF) and receptor
activator of NF-κB ligand (RANKL) principally regulate
osteoclastogenesis. M-CSF is required for the survival and proliferation of osteoclast precursor cells.4,5 In contrast,
RANKLstimulates osteoclast differentiation through regulatory
expression of osteoclastogenesis-related transcription factors
including nuclear factor of activated T-cells c1 (NFATc1).4,5
In addition to these molecules, various cytokines, including transforming growth factor-β (TGF-β), are involved in
osteoclastogenesis.3,6,7 TGF-β is a pluripotent growth factor
that modulates cell differentiation and maturation in diverse
types of cells.7,8 Although the effects of TGF-β on osteoclast
*Correspondence to: Masayuki Funaba, Division of Applied Biosciences,
Graduate School of Agriculture, Kyoto University.E-mail: mfunaba@kais.
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ET AL.

Oligonucleotide PCR primers for RT-qPCR
Oligonucleotide
5′-primer

MITF
MITF-A
MITF-E
Osteoclast-related genes
NFATc1
TRAP
CtsK
Cell fusion-related genes
DC-STAMP
Itgav
Itga2
Itga5
Itgb1
Itgb3
Itgb5
ADAM8
ADAM12
Housekeeping gene
G3PDH

GenBank
accession
number

3′-primer

5′-GAGGAGTTTCACGAAGAACC-3′
5′-CCAGATACACAGACAGTCACAG-3′

5′-GCTGGCGTAGCAAGATGCGTGA-3′
5′-GCTGGCGTAGCAAGATGCGTGA-3′

AB_009397
AF_465624

5′-TCCAAAGTCATTTTCGTGGA-3′
5′-GCCAAAGAGATCGCCAGAAC-3′
5′-TGGACTGTGTGACTGAGAATTATGG-3′

5′-CTTTGCTTCCATCTCCCAGA-3′
5′-GAAGTAGAAATTGTCCCCCAGAGA-3′
5′-CCGTTCTGCTGCACGTATTG-3′

NM_016791
NM_007388
NM_007802

5′-CGAAGCTCCTTGAGAAACGA-3′
5′-GGTGTGGATCGAGCTGTCTT-3′
5′-ACTTCCGGCATACGAAAGAAT-3′
5′-CACCATTCAATTTGACAGCAA-3′
5′-ATGCAGGTTGCGGTTTGT-3′
5′-GTGGGAGGGCAGTCCTCTA-3′
5′-TGCCACCTGCCAAGATGGCATA-3′
5′-AAAGGCTCCGAGACAAATCC-3′
5′-CAGAGCATCCCAGCCAAG-3′

5′-GGACTGGAAACCAGAAATGAA-3′
5′-CAAGGCCAGCATTTACAGTG-3′
5′-TCAGCCAGCAGGTGATGTTA-3′
5′-TCCTCTCCCTTGGCACTGTA-3′
5′-CATCCGTGGAAAACACCAG-3′
5′-CAGGATATCAGGACCCTTGG-3′
5′-CACGGACACTTCAAAGGATG-3′
5′-TTGGAGAGCCCCGAGATAG-3′
5′-CAGGCTGAGGATCAGGTCTC-3′

AB_109560
NM_008402
NM_008396
NM_010577
NM_010578
NM_016780
NM_010580
NM_007403
NM_007400

5′-CGTGTTCCTACCCCCAATGT-3′

5′-TGTCATCATACTTGGCAGGTTTCT-3′

NM_008084

RT-qPCR, reverse transcription quantitative polymerase chain reaction; MITF, microphthalmia-associated transcription factor; NFATc1, Nuclear factor of activated T-cells c1; TRAP, tartrate-resistant acid phosphatase; CtsK, cathepsin K; DC-STAMP, dendritic cell-speciﬁc transmembrane protein; Itg, integrin;
ADAM, a disintegrin and metalloirotease domein; G3PDH, glyceraldehyde-3-phosphate dehydrogenase.

Cell culture

the maturation of myotubes via the up-regulation of integrin
α9 (Itga9) expression.13
Microphthalmia-associated transcription factor is expressed
as a series of isoforms differing in their ﬁrst exons and
promoters.22–24 For most isoforms, the initial exon, which is
isoform-speciﬁc exon, is spliced onto the later part of exon
1B and then to the common exons 2–922–24; at present, nine
MITF isoforms have been identiﬁed in mice, i.e. MITF-A,
-B, -C, -D, -E, -H, -J, -M and -mc. MITF isoforms are
expressed in a cell type-speciﬁc manner.25–28 Transcriptional activities of MITF are overlapped but distinct among
MITF isoforms depending on the target gene.29–33
Here, we explored the role of MITF during
osteoclastogenesis and the relationship between MITF-E
isoform and the TGF-β pathway. Our results indicate that
the MITF-E isoform is induced in differentiating
osteoclasts, and the expression is required for efﬁcient
osteoclast formation. In addition, TGF-β enhances the
expression level of MITF-E induced by RANKL and
potentiates the formation of larger osteoclasts, possibly
through the up-regulation of integrins.

RAW264.7 cells were cultured in alpha minimal essential
medium (α-MEM) with 6% heat-inactivated fetal bovine serum (FBS), 100 U/ml penicillin and 100 μg/ml streptomycin
at 37 °C under a humidiﬁed 5% CO2 atmosphere. Primary
osteoclasts were basically differentiated as described by
Sankar et al.34 Bone marrow cells were obtained from the
femurs of adult C57BL/6 mice and cultured for 3 days in basal
medium, i.e. Dulbecco’s modiﬁed Eagle’s medium (DMEM)
with 10% heat-inactivated FBS, 100 U/ml penicillin and
100 μg/ml streptomycin, supplemented with M-CSF
(50 ng/ml). Subsequently, the cells were cultured in the
basal medium supplemented with M-CSF (25 ng/ml) in
the presence or absence of recombinant soluble RANKL
(50 ng/ml). The animal experiments were approved by the
Animal Care and Use Committees of Azabu University.
Histochemical detection of TRAP
Tartrate-resistant acid phosphatase was detected by staining of
ﬁxed cells by the use of an acid phosphatase, leukocyte kit
(Sigma, St. Louis, MO, USA) according to the manufacturer’s
protocol. The cells were counter-stained with hematoxylin,
and the number of cells with more than three nuclei was
counted. In addition, the area of TRAP-positive cells was
measured by the use of Image J software, and the number of
TRAP-positive cells was counted for every cell size.

MATERIALS AND METHODS
Materials
The following reagents were purchased, recombinant
murine M-CSF and recombinant murine soluble
RANKL from Peprotech (Rocky Hill, NJ, USA) and
recombinant human TGF-β1 from R&D Systems
(Minneapolis, MN, USA).

Osteoclast function assay
Osteoclast functionality was examined via a pit formation
assay using 96-well Corning Osteo Assay plates (Corning
Cell Biochem Funct (2014)
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810 (Wako, Osaka, Japan), an automatic nucleic acid extraction system, according to the manufacturer’s protocol. The
concentration of RNA was determined from the absorbance
at 260 nm. The cDNA was synthesized by the use of high
capacity cDNA reverse transcription kit with rnase inhibitor
(Life Technologies, Carlsbad, CA, USA), according to the
manufacturer’s protocol. The cDNA corresponding to 5 ng
of total RNA was used as a template of real-time qPCR;
qPCR was performed by the use of SYBR Premix Ex-taq
II (Takara, Otsu, Japan) in Thermal Cycler Dice Real Time
System TP800 (Takara, Otsu, Japan), according to the
manufacturer’s protocol. The proﬁle of qPCR is as follows:
after denature for 30 s at 95 °C, 40 cycles consisting of 5 s at
95 °C and 30 s at 60 °C. Subsequently, melting curve analyses were performed by increasing temperature from 60 °C to
95 °C to verify that the PCR products are not primer dimers
but single products. Gene transcript level in each sample
was determined by standard curve method; the standard
DNA was prepared as described in the succeeding
texts. The PCR primers used are presented in Table 1. The
5′-primers for MITF-A and -E were selected from the
respective isoform-speciﬁc region; the speciﬁcity of the PCR
primers was also veriﬁed by agarose gel electrophoresis of
the PCR product and subsequent staining with ethidium
bromide. The relative mRNA level was expressed as a ratio
with the G3PDH mRNA level. When the gene expression
level was below detection limit, it was assumed to express at
the detection limit.

Figure 1. MITF-E is induced during osteoclastogenesis. Gene transcript
levels of the MITF-A isoform (A and B) and MITF-E isoform (C and D)
were quantiﬁed by RT-qPCR during osteoclastogenesis in RAW264.7 macrophage cells (A and C) and primary cultures of bone marrow cells (B and
D). (A and C) RAW264.7 cells were treated with or without RANKL
(100 ng/ml) for 3 days. (B and D) Bone marrow cells were treated with
M-CSF (50 ng/ml) for 3 days. Non-adherent cells were subsequently treated
with M-CSF (50 ng/ml) with or without RANKL (100 ng/ml) for an additional 3 days. The expression of the MITF isoforms was normalized to
G3PDH expression (n = 3). **p < 0.01

Preparation of standard DNA
To examine time-course changes in the expression of MITF
isoforms, the number of cDNA molecules was precisely
quantiﬁed as described previously.35 Brieﬂy, the cDNA for
MITF-A, MITF-E and G3PDH was individually ampliﬁed
by PCR. The PCR product by the use of Wizard SV Gel
and PCR Clean-Up System (Promega, Madison, WI,
USA). The amount of the PCR product was precisely
quantiﬁed by the use of a DNA 1000 Lab Chip Kit (Agilent
Technologies, Santa Clara, CA, USA) in an Agilent2100
bioanalyzer (Agilent Technologies, Santa Clara, CA,
USA). The molecular number of the PCR product was
calculated from the DNA mass and the molecular weight.
Several levels of the PCR product were prepared by serial
dilution and used as standard solutions of qPCR.

Inc., Corning, NY, USA) according to the manufacturer’s
protocol. The pits were observed via light microscopy. The
pit area was measured using Image J software, and the total
pit area per well was calculated.
siRNA transfection
The siRNA for MITF-E were prepared (Bonac Inc., Kurume,
Japan). The nucleotide sequences used were 5′-GGUUACG
UAUCUUGUCCACAG-3′ and 5′- GUGGACAAGAUACG
UAACCUC-3’. As a control, siRNA for green ﬂuorescent
protein (GFP) was used.35 For reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analyses, 20 pmol of
siRNA was transfected into RAW264.7 cells seeded at a density of 2.5 × 104 cells in 24-well plates at 24 h before transfection. For morphological evaluation, 4 pmol of siRNA was
transfected in cells seeded at a density of 4 × 103 cells in
96-well plates. The transfection of siRNA was conducted
by the use of Lipofectamine RNAiMAX (Life Technologies,
Carlsbad, CA, USA) according to the manufacturer’s
protocol. At 8 h after transfection, the cells were treated with
RANKL (50 ng/ml) for 24 h.

Statistical analysis
All the experiments were basically performed two or more
times; each experiment was performed in triplicate. The data
of a representative experiment are presented as the mean ±
SE (n = 3). Comparisons between the cells treated with
RANKL alone and the other cells and comparisons between
cells transfected with siRNA for green ﬂuorescent protein
and those with MITF-E siRNA were conducted using
student’s t-test. The results were considered statistically
signiﬁcant at p < 0.05.

RNA isolation and RT-quantitative PCR
Total RNA was isolated by the use of QuickGene RNA
cultured cell kit S (Wako, Osaka, Japan) in QuickGene-
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RESULTS AND DISCUSSION

of the other MITF isoforms was not detected (data not shown).
Lu et al. showed the up-regulation of MITF-E expression in
response to RANKL treatment by semi-quantitative RTPCR analyses.37 In the present study, we quantitatively
reveal the speciﬁc induction of MITF-E mRNA during
osteoclastogenesis.
The role of induced MITF-E in the formation of osteoclastic cells was evaluated next. RAW264.7 cells were
transfected with MITF-E siRNA prior to RANKL treatment.
MITF-E siRNA potentiated a decrease in the number of
TRAP-positive multinucleated cells (Figure 2A and 2B),
suggesting a positive role for the induced MITF-E in
osteoclastogenesis. The MITF-E gene transcript level was
reproducibly decreased by transfection with the siRNA
(Figure 2C, data not shown). MITF-E isoform-speciﬁc
region is only 139 bp. We designed possible 2 siRNAs for
MITF-E; the knockdown efﬁciency and reproducibility of
the knockdown is better for the siRNA used in this study
(data not shown), although nevertheless the inhibition of
MITF-E expression is limited. The knockdown of MITF-E
gene did not affect the expression level of MITF-A
(Figure 2D). Transfection of siRNA for MITF-E inhibited
RANKL-induced expression of TRAP and CtsK, genes
related to osteoclast activity,16,18 on day 3 (Figure 2E
and 2F). Lu et al. also showed the blockage of MITF-E gene

The changes in gene expression of MITF isoforms during
osteoclastogenesis were examined (Figure 1). Because
RAW264.7 cells synthesize sufﬁcient M-CSF,36 only exogenous RANKL is required for the formation of TRAP-positive
multinucleated cells. In contrast, both M-CSF and RANKL
must be exogenously supplied in primary bone marrow cell
culture. The MITF-A isoform was expressed in both
RAW264.7 cells (Figure 1A) and bone marrow cells
(Figure 1B). The expression level was relatively constant
during osteoclastogenesis in both RAW264.7 cells and bone
marrow cells, except for the higher expression of MITF-A in
bone marrow cells on day 3 without RANKL (Figure 1B).
In contrast, the gene transcript levels of MITF-E were
increased within 1 day in response to treatment with RANKL
in RAW264.7 cells (ninefold, Figure 1C) and in bone marrow
cells (1000-fold, Figure 1D). RANKL-induced MITF-E
expression was gradually decreased with incubation days in
RAW264.7 cells, and the effect of RANKL treatment was
not signiﬁcant on day 3. In contrast, the up-regulation of
MITF-E with treatment with M-CSF and RANKL was
maintained for at least 3 days in bone marrow cells. Treatment
with M-CSF alone had no effects on MITF-E expression in
bone marrow cells (data not shown). Signiﬁcant expression

Figure 2. MITF-E expression is required for osteoclastogenesis. RAW264.7 cells were transfected with MITF-E siRNA or GFP or treated with RNA transfection reagent only (mock). At 8 h after transfection, the cells were treated with or without RANKL (100 ng/ml) for 3 days. (A) The cells were stained for
TRAP and counter-stained with hematoxylin. A representative result is shown. *, TRAP-positive multinucleated cell. The bar in each photograph indicates
100 μm. (B) The number of TRAP-positive multinucleated cells in a well of 96-well plate was counted (n = 3). (C–F) The gene transcript level of MITF-E
(C) and MITF-A (D) on day 1 and that of TRAP (E) and CtsK (F) on day 3 were quantiﬁed by RT-qPCR, and the expression was normalized to G3PDH
expression. The expression in cells treated with siRNA for GFP was set to 1 (n = 3). * and **, p < 0.05 and p < 0.01, respectively
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of cells with areas >1 × 104 and <2 × 104 μm2 was signiﬁcantly increased by TGF-β treatment, whereas the proportion of cells with areas <5 × 103 μm2 tended to be
decreased, indicating that TGF-β accelerates the formation
of larger TRAP-positive multinucleated cells. TGF-β also
increased bone resorption activity, and RANKL-induced pit
formation was enhanced by the co-treatment with TGF-β
(Figure 3D and 3E). The present results suggest that TGF-β
acts not only as an enhancer of osteoclast formation induced
by RANKL but also as an accelerator of mature osteoclast
formation through cell fusion of nascent osteoclasts.
The molecular basis of enhanced osteoclastogenesis by
TGF-β was then explored. The expression of NFATc1,
which is involved in the onset of osteoclastogenesis,38,39
was increased within 1 day after treatment with RANKL,
and TGF-β enhanced RANKL-induced NFATc1 expression (Figure 4A). Similarly, RANKL-induced MITF-E

induction results in the impaired formation of osteoclasts37;
we also observed the similar results. All these results
suggest that transient induction of MITF-E by RANKL is
essential for efﬁcient osteoclastogenesis.37
Next, the effects of TGF-β on osteoclastogenesis were
examined in RAW264.7 cells. Treatment with TGF-β alone
did not induce formation of TRAP-positive multinucleated
cells, but TGF-β increased the number of TRAP-positive
multinucleated cells induced by RANKL (Figure 3A and
3B), which was consistent with previous results.9–11 We
also noticed that larger TRAP-positive multinucleated cells
were formed by co-treatment with TGF-β compared with
the treatment with RANKL alone. Chin et al.11 described
the TGF-β-induced formation of giant osteoclasts but did
not quantitatively analyze them. To characterize the cell size
in detail, the number of TRAP-positive multinucleated cells
was counted for every cell size (Figure 3C). The proportion

Figure 3. TGF-β enhances RANKL-induced osteoclastogenesis. RAW264.7 cells were pre-treated with or without TGF-β1 (100 pM) for 12 h, followed by
the co-treatment with or without RANKL (100 ng/ml) for 3 days. (A) Cells were stained for TRAP and counter-stained with hematoxylin. A representative result is shown. *, TRAP-positive multinucleated cell. The bar in each photograph indicates 100 μm. (B) The total number of TRAP-positive multinucleated cells
in a well of 96-well plate was counted (n = 3). (C) The number of TRAP-positive multinucleated cells induced by RANKL alone or RANKL plus TGF-β was
counted for every cell size. The percentage of the respective TRAP-positive multinucleated cell number to the total TRAP-positive multinucleated cell number
was calculated (n = 3). (D) Osteoclast functionality was evaluated by pit formation assays (n = 3). A representative result is shown. The bar in each photograph
indicates 100 μm. (E) The total area of pit in a well of 96-well plate was measured (n = 3). **, p < 0.01
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Figure 4. TGF-β enhances the expression of MITF-E and genes related to osteoclastogenesis. RAW264.7 cells were pre-treated with or without TGF-β1
(100 pM) for 12 h, followed by the co-treatment with RANKL (100 ng/ml) for 3 days. The gene transcript levels of NFATc1 (A), MITF-E (B) and MITF-A
(C) on day 1 and TRAP (D) and CtsK (E) on day 3 were quantiﬁed by RT-qPCR. The expression was normalized to G3PDH expression, and the expression
in cells treated without RANKL and TGF-β1 was set to 1 (n = 3). **, p < 0.01

expression was further up-regulated by TGF-β (Figure 4B).
The TGF-β treatment also signiﬁcantly increased gene
transcript level of MITF-A, but the extent of increase in
the expression was relatively small (~twofold, Figure 4C).
In accordance with the enhancement of expression related
to the triggering of osteoclastogenesis, TGF-β further
increased the expression of TRAP and CtsK on day 3
(Figure 4D and 4E).
The expression of the genes involved in cell fusion was
further examined. DC-STAMP is a master regulator of cell
fusion in osteoclast formation.40,41 The expression of DCSTAMP was induced by RANKL treatment, and TGF-β
slightly but signiﬁcantly enhanced the RANKL-induced
expression (Figure 5A).
We evaluated the gene transcript levels of integrins and a
disintegrin and metalloprotease (ADAM). Integrins and
ADAMs are also involved in the adhesion and fusion of
monocyte/macrophage-lineage cells.41,42 Several integrin proteins, such as integrin αV (Itgav), α2(Itga2), α5(Itga5), β1(Itgb1)
and β5 (Itgb5), are expressed in human osteoclasts.43 The
forced expression of Itgav stimulated the formation of
TRAP-negative multinucleated cells in RAW264.7 cells, and
RANKL changed these cells to TRAP-positive cells.11 AntiItga9 antibody partly inhibited M-CSF and RANKL-induced
osteoclast formation.44 Bone marrow cells prepared from
integrin β3 (Itgb3)-null mice are less differentiated into
osteoclasts in vitro.45 Furthermore, the down-regulation
of ADAM8 and ADAM12 expression inhibits osteoclast
formation as well as cell fusion of macrophages.46,47

The expression levels of Itgav, Itga2, Itga5, Itgb1, Itgb3
and Itgb5 were signiﬁcantly higher in cells treated with
RANKL and TGF-β than in cells treated with RANKL
alone (Figure 5B–5G). In contrast, the expression of
ADAM8 and ADAM12 was not increased by TGF-β
treatment (Figure 5H and 5I). RANKL treatment signiﬁcantly increased the expression of Itgav, Itgb5 and
ADAM12 (Figure 5B, 5G and 5I). The changes in the
expression level of Itgav and Itgb5 in response to treatment with RANKL with or without TGF-β resembled
those of MITF-E expression; RANKL increased the
expression (Figure 4B), but the extent of the increased
gene expression was much smaller than that of the
increase following co-treatment with TGF-β.
In the present study, DC-STAMP expression was increased
by RANKL treatment, which coincides with the induction of
MITF-E but not MITF-A. Previous studies showed that the
transcriptional activation of DC-STAMP, a master regulator
of cell fusion during osteoclastogenesis, is regulated by
MITF,21,48 although isoform of MITF responsible for the cell
fusion has not been identiﬁed. It is possible that one of the
roles of MITF-E induces transcriptional activation of DCSTAMP. However, the role of MITF-E expression in response
to treatment with RANKL and TGF-β is likely to be distinct
from that with RANKL alone; the extent of further increase
in DC-STAMP expression in response to TGF-β was
relatively smaller than that in MITF-E expression. Considering that TGF-β formed larger osteoclasts with more nuclei,
the further increased MITF-E by TGF-β might regulate the
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Figure 5. TGF-β increases the expression of genes related to cell adhesion and fusion. RAW264.7 cells were pre-treated with or without TGF-β1 (100 pM) for
12 h, followed by the co-treatment with RANKL (100 ng/ml) for 3 days. The gene transcript levels of DC-STAMP (A), ItgaV (B), Itga2 (C), Itga5 (D), Itgb1
(E), Itgb3 (F), Itgb5 (G), ADAM8 (H) and ADAM12 (I) on day 3 were quantiﬁed by RT-qPCR. The expression was normalized to G3PDH expression, and the
expression in cells treated without RANKL and TGF-β1 was set to 1 (n = 3). * and **, p < 0.05 and p < 0.01, respectively

transcription of gene(s) other than DC-STAMP, leading to the
acceleration of cell fusion.
Integrins are involved in cell fusion as described earlier.11,13
In addition, integrin α4 (Itga4) expression is induced by MITF
in hematopoietic stem/progenitor cells,49 and the regulatory
expression of Itga4 depends on the isoform of MITF.33 Thus,
we speculate that TGF-β-mediated up-regulation of MITF-E
expression is responsible for the formation of larger osteoclasts
through increased expression of integrins; especially, the
regulatory expression of Itgav and Itgb5 may be important,
because changes in expression of MITF-E paralleled to those
of Itgav and Itgb5 in response to treatment with RANKL with
or without TGF-β. The present results suggest the critical role
of DC-STAMP and integrins in osteoclastogenesis induced
by RANKL and in osteoclast maturation by TGF-β, respectively; MITF-E may regulate both processes.

The present study extends the knowledge of the expression
and role of MITF-E expression in developing osteoclasts.
We previously demonstrated the functional interaction
between MITF and the TGF-β pathway. TGF-β enhances
MITF-E-mediated transcription,30,31 whereas the MITF-M
isoform negatively regulates TGF-β-mediated signalling.50
In the present study, additional regulation of MITF activity
by the TGF-β pathway, i.e. enhancement of MITF expression
by TGF-β, was clariﬁed. Recently, it was shown that TGF-β
represses the transcription of MITF-M in melanoma cells.51
Taken the present results with the results of a previous study51
together, MITF expression may be regulated by TGF-β in an
isoform-dependent or cell type-dependent manner or both.
Balancing bone resorption and bone formation is important for bone and mineral homeostasis. Differentiation into
multinucleated TRAP-positive cells resulting from the
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fusion of monocyte/macrophage lineage cells is a critical step
in determining osteoclast activity. Therefore, ﬁne-tuning of
osteoclastogenesis through the regulation of TGF-β activity
is likely to maintain preferable bone mass. Further studies
are needed to clarify the molecular mechanisms underlying
the regulation of MITF-E expression by TGF-β, osteoclast
formation and maturation by MITF-E and the regulatory
expression of integrins by MITF-E and TGF-β.
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The African penguin (Spheniscus demersus) is one of the world’s most endangered seabirds. In Japan, although the number of
African penguins in captivity continues to increase, genetic data have not been collected for either wild or captive populations. To reveal
genetic diversity and characterization in captive African penguins, we analyzed the nucleotide sequences of mitochondrial DNA (mtDNA)
from a sample of 236 African penguins. Analysis of 433 bp of the control region and 1,140 bp of cytochrome b sequences revealed the
existence of two mtDNA clades. Control region haplotypes were much more divergent (d=3.39%) between the two clades than within each
FODGH7KHGLYHUJHQFHRIWKHVHFODGHVPD\UHÀHFWGLIIHUHQFHVDWWKHVXEVSHFLHVRUJHRJUDSKLFDOSRSXODWLRQOHYHOLQ$IULFDQSHQJXLQV7KHVH
¿QGLQJVVXJJHVWWKDWDWOHDVWWZRGLVWLQFWPDWHUQDOOLQHDJHVH[LVWLQWKHZLOGSRSXODWLRQVRIWKH$IULFDQSHQJXLQ
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ABSTRACT.
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The African penguin (Spheniscus demersus), which is
endemic to southern Africa, inhabits 31 islands and four
mainland sites in Namibia and South Africa, ranging from
southern Angola in the north to Nelson Mandela Bay in
the east [4]. Wild African penguin populations markedly
decreased in the 20th century. Approximately 56,000 pairs
estimated in 2001 have declined to 21,000 pairs in 2009
[5]. This population decline is thought to be primarily due
WRIRRGVFDUFLW\UHVXOWLQJIURPRYHU¿VKLQJRYHUH[SORLWDWLRQ
DQGHQYLURQPHQWDOÀXFWXDWLRQVVXFKDVLQFUHDVHGVHDVXUIDFH
temperature linked to climate change. In addition, oil pollution has become a major factor in African penguin mortality.
Consequently, the African penguin is listed in Appendix II of
the Convention on International Trade in Endangered SpeFLHVDQGFODVVL¿HGDV(QGDQJHUHGE\WKH,QWHUQDWLRQDO
Union for Conservation of Nature.
While wild African penguin populations continue to decrease, properly maintained captive populations are increasing year on year. According to the 2011 Japanese regional
studbook for the African penguin, their original introduction
to Japan was in 1935, and from 1973 to 2011, 156 additional
founders were introduced: 92 from South Africa, 30 from
overseas zoos and aquariums and the remaining 34 from
unknown locations. The time and number of introductions
varied. The captive African penguin populations in Japan
contain 485 individuals, comprising an estimated 87 different founder lineages. In order to avoid close inbreeding and
to maintain genetic diversity, the Japanese Association of
*CORRESPONDENCE TO: MURAKAMI, M., Laboratory of Molecular
Biology, School of Veterinary Medicine, Azabu University, 1–17–
71 Fuchinobe, Chuo-ku, Sagamihara, Kanagawa 252–5201, Japan.
e-mail: murakami@azabu-u.ac.jp
©2014 The Japanese Society of Veterinary Science
This is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives (by-nc-nd)
License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.
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Zoos and Aquariums (JAZA) keeps studbooks which it uses
to promote longer-term breeding plans. However, no genetic
data on the foundering population of African penguins introduced to Japan are described in the studbook, and the genetic
relationship of captive African penguins in Japan is unclear.
Genetic data have not been collected on either wild
or captive African penguins in Japan so far. In this study,
we examined the genetic diversity of the captive Japanese
populations of African penguins by analyzing the control
region and cytochrome b sequences of mitochondrial DNA
(mtDNA), since mtDNA sequences have higher rates of
nucleotide substitution than nuclear DNA sequences [2].
Analysis of mtDNA sequences can reveal genetic relationships among closely related species. This molecular information may prove useful to JAZA for future management
and implementation of breeding programs.
Blood or feather samples from African penguins (n=236)
were collected from 20 Japanese zoos and aquariums. Blood
samples were also collected from captive populations of
Humboldt penguins (Spheniscus humboldti) (n=20) and
Magellanic penguins (Spheniscus magellanicus) (n=2).
Genomic DNA was extracted using Dr. GenTLETM (TaKaRa Bio, Otsu, Japan) or Get pureDNA Kit-Cell, Tissue
(Dojindo Molecular Technologies, Kumamoto, Japan). Two
mtDNA fragments of 653 bp (control region) and 1,140 bp
F\WRFKURPH E  ZHUH DPSOL¿HG E\ SRO\PHUDVH FKDLQ UHDFtion (PCR). The control region fragments and the entire
F\WRFKURPH E JHQH ZHUH DPSOL¿HG XVLQJ WKH SULPHU SDLU
L-tRNA Glu ƍ&&7*&77**&7777<7&&$$*$&& 
DQG +'ER[ ƍ&7*$&&*$**$$&&$*$**&*& 
>@ DQG WKH SULPHU SDLU %&/ ƍ$**&&7$&&7$*GATCCTTCGCCCT) and BCH1 (GTCTTTGGTTAATTACAAGACCAATGTTT) [8], respectively. The H-Dbox,
BCL1 and BCH1 primers were also used as sequencing
SULPHUV$PSOL¿FDWLRQUHDFWLRQVZHUHFDUULHGRXWLQDμl
solution containing 10–100 ng genomic DNA, 1 × buffer (20
mM Tris-HCl, pH8.0, 100 mM KCL and 2 mM MgCl2), 200
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μM each of deoxyribonucleotides, 1.25 units of Ex Taq® HS
DNA polymerase (TaKaRa Bio) and 0.2 μM of each primer.
Reaction mixtures were incubated in a PCR thermal cycler
(TaKaRa PCR Thermal Cycler DiceTM; TaKaRa Bio) with
LQLWLDO GHQDWXUDWLRQ RI  PLQ DW & ZLWK D W\SLFDO SUR¿OH
of 32 cycles, each consisting of 30 sec at 95°C, 30 sec at
60°C (for the control region) or 55°C (for cytochrome b)
and 30 sec (control region) or 1 min (cytochrome b) at 72°C
ZLWK¿QDOH[WHQVLRQRIPLQDW&3&5SURGXFWVZHUH
checked by electrophoresis on 1.5% agarose gel with TAE
buffer, and the gel was stained with ethidium bromide. PCR
SURGXFWV ZHUH SXUL¿HG E\ H[RQXFOHDVH , :DNR 2VDND
Japan) and shrimp alkaline phosphatase (TaKaRa Bio) and
were sequenced directly using an ABI PRISM 3130 Genetic
Analyzer and BigDye® Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Foster, CA, U.S.A.). The sequences of 433 nucleotides of the control region and 1,140
nucleotides of cytochrome b were determined. Phylogenetic
analyses were conducted using MEGA version 5 [16]. Multiple sequence alignment was performed by using Clustal W
[17]. Genetic distances between haplotypes were obtained
using the Tamura-Nei model [15]. Phylogenetic trees were
constructed by the neighbor-joining (NJ), maximum parsimony (MP) and maximum likelihood (ML) methods. The
reliability of tree topology was assessed by 1,000 bootstrap
replications [7]. Lastly, Neighbor-Net analysis [3] was
performed to construct a phylogenetic network using SplitsTree4 software [9] (http://www.splitstree.org/).
DNA sequences of the mitochondrial control region of
236 African penguin individuals were determined. Multiple
sequence alignments of the 433 bp constituting the partial
control region showed 39 polymorphic sites, generating a
total of 30 different haplotypes (Table 1). All substitutions
were transitions. Our nucleotide sequencing data are available under the accession numbers AB775475-775504 from
the DDBJ/EMBL/GenBank databases. The available 45 of
the total 64 South African founder populations were also
examined, resulting in 27 haplotypes. This indicated that the
founder populations were derived from 27 maternal ancestors. These maternal genetic results are consistent with traceable records of captive breeding detailed in the studbook.
We also investigated the Humboldt penguin and Magellanic
penguin, which belong to Spheniscus, the same genus as the
African penguin. Eight different haplotypes were obtained
from these species (accession numbers AB775505-775512).
NJ phylogenetic tree analysis using mitochondrial DNA
control region sequences revealed that the captive African
penguin populations kept in a total of 20 Japanese zoos and
aquariums clustered into two clades (A and B) as supported
by high bootstrap values (Fig. 1). Clades A and B contained
26 and 4 haplotypes, respectively. The 27 haplotypes from
South Africa described above belonged to both clades A and
B, suggesting 2 maternal lineages derived from South Africa. Five substitutions at nucleotide numbers 110, 166, 217,
225 and 285 in the control region were characteristic of clade
B (Table 1). The mean genetic distance of the control region
sequences between the 2 clades was 3.39%, and the genetic
distances within clades A and B were 0.93% and 1.18%, re-
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spectively. Both MP and ML analyses also showed a similar
topology with the captive African penguins arranged in 2
different clades (data not shown). A network analysis further
supported the division of the maternal lineages of the captive
African penguins into these 2 different clades (Fig. 2).
The complete 1,140 bp sequences (accession numbers
AB776002-776009) in the cytochrome b gene were obtained
from 54 captive African penguins in Japan. There were 8
KDSORW\SHV GH¿QHG E\  YDULDEOH VLWHV 1LQH QXFOHRWLGH
substitutions were synonymous, and the remaining 2 substitutions were non-synonymous. The same two clades as those
of the control region were separated by 1 non-synonymous
substitution (data not shown).
The mtDNA diversities of rockhopper penguin (Eudyptes
spp.) and blue penguin (Eudyptula minor) samples from wild
populations have been previously reported. The rockhopper
penguin, which had been considered a single species with two
subspecies [6], was suggested to be two distinct species based
on the average genetic distance (6.1%) of the control region
sequences between its northern and southern clades [10]. The
blue penguin, a single species comprising 6 morphologically
determined subspecies [11], can be divided into an Australian-Otago clade and a New Zealand clade from analyses of
3 mtDNA sequences [1]. The control region sequences between these two clades have been found to differ by 11.8%.
Moreover, examination of the control region sequences of
individuals collected from 7 southern Australian E. m. novaehollandiae colonies [11] showed no geographic clustering of
closely related genetic variations among colonies [12]. The
average genetic distance among colonies of this subspecies
was 1.0%, based on our calculations made from sequence
data for EU043384-043403. Considering these molecular
data found in studies of the rockhopper penguin and blue
penguin, the divergence of African penguin clades A and
B (d   VHHQ LQ WKH SUHVHQW VWXG\ PD\ UHÀHFW HLWKHU D
difference in geographical populations or the existence of
XQGH¿QHG VXEVSHFLHV RI$IULFDQ SHQJXLQV DOWKRXJK LW PXVW
be noted that our data focused on captive-bred individuals.
7KLVLVWKH¿UVWUHSRUWRIPROHFXODUGDWDREWDLQHGE\PW'NA analyses of captive African penguins. Here, we demonstrated the existence of two divergent clades of captive African penguins with moderate genetic distance (d=3.39%).
Although we currently have no descriptive information on
the founders of the captive African penguin population and
genetic data from wild African penguin populations must
also be examined, our data imply that captive African penguins in Japan are derived from two distinct maternal lines.
We are presently analyzing nuclear DNA markers, including microsatellite diversity and repetitive DNA sequences,
to elucidate further the genetic characterization of African
penguin populations.
In other endangered species, such as the Oriental white
stork (Ciconia boyciana), mtDNA control region analysis
has been utilized to develop an effective breeding plan in
Japan [18, 19]. Likewise, careful genetic management is
needed to maintain genetic variability in the African penguin
and to use captive breeding projects to save this endangered
species from extinction.
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Table 1. Haplotypes and variable sites of the mitochondrial control region found in Japanese captive populations of African penguins (Spheniscus
demersus)
Nucleotide position
Haplotype

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3
1 3 3 0 0 1 1 2 2 3 3 3 4 6 6 6 7 7 8 9 1 2 2 3 3 4 7 8 8 8 9 9 9 9 0 0 0 2
3 1 0 1 7 8 0 7 1 2 4 5 9 1 1 5 6 0 7 4 8 7 0 5 7 9 3 5 5 6 8 2 3 4 5 5 6 9 6
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ABSTRACT. A polymorphic tetranucleotide (GAAT)nPLFURVDWHOOLWHLQWKH¿UVWLQWURQRIWKHFDQLQHWXPRUQHFURVLVIDFWRUDOSKD TNFA) gene was
characterized in this study; 139 dogs were analyzed: 22 Beagles, 26 Chihuahuas, 20 Miniature Dachshunds, 24 Miniature Poodles, 22 PemEURNH:HOVK&RUJLVDQG6KLED,QXV:HGHWHFWHGWKHSUHVHQFHRIWKHDOOHOHV *$$7 5, (GAAT)6, (GAAT)7 and (GAAT)8, including 9
RIWKHH[SHFWHGJHQRW\SHV7KHH[SHFWHGKHWHUR]\JRVLW\ He DQGWKHSRO\PRUSKLFLQIRUPDWLRQFRQWHQW PIC YDOXHRIWKLVPLFURVDWHOOLWH
ORFXVYDULHGIURPWRDQGIURPWRUHVSHFWLYHO\DPRQJWKHEUHHGV7KHDOOHOLFIUHTXHQF\GLIIHUHGJUHDWO\DPRQJ
EUHHGVEXWWKLVPLFURVDWHOOLWHPDUNHUZDVKLJKO\SRO\PRUSKLFDQGFRXOGEHDXVHIXOPDUNHUIRUWKHFDQLQHTNFA gene.
KEY WORDS: canine TNFA gene, tetranucleotide microsatellite.
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7XPRUQHFURVLVIDFWRUDOSKD 71)$ LVDPXOWLIXQFWLRQDO
SURLQÀDPPDWRU\ F\WRNLQH ZKLFK LV VHFUHWHG PDLQO\ E\
monocytes and macrophages (Online Mendelian Inheritance
in Man (OMIM, 191160),. In humans, genetic variations in
the TNFA gene are associated with various disorders, e.g.,
VHSWLF VKRFN >@ UKHXPDWRLG DUWKULWLV >@ F\VWLF ¿EURVLV
>@LQÀDPPDWRU\ERZHOGLVHDVHV>@DQGLQVXOLQUHVLVWDQFH
syndrome [8].
,QWKHYHWHULQDU\¿HOG71)$LVDOVRFRQVLGHUHGWREHRQH
RIWKHPRVWLPSRUWDQWF\WRNLQHVLQYROYHGZLWKPDQ\LQÀDPPDWRU\GLVHDVHVLQFOXGLQJEDFWHULDODQGSURWR]RDQLQIHFWLRQV
DQGVHSVLV>@)RUH[DPSOHLQFUHDVHGH[SUHVVLRQRI
TNFA mRNA in colonic mucosa has been reported on dogs
with idiopathic lymphocytic-plasmacytic colitis [16].
The canine TNFA gene is located on dog chromosome 12
&DQ)DPGRJJHQRPHDVVHPEO\NW_003726081), and it
FRPSULVHVH[RQVDQGLQWURQV+RZHYHUWKHJHQHWLFSRO\morphisms in the canine TNFAJHQHKDYHQRWEHHQFODUL¿HG
0LFURVDWHOOLWHV DUH WDQGHP UHSHDWHG VHTXHQFHV XVXDOO\
GLWULDQGWHWUDQXFOHRWLGHPRWLIVZKLFKGLVSOD\KLJKOHYHOV
*CORRESPONDENCE TO: HISASUE 0 /DERUDWRU\ RI 9HWHULQDU\ ,QWHUQDO 0HGLFLQH ,, )DFXOW\ RI9HWHULQDU\ 0HGLFLQH$]DEX 8QLYHUVLW\ ±± )XFKLQREH &KXRNX 6DJDPLKDUD .DJDJDZD
252–5201, Japan.
e-mail: hisasue@azabu-u.ac.jp
7KH¿UVWWZRDXWKRUVFRQWULEXWHGHTXDOO\WRWKLVZRUN
7KH-DSDQHVH6RFLHW\RI9HWHULQDU\6FLHQFH
7KLVLVDQRSHQDFFHVVDUWLFOHGLVWULEXWHGXQGHUWKHWHUPVRIWKH&UHative Commons Attribution Non-Commercial No Derivatives (by-ncnd) License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.
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RI SRO\PRUSKLVP PDNLQJ WKHP LGHDO JHQHWLF PDUNHUV >
18]. Microsatellites were thought to be evolutionarily neutral
DQG WR KDYH QR JHQHUDOL]HG IXQFWLRQ >@ ,Q UHFHQW \HDUV
however, many reports have indicated that microsatellites in
WKH SURPRWHU UHJLRQV DQG LQWURQV RI IXQFWLRQDO JHQHV H[HUW
JHQHWLFHIIHFWVLQPDQ\FDVHV>@7KXVPLFURVDWHOOLWHVLQNQRZQIXQFWLRQDOJHQHVDUHJRRGWDUJHWVIRU
analyzing genetic polymorphisms.
,QWKLVVWXG\ZHIRFXVHGRQD *$$7 nUHSHDWPRWLIORFDWHGLQWKH¿UVWLQWURQRIWKHFDQLQHTNFA gene and demonstrated that this microsatellite locus was highly polymorphic,
VRLWFRXOGEHDXVHIXOPDUNHUIRUJHQHWLFDQDO\VLV
:KROH EORRG VZDEV RI WKH RUDO PXFRVD RU QDLO VDPSOHV
ZHUH FROOHFWHG IURP GRJV DW YHWHULQDU\ KRVSLWDOV DQG GRJ
grooming shops in Japan. The 139 samples obtained were
IURP%HDJOHV&KLKXDKXDV0LQLDWXUH'DFKVKXQGV
24 Miniature Poodles, 22 Pembroke Welsh Corgis and 25
Shiba Inus. This study was approved by the Institutional
Animal Care and Use Committee (Permission number:
1306094) and carried out according to the Azabu University
$QLPDO ([SHULPHQWDWLRQ 5HJXODWLRQV '1$ ZDV H[WUDFWHG
IURPWKHVHVDPSOHVXVLQJD4XLFN*HQH'1$WLVVXHNLW )XML
)LOP7RN\R-DSDQ RUD1XFOHR6SLQ%ORRG4XLFN3XUHNLW
(Macherey-Nagel, Duren, Germany), according to the manuIDFWXUHU¶VSURWRFROV
7KH SULPHUV XVHG IRU SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 
DQDO\VLV ZHUH GHVLJQHG XVLQJ &DQ)DP $ NE '1$
IUDJPHQW FRQWDLQLQJ DERXW  ES XSSHU VWUHDP IURP WKH
SXWDWLYH WUDQVFULSWLRQ VWDUW VLWH D ƍ XQWUDQVODWHG UHJLRQ
ƍ875 WKH¿UVWH[RQDQGDERXWESRIWKH¿UVWLQWURQ
RI WKH FDQLQH TNFA JHQH ZDV DPSOL¿HG E\ 3&5 XVLQJ WKH
IRUZDUGSULPHUGRJTNFA) ƍ$$*&&&&$&&&&77*-
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)LJ 6FKHPH RI WKH FDQLQH TNFA JHQH VKRZLQJ WKH UHJLRQ VHTXHQFHG DQG WKH SRO\PRUSKLVPV
GHWHFWHG $  6WUXFWXUH RI WKH FDQLQH TNFA JHQH DERYH  DQG LWV VHTXHQFHG UHJLRQ EHORZ  7KH
SURWHLQFRGLQJVHTXHQFHVDUHLQGLFDWHGE\GDUNER[HV7KHQXPEHULQJRIEDVHSRVLWLRQVZDVEDVHGRQ
WKHUHIHUHQFHVHTXHQFH1:B &DQ)DPFKURPRVRPH ,QWKHUHIHUHQFHVHTXHQFH
JDQGJZHUHWKHSXWDWLYHWUDQVFULSWLRQVWDUWVLWH 766 DQGWKHKHDGRIWKHWUDQVODWLRQLQLWLDWLRQFRGRQRIWKHTNFA gene, respectively. (B) The variations detected in the partial TNFA
gene in 7 Beagles.

&$&&77ƍ DQGWKHUHYHUVHSULPHUGRJTNFA5 ƍ&&$&$&&&&$&$7&7&7&&$&$&$ƍ  )LJ $). PCR was
SHUIRUPHG XVLQJ  μl reaction volumes, according to the
PDQXIDFWXUHU¶V LQVWUXFWLRQV IRU *R7DT *UHHQ 0DVWHU 0L[
3URPHJD)LWFKEXUJ:,86$ 7KHSURJUDPFRPSULVHG
LQLWLDOGHQDWXUDWLRQDW&IRUPLQIROORZHGE\F\FOHV
RIGHQDWXUDWLRQDW&IRUVHFDQQHDOLQJDW&IRU
VHFDQGH[WHQVLRQDW&IRUVHFZLWKD¿QDOH[WHQVLRQDW
&IRUPLQ7KHDPSOL¿HGSURGXFWVZHUHSXUL¿HGXVLQJD
4,$TXLFN3&53XUL¿FDWLRQNLW 4LDJHQ+LOGHQ*HUPDQ\ 
7KHSXUL¿HG'1$ZDVVHTXHQFHGGLUHFWO\XVLQJD%LJ'\H
7HUPLQDWRUYHUVLRQ&\FOH6HTXHQFLQJNLW $SSOLHG%LRV\VWHPV )RVWHU &LW\ &$ 86$  ZLWK GRJTNFA) DQG
dog-TNFA5SULPHUV)LUVWZHDQDO\]HGWKH'1$VHTXHQFHV RI  %HDJOHV +RZHYHU  RI WKH  LQGLYLGXDOV SURGXFHGSRRUUHVXOWVEHFDXVHRIZLGHVSUHDGGRXEOHSHDNIURP
the dog_TNFA_R1 primer side. As a result, we determined
WKHWDUJHWVHTXHQFHVVXFFHVVIXOO\LQLQGLYLGXDOVRQO\
$IWHUPXOWLSOHDOLJQPHQWVRIWKHSDUWLDOTNFAVHTXHQFHV
RI WKH  %HDJOHV ZLWK WKH FDQLQH UHIHUHQFH VHTXHQFH ZH
IRXQGSRO\PRUSKLFVLWHVDF\WRVLQHGLUHFWUHSHDWYDULDWLRQ
LQWKHƍJHQHÀDQNLQJUHJLRQ J& B DQDGHQLQHWRF\WRVLQHVXEVWLWXWLRQLQWKHƍ875 J$!& 
DQG *$$7 PLFURVDWHOOLWH YDULDWLRQV LQ WKH ¿UVW LQWURQ
J*$$7 B  DQG J*$$7 B  )LJ
$ 1H[WZHLGHQWL¿HGTNFAYDULDWLRQV71)$%HDJOH
 GRJ  71)$%HDJOH  GRJV  DQG 71)$%HDJOH 
GRJV  LQ WKH  LQGLYLGXDOV )LJ % 7KHVH QXFOHRWLGH VHTXHQFHVZHUHGHSRVLWHGLQWKH''%-(0%/DQG*HQ%DQN
nucleotide databases under accession numbers AB819627–
AB819629.
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%DVHG RQ WKHLU HOHFWURSKHURJUDPV ZH DOVR IRXQG WKDW
WKH VXERSWLPDO VHTXHQFLQJ UHVXOWV IRU WKH  %HDJOHV UHVXOWHG IURP WKH KHWHUR]\JRVLW\ He  LQ GLIIHUHQW QXPEHUV
RI *$$7  UHSHDWV LQ WKH > *$$7 5–8 (GAT) (GAAT) 2]
PLFURVDWHOOLWHPRWLILQWKH¿UVWLQWURQ )LJ 7RJHQRW\SH
WKLVPLFURVDWHOOLWHORFXVZHGHVLJQHGWKHIROORZLQJSULPHU
VHW &)$TNFA675) ƍ**$$*$7*&7&$7**$77*&7ƍ  DQG &)$TNFA6755 ƍ7$&&&$&$&&&&$&$7&7&7ƍ  3&5 ZDV SHUIRUPHG XVLQJ
25 μl UHDFWLRQ YROXPHV DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V
LQVWUXFWLRQVIRU*R7DT0DVWHU0L[ 3URPHJD 7KHSURJUDP
FRPSULVHGLQLWLDOGHQDWXUDWLRQDW&IRUPLQIROORZHG
E\HLWKHURUF\FOHVRIGHQDWXUDWLRQDW&IRUVHF
DQQHDOLQJDW&IRUVHFDQGH[WHQVLRQDW&IRUVHF
ZLWKD¿QDOH[WHQVLRQDW&IRUPLQ7KH3&5SURGXFWV
were electrophoresed on a 3.0% agarose gel and visualized
E\ HWKLGLXP EURPLGH VWDLQLQJ )LJ   )RXU DOOHOHV LH
(GAAT)5, (GAAT)6, (GAAT)7 and (GAAT)8, were detected
LQ WKH &)$TNFA-STR1 tetranucleotide microsatellite
ORFXVDQGWKHOHQJWKVRIWKHLU3&5SURGXFWVZHUH
 DQG  ES UHVSHFWLYHO\ 6XEVHTXHQWO\ ZH VXUYH\HG
WKHDOOHOHGLVWULEXWLRQRIWKLVPLFURVDWHOOLWHPDUNHULQGRJ
EUHHGV :H XVHG WKH )$0ODEHOHG &)$TNFA-STR1) SULPHU DQG WKH IUDJPHQW OHQJWKV RI WKH 3&5 SURGXFWV
were determined automatically using an ABI 3130 genetic
DQDO\]HU ZLWK *HQH0DSSHU9HU  $SSOLHG %LRV\VWHPV 
Table 1 shows the genotypic and allele distribution in 6 dog
EUHHGV )RXU DOOHOHV ZHUH SUHVHQW LQ  %HDJOHV ZKHUHDV
RQO\  DOOHOHV ZHUH GHWHFWHG LQ  GRJV IURP WKH RWKHU 
breeds. This is because the (GAAT)8DOOHOHZDVDEVHQWIURP
Chihuahuas, Miniature Dachshunds, Miniature Poodles,
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)LJ *HQRW\SHGSDWWHUQVRIWKHWHWUDQXFOHRWLGHPLFURVDWHOOLWHSRO\PRUSKLVPLQWKH
¿UVWLQWURQRIWKHFDQLQHTNFA gene on a 3.0% agarose gel. The genotypes relate to
WKHXSSHUODQHVRIWKHJHO0LVDES'1$ODGGHUPROHFXODUVL]HPDUNHU 7R\RER
Osaka, Japan).
7DEOH *HQRW\SLFDQGDOOHOLFIUHTXHQF\RI *$$7 n tetranucleotide microsatellite in canine TNFA gene among dog breeds
%UHHGV QXPEHURIDQLPDOV

$OOHOLFIUHTXHQF\

Genotype
5

6

7

8

5/6

5/7

5/8

6/7

6/8

7/8

5

6

7

8

Beagle (22)
1
Miniature Dachshundd) (20) 8
Chihuahuad) (26)
12
Miniature Poodle (24)
6
Pembroke Welsh Corgi (22) 8
Shiba Inu (25)
13

0
0
2
1
1
0

2
2
0
0
0
0

4
0
0
0
0
0

5
2
9
6
5
2

5
7
3
11
4
10

1
0
0
0
0
0

1
1
0
0
4
0

0
0
0
0
0
0

3
0
0
0
0
0

0.295
0.625
0.692
0.604
0.568
0.760

0.136
0.075
0.250
0.167
0.250
0.040

0.295
0.300
0.058
0.229
0.182
0.200

0.273
0.000
0.000
0.000
0.000
0.000

Hea)

PICb) Deviations
RI+:(c)

0.749
0.527
0.464
0.566
0.595
0.389

0.682
0.438
0.391
0.493
0.516
0.333

P<0.05
NSe)
NS
P<0.05
NS
NS

D ([SHFWHGKHWHUR]\JRVLW\E 3RO\PRUSKLFLQIRUPDWLRQFRQWHQWF 'HYLDWLRQVRI+DUG\:HLQEHUJ(TXLOLEULXPG $OOWKHLQGLYGXDOVKDGORQJFRDWH
H 1RWVLJQL¿FDQW

Pembroke Welsh Corgis and Shiba Inus. (GAAT)5 was the
PRVW FRPPRQ DOOHOH LQ WKH  GRJ EUHHGV$Q H[DFW WHVW RI
WKH +DUG\±:HLQEHUJ HTXLOLEULXP XVLQJ D 0DUNRY FKDLQ
DQG FDOFXODWLRQ RI WKH H[SHFWHG HH ZHUH SHUIRUPHG XVLQJ
$UOHTXLQYHU>@7KHSRO\PRUSKLFLQIRUPDWLRQFRQWHQW
(PIC YDOXHIRUWKLVPLFURVDWHOOLWHORFXVZDVHVWLPDWHGXVLQJ
DIRUPXODGHVFULEHGSUHYLRXVO\>@7KHGHYLDWLRQVIURPWKH
+DUG\±:HLQEHUJ HTXLOLEULXP ZHUH VWDWLVWLFDOO\ VLJQL¿FDQW
(P IRU %HDJOHV DQG 0LQLDWXUH 3RRGOHVHe ZDV GH¿FLHQWLQ%HDJOHVZKHUHDVDQH[FHVVRIHe was observed in
0LQLDWXUH3RRGOHV7KHH[SHFWHGHe and PICYDOXHIRUWKLV
PLFURVDWHOOLWHORFXVYDULHGIURP 6KLED,QX WR
%HDJOH  DQG IURP  6KLED ,QX  WR  %HDJOHV 
UHVSHFWLYHO\LQWKHEUHHGV 7DEOH 7KHDOOHOLFIUHTXHQF\
GLIIHUHGJUHDWO\DPRQJEUHHGVEXWWKLVPLFURVDWHOOLWHPDUNHU
ZDV KLJKO\ SRO\PRUSKLF DQG FRXOG EH D XVHIXO PDUNHU IRU
the canine TNFAJHQH*LYHQWKHLPSRUWDQWUROHVRI71)$
LQ PDQ\ LQÀDPPDWRU\ UHDFWLRQV WKH WHWUDQXFOHRWLGH PLFrosatellite alleles could be associated with susceptibility to
LQÀDPPDWRU\GLVRUGHUVGXULQJWKHOLIHWLPHRIWKHGRPHVWLF
GRJGXHWRDGLUHFWJHQHHIIHFWRUOLQNDJHGLVHTXLOLEULXPZLWK
DGMDFHQW QXFOHRWLGH YDULDWLRQV )XUWKHU VWXGLHV DUH QHHGHG
WR WHVW IRU SRVVLEOH FRUUHODWLRQV EHWZHHQ WKLV PLFURVDWHOOLWH
variation and canine diseases.
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RI9HWHULQDU\0HGLFLQH$]DEX8QLYHUVLW\IRUFROOHFWLQJFDnine DNA samples. This work was supported by the MEXT
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Downregulation of Pgc-1α expression by tea leaves and their
by-products
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Previous studies indicate that muscle Pgc-1α expression governs the proportion of muscle ﬁbre types. As a ﬁrst step in using diet to manipulate the
proportion of muscle ﬁbre types by using Pgc-1α expression, the present study investigates the modulation of Pgc-1α expression by feedstuffs. A
luciferase-based Pgc-1α reporter construct (Pgc-1α(-2553)-luc) that contains the mouse Pgc-1α promoter (2553 to +78 bp) was prepared. A
screen of ethanol extracts from 33 feedstuffs indicated that oolong tea and roasted green tea extracts decreased Pgc-1α(-2553)-luc expression
in C2C12 myoblasts. The transcriptional repression of Pgc-1α by tea leaf extracts was reproduced in hepatic HepG2 cells. We further examined
the effects of the alcohol extracts of tea waste and its silage on Pgc-1α transcription; the tea waste silage extract inhibited Pgc-1α transcription.
Treatment with the extracts of raw tea leaves, tea waste and tea waste silage effectively decreased Pgc-1α mRNA levels during myogenesis of
myosatellite cells. The present results suggest that tea leaves and their by-products could be used to modulate proportions of muscle ﬁbre types.
Copyright © 2013 John Wiley & Sons, Ltd.
key words—Pgc-1α; skeletal muscle; tea leaf; muscle ﬁbre type; feedstuffs

INTRODUCTION

Metabolic changes related to muscle Pgc-1α expression
can be partly explained by the modulation of muscle ﬁbre
types. Muscle ﬁbres are divided into two types, slow twitch
and fast twitch. Reddish slow-twitch myoﬁbres contain a
high number of mitochondria and use oxidative metabolism
as their primary energy source, whereas whitish fast-twitch
myoﬁbres contain more glycogens and predominantly use
glycolytic metabolism.10 Mouse muscles forced to express
Pgc-1α state contained more slow-twitch muscle ﬁbres,11
whereas gene targeting of skeletal muscle Pgc-1α increased
expression of fast-twitch muscle ﬁbre-speciﬁc myosin heavy
chain (Myhc) 2b and decreased the expression of Myhc 1,
which is slow-twitch muscle ﬁbre-speciﬁc.9
Pgc-1α activity is closely linked to its expression level,
because it is primarily regulated at the transcriptional level.
MEF2 activates Pgc-1α gene transcription, and MEF2
repression decreases Pgc-1α mRNA levels, leading to the
downregulation of genes involved in fatty acid oxidation in
the heart.12 In addition, selective expression of constitutively
active CAMK IV in skeletal muscle increases Pgc-1α
transcription, mRNA levels and mitochondrial DNA copy
number.13 Therefore, Pgc-1α activity can be potentially
monitored by evaluation of its mRNA levels. The objective
of this study is to identify feedstuffs that affect Pgc-1α
expression. We screened for Pgc-1α expression using luciferase under the control of the Pgc-1α promoter as a reporter.

Pparγ co-activator-1α (Pgc-1α) was originally identiﬁed as a
co-activator of Pparγ; Pgc-1α enhances the expression of the
Ucp1 gene, which encodes an uncoupling protein found in
the mitochondria of brown adipocytes and is essential to
generating heat by nonshivering thermogenesis.1 Subsequent
analyses in cultured cells and transgenic mice have
established that the biological function of Pgc-1α is to regulate
mitochondrial oxidative metabolism as well as mitochondrial
biogenesis in diverse cell types.2–4 In skeletal muscle, Pgc-1α
expression is enhanced by exercise in humans and rodents5–7
and is involved in the maintenance of muscle function;
transgenic mice with enhanced Pgc-1α expression in skeletal
muscles preserve muscle integrity and function during ageing.
This phenotype is related to the maintenance of the activity of
enzymes involved in oxidative phosphorylation, the reduction
of apoptosis, autophagy and proteasomal degradation.8 In
addition, the transgenic mice exhibited resistance to agerelated obesity and increased insulin sensitivity.8 In contrast,
reduced muscle function and exercise capacity were detected
in skeletal muscle-speciﬁc Pgc-1α knock-out mice.9
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Here, we show that tea leaves and their by-products contain
factors that downregulate Pgc-1α expression through transcriptional inhibition.

(RD-400, Yamato Scientiﬁc Co., Ltd, Tokyo, Japan). The
samples were stored under N2 gas at 20 °C until analysis.
RNA isolation and RT-qPCR
Total RNA isolation from myosatellite cells and cDNA
synthesis were performed using TRIZOL (Invitrogen)
and the ReverTra Ace qPCR RT kit (Toyobo, Osaka,
Japan) respectively according to the manufacturers’
protocols. The cDNA was reverse transcribed from 5
ng of total RNA and was used as a template for reverse
transcription-quantitative polymerase chain reaction
(RT-qPCR) as described previously.15 The oligonucleotide
primers were 5’-TGTGGAACTCTCTGGAACTGC-3’
and 5’-GCCTTGAAAGGGTTATCTTGG-3’ for Pgc-1α
and 5’-CTAAGGCCAACCGTGAAAAG-3’ and 5’ACCAGAGGCATACAGGGACA-3’ for β-actin. The
Ct values were determined, and the abundance of gene transcripts was analysed using the ▵▵Ct method by using β-actin
as the normalization gene.

MATERIALS AND METHODS
Cell culture
Animal experiments were approved by the Kyoto University
Animal Experiment Committee. Myosatellite cells were
isolated from rat plantaris muscles; male Wistar rats
weighing 200–300 g were sacriﬁced by exsanguination
under isoﬂurane anaesthesia, and the plantaris muscle was
collected. Muscles were washed with phosphate-buffered
saline and minced with scissors in digestion buffer
containing 0.1% (w/v) collagenase I (Wako Pure Chemical
Industries, Ltd., Osaka, Japan) and 1,000 U/ml dispase
(Invitrogen, Grand Island, NY, USA) in 140 NaCl, 5.4
KCl, 0.34 Na2HPO4, 0.44 KH2PO4, 0.81 MgSO4∙7H2O,
1.3 CaCl2, 4.2 NaHCO3 and 5.6 mM glucose supplemented
with 10 U/mL penicillin, 100 μg/mL streptomycin and
2.5 μg/mL amphotericin B, followed by enzyme digestion
shaking at 100 rpm for 60 min at 37 °C. After ﬁltering
through 50 μm nylon mesh, cells were washed with
Dulbecco’s modiﬁed Eagle’s medium (DMEM) with 10%
fetal bovine serum and antibiotics twice and seeded on cell
culture dishes. On day one post conﬂuence, cells were
differentiated into myotubes by using differentiation
medium, i.e. DMEM with 2% horse serum and antibiotics.
Ethanol extracts of feedstuffs (20 μg/mL) or forskolin
(10 μM) were simultaneously added to the differentiation
medium. Cells were harvested 12 days post-differentiation
to analyse Pgc-1α expression.
C2C12 cells, COS7 cells and HepG2 cells were cultured
in DMEM with 10% fetal bovine serum and antibiotics.
The DMEM used for C2C12 cells contained 1 g/L of
glucose, whereas the medium used for COS7 and HepG2 cells
contained 4.5 g/L of glucose. For luciferase-based reporter
assays, plasmid vectors were transiently transfected using
Lipofectamine LTX reagent (Invitrogen) for C2C12 cells or
PolyFect transfection reagent (Qiagen, Valencia, CA, USA)
for COS7 and HepG2 cells according to the manufacturers’
protocol. At 24 h post-transfection, cells were treated with or
without the extracts from feedstuffs (20 μg/mL) or forskolin
(10 μM) for 24 h.

Plasmids and reporter assays
The DNA fragment encompassing 2554 and +79 bp of the
mouse Pgc-1α promoter was ampliﬁed and cloned into the
pGL4 basic vector containing the ﬁreﬂy luciferase reporter
gene (Pgc-1α(-2553)-luc); nt +1 is the transcription
initiation site. The reporter construct contains the promoter
region used in study by Amat et al.,16 who showed
transcriptional regulation of Pgc-1α by MyoD. The coding
region of mouse MyoD was cloned into pcDNA3. The
product was veriﬁed by nucleotide sequencing. Cells were
transiently transfected with the indicated expression vectors:
Pgc-1α(-2553)-luc and a plasmid expressing Renilla luciferase under the control of thymidine kinase (pRenilla-luc).
Luciferase activity was normalized to Renilla luciferase
activity, and the ﬁreﬂy luciferase activity in the cell lysate
treated with vehicle was set at 1.
Statistical analyses
The data are expressed as the mean ± SEM. Data from the
reporter assays and gene expression data were log
transformed to provide an approximation of a normal
distribution before analysis. Differences between control
cells and cells treated with the feedstuff extracts were
examined using an unpaired t-test. Differences of P < 0.05
were considered signiﬁcant.

Preparation of ethanol extract
A total of 41 feedstuffs were used. Wet tea wastes were
obtained from a local beverage company that produces
canned and bottled tea drinks. Tea waste was ensiled in
laboratory silos by using the method described by Nishino
et al.14 Two grammes of food was mixed with 40 mL of
ethanol and vigorously shaken for 60 min at room temperature
followed by ﬁltration through ﬁlter paper. For tea waste and its
silage, the ethanol extraction was performed after freeze
drying the samples. The ethanol extracts were concentrated to
~20 mg/mL ethanol extract by using a centrifugal evaporator

RESULTS AND DISCUSSION
To evaluate the transcriptional activity of Pgc-1α, a luciferasebased reporter assay using the Pgc-1α promoter were
performed in C2C12 myoblasts; ethanol extracts from 33
feedstuffs were evaluated. The extracts were evaluated at a
concentration of 20 μg/mL, except for the red bell pepper
extract. Because the red bell pepper extract had a cytotoxic
effect in C2C12 cells, the transcriptional activity was examined at a concentration of 2 μg/mL. The reporter assay screen
Cell Biochem Funct 2014; 32: 236–240.
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was replicated in at least three independent experiments.
Representative results are shown in Figure 1. Luciferase
expression was signiﬁcantly lower in cells treated with oolong
tea or roasted green tea extracts of than in control cells. None
of the extracts reproducibly increased luciferase expression
more than twofold (data not shown).
Next, we examined whether the inhibitory effects of tea
leaf extract can be detected in the other cells. Pgc-1α
transcription is stimulated by forskolin, an activator of adenylate cyclase17 and by MyoD, a muscle-speciﬁc transcription
factor.16 However, Pgc-1α transcription was unaffected by
forskolin in COS7 cells, even when MyoD was co-expressed
(Figure 2A). In contrast, HepG2 hepatoma cells were responsive to forskolin irrespective of MyoD expression (Figure 2A),
indicating that Pgc-1α transcription can be evaluated in
HepG2 cells. The inhibitory effects of tea leaf extracts on

Pgc-1α transcription were weaker in HepG2 cells (Figure 2B)
relative to C2C12 cells (Figure 1) but were detected in green
tea, black tea, roasted green tea and oolong tea extracts. These
results suggest that tea leaves contain factor(s) that inhibit
Pgc-1α transcription; the activity of the tea leaves is not
limited to C2C12 myogenic cells but is also detected in liver
cells. Pgc-1α orchestrates a complex program of metabolic
changes that occur during the transition from a fed liver to a
fasted liver, including gluconeogenesis; these effects on
fasting adaptation are achieved through co-activation of
hepatic transcription factors such as hepatic nuclear factor
4α, Pparα, glucocorticoid receptor, Foxo1 and the liver X
receptor.18 Therefore, the tea leaves may also be able to
modulate hepatic glucose metabolism.
Effects of tea waste and its silage on Pgc-1α transcription
were further evaluated in C2C12 cells (Figure 3). The tea

Figure 1. Inhibition of Pgc-1α transcription by tea leaf extracts in C2C12 cells. C2C12 cells were transiently transfected with Pgc-1α(-2553)-luc and pRenilla-luc,
and treated with vehicle or feedstuff extracts for 24 h. The ﬁreﬂy luciferase activity was normalized to the Renilla luciferase activity, and the ﬁreﬂy luciferase activity
in cell lysates treated with vehicle was set to 1. Data are expressed as the mean ± SE (n = 3). **: P < 0.01 vs. vehicle. (1) ﬁsh meal, (2) glycated rice meal, (3) chicken
meal, (4) wine residues, (5) yellow grease, (6:) red bell pepper extract, (7) dried distiller’s grains with solubles, (8) black soybean branch, (9) cassava starch pulp, (10)
skim milk, (11) rapeseed meal, (12) corn gluten meal, (13) black soybean leaf, (14) corn germ meal, (15) wheat ﬂour, (16) shochu distillery by-product, (17) tall fescue,
(18) soybean meal, (19) corn gluten feed, (20) yogurt, (21) rice alcohol cake, (22) meat and bone meal, (23) dehulled soybean meal, (24) sake kasu, (25) butter oil, (26)
soybean ﬂour, (27) feather meal, (28) wine lees, (29) defatted rice bran, (30) soy protein concentrate, (31) wheat bran, (32) oolong tea and (33) roasted green tea

oolong tea

Tea leaf

roosted
green tea

MyoD - + - +
Cell COS7 HepG2

black tea

B

green tea

A

Figure 2. Transcriptional repression of Pgc-1α(-2553)-luc by tea leaf extracts in HepG2 cells. (A) COS7 cells or HepG2 cells were transiently transfected with
Pgc-1α(-2553)-luc and pRenilla-luc with or without the MyoD expression plasmid and treated with vehicle or forskolin (10 μM) for 24 h. (B) C2C12 cells were
transiently transfected with Pgc-1α(-2553)-luc and pRenilla-luc and treated with vehicle or the indicated extract for 24 h. Fireﬂy luciferase activity was
normalized to Renilla luciferase activity, and the ﬁreﬂy luciferase activity in the cell lysates treated with vehicle was set to 1. Data are expressed as the
mean ± SE (n = 3). **: P < 0.01 vs. vehicle
Cell Biochem Funct 2014; 32: 236–240.
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vehicle

waste extracts from green tea, black tea and oolong tea did not
signiﬁcantly decrease expression of the Pgc-1α(-2553)-luc
construct, but the silage extract effectively repressed Pgc-1α
transcription; the effects of oolong tea waste silage were not
statistically signiﬁcant but had a tendency to repress expression (P = 0.08).
Screening feedstuffs using Pgc-1α(-2553)-luc indicates
that the extracts from tea leaves and their by-products cause
inhibitory effects on Pgc-1α transcription. We further
veriﬁed whether these feedstuffs actually downregulate
Pgc-1α expression in myogenic cells; cells were treated during myogenesis with or without the extracts of tea leaves or
their by-products, and Pgc-1α mRNA levels were examined
by RT-qPCR. Because C2C12 myoblasts and myotubes did

not express Pgc-1α mRNA signiﬁcantly (data not shown),
we used primary myosatellite cells from rat plantaris muscle.
Consistent with the reporter assay results (Figure 1), the
oolong tea leaf extract decreased Pgc-1α mRNA expression,
whereas cassava starch pulp or dehulled soybean meal
extracts did not affect Pgc-1α expression (Figure 4A).
Forskolin treatment increased Pgc-1α expression as expected
(Figure 4A). The extracts from tea waste silage also had the
ability to down-regulate Pgc-1α expression (Figure 4B).
Unlike Pgc-1α transcription, Pgc-1α mRNA level was
decreased also by the tea waste extract (Figure 4B); the
inconsistent result between the reporter assay and expression
at the mRNA level may be due to (1) transcriptional repression via a region not contained in the Pgc-1α reporter gene
or (2) post-transcriptional regulation such as mRNA stability.
The present study identiﬁes tea leaves and their by-products
as negative regulators of Pgc-1α expression. As described
previously, muscle ﬁbre type is modulated by the expression
level of Pgc-1α; higher expression of Pgc-1α increases the
proportion of slow-twitch oxidative muscle ﬁbre type,11
whereas the suppression of Pgc-1α expression increases fasttwitch glycolytic muscle ﬁbre type.9 Therefore, tea leaves
and their by-products may act as a switch of muscle ﬁbre
types, although future studies should be carried out to clarify
whether they affect muscle ﬁbre types through modulation
of Pgc-1α expression in vivo.
Pgc-1α transcription is accelerated through calcium signaling pathway in skeletal muscle; activation of calcineurin
stimulates Pgc-1α transcription mediated by activated
CREB and MEF2.18 In addition, Pgc-1α expression is enhanced by glucagon and glucocorticoid signaling in liver.18
Although mechanisms underlying why tea leaves and their
by-products inhibit Pgc-1α transcription are unclear, the inhibition may be elicited by negative regulation of the transcriptional activation.

raw silage raw silage raw silage
blue tea
green tea
black tea
waste
waste
waste

Figure 3. Transcriptional repression of Pgc-1α(-2553)-luc by extracts of tea
waste and its silage in C2C12 cells. C2C12 cells were transiently transfected
with Pgc-1α(-2553)-luc and pRenilla-luc and were treated with vehicle or
the indicated extract for 24 h. Fireﬂy luciferase activity was normalized to
Renilla luciferase activity, and the ﬁreﬂy luciferase activity in the cell lysates
treated with vehicle was set to 1. Data are expressed as the mean ± SE
(n = 3). † and **: P < 0.10 and P < 0.01, respectively, vs. vehicle

vehicle

forskolin

dehulled soybean meal

cassava starch pulp

oolong tea

B

vehicle

A

raw silage raw silage raw silage
green tea
black tea oolong tea

Figure 4. Downregulation of Pgc-1α expression by extracts of tea waste and its silage in primary myosatellite cells. Myosatellite cells from rat plantaris muscle
were differentiated into myotubes by reducing the serum concentration of the culture medium. After simulating differentiation, the cells were treated with the
indicated extract or forskolin 12 days. Pgc-1α mRNA levels were examined by reverse transcription-quantitative polymerase chain reaction and normalized to β-actin
mRNA levels. The expression level in cells treated with vehicle was set to 1. Data are expressed as the mean ± SE (n = 6). **: P < 0.01 vs. vehicle
Cell Biochem Funct 2014; 32: 236–240.
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Considering that Pgc-1α expression levels in skeletal
muscle are positively correlated with the health beneﬁts described previously,8,9 tea leaves and their by-products may
have a negative effect on skeletal muscle Pgc-1α-mediated
improvement of whole-body health in humans. However,
the downregulation of Pgc-1α expression may be beneﬁcial
to beef production. Beef colour is one important factor in
determining the wholesale price of beef in Japan. The dark
red colour of beef decreases the commodity value of beef
in Japan; Japanese consumers prefer lightly coloured beef.
Muscle ﬁbre type affects beef colour; longissimus muscle
and psoas major muscle are a mixture of fast-twitch and
slow-twitch muscle ﬁbres; slow-twitch muscle ﬁbres are
reddish, and fast-twitch muscle ﬁbres are whitish. Thus,
the tea leaves and their by-products could potentially enable
the production of the preferred colour of beef through
increased proportion of fast-twitch muscle ﬁbres mediated
by the downregulation of Pgc-1α expression. Furthermore,
considering the correlation between slow-twitch muscle
ﬁbre content and cooking loss, a beef quality trait,19 tea
leaves and their by-products may be effective at improving
beef quality by decreasing cooking loss. Effects of muscle
ﬁbre type in beef on human nutrition are unknown. Comparison of amino acid composition between fast-twitch myosin
and slow-twitch myosin indicates no substantial difference
(data not shown).
Canned and bottled tea drinks have become a favourite beverage in Japan. Over 100 000 t of tea waste per year are emitted
from beverage companies; however, much of these wastes are
burned or composted.14 Tea waste can be preserved by ensiling
because of its high moisture content, thus tea waste silage
would be a practical feedstuff to improve beef production.
Downregulation of Pgc-1α expression by tea leaf byproducts may also lead to an improvement of fattening
efﬁcacy, i.e. weight gain per feed intake. Transgenic mice
with elevated muscle Pgc-1α expression are resistant to
age-related obesity;8 one of the underlying the events in this
process is increased energy expenditure resulting from Irisin
production and secretion from the skeletal muscle in
response to the upregulation of skeletal muscle Pgc-1α
expression.20 Future studies should identify the speciﬁc
molecule(s) in the extract of tea leaves and their by-products
that represses Pgc-1α expression, and how these molecule(s)
induce transcriptional repression. Considering the abundance
of various phenols, polyphenols and tannins in tea leaves,21,22
these compounds could be candidates.

ET AL.
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a b s t r a c t
We previously revealed that endogenous bone morphogenetic protein (Bmp) activity is required for lipid
accumulation in 3T3-L1 adipocytes. The present study characterized the role of endogenous Bmp activity
in preadipocytes. Endogenous Bmp activity was monitored by analyzing the level of phosphorylation of
Smad1/5/8, downstream molecules in the Bmp pathway. Higher levels of phosphorylated Smad1/5/8
were detected in adipogenic cells but not in non-adipogenic cells prior to differentiation induction.
The inhibition of the Bmp pathway during this period decreased the expression of Pparc2 and C/ebpa,
which are transcription factors responsible for adipocyte differentiation. The expression of these transcription factors were also down-regulated by Bmp4 knockdown. In addition, endogenous Bmp4 was
required for the repression of Intrleukin-11 expression. Endogenous Bmp4 in preadipocytes is indispensable for the onset of the adipogenic program, and may help to maintain the preadipocytic state during
adipocyte differentiation.
 2013 Elsevier Ltd. All rights reserved.

1. Introduction
In addition to its role as the major energy-storage tissue, adipose tissue integrates a wide array of homeostatic processes by
secreting various cytokines. Because excess and deﬁcient levels
body fat are related to various (patho-)physiological conditions,
optimal body fat mass is essential for the maintenance of health
[1]. The amount of adipose tissue is determined by the size and
number of adipocytes. Adipocyte size largely reﬂects the amount
of stored triglycerides, whereas adipocyte number is regulated by
the commitment of mesenchymal stem cells in the adipocyte lineage and by the proliferation and differentiation of preadipocytes.
Peroxisome proliferator-activated receptor c (Pparc, a nuclear hormone receptor, is the dominant regulator for adipocyte differentiation, and various molecules including growth factors and
hormones affect adipogenesis through the modulation of Pparc
expression and activity [2].
Bone morphogenetic proteins (Bmps), members of the transforming growth factor-b (Tgf-b) family, regulate diverse physiological processes including adipose tissue formation [3]. The role of
Bmps in the commitment of pluripotent stem cells to the adipocyte
⇑ Corresponding author. Tel.: +81 75 753 6055; fax: +81 75 753 6344.
E-mail address: mfunaba@kais.kyoto-u.ac.jp (M. Funaba).
Present address: Department of Animal Bioscience, Faculty of Bioscience,
Nagahama Institute of Bio-Science and Technology, Nagahama 526-0829, Japan.
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lineage (adipocyte progenitors) has been well established [4]. The
addition of Bmp4 to the culture medium stimulated the adipocyte
differentiation of multipotential C3H10T1/2 cells [5,6] and mouse
embryonic ﬁbroblasts [7]. A33 cells, a subline of C3H10T1/2 cells
treated with the DNA methylation inhibitor 5-azacytidine, were
committed to the adipocyte lineage and highly expressed and secreted Bmp4 [8]. In contrast, the roles of Bmps in the differentiation of preadipocytes into adipocytes are controversial; treatment
with Bmp2 decreased insulin-induced lipid accumulation in 3T3F442A preadipocytes [9], whereas Bmp7 stimulated the adipocyte
differentiation of 3T3-L1 preadipocytes [10].
3T3-L1 preadipocytes are frequently used as a cell model for
adipocyte differentiation. In a standard differentiation program,
growth-arrested conﬂuent 3T3-L1 preadipocytes are treated with
the appropriate hormonal agents, which induce synchronous reentrance into the cell cycle and undergo at least 2 rounds of mitosis,
referred to as mitotic clonal expansion. Subsequently, the preadipocytes exit the cell cycle and begin to differentiate into adipocytes
[11]. We previously analyzed endogenous Bmp activity during the
adipocyte differentiation of 3T3-L1 activity was higher before differentiation induction, and the inhibition of this activity decreased
lipid accumulation [12]. These results suggest a novel activity of
Bmp in preadipocytes, but the following points remained to be
clariﬁed: (1) the levels of endogenous Bmp activity in the other
adipogenic and non-adipogenic cells, (2) the effects of exogenous
Bmp after differentiation induction in 3T3-L1 cells, (3) the

1043-4666/$ - see front matter  2013 Elsevier Ltd. All rights reserved.
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Table 1
Oligonucleotide PCR primers for RT-qPCR.
Oligonucleotide

GenBank accession number

0

Actr2a
Actr2b
Alk2
Alk3
Bmp4
Bmpr2
C/ebpa
Fabp4
Hprt1
Interleukin-11
Lox
Pparc2
Pref-1
Zfp423

0

5 -primer

3 -primer

50 -CCCTCCTGTACTTGTTCCTACTCA-30
50 -GCTCAGCTCATGAACGACT-30
50 -AGGGCTCATCACCACCAAT-30
50 -TGACCTGGGCCTAGCTGTTA-30
50 -GAGGAGTTTCCATCACGAAGA-30
50 -TGGGAGGTGTTTATGAGGTGT-30
50 -CAAGAACAGCAACGAGTACCG-30
50 -AAGGTGAAGAGCATCATAACCCT-30
50 -TCCTCCTCAGACCGCTTTT-30
50 -CGCCGTTTACAGCTCTTGA-30
50 -CAGGCTGCACAATTTCACC-30
50 -TGCTGTTATGGGTGAAACTCTG-30
50 -CGGGAAATTCTGCGAAATAG-30
50 -CGTGAAGTTCGAGAGTGCTG-30

50 -GCAATGGCTTCAACCCTAGT-30
50 -CTCTGCCACGACTGCTTGT-30
50 -GCCACTTCCTGATGTACACG-30
50 -TTCAGGCTTTCATCCAGCA-30
50 -GCTCTGCCGAGGAGATCA-30
50 -GAAAAGCCATCTGGTAATCTGG-30
50 -GTCACTGGTCAACTCCAGCAC-30
50 -TCACGCCTTTCATAACACATTCC-30
50 -CCTGGTTCATCATCGCTAATC-30
50 -CAGGGGGATCACAGGTTG-30
50 -CAAACACCAGGTACGGCTTT-30
50 -CTGTGTCAACCATGGTAATTTCTT-30
50 -TGTGCAGGAGCATTCGTACT-30
50 -GGCACTTGATACACTGGTACGTC-30

identities of the molecule(s) responsible for the higher Bmp activity prior to differentiation induction in 3T3-L1 cells, and (4) the
possible target process(es) involved in the progression of the adipogenic program. In this study, we explored these unknowns to
understand the precise role of Bmp during adipogenesis.
2. Materials and methods
2.1. Materials
The following reagents were purchased: dorsomorphin (compound C: 6-[4-(2-piperidin-1-yl-ethoxy)phenyl]-3-pyridin-4-ylpyrazolo[1,5-a] pyrimidine) was from Calbiochem (La Jolla, CA,
USA);LDN-193189 was from Stemgent (San Diego, CA, USA);puriﬁed Tgf-b1 was from Becton Dickinson (Franklin Lakes, NJ, USA);recombinant Activin A, Bmp2 and Bmp4 were from R & D Systems
(Minneapolis, MN, USA);rabbit polyclonal antibody against phospho-Smad1
(Ser463/Ser465)/Smad5
(Ser463/Ser465)/Smad8
(Ser426/Ser428) (#9511) and rabbit polyclonal antibody against
phospho-Smad2 (Ser465/Ser467) were from Cell Signaling
Technology (Danvers, MA, USA);and rabbit monoclonal antibody
against Smad1 (ab33902), rabbit polyclonal antibody against
Smad2 (ab63576), and mouse monoclonal antibody against and
b-actin (AC-15) were from Abcam (Cambridge, MA, USA).
2.2. Cell culture
3T3-L1 preadipocytes were cultured and differentiated as described previously [12]. Bovine stromal–vascular (SV) cells were
isolated from perirenal adipose tissues as follows. The tissues from
28- to 32-month-old Japanese Black steers were digested by with
type I collagenase (1 mg/ml) in Hank’s balanced salt solution containing penicillin (100 U/ml), streptomycin (100 lg/ml) and
amphotericin B (250 ng/ml) and subsequently ﬁltered through a
250 lm nylon mesh ﬁlter to remove undigested tissue fragments
and debris. After centrifugation, the cell pellet consisting of SV cells
containing preadipocytes was washed with growth medium, i.e.,
Dulbecco’s modiﬁed Eagle’s medium (DMEM) containing 10%
FBS, ascorbic acid phosphate magnesium salt (100 lM) and antibiotics, followed by resuspension in the growth medium containing
10% DMSO and storage in liquid nitrogen. The adipocyte differentiation of the SV cells was induced as described previously [13]. Two
days after reaching conﬂuence (day 0), cells were cultured in the
growth medium in the presence of differentiation inducers (3-isobutyl-1-methylxanthine (0.5 mM), dexamethasone (0.25 lM) and
insulin (10 lg/ml)) for 2 days, followed by culture with insulin
(5 lg/ml) in the growth medium. To investigate the effects of
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NM_033327

dorsomorphin and LDN-193189 on adipocyte differentiation, dorsomorphin (10 lM) or LDN-193189 (100 nM) dissolved in DMSO
was added to the culture medium for the indicated period; treatments with the concentration of the inhibitors effectively blocked
Bmp-induced phosphorylation of Smad1 and transcriptional activation of a Bmp-responsive gene Id1 [14,15]. An equal concentration of DMSO (0.1%) was used as a control. Lipid accumulation
was examined by Oil Red O staining on day 8. The images were obtained by scanning stained wells (GT-9400UF;EPSON, Tokyo, Japan). Subsequently, dye was extracted with 2-propanol. The
absorbance of the solution was measured at 510 nm for quantiﬁcation [12].
2.3. Western blotting
To examine changes in phosphorylated Smad1/5/8 expression
over time, cells were recovered in 200 mM phosphate buffer, pH
7.4, 2 M NaCl, 2 mM Na3VO4, 1 mM PMSF and 1% aprotinin and
then lysed by ultrasonication. DNA content was measured by the
method of Labarca and Paigen [16]. Samples containing equal
amounts of DNA were subjected to SDS–PAGE, followed by immunoblotting as described previously [17]. The reacted proteins were
visualized using the ECL Plus Western Blotting Detection System
(GE Healthcare) according to the manufacturer’s protocol. After
stripping the antibodies and the detection reagents, the membranes were reprobed with anti-Smad1 antibody or anti-b-actin
antibody.
To examine effects of protein kinase inhibitors on ligand-induced Smad phosphorylation, cells were cultured in medium with
0.2% FBS for 4 h, treated with vehicle (DMSO), dorsomorphin
(5 lM) or LDN-193189 (100 nM) with 0.2% FBS for 20 min, and
subsequently stimulated with Tgf-b1 (200 pM), Activin A (4 nM)
or Bmp2 (4 nM) in the presence of the kinase inhibitor for 1 h.
2.4. RT-qPCR
RNA isolation and RT-qPCR were performed as described previously [12]. The oligonucleotide primers for RT-qPCR are presented
in Table 1. The Ct value was determined, and the abundances of
gene transcripts were calculated from the Ct value using Hprt1 as
the normalization gene.
2.5. Double-stranded RNA transfection
Double-stranded RNAs (dsRNAs) targeting the expression of
Bmp4 and green ﬂuorescent protein (GFP) were synthesized by BONAC corporation (Kurume, Japan). The coding sequence of the

140

M. Suenaga et al. / Cytokine 64 (2013) 138–145

A

Fig. 1. Endogenous Bmp activity is higher prior to differentiation induction in 3T3L1 cells. Phosphorylation status of Smad1/5/8 during adipocyte differentiation in
3T3-L1 and NIH-3T3 cells. 3T3-L1 and NIH-3T3 cells were stimulated with
differentiation inducers for 2 days starting on day 0. Samples containing 1 lg of
DNA were subjected to Western blotting to detect phosphorylated Smad1/5/8 at Cterminal serines (upper panel). The membranes were re-blotted with an antibody
against Smad1 (middle panel) or b-actin (lower panel).

dsRNA for GFP is as described previously [16]. Four oligonucleotides were designed to target Bmp4, 5’-GUUGAAAAAUUAUCAGGAGAU-3’ (set 1), 5’-CUCCUGAUAAUUUUUCAACAC-3’ (set 1), and 5’CAGACUAGUCCAUCACAAUGU-3’ (set 2), and 5’-AUUGUGAUGGACUAGUCUGGU-3’ (set 2). To make dsRNA, the two oligonucleotides
of each set were mixed, and 1:1 mixtures of the dsRNA were prepared. dsRNA transfection was performed using the Lipofectamine
RNAiMAX regent (Invitrogen: Carlsbad, CA, USA) according to the
manufacturer’s protocol.
2.6. Plasmids and reporter assay
BRE-luc was kindly provided by Dr. P. ten Dijke. The other reporter genes were constructed by a PCR-based method, and all
constructs were veriﬁed by DNA sequencing. Luciferase-based reporter assays were conducted as described previously [18]. 3T3L1 cells were transiently transfected with the indicated ﬁreﬂy
luciferase-based reporter construct using Lipofectamine LTX reagent (Invitrogen). A Renilla reniformis luciferase vector driven by
the thymidine kinase promoter (Renilla-luc; Promega, Madison,
WI, USA) was co-transfected to serve as an internal control for
transfection efﬁciency. At 24 h after transfection, the cells were
treated with Bmp4 (4 nM) for 16 h. Fireﬂy luciferase activity was
normalized to Renilla luciferase activity, and the luciferase activity
in the cell lysate in the absence of ligand was set to 1.

A

B

C

D

B

C

Fig. 3. Endogenous Bmp activity prior to differentiation induction is required for
efﬁcient lipid accumulation in 3T3-L1 cells. (A) Smad phosphorylation in response
to the Tgf-b family in 3T3-L1 cells treated with dorsomorphin or LDN-193189. 3T3L1 cells at 70% conﬂuence were pre-treated with dorsomorphin (DM: 5 lM), LDN193189 (LDN: 100 nM) or DMSO as a vehicle control (V) for 20 min, followed by
treatment with Tgf-b1 (200 pM), Activin A (4 nM) or Bmp2 (4 nM) for 1 h.
Phosphorylated Smad1/5/8 (upper panel) and Smad2 (third panel) were examined by
Western blotting, and the membranes were then re-blotted for total Smad1 (second
panel) and Smad2 (fourth panel). (B) Effects of dorsomorphin and LDN-193189 on
Bmp-mediated transcription. 3T3-L1 cells were transiently transfected with BREluc and Renilla-luc and treated with dorsomorphin (DM: 5 lM), LDN-193189 (LDN:
100 nM) or DMSO as a vehicle control (V) for 20 min, followed by treatment with or
without Bmp4 (4 nM) for 16 h. Fireﬂy luciferase activity was normalized to Renilla
luciferase activity, and the luciferase activity in cell lysates in the absence of Bmp4
and inhibitors was set to 1. Data were expressed as the mean ± SE of triplicates from
a representative experiment. (C) Suppression of lipid accumulation by the inhibition of Bmp activity in 3T3-L1 cells. Dorsomorphin (DM: 5 lM), LDN-193189 (LDN:
100 nM) or DMSO as a vehicle control (V) was added to the culture medium from
day 2 to day 0, and lipid accumulation on day 8 was examined by Oil Red O
staining (upper panel). After staining, the dye was extracted with 2-propanol, and
the amount was quantiﬁed by measuring the absorbance at 510 nm. The
absorbance of the extracted dye from cells treated with vehicle was set to 100.
Data are expressed as the mean ± SE of quadruplicates. P < 0.01 vs. vehicle. (For
interpretation of the references to colour in this ﬁgure legend, the reader is referred
to the web version of this article.)

E

Fig. 2. Expression of Bmp receptors dynamically changes during adipogenesis in 3T3-L1 cells. Time-course changes in the gene expression of Alk2 (A), Alk3 (B), Actr2a (C),
Actr2b (D) and Bmpr2 (E) during adipogenesis were examined by RT-qPCR analyses in 3T3-L1 cells. The gene transcript levels were examined on day 4, 2, 1, 0, 1, 2, 4, 6
and 8, and are expressed as ratios relative to Hprt1 expression, with the level in 3T3-L1 cells on day 4 set to 1. Data are expressed as the mean ± SE of quadruplicates.
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A

B

Fig. 4. Exogenous Bmp does not affect lipid accumulation in 3T3-L1 cells (A and B)
Limited effect of exogenous Bmp on lipid accumulation in 3T3-L1 cells. Bmp2
(4 nM) was added to the culture medium for the indicated period (A), and lipid
accumulation on day 8 was examined by Oil Red O staining (B, upper panel). After
staining, the dye was extracted with 2-propanol, and the amount was quantiﬁed by
measuring the absorbance at 510 nm. The absorbance of the extracted dye from
cells treated with vehicle was set to 100 (B, lower panel). Data are expressed as the
mean ± SE of quadruplicates.
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to Bmp just before the differentiation stimulation and lower after
the stimulation.
Dorsomorphin was identiﬁed as an inhibitor of the Bmp pathway by screening for compounds that disrupt dorsoventral axis
formation, which is governed by Bmp, in zebraﬁsh [14]. Subsequently, LDN-193189 was synthesized as a structurally related
compound capable of efﬁciently inhibiting Bmp4-induced
Smad1/5/8 phosphorylation in murine pulmonary artery smooth
muscle cells [21]. To examine the ability of the compounds to inhibit Bmp signaling in 3T3-L1 cells, ligand-induced Smad phosphorylation (Fig. 3A) and Bmp-mediated transcriptional activation
(Fig. 3B) were evaluated. Pretreatment with dorsomorphin or
LDN-193189 effectively inhibited the Bmp2-induced phosphorylation of Smad1/5/8 (Fig. 3A, upper panel, lanes 4, 8 and 12). As in the
other cell types [18,22–25], treatment of 3T3-L1 cells with Tgf-b1
induced the phosphorylation of Smad1/5/8 (Fig. 3A, upper panel,
lanes 1 and 2), which was also partially inhibited by pretreatment
with dorsomorphin but not with LDN-193189 (Fig. 3A, upper panel, lanes 6 and 10). The phosphorylation and activation of Smad2
is a canonical Tgf-b1 and Activin A pathway [19]. Dorsomorphin
and LDN-193189 did not affect the Tgf-b1- or Activin A-induced
phosphorylation of Smad2 (Fig. 3A, third panel, lanes 2, 3, 6, 7,
10 and 11). Luciferase-based reporter assays also showed that both
dorsomorphin and LDN-193189 effectively blocked Bmp4-induced
expression of BRE-luc, a sensitive Bmp-responsive reporter gene
[26] (Fig. 3B). These results indicate that dorsomorphin and

A

2.7. Statistical analyses
Data are expressed as the mean ± SEM. Differences between
treatments were examined by Student’s t-test. Differences of
P < 0.05 were considered signiﬁcant.

B

3. Results and discussion
Bmp transmits signals through the phosphorylation of Smad1/
5/8 at the C-terminus after complex formation with ligand, type I
receptors and type II receptors [19,20]. Phosphorylated Smad1/5/
8 levels were monitored to evaluate endogenous Bmp activity during adipocyte differentiation (Fig. 1). Consistent with a previous
study [12], the intensity of the bands was higher for 3T3-L1 preadipocytes on day 2 (lane 1) and gradually decreased with the progression of differentiation (lanes 2–8). NIH-3T3 cells did not
signiﬁcantly differentiate into cells with lipid droplets, even if cells
were treated using the differentiation protocol for 3T3-L1 cells
(data not shown). Unlike 3T3-L1 cells, NIH-3T3 cells did not exhibit
higher levels of phosphorylated Smad1/5/8 expression prior to
treatment with differentiation inducers (Fig. 1, lane 9), although
the expression levels on days 1, 2 and 10 were relatively higher
(lanes 11, 12 and 16).
We next evaluated time-course changes in expression of Bmp
receptors during adipogenesis in 3T3-L1 cells (Fig. 2). Alk2, Alk3
and Alk6 are type I receptors for Bmp, whereas Actr2a, Actr2b
and Bmpr2 function as type II receptors for Bmp [19,20]. No significant expression of Alk6 was detected throughout the adipogenesis
of 3T3-L1 cells (data not shown). Expression level of all the Bmp
receptors, except for Actr2b, tended to increase from day 4 to
day 0, and decrease in response to the differentiation stimulation.
Thereafter, the decreased level continued at least to day 8. Actr2b
expression tended to increase day 4 to day 1, and increase again
from day 6 to day 8. Changes in Bmp receptor expression during
adipogenesis suggest that responsiveness to Bmp changes before
and after the differentiation stimulation, i.e., higher responsiveness
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Fig. 5. Endogenous Bmp activity prior to differentiation induction is also required
for lipid accumulation in bovine SV cells (A) Phosphorylation status of Smad1/5/8
during adipocyte differentiation in bovine SV cells. Bovine SV cells were stimulated
with differentiation inducers for 2 days starting on day 0. Samples containing 1 lg
of DNA were subjected to Western blotting to detect Smad1/5/8 phosphorylated at
C-terminal serines (upper panel). The membranes were re-blotted with an antibody
against Smad1 (middle panel) or b-actin (lower panel). (B and C) Suppression of lipid
accumulation by the inhibition of Bmp activity in bovine SV cells. Dorsomorphin
(5 lM) or DMSO as a vehicle control was added to the culture medium for the
indicated period (B), and lipid accumulation on day 8 was examined by Oil Red O
staining (C, upper panel). After staining, the dye was extracted with 2-propanol, and
the amount was quantiﬁed by measuring the absorbance at 510 nm. The
absorbance of the extracted dye from cells treated with vehicle was set to 100 (C,
lower panel). Data are expressed as the mean ± SE of quadruplicates. and P < 0.05
and 0.01, respectively, vs. vehicle. (For interpretation of the references to colour in
this ﬁgure legend, the reader is referred to the web version of this article.)
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B
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Fig. 6. Inhibition of Bmp activity prior to differentiation induction inhibits
adipocyte differentiation in 3T3-L1 cells Effects of inhibition of Bmp activity prior
to differentiation induction on adipocyte differentiation. Dorsomorphin (5 lM) or
DMSO as a vehicle control was added to the culture medium from day -2 to day 0.
The gene transcript levels of Pparc2 (A), C/ebpa (B) and Fabp4 (C) on day 8 were
measured by RT-qPCR and are expressed as ratios relative to Hprt1 expression, with
the level in 3T3-L1 cells treated with vehicle set to 100. Data shown are the
mean ± SE (n = 4). P < 0.01 vs. control.

LDN-193189 selectively inhibit Bmp-induced phosphorylation of
Smad1/5/8 in 3T3-L1 cells.
To examine the role of the high Bmp activity in preadipocytes,
3T3-L1 cells were treated with dorsomorphin or LDN-193189 before differentiation induction, i.e., from day 2 to day 0, and lipid
accumulation was evaluated on day 8. Although LDN-193189
was less effective, both inhibitors inhibited lipid accumulation, as
demonstrated by lower lipid levels on day 8 (Fig. 3C). The
reason of the less potency of LDN-193189 on lipid accumulation,

A

D

irrespective of compatible inhibition of Bmp4-mediated transcriptional activation between dorsomorphin and LDN-193189, is currently unknown. Dorsomorphin inhibits not only the Bmp
pathway but also the AMPK pathway; dorsomorphin, also known
as compound C, is originally identiﬁed as the AMPK inhibitor
[27]. It is possible that the AMPK activity is involved in lipid accumulation of 3T3-L1 cells; endogenous AMPK activity was detected
in 3T3-L1 preadipocytes [12]. Whatever the reason may be, these
results deﬁnitely suggest that the high Bmp activity in preadipocytes is necessary for lipid accumulation. Alternatively, decreasing
Bmp activity in response to differentiation induction may be required for efﬁcient lipid accumulation. Thus, the effects of additional Bmp on lipid accumulation were examined in 3T3-L1 cells
(Fig. 4). Bmp2 was added to the culture medium for various periods
of time (Fig. 4A), and lipid accumulation was evaluated by Oil Red
O staining on day 8. The presence of additional Bmp2 after differentiation induction did not affect lipid accumulation in 3T3-L1
cells (Fig. 4B). As described above, the inconsistent results have
been reported on the role of exogenous Bmps in adipogenesis
[9,10]. The precise reason of the results is unknown; the discrepancy may relate to subtle differences in cell systems or culture
conditions.
The role of endogenous Bmp activity in adipogenic cells other
than 3T3-L1 cells was next evaluated. Bovine SV cells can be differentiated into adipocytes in response to treatment with the differentiation inducers used on 3T3-L1 cells [13]. Endogenous Bmp
activity was relatively constant during the adipocyte differentiation of SV cells (Fig. 5A). As in 3T3-L1 cells, treatment with dorso-

B

C

E

Fig. 7. Down-regulation of Bmp4 prior to differentiation is sufﬁcient to inhibit adipocyte differentiation in 3T3-L1 cells (A) The down-regulation of Bmp4 expression in 3T3L1 cells. 3T3-L1 cells were transfected with dsRNA for Bmp4 or GFP on day 3. The gene transcript level of Bmp4 on day 0 was measured by RT-qPCR and expressed as a ratio
relative to Hprt1 expression, with the level in 3T3-L1 cells treated with dsRNA for GFP set to 100. Data shown are the mean ± SE (n = 4). P < 0.01 vs. GFP. (B) Suppression of
lipid accumulation in 3T3-L1 cells transfected with dsRNA for Bmp4. 3T3-L1 cells were transfected with dsRNA for Bmp4 or GFP as a negative control on day -3, and lipid
accumulation on day 8 was examined by Oil Red O staining (upper panel). After staining, the dye was extracted with 2-propanol, and the amount was quantiﬁed by the
measuring absorbance at 510 nm. The absorbance of the extracted dye from cells treated with dsRNA for GFP was set to 100. Data are expressed as the mean ± SE of
quadruplicates. P < 0.01 vs. GFP. (C-E) Inhibition of adipocyte differentiation by knockdown of Bmp4. 3T3-L1 cells were transfected with dsRNA for Bmp4 or GFP on day 3.
The gene transcript levels of Pparc2 (C), C/ebpa (D) and Fabp4 (E) on day 8 were measured by RT-qPCR and expressed as ratios relative to Hprt1 expression, with the level in
3T3-L1 cells treated with dsRNA for GFP set to 100. Data shown are the mean ± SE (n = 4). P < 0.01 vs. GFP.
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morphin prior to differentiation induction but not after differentiation induction decreased lipid accumulation in SV cells (Fig. 5B
and C). All of these results suggest that endogenous Bmp activity
before differentiation induction is necessary for lipid accumulation
during the adipogenic program.
To identify the process that endogenous Bmp activity regulates,
we next examined the expression of genes regulating adipocyte
differentiation. Pparc, a dominant and essential regulator of adipocyte differentiation [28–30], controls the transcriptional pathway
of adipogenesis in concert with CCAAT/enhancer-binding proteina
(C/ebpa [31]. The inhibition of endogenous Bmp activity downregulated the expression of Pparc2 and C/ebpa (Fig. 6A and B). Consistent with these results, the expression of Fabp4, a late differentiation marker of adipogenesis and a representative target gene of
C/ebpa and Pparc [32], was decreased in 3T3-L1 cells pretreated
with dorsomorphin (Fig. 6C). These results suggest that endogenous Bmp activity prior to differentiation induction is responsible
for adipocyte differentiation.
Our previous study indicated that the expression of Bmp4 was
higher in preadipocytes and decreased after day 1 [12]. In view
of the parallel changes in Bmp4 expression and the phosphorylation of Smad1/5/8, Bmp4 may be responsible for the higher Bmp
activity before differentiation induction. The down-regulation of
Bmp4 expression by transfection of cells with dsRNA for Bmp4 on
day 3 to day 0 decreased lipid accumulation on day 8 (Fig. 7A
and B). The treatment also decreased the expression of Pparc2, C/
ebpa and Fabp4 (Fig. 7C–E), suggesting that higher Bmp4 activity
in preadipocytes is indispensable for adipocyte differentiation.
We further explored the molecular process regulated by Bmp4
in 3T3-L1 cells. The gene expression of molecules involved in adipocyte differentiation, including Zfp423, Interleukin-11, Pref-1 and
lysyl oxidase (Lox), was examined. Zfp423 was identiﬁed as a gene
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highly expressed in ﬁbroblasts committed to the adipocyte lineage
and was found to be responsible for adipocyte differentiation
[32,33]. Analysis of the nucleotide sequence from 3 kb to the
transcriptional initiation site of the Zfp423 gene revealed 6 possible
Bmp-responsive elements (BRE: GCCGnCGC) in Drosophila cells
[34] and mammalian cells [35] in the region from nt –883 to nt –
800;5 of these BREs partially overlapped (Fig. 8A). Zfp423 transcription was not decreased by treatment with Bmp inhibitors, and
Bmp4 addition did not increase the expression of Zfp423-luc, even
when the possible BREs were isolated (Fig. 8A and B). Furthermore,
treatment with dorsomorphin or dsRNA for Bmp4 did not signiﬁcantly decrease Zfp423 expression (Fig. 8C). Thus, we concluded
that Zfp423 is not a target gene for endogenous Bmp activity in
preadipocytes.
Interleukin-11 was cloned based on its inhibitory activity on the
differentiation of 3T3-L1 preadipocytes [36]. The knockdown of
Bmp4 signiﬁcantly increased the expression of Interleukin-11 on
day 0 and day 2 in 3T3-L1 cells (Fig. 9A). Pref-1 is highly expressed
in preadipocytes, and down-regulation of the expression of Pref-1
triggers the progression of the adipogenic program [37–41]. Transfection with dsRNA for Bmp4 signiﬁcantly decreased the expression of Pref-1 on day 0 and day 2 (Fig. 9B). Lox was identiﬁed as
a gene that mediates Bmp-induced commitment to the adipocyte
lineage [6]. Transfection with dsRNA for Bmp4 did not decrease
Lox expression (data not shown).
Our previous study revealed that endogenous Bmp activity in
preadipocytes is required for lipid accumulation in adipocytes
[12]. Here, we extend this information: higher expression of
Bmp4 in preadipocytes is indispensable for adipocyte differentiation. Previous studies revealed that a number of molecules are involved in the regulation of adipocyte differentiation, and most of
these studies evaluated effects of the factors by treating with dif-

A

B
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Fig. 8. Zfp423 transcriptional regulation is independent of Bmp activity (A) 3T3-L1 cells were transiently transfected with the indicated reporter gene and Renilla-luc and
treated with or without Bmp4 (4 nM) for 16 h. Fireﬂy luciferase activity was normalized to Renilla luciferase activity, and the luciferase activity in cell lysates in the absence of
inhibitors and Bmp4 was set to 1. Data were expressed as the mean ± SE of triplicates from a representative experiment. (B) 3T3-L1 cells were transiently transfected with
Zfp423(-913)-luc and Renilla-luc and treated with dorsomorphin (5 lM), LDN-193189 (100 nM) or DMSO as vehicle for 16 h. (C) 3T3-L1 cells were transfected with dsRNA for
Bmp4 or GFP on day 3. The gene transcript level of Zfp423 on day 8 was measured by RT-qPCR and expressed as a ratio relative to Hprt1 expression, with the level in 3T3-L1
cells treated with dsRNA for GFP set to 100. Data shown are the mean ± SE (n = 4).
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A

B

Fig. 9. Down-regulation of Bmp4 increases and decreases the expression of
Interleukin-11 and Pref-1, respectively, in 3T3-L1 cells Increased expression of
Interleukin-11 (A) and decreased expression of Pref-1 (B) in response to the downregulation of Bmp4 in 3T3-L1 cells. (A and B) 3T3-L1 cells were transfected with
dsRNA for Bmp4 or GFP on day 3. The gene transcript levels of Interleukin-11 (A)
and Pref-1 (B) on day 0 and day 2 were measured by RT-qPCR and expressed as
ratios relative to Hprt1 expression, with the level in 3T3-L1 cells treated with dsRNA
for GFP set to 100. Data shown are the mean ± SE (n = 4). and P < 0.05 and 0.01,
respectively, vs. GFP.

ferentiation inducers [2]. In contrast, little information is available
on factors affecting preadipocytic properties. The present study
indicates the importance of states prior to differentiation induction
for adipocyte differentiation. The provided basic information
potentially contributes to understanding the control of the number
of adipocytes.
Treatment with Interleukin-11 inhibited the adipocyte differentiation of 3T3-L1 preadipocytes, irrespective of the down-regulation of Pref-1 expression [42]. In view of the well-deﬁned role of
Pref-1 as an inhibitor of adipocyte differentiation [35,37], these results suggest that Interleukin-11 negatively regulates adipogenesis
in a Pref-1-independent manner. Bmp4 produced in preadipocytes
may stimulate adipocyte differentiation through the repression of
Interleukin-11 expression; the expression levels of Interleukin-11
and Pref-1 were increased and decreased, respectively, in 3T3-L1
cells with down-regulated Bmp4 expression.
The present study revealed that higher expression of Bmp4 is
required for the progression of the adipogenic program in preadipocytes that are already committed to the adipogenic lineage. Previous studies indicated that Bmp4 stimulates the commitment of
mesenchymal stem cells to the adipocyte lineage [5–7]. In conclusion, there are at least two roles of Bmp in adipocyte differentiation: a role in inducing the commitment of preadipocytes and a
role in maintaining preadipocytic properties, as revealed in the
present study.
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Contrary, tetraploid silver crucian carp gave eight rDNA
signals. These results suggest that gynogenetic development in eggs spawned by tetraploid females should be
triggered by tetraploid males’ homospeciﬁc sperm.

Abstract Silver crucian carp Carassius auratus langsdorﬁi comprises a diploid-polyploid complex in wild
Japanese populations. Bisexually reproducing diploids are
sympatrically distributed with gynogenetically developing
triploids and tetraploids. Triploid and tetraploid males are
very rare among Japanese silver crucian carp due to their
gynogenetic reproduction. We examined the genetic characteristics of progeny that arose in a tank by natural
spawning of a tetraploid silver crucian carp pair. The
ploidy status of 120 samples randomly collected from these
progeny was determined to be tetraploid by DNA content
ﬂow cytometry. DNA ﬁngerprints from a random ampliﬁed
polymorphic DNA assay indicated that almost all the
progeny examined had genotypes identical to the maternal
tetraploid female with no paternally derived fragments.
Selected specimens’ cytogenetic analyses revealed that the
progeny examined had tetraploid chromosome numbers,
categorized into 40 metacentric, 80 submetacentric, and 80
subtelocentric or telocentric chromosomes, which were
arranged into quartets and six supernumerary microchromosomes. Fluorescence in situ hybridization signals were
detected in four homologous chromosomes in all analyzed
metaphases prepared from diploid goldﬁsh specimens.

Keywords Silver crucian carp Tetraploid
Gynogenesis Flow cytometry RAPD markers
FISH

Introduction
Silver crucian carp C. auratus langsdorﬁi comprises a
diploid-polyploid complex in the wild populations of
Japan. Bisexually reproducing diploids (2n = 100) are
sympatrically distributed with gynogenetically developing
triploids (3n = 156) and tetraploids (4n = 206) [1–3].
Frequencies of tetraploids are much lower than those of
sympatric diploids and triploids [4, 5], and these tetraploids
are considered to arise from triploids by accidental incorporation of a haploid sperm nucleus into a triploid egg
[6–8]. The occurrence of relatively rare tetraploids from
triploids, and the reproductive characteristics of such tetraploid progeny will provide good insights into mechanisms responsible for the origin, diversiﬁcation and
maintenance of such a diploid-polyploid complex in nature.
Thus, the wild tetraploid Japanese silver crucian carp C.
auratus langsdorﬁi has been considered excellent material
to disclose the biological signiﬁcance of polyploidy in ﬁsh
reproduction and evolution.
Because unreduced eggs of both triploids and tetraploids
develop by gynogenesis (sperm-dependent parthenogenesis) without any genetic contributions from males, the
offspring are theoretically an all-female population due to
no contribution by male-determinant Y chromosomes.
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2003, and then transferred and kept at Azabu University.
The rearing population of C. a. langsdorﬁi in the Gunma
Prefectural Fisheries Station was originated from a wild
population of the Jounuma Lake, Gunma Prefecture. The
tetraploid male was transferred to the Nanae Freshwater
Laboratory, Hokkaido University, Nanae, Hokkaido in
2004. No sampling and rearing record of the female C. a.
langsdorﬁi tetraploid individual was available, but it has
been reared together with the tetraploid male in the same
tank. The tetraploid pair ﬁrst reproduced in the tank in
May, 2009 and a large number of progeny have appeared in
the tank since then.
A total of 120 individuals were randomly sampled from
these progeny. Due to their small body sizes (body length,
36–54 mm), sex could not be determined for each individual by naked-eye observation. Fin clips were collected
for somatic cellular DNA content determinations and
stored in 100 % ethanol at -30 C for genomic DNA
extraction. Samples of goldﬁsh Carassius auratus auratus
which were kept in the aquarium of the Environment
Control Experiment Building, Faculty and Graduate School
of Fisheries Sciences, Hokkaido University, Hakodate
City, Hokkaido, were also used as a source of diploid
control samples for these analyses.

Although a high male incidence has been observed among
Chinese silver crucian carp C. auratus gibelio, because
these triploid forms undergo a mixture of allogynogenesis
(gynogenesis triggered by heterospeciﬁc sperm from other
species) and bisexual gonochoristic reproduction [9], both
triploid and tetraploid males are very rare in the Japanese
silver crucian carp C. auratus langsdorﬁi population
[10, 11].
In 2003, we happened to discover a tetraploid male
among samples from a rearing population in the Gunma
Prefecture Fisheries Experiment Station. This male has
been reared in the Nanae Fresh-Water Laboratory, Hokkaido University, Nanae, Hokkaido, since 2004. This male
is kept in a tank along with a conspeciﬁc tetraploid female
whose sampling site and year were not recorded. They
reproduced in this tank by natural spawning, after which a
large number of progeny appeared.
There are three possible genetic results for the progeny
of a pair of tetraploids. (1) When some reduced diploid
eggs are laid by a tetraploid female and then fertilized with
diploid sperm from a tetraploid male, the resulting progeny
are likely to be tetraploids with different genotypes. (2)
Hexaploid progeny with different genotypes may result
when unreduced tetraploid eggs accidentally incorporate a
diploid sperm nucleus from a tetraploid male. (3) If unreduced tetraploid eggs of a tetraploid female initiate gynogenetic development due to the intrusion of diploid sperm
from a tetraploid male, all of these progeny will grow to a
second generation of gynogenetic tetraploids.
In the present study, 120 individuals were randomly
selected from the large population of progeny arising from
a pair of tetraploids and were assessed for their ploidy
status by ﬂow cytometry analysis. Then, using selected
samples, the isogenic characteristics of these progeny were
veriﬁed by random ampliﬁed polymorphic (RAPD) DNAPCR ﬁngerprints. Chromosomes of these progeny were
also prepared and assessed by conventional karyotyping
and rDNA detection using ﬂuorescence in situ hybridization (FISH).

Flow cytometry
Ploidy status of 120 individuals was determined by ﬂow
cytometry analysis using a previously described procedure
[12]. Brieﬂy, ﬁn tissues were minced in DNA-extraction
buffer (Cystain DNA 2 step, Partec GmbH, Münster,
Germany) and then incubated at room temperature for
20 min. Samples were ﬁltered through a 50-lm mesh ﬁlter
(Cell TRICS disposable ﬁlter units, Partec GmbH), after
which 5 volumes of staining solution (Cystain DNA 2 step,
Partec GmbH) containing DAPI (40 ,6-diamidino-2-phenylindole dihydrochloride) were added. DNA contents were
then analyzed using a CyFlow ploidy analyzer (Partec
GmbH). Ploidy status was determined by comparing the
relative DNA content against standard goldﬁsh diploid
DNA content (2C).

Materials and methods
DNA Preparation and RAPD-PCR Reactions
Ethics
Total genomic DNA was isolated from ﬁn-clip samples of
100 individuals by the phenol–chloroform method. RAPD
ampliﬁcation was performed as described previously [13].
From a total of 40 commercially available decamer random
primers (Kits A and B, Operon Technologies, Alameda,
CA, USA), three primers, OPA-07 (Kit A-7: 50 -GAAACG
GGTG-30 ), OPB-05 (Kit B-5: 50 -TGCGCCCTTC-30 ), and
OPB-07 (Kit B-7: 50 -GGTGACGCAG-30 ), were selected
on the basis of a preliminary screening for stable

Research and handling of the animals were performed in
line with the Guide for the Care and Use of Laboratory
Animals at Hokkaido University.
Source of samples
A tetraploid male C. a. langsdorﬁi was found in a rearing
population of the Gunma Prefectural Fisheries Station in
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isothiocyanate, Roche) conjugate. Finally, the slides were
mounted in 100 ll of DABCO (1,4-Diazabicyclo-octane)
antifade solution containing DAPI for counterstaining. The
slides were observed under a Nikon ECLIPSE E800
microscope and images were captured with a Pixera Penguin 150CL-CU CCD camera (Pixera, San Jose, CA,
USA).

ampliﬁcation, reproducible fragment patterns, and the
presence of polymorphisms between parents. The RAPDPCR mixture contained 1.0 ll of a DNA template (100 ng/
ll), 2.0 ll of 10 9 PCR buffer (TaKaRa, Japan), 1.6 ll of
a dNTP mixture (TaKaRa), 0.2 ll of rTaq polymerase
(TaKaRa), 15.2 ll of DDW, and 1.0 ll of a random primer
(20 lM). Ampliﬁcation conditions were 3 min at 95 C as
an initial step, followed by 35 cycles of 95 C for 30 s,
36 C for 1 min for primer annealing, and 72 C for 1 min
for elongation. This was followed by a single ﬁnal step of
primer extension at 72 C for 7 min. Approximately 9 ll
of ampliﬁcation products were separated by 1.5 % agarose
gel electrophoresis in TBE buffer (89 mM Tris, 89 mM
boric acid, 2.2 mM EDTA). Gels were stained with ethidium bromide and photographed on a UV trans-illuminator
using a gel documentation system (Print-graph AE-6915H,
Atto, Tokyo).

Results
After testing all progenies (n = 120), a prominent tetraploid-range DNA content peak (Fig. 1b) was detected
when compared with diploid goldﬁsh as a control (Fig. 1a).
RAPD-PCR was ﬁrst performed for 100 (nos. 1–100) out of
120 tetraploid samples using OPA-07. No paternal contribution was detected by this primer, and the ﬁngerprint
pattern of progeny was identical to that of the maternal
tetraploid female. Furthermore, no variations were detected
among these progeny. Similar isogenic genotypes and all-

Chromosome preparation and karyotype analysis
Immature diploid goldﬁsh and tetraploid silver crucian carp
(total length: 40–65 mm; body weight: 1.0–3.0 g) were
intraperitoneally injected with 50–150 ll of 0.001 % colchicine 3 h prior to sacriﬁce. Gill tissues were removed and
minced ﬁnely with forceps and suspended in goldﬁsh
Ringer’s solution (150 mM NaCl, 3.0 mM KCl, 3.5 mM
MgCl2, 5.0 mM CaCl2, 10 mM HEPES, pH 7.5). After
centrifugation at 1009g for 12 min, the cells were resuspended in 0.075 M KCl hypotonic solution for 40–60 min
at room temperature. Then, the cells were ﬁxed with chilled
Carnoy’s solution (methanol:acetic acid = 3:1) and stored
at -20 C. One droplet of a cell suspension was air-dried
on a slide, which had been cleaned in advance with chilled
50 % ethanol. After Giemsa staining, karyotypes were
analyzed on the basis of metaphase chromosomes,
according to Levan et al. [14].
Fluorescence in situ hybridization
FISH was performed using the 5.8S ? 28S rDNA probe
according to the protocol described by Fujiwara et al. [15]
with minor modiﬁcations. Brieﬂy, human 5.8S ? 28S
rDNA was labeled with biotin-16-dUTP using a nick
translation kit (Roche, Germany). Chromosome metaphase
spread slides (pretreated with RNase) were denatured in
70 % formamide/2 9 SSC (pH 7.0) at 70 C for 2 min,
dehydrated in cold 70 and 100 % ethanol for 10 min each,
and then air dried. Then, 150–200 ng of labeled rDNA
probe was denatured at 75 C for 10 min and quickly
placed on ice before hybridization with each chromosome
slide. After washing in 50 % formamide/2 9 SSC,
2 9 SSC, 1 9 SSC, and 4 9 SSC, ﬂuorescent signals
were generated using an avidin–FITC (N-ﬂuorescein

Fig. 1 Flow cytometry results for relative DNA contents in ﬁn cells
from control diploid goldﬁsh Carassius auratus auratus 2C (a) and a
tetraploid silver crucian carp Carassius auratus langsdorﬁi progeny
4C (b)
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female inheritance by progeny were also veriﬁed in the
same sample set (nos. 1–16) by RAPD-PCR using OPB-05
(Fig. 2).
Fingerprint pattern using OPB-07 primer exhibited no
contribution of fragments speciﬁc to the father in all the
samples examined (n = 16). Samples, except for sample
#3, demonstrated DNA ﬁngerprints identical to their
mother, but a slight variation was found in electropherogram in one out of 16 progeny examined: one maternally
derived fragment was faint or lacking when compared with
other progeny (Fig. 2). However, this variant individual did
not show any polymorphism in ﬁngerprints ampliﬁed by
other primers. These results indicated that almost all the
second generation progeny of the tetraploid female were
genetically isogenic and thus likely a gynogenetically
generated clone without any contribution of paternal genome, and thus almost all the samples examined were likely
genetically identical.

Table 1 Chromosome distributions in somatic cells of diploid
goldﬁsh Carassius auratus auratus and tetraploid silver crucian carp
Carassius auratus langsdorﬁi
Fish

Goldﬁsh

Silver
crucian
carp

Sample
no.

No. of cells with chromosomes
97

98

99

100

204

205

206

Total

1

0

0

0

12

–

–

–

12

2

0

0

0

13

–

–

–

13

3

1

0

0

11

–

–

–

1

–

–

–

–

0

1

9

10

2

–

–

–

–

1

0

10

11

3

–

–

–

–

1

0

11

12

12

Table 1 shows the chromosome distributions determined
for diploid goldﬁsh and tetraploid silver crucian carp
samples. Tetraploid progeny (n = 3) had a modal number
of chromosomes of 4n = 206 (Fig. 3c), whereas control
goldﬁsh (n = 3) had a modal number of 2n = 100
(Fig. 3a). In goldﬁsh, chromosomes were categorized into
20 metacentric (M), 40 submetacentric (SM), and 40
subtelocentric or telocentric (ST/T) chromosomes that
were arranged into 10 M, 20 SM, and 20 ST/T pairs in their
karyotypes (Fig. 3b). In tetraploid progeny, the most
informative spreads gave karyotypes that were categorized
into 40 M, 80 SM, 80 ST/T, and six supernumerary microchromosomes (m). Regular-sized chromosomes were
arranged into 10 M, 20 SM, and 20 ST/T quartets in tetraploid karyotypes (Fig. 3d).
FISH signals using the 5.8S ? 28S rDNA probe were
detected in four chromosomes in all analyzed metaphases
prepared from three goldﬁsh samples (Fig. 4a). Tetraploid
progeny had rDNA signals in eight chromosomes (Fig. 4b).
However, the exact morphologies of rDNA bearing chromosomes and the exact locations of rDNA signals were
difﬁcult to identify.

Discussion
Tetraploid-range DNA contents and isogenic RAPD
genotypes shown in these progeny clearly indicated the
occurrence of gynogenetic development in tetraploid eggs
that were spawned by a tetraploid female after fertilization by a tetraploid male sperm. These results indicated
that sperm from the tetraploid male had triggered gynogenesis in unreduced tetraploid eggs spawned by the
tetraploid female. In the Chinese silver crucian carp C.
auratus gibelio both allogynogenetic and gonochoristic
reproduction are involved [16]. In this species, gynogenesis is initiated only by fertilization with heterospeciﬁc
sperm from other species (allogynogenesis), whereas

Fig. 2 Random ampliﬁed polymorphic DNA (RAPD)-PCR proﬁles
using OPA-07 (top), OPB-05 (middle), and OPB-07 (bottom) primers
for silver crucian carp Carassius auratus langsdorﬁi, tetraploid
parents ($ and #), and their progeny (nos. 1–10). M indicates
molecular size markers
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Fig. 3 Mitotic metaphase
spread (a) and corresponding
karyotype of goldﬁsh Carassius
auratus auratus with 100
chromosomes (b). Mitotic
metaphase spread (c) and
corresponding karyotype of
silver crucian carp Carassius
auratus langsdorﬁi (d) with 206
chromosomes. Arrows indicate
microchromosomes. Scale bars
10 lm

Fig. 4 Mitotic metaphase chromosomes identiﬁed after ﬂuorescence
in situ hybridization (FISH) probing with 5.8S ? 28S rDNA
sequences. Arrows indicate four ﬂuorescent signals (green) in goldﬁsh
Carassius auratus auratus (a) and eight ﬂuorescent signals (green) in

tetraploid silver crucian carp Carassius auratus langsdorﬁi (b). All
metaphase chromosomes were counterstained with 40 ,6-diamidino-2phenylindole dihydrochloride (DAPI). Scale bars 10 lm

normal bisexual fertilization occurs when eggs are fertilized with homospeciﬁc sperm (gonochorism) [16]. As
shown in the present study, eggs from a tetraploid female
initiated gynogenetic development even after fertilization
with homospeciﬁc sperm from a tetralploid male. Among
120 individuals examined, no hexaploid individuals arose
due to the incorporation of a sperm nucleus from the
tetraploid male.

However, an exceptional progeny with a slight difference
was detected by RAPD-PCR using OPB-07 in 16 samples
examined. This result suggests that the tetraploid female
presumably produced large numbers of unreduced clonal
tetraploid eggs as well as a very small number of exceptional
tetraploid eggs with genetic variation. Such variant eggs can
be explained by unusual meiotic recombination during
oogenesis of the tetraploid female. Genetic and cytogenetic
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results showing the involvement of meiotic recombination
by the formation of synapsed bivalents and partially paired
trivalents have been reported in gynogenetic triploid silver
crucian carp [17, 18]. A few tetraploid eggs may undergo
paring and recombination between two homologous and/or
homoeologous chromosomes, because they essentially have
four sets of chromosomes with relatively higher similarities
or afﬁnities. The other possibility may be attributed to
unstable reproducibility of RAPD-PCR itself, in which the
purity of template DNA often affects ampliﬁcation of fragments [19]. Therefore, further study is required to conﬁrm
the presence or absence of genetic variation among tetraploid eggs using more sensitive and reliable genetic markers
such as a microsatellite DNA.
The karyotypes of the goldﬁsh examined here were very
similar to those previously reported for diploid C. auratus
subsp. (2n = 100) and diploid Miyazaki race silver crucian
carp C. auratus langsdorﬁi (2n = 100) [1], which had
20 M ? 40 SM ? 40 ST/T chromosomes. The karyotype of
a tetraploid silver crucian carp C. auratus langsdorﬁi
(4n = 206), obtained from the Kanto district was reported to
be 44 M ? 82 SM ? 80 T [1], similar to our present results.
They had 206 chromosomes, but six supernumerary chromosomes were not distinguished from 200 regular chromosomes. The presence of six microchromosomes found in
the present study suggested that a gynogenetic tetraploid
may have arisen from a triploid with 3n = 156 chromosomes [1] by incorporation of haploid chromosomes.
An rDNA locus with 5.8S ? 18S ? 28S genes and that
with 5S genes are located on different chromosomes in
most taxa [20]. In triploid silver crucian carp C. auratus
gibelio, 5S rDNA signals were detected in three STs [21].
In the present study, rDNA signals were detected in four
chromosomes of diploid goldﬁsh with 2n = 100, whereas
eight signals were detected in chromosomes of tetraploid
silver crucian carp with 4n = 206. These FISH results
indicated that the progeny of silver crucian carp must have
a tetraploid karyotype, including four sets of chromosomes.
However, the exact morphologies of rDNA-bearing chromosomes have not been determined and additional
molecular cytogenetic studies will be required in the near
future.
Gynogenesis usually occurs by preventing the decondensation of a sperm nucleus due to a failure in the
breakdown of the sperm nuclear envelope [22, 23] in ﬁsh
species that spawn unreduced diploid or triploid eggs [13,
24–26]. Unreduced diploid eggs are generated by the
mechanism of premeiotic endomitosis (chromosome
doubling without cytokinesis) in the clonally reproducing
diploid loach Misgurnus anguillicaudatus [13], whereas
clonal triploid eggs are formed by apomixis (i.e., ameiotic
division of oocytes by skipping the ﬁrst meiotic division)
in the silver crucian carp C. auratus gibelio [24, 25] and

C. auratus langsdorﬁi [26], because the formation of a
tripolar spindle may physically inhibit the ﬁrst meiotic
division.
The occurrence of a tripolar spindle is presumably
related to the presence of three sets of chromosomes in
gynogenetic triploid silver crucian carp. If so, then what
would occur in unreduced tetraploid eggs that include four
sets of chromosomes? This is an enigma that needs to be
resolved. In tetraploid eggs with an even number of chromosome sets, normal synapsis and subsequent meiosis can
be predicted, although tetraploid silver crucian carp produce unreduced tetraploid eggs that develop by
gynogenesis.
In tetraploid silver crucian carp, the cytological mechanisms responsible for the formation of unreduced tetraploid
eggs and the initiation of gynogenesis remain to be determined. Our tetraploid population is a reliable set of experimental animals for examining these problems. To identify
these mechanisms, the presence or absence of multipolar
and other unusual spindles must be investigated in the
oocytes of tetraploid silver crucian carp, which can be
induced to undergo ﬁnal maturation by administering 17a20b-dihydroxy-4-pregnene-3-one during in vitro culture
[13, 26]. The conﬁguration of meiotic chromosomes is also
informative for determining the reproductive mode [13].
Furthermore, the second generation progeny of tetraploid silver crucian carp are reliable for generating sexreversed tetraploid males, which are a genetic resource of
diploid spermatozoa for further ploidy manipulations. A
dimorphism of reproductive mode in the tetraploid silver
crucian carp, showing gynogenetic unreduced oogenesis
and reduced spermatogenesis, may provide an excellent
model for reproductive biology in ﬁshes.
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time PCR assay system for simultaneously detecting 16 speciﬁc genes of 16 common foodborne
bacteria occurring mainly in Japan. The target
foodborne pathogens were selected on the basis of
data on foodborne outbreaks5, 6) in Shizuoka Prefecture collected in the past 10 years. Of these, the
following are considered the main causative pathogens of foodborne outbreaks:
,
, enterohaemor(EHEC), enteropathogenic
rhagic
(EPEC), enteroaggregative
(EAEC),
emetic toxin-producing
, TDH-positive
, and
spp. The aim of this study
was to develop a simple, practical, labor-saving,
and eﬀective method for food poisoning examination in the ﬁeld.

Introduction
In foodborne outbreaks, public health administrators must respond promptly and eﬀectively
to prevent the spread of pathogens and the recurrence of food poisoning. To do this, it is necessary
to identify the causative agents of outbreaks as
soon as possible. Traditional culture methods that
have been routinely used require several days to
identify foodborne bacteria. Traditional culture
methods are time-consuming and laborious, since
the necessary culture conditions and nutrient media diﬀer from bacteria to bacteria. Thus, simple
and reasonable methods for simultaneously detecting various food-poisoning bacterial species
are preferable.
Recently, speciﬁc gene sequences have been
identiﬁed in various pathogenic bacteria, and reports on PCR methods targeting the gene sequences of foodborne or waterborne pathogens
have been extensively studied4, 7, 9). In food poisoning tests, these PCR methods are useful for
screening prior to culture. For instance, Fukushima
developed a method for simultaneously
detecting 24 speciﬁc genes of foodborne bacteria
using a relatively low-cost multiplex real-time
PCR system3). However, the system is considered
a little laborious and somewhat impractical to use
in the ﬁeld.
Here, we designed a modiﬁed duplex real-

Materials and Methods
The 11 species of foodborne bacteria (
,
spp.,
spp.,
,
,
,
,
,
, and
), including ﬁve groups of
[EHEC, EPEC, EAEC, enteroinvasive
(EIEC), and enterotoxigenic
(ETEC)]
(emetic toxin-producand two groups of
) were
ing
and enterotoxigenic
used as control for PCR analysis.

e-mail: murakami@azabu-u.ac.jp

DNA was extracted from bacterial cultures
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and stool samples with a QIAamp DNA Stool Mini
kit (Qiagen) according to the manufacturerʼs instructions.

in feces and then assessed its usefulness. The present PCR system allows us to simultaneously analyze 16 speciﬁc genes of foodborne pathogens in
up to nine fecal samples. There are many kinds of
foodborne bacteria. In this study, we selected only
16 major foodborne bacteria and set a larger m
distance in duplex PCR between the target geneʼs
products in this study than in a previous study3).
The Tm diﬀerences were suﬃcient to unequivocally distinguish between two given foodborne
bacteria. The speciﬁcity of the present PCR assay
was veriﬁed using three strains for each of the 16
target genes (a total of 48 strains). The detection
limit, ranging from 103 to 106 CFU per gram of
stool sample (CFU/g), was determined to be as
and
follows: 103 CFU/g for
and 104 to 105
ETEC, 106 CFU/g for
CFU/g for the other foodborne bacteria. This sensitivity was suﬃcient for practical screening.
The set of eight PCR duplex assays used in
this study was evaluated to detect the causative
bacteria in feces in 12 cases of foodborne-related
outbreaks in Shizuoka Prefecture (Table 2). In all
the 12 cases examined, the duplex PCR assay detected the causative bacteria from at least one of
three fecal samples. Figure 1 shows the detection
of a
-speciﬁc gene using primer set B
(Table 1) in case 3. In the duplex PCR assay with
this primer set B, each PCR product showed a different Tm curve.
was detected in six of
seven stool specimens (S1‒S7) from the symptomatic patients. Consistent with these molecular
data,
was isolated from six corresponding samples by the culture method (Table 2). The
presence of causative agents presumed from the
duplex PCR assay was thus conﬁrmed from the
results of bacterial culture. In case 3,
-posi(EAEC)
tive
and
-positive
were also simultaneously detected using primer
set F from one of seven fecal specimens and
primer set G from three of seven fecal specimens.
Such occurrence of multiple foodborne bacterial
pathogens was observed in 8 of 12 cases, which
were demonstrated using the present duplex PCR
assay system. In case 10,
was rapidly and successfully detected in two patients by the PCR method, but not by the routine
culture method. In cases 9 and 12, the number of
positive results obtained by the PCR assay was
less than that obtained by the conventional culture method. This might be due to the insuﬃcient

The 16 primer pairs were used to detect the
above 11 species of foodborne bacteria. These
primer pairs for 16 target genes were selected
from previous reports (see Table 1 references).
The primer sequence is listed in Table 1.

Duplex SYBR Green real-time PCR was performed in 8 lines (12 wells per line) on a 96-well
reaction plate using ABI7500 Real-Time PCR systems (Applied Biosystems). One line included a
negative control (water), two lines included positive controls, and nine lines included template
DNA samples from nine fecal samples. Real-time
PCR was performed for a total volume of 20 μ .
Each reaction well contained 10 μ of SYBR Premix DimerEraser (TaKaRa, Japan), 0.4 μ of ROX
Reference Dye II (50×), 4.4 μ of PCR-grade H2O,
0.8 μ of a 10 μM primer set for each of two target
genes, and 2 μ of sample DNA in a 20 μ PCR
mixture. The assay cycling proﬁle was one cycle
of 95℃ for 30 sec followed by 30 cycles of denaturation at 95℃ for 5 sec and annealing at 55℃ for
34 sec and then at 72℃ for 40 sec, and ﬁnally a
dissociation stage of one cycle each at 95℃ for 15
sec, at 60℃ for 60 sec, and at 95℃ for 15 sec. The
sizes and melting point temperatures ( mʼs) of the
PCR products are listed in Table 1.
Reaction speciﬁcity was determined on the
basis of the m of the ampliﬁcation products. The
diﬀerence in Tm between two of the expected
PCR products in a duplex reaction was set at
more than 1.9℃.

Twelve foodborne-related outbreak cases
that occurred in Shizuoka Prefecture from 2009 to
2012 were examined using duplex real-time PCR
analysis. Fecal samples (侑200 mg) from diarrhea
or symptomatic patients were treated with a
QIAamp DNA Stool Mini kit.
Results and Discussion
We developed a modiﬁed real-time PCR
screening system for eight duplex assays using a
96-well reaction plate to detect foodborne bacteria
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a

EHEC

16

14

EHEC
invA139
invA141
SG-F3
SG-R3

spp.

FemB-fw
FemB-rv
yadA-X-F
yadA-X-R

Tdh199-F
Tdh199-R
ST-f
ST-r

ces-TM-F
ces-TM-R
LT-1
LT-2

15a

and

spp.

EAST-1-S
EAST-1-AS
JMS1F
JMS1R

ETEC

ETEC

EIEC and

eae-F2
eae-R
virA-F
virA-R

13a EAEC

12

11a

10

9a

8

7a

6

5a EHEC and EPEC

Nine main foodborne bacteria
Melting point temperatures value of PCR products

H

G

F

E

D

C

4

Speciﬁc

AB-F
AB-R
JMS2-F
JMS2-R

2

3a

Primer
name
GAP-11
GAP-12
LM-hly-1
LM-hly-2

Target
gene

1a

Species

GTGAAATTATCGCCACGTTCGGGCAA
TCATCGCACCGTCAAAGGAACC
GCACTTATGGCAGTATTTGCAGC
GCATCTTTTAAGCCTTCTGGTC

GCCATCAACACAGTATATCC
GAGTGACGGCTTTGTAGTCC
GTCACAGTAACAAACCGTAACA
TCGTTGACTACTTCTTATCTGGA

AATTAACGAAATGGGCAGAAACA
TGCGCAACACCCTGAACTT
CCAGAACCAATTGCAATGCCT
CTTTAAACAGCTTGTTCCAGCCA

GGTACTAAATGGCTGACATC
CCACTACCACTCTCATATGC
GCTAAACCAGTARGGTCTTCAAAA
CCCGGTACARGCAGGATTACAACA

GATGTTTGCGACGATGCAA
CTTTCGGCGTGATACCCATT
AGCAGGTTTCCCACCGGATCACCA
GTGCTCAGATTCTGGGTCTC

CATTGATCAGGATTTTTCTGGTGATA
CTCATGCGGAAATAGCCGTTA
CTGCATTCTGGCAATCTCTTCACA
TGATGAGCTAACTTCGTAAGCCCTCC

CTGAATTTGATACCTTAAGTGCAGC
AGGCACGCCTAAACCTATAGCT
CGACCCCTCTTGAACATA
GATAGACATCAAGCCCTCGT

GGTTCATTAATTGAAACTGGTG
AACGCCAATCATATAAATTACAGC
CGGAGGTTCCGCAAAAGATG
CCTCCAGAGTGATCGATGTT

Sequence
(5' → 3')

152

284

95

106

100

93

147

251

275

65

215

102

108

86

234

154

Product size
(bp)

79.6

85.0

79.6

83.5

78.7

81.2

76.6

79.3

80.4

78.5

80.4

78.1

80.4

77.0

79.1

75.9

b
m

2)

4)

3)

3)

2)

3)

8)

2)

3)

3)

2)

3)

3)

3)

1)

3)
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Table 2.

Examination by duplex real-time PCR assay and bacterial culture in 12 foodborne-related outbreaks that
occurred from 2009 to 2012 in Shizuoka Prefecture.
Positive detection

No. of
examined
samples

Conventional
culture method

7
3

5
1

7

6

4
7

3
7

Supper

4

3

Restaurant
Restaurant

Catering
Supper

6
4

3
2

9

School

Unknown

9

8

10
11

School
Caterer

Unknown
Catering

5
5

2
5

12

Caterer

Catering

8

8

Case
No.

Facility

1
2

Hospital
Restaurant

Lunch
Supper

3

Restaurant

Supper

4
5

Restaurant
Hospital

Lunch
Lunch

6

Hotel

7
8

Fig. 1.

Source of
infection

Isolated
bacteria

(TW9)

(TW12)
S. Nagoya

(TW78)
5a
S. Enteritidis

This study samples
(Detected gene)
5
1
2
6
1
3
4
7
2
3
1
3
3
1
6
1
2
3
2
4
2

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

)

speciﬁc)

)

)
)

)

)

)

speciﬁc)

)
)
)
)

speciﬁc)
speciﬁc)

)

)
)
)
)
)

Melting point temperature ( m) curves for the products of duplex PCR using primer set B from seven samples in
case 3 of the foodborne outbreak (see Table 2).
When a few target bacterial cells were present in the reaction well, m became lower than the expected value by
approximately 1℃ . The mʼs of S2 and S3 were within allowable tolerance.

essentially consistent with those of the culture
method (Table 2). These data show that the proposed PCR method is useful for the rapid identiﬁcation of the causative pathogens of foodborne
outbreaks. Moreover, the system can rapidly, accurately, and safely detect various bacterial species, including
, which require long culture times, as well as
and ETEC,

DNA extraction since
and
are Gram-positive bacteria with a thick cell wall.
Analysis using the screening system (DNA
extraction from feces and duplex real-time PCR
reactions) was performed approximately 3 to 4
hours, faster than the conventional culture assay,
where causative pathogens were isolated after 2
to 4 days. The results of the PCR assay were also
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which produce toxins.
The rapid and comprehensive presumption of
food-poisoning pathogens, which can be obtained
using the present simultaneous screening system
by duplex real-time PCR assay, will enable public
administrators to promptly and eﬃciently provide
hygiene instructions in foodborne outbreaks.
In conclusion, the screening system described
here enables the simultaneous analysis of 16 speciﬁc target genes of foodborne pathogens in up to
nine stool specimens by using a set of eight duplex real-time PCR assays with a 96-well reaction
plate. This PCR assay system is useful for detecting causative bacteria in fecal specimens obtained
from symptomatic patients and is suitable for the
rapid and presumptive diagnosis of food-poisoning
pathogens in fecal specimens of foodborne outbreaks in Japan.
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Duplex SYBR Green real-time PCR 法による
食中毒起因菌 16 遺伝子の一斉迅速検査法の開発
飯田奈都子 1, 3・福 島 博 2・廣井みどり 1・八 木 美 弥 1
神 田 隆 1・村 上 賢 3, †・杉 山 寛 治 1
1 静岡県環境衛生科学研究所，2 島根県畜産技術センター，3 麻布大学獣医学部，† 責任著者
細菌性食中毒検査の迅速化・省力化のため，duplex real-time PCR 法を用いた食中毒起因菌の
より実践的な一斉スクリーニング法を考案した．本法は，食中毒患者の糞便検体から抽出された
DNA を対象とし，Duplex SYBR Green real-time PCR の 8 反応系を同時に行い，発生頻度の高い
食中毒起因菌の 16 遺伝子を一斉に検索する．菌種の同定は，融解曲線分析の m 値との比較より，
判定することが可能である．実際の食中毒事例の患者糞便検体に本法を導入したところ，培養法と
同等の成績を約 3 〜 4 時間で得ることができた．本法は，検査の効率化のみならず，食中毒事件へ
のより迅速な行政対応を可能にし , 健康危機管理の一端を担う方法として活用が期待される．
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a b s t r a c t
Background: Brown adipocytes generate heat through the expression of mitochondrial Ucp1. Compared with the
information on the regulatory differentiation of white preadipocytes, the factors affecting brown adipogenesis
are not as well understood. The present study examined the roles of the Tgf-β family members Bmp, Tgf-β
and Activin during differentiation of HB2 brown preadipocytes.
Methods: Endogenous Bmp activity and effects of exogenous Tgf-β family members were examined. Role of
Srebp1c in brown adipogenesis was further explored.
Results: Although Bmp7 has been suggested to be a potent stimulator of brown adipogenesis, it affected neither
the expression of brown adipocyte-selective genes nor Ucp1 induction in response to a β adrenergic receptor agonist. Unlike in 3T3-L1 white preadipocytes, endogenous Bmp activity was not required for brown adipogenesis;
treatment with inhibitors of the Bmp pathway did not affect differentiation of preadipocytes. Administration of
Tgf-β1 or Activin A efﬁciently decreased the insulin-induced expression of brown adipocyte-selective genes.
Tgf-β1 and Activin A decreased the expression of Pparγ2 and C/ebpα, suggesting the inhibition of adipogenesis.
The Tgf-β- and Activin-induced inhibition of brown adipogenesis was mediated by the repression of Srebp1c
expression; Tgf-β1 and Activin A blocked Srebp1c gene induction in response to the differentiation induction,
and knock-down of Srebp1 expression inhibited brown adipogenesis.
Conclusion: Endogenous Bmp is dispensable for brown adipogenesis, and Srebp1c is indispensable, which is
negatively regulated by Tgf-β and Activin.
General signiﬁcance: Control of activity of the Tgf-β family is potentially useful for maintenance of energy
homeostasis through manipulation of brown adipogenesis.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
There are two major types of adipocytes in mammals: white and
brown. White adipocytes are specialized for the storage of excess energy, containing all of the enzymatic machinery necessary to build triacylglycerols from fatty acids synthesized de novo or from fatty acids
imported from circulating lipoproteins [1]. In contrast, brown adipocytes dissipate chemical energy in the form of heat against cold exposure [2]. This thermogenic function of brown fat results from the
expression of a series of genes related to a high mitochondrial content
and the elevated cellular respiration that is largely uncoupled from
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ATP synthesis [3]. This uncoupling occurs through the mitochondrial
uncoupling protein 1 (Ucp1), a mammalian brown adipocyte-speciﬁc
protein that promotes proton leak across the inner mitochondrial membrane [2,4]. Recent ﬁndings that adult humans have functional brown
adipocytes have initiated studies of the origin and regulatory differentiation of brown preadipocytes [5,6]. However, compared with the information known about white adipogenesis, knowledge of the regulation
of brown adipogenesis is still limited.
Despite having a different physiological role from white adipocytes, brown adipocytes share many molecular components with
white adipocytes [7–9]. Peroxisome proliferator-activated receptor
(Ppar) γ and CCAAT-enhancer binding protein (C/ebp) α, transcription factors, potently regulate differentiation of preadipocytes into
adipocytes; Pparγ-null mice exhibited extremely lower weight of
white fat as well as brown fat [10], and C/ebpα was required for
development of functional white and brown fat [11,12]. Pparγ and
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C/ebpα stimulate the transcriptional activation of the large group of
genes that produce the adipocyte phenotype [13]. In contrast, expression of genes related to mitochondrial biogenesis and oxidative metabolism highly expressed in brown adipocytes is mainly regulated
by a transcriptional co-activator Pgc1α, a Pparγ-binding partner predominantly expressed in the brown fat [3].
Members of the transforming growth factor-β (Tgf-β) family
potently regulate commitment, differentiation and maturation of
mesenchymal cells [14]. This family also participates in the development of mature white adipocytes; treatment with Tgf-β or Activin
A, representative members of the Tgf-β family, inhibited the transcriptional activity of C/ebpβ, the expression of Pparγ and lipid accumulation in 3T3-L1 white adipocytes, indicating inhibitory effects on
adipogenesis [15,16]. Endogenous activity of bone morphogenetic
protein (Bmp), another representative member of the Tgf-β family,
in white preadipocytes was higher before differentiation induction,
and this activity was indispensable for adipogenesis [17]. In contrast,
exogenous Bmp regulates white adipogenesis in a cell contextdependent manner; treatment with Bmp2 decreased insulin-induced
lipid accumulation in 3T3-F442A adipocytes [18], whereas Bmp7 stimulated differentiation of 3T3-L1 preadipocytes [19]. Furthermore, Bmp4
potentiated the commitment of pluripotent mesenchymal C3H10T1/2
cells to adipocyte-lineage cells [20,21].
Here, we explored the roles of the Tgf-β family in brown adipogenesis using HB2 preadipocytes [22]. Our results indicate that
1) both endogenous and exogenous Bmp do not affect brown adipogenesis, 2) Tgf-β and Activin inhibit differentiation of brown
preadipocytes, and 3) Tgf-β and Activin block insulin-induced expression of sterol regulatory element-binding protein (Srebp) 1c, which
is necessary for brown adipogenesis. The present results indicate the
roles of Tgf-β and Activin as negative regulators of brown adipogenesis
through the inhibition of differentiation into fat cells.
2. Materials and methods

immortalization are clear in HB2 brown preadipocytes, as compared
with brown preadipocyte lines transformed with SV40 T-antigen
[23–25]. Thus, we used HB2 brown preadipocytes in this study.
HB2 cells were grown in growth medium (Dulbecco's modiﬁed
Eagle's medium (DMEM) with heat-inactivated 10% FBS, 100 U/ml
penicillin and 100 μg/ml streptomycin) at 37 °C in a humidiﬁed 5%
CO2 atmosphere. To examine the roles of endogenous Bmp activity,
HB2 cells were differentiated with the differentiation protocol of
3T3-L1 cells [26]: two days after reaching conﬂuence (day 0), the
cells were cultured in the growth medium in the presence of differentiation inducers (Dex [0.25 μM], IBMX [0.5 mM] and insulin [10 μg/ml])
for 2 days, followed by culture with insulin (5 μg/ml) in the growth
medium. In addition, T3 (50 nM) was added to the medium; T3 is frequently used during brown adipocyte differentiation in vitro [27–31].
To determine the minimal factors for brown adipogenesis, cells were
cultured in the growth medium in the presence or absence of T3
(50 nM) and insulin (20 nM). The Bmp inhibitors and Tgf-β family
members were added at the following concentrations: dorsomorphin
(5 μM), LDN-193189 (100 nM), Bmp (3.3 nM), Tgf-β1 (200 pM) and
Activin A (4 nM). To examine the effects of cAMP stimulation, the
cells were treated on day 8 with or without isoproterenol (10 μM)
for 4 h. Oil Red O staining on day 6 or day 8 after the differentiation
induction and the subsequent quantiﬁcation of dye were performed
as described previously [17].

2.3. Western blotting
Western blot analyses were performed as described previously [32].
The immunoreactive proteins were visualized using the ECL Advance
Western blotting detection system (GE Healthcare, Buckinghamshire,
UK) according to the manufacturer's protocol. After stripping the antibodies and the detection reagents, the membranes were reprobed
with antibodies against Smad1, Smad2 or β-actin.

2.1. Materials
2.4. RT-quantitative PCR
The following reagents were purchased or provided: dorsomorphin
(compound C: 6-[4-(2-piperidin-1-yl-ethoxy) phenyl]-3-pyridin-4-ylpyrazolo[1,5-a] pyrimidine) was from Calbiochem (La Jolla, CA, USA);
LDN-193189 was from Stemgent (San Diego, CA, USA); dexamethasone
(Dex), 3-isobutyl-1-methylxanthine (IBMX), insulin, triiodothyronine
(T3) and isoproterenol were from Sigma (St. Louis, MO, USA); puriﬁed
Tgf-β1 was from Becton Dickinson (Franklin Lakes, NJ, USA); recombinant Activin A, Bmp4 and Bmp7 were from R & D Systems (Minneapolis,
MN, USA); troglitazone was from Daiichi-Sankyo (Tokyo, Japan); a
rabbit polyclonal antibody against phospho-Smad1 (Ser463/Ser465)/
Smad5 (Ser463/Ser465)/Smad8 (Ser426/Ser428) (#9511) and a rabbit
polyclonal antibody against phospho-Smad2 (Ser465/Ser467) were
from Cell Signaling Technology (Danvers, MA, USA); and a rabbit monoclonal antibody against Smad1 (ab33902), rabbit polyclonal antibodies
against Pparγ2 (ab45278), Smad2 (ab63576) and Ucp1 (ab10983),
and a mouse monoclonal antibody against β-actin (AC-15) were from
Abcam (Cambridge, MA, USA).

RNA isolation and RT-quantitative PCR (qPCR) were performed as
described previously [33,34]. The oligonucleotide primers for RT-qPCR
are presented in Supplementary Table 1. The Ct value was determined,
and the abundance of gene transcripts was analyzed using the ΔΔCt
method using 18S rRNA as the normalization gene.

2.5. siRNA transfection
To target the expression of Srebp1 and green ﬂuorescent protein
(GFP) as a control, the siRNAs of the respective genes were synthesized by Bonac Corp. (Kurume, Japan). Two oligonucleotides were used
in combination to inhibit the expression of Srebp1, 5′-CCUACGA
AGUGCACACAAAdTdT-3′ and 5′-UUUGUGUGCACUUCGUAGGdTdT-3′.
The siRNA for GFP was described previously [34]. Overall, siRNA
(60 pmol) was transfected in a 12-well plate using Lipofectamine
RNAiMAX (Invitrogen) according to the manufacturer's protocol.

2.2. Cell culture
HB2 brown preadipocytes, which were kindly provided by
Dr. M. Saito (Tenshi University), were established from the stromal
vascular fraction of the interscapular brown fat of mice deﬁcient
of a tumor-suppressor gene p53 [22]. Three cell lines immortalized
brown preadipocytes have been reported; two were established from
brown adipose tissue tumors induced by expression of SV40 T-antigen
in transgenic mice [23,24], and one was immortalized the stromal
vascular cells of the interscapular brown fat by infection with virus expressing SV40 T-antigen [25]. Genetic background and the cause of

2.6. Statistical analyses
Data are expressed as the mean ± SEM. Data on gene expression
were log-transformed to provide an approximation of a normal distribution before analysis. Data in Fig. 3 were analyzed by two-way
ANOVA; the statistical model included effects of T3, insulin and their
interaction. As for the other data, differences between the control
group and the tested group were examined using unpaired t-test. Differences of P b 0.05 were considered signiﬁcant.
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program, indicating the differential role of endogenous Bmp in brown
adipogenesis from that in white adipogenesis.

3.1. Endogenous Bmp activity is not required for the onset of the
adipogenic program in HB2 brown preadipocytes

3.2. Neither Bmp4 nor Bmp7 affects brown adipogenesis-related gene
expression in HB2 cells

We previously revealed that endogenous Bmp activity is higher
prior to the induction of differentiation in 3T3-L1 white preadipocytes and that this activity is required for proper adipogenesis
[17]. To examine the activity and role of endogenous Bmp during
brown adipogenesis, HB2 brown preadipocytes were differentiated
using the protocol for 3T3-L1 cells [26] supplemented with T3, a
procedure that has been reported to differentiate HB2 brown preadipocytes [35]. Endogenous Bmp activity was evaluated by phosphorylated Smad1/5/8 levels, as Bmp induces phosphorylation of
Smad1/5/8 at the carboxyl-terminal serines after complex formation
with the type I and type II receptors [36]. Time-course changes in
the phosphorylation levels of Smad1/5/8 in HB2 cells were relatively
constant throughout the differentiation process (Fig. 1A) and were
lower than the phosphorylation levels in 3T3-L1 preadipocytes (data
not shown). In addition, treatment with dorsomorphin or LDN193189, kinase inhibitors for the Bmp type I receptors [37,38], did
not affect lipid accumulation (Fig. 1B) or the expression of Pparγ2
and C/ebpα, regulators of brown and white adipogenesis [7–9,13],
on day 8 (Fig. 1C). Brown adipocyte-speciﬁc Ucp1 is transcriptionally
activated in response to β3 adrenergic receptor activation [2]. Ucp1
expression was not affected by the inhibitors, irrespective of treatment with the β adrenergic receptor agonist isoproterenol (Fig. 1D).
These results suggest that endogenous Bmp activity in HB2 brown
preadipocytes is low and does not require the onset of the adipogenic

Previously, exogenous Bmp7, but not Bmp2, 4, 5 and 6, stimulated
differentiation of a brown preadipocyte cell line in the presence of T3
and insulin [29]. We next explored whether the ability of exogenous
Bmp7 could have a similar effect on the HB2 brown preadipocytes.
Responsiveness to exogenous Bmp was ﬁrst examined by evaluation
of Smad phosphorylation levels. Smad1/5/8 was shown to be phosphorylated by treatment with Bmp4 or Bmp7 (Fig. 2A). Treatment
with Bmp4 or Bmp7 signiﬁcantly increased lipid accumulation on day
8 (Fig. 2B), but neither Bmp7 nor Bmp4 affected the expression of
Pparγ2 (Fig. 2C). The expression of fatty acid-binding protein (Fabp) 4
and resistin, molecules expressed in mature adipocytes [39,40], was
also unaffected by treatment with Bmp4 or Bmp7 (Fig. 2D–E). Furthermore, the Bmp treatments did not affect the basal or the induced levels
of Ucp1 (Fig. 2F).
3.3. Insulin is essential for brown adipogenesis in HB2 cells
The lack of effects of endogenous and exogenous Bmp on brown
adipogenesis may result from the presence of additional reagents
other than the essential factors required for brown adipogenesis in
the culture conditions; as the result, it is possible that the effects of
Bmp are masked. Thus, we explored the essential factors that are necessary for brown adipogenesis.

B

A
day:

-4 -2 0 1 2 4 6

8

1 2 3 4 5 6

8

pSmad1/5/8
Smad1

arbitrary unit

100
7

50

0

C

Ppar γ 2

relative mRNA level

LDN

V

DM

LDN

V

0.5

LDN

-Iso
+Iso

20
2
1
0

C/ebp α

DM

Ucp1

40

1.0

0.0

V

D

1.5

DM

relative mRNA level

2.0

V

DM

LDN

Fig. 1. Endogenous Bmp activity is lower and is dispensable for brown adipogenesis. (A) Phosphorylation status of Smad1/5/8 during differentiation of HB2 brown preadipocytes.
HB2 cells were stimulated by differentiation inducers containing Dex (0.25 μM), IBMX (0.5 mM), insulin (10 μg/ml) and T3 (50 nM) on day 0 for 2 days, followed by culture with
insulin (5 μg/ml) and T3 (50 nM). Samples containing 1 μg DNA were subjected to Western blotting to detect Smad1/5/8 phosphorylated at C-terminal serines (upper panel).
The membranes were then re-blotted with an antibody against Smad1 (lower panel). (B−D) Effects of inhibition of Bmp activity on lipid accumulation (B) and expression of
Pparγ2, C/ebpα (C) and Ucp1 (D). Dorsomorphin (DM: 5 μM), LDN-193189 (LDN: 100 nM) or DMSO as vehicle (V) was added to the culture medium from day −2 to day 0.
(B) Lipid accumulation was examined on day 8 by Oil Red O staining (upper panel). After staining, the dye was extracted in 2-propanol, and the amount was quantiﬁed by measuring absorbance at 510 nm. The absorbance of the extracted dye from cells treated with vehicle was set at 100. Data are expressed as the mean ± SE (n = 4). (C) The gene transcript levels of Pparγ2 and C/ebpα on day 8 were measured by RT-qPCR and expressed as ratios to 18S rRNA, with the level in HB2 cells treated with vehicle set to 1. Data shown are
the mean ± SE (n = 4). (D) HB2 cells on day 8 were treated with or without isoproterenol (Iso: 10 μM) for 4 h. The gene transcript level of Ucp1 was measured by RT-qPCR and
expressed as a ratio to 18S rRNA, with the level in HB2 cells treated with or without isoproterenol set to 1. Data shown are the mean ± SE (n = 4).
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Fig. 2. Neither Bmp7 nor Bmp4 enhances expression of brown adipogenesis-related genes. (A) Smad phosphorylation in response to exogenous Bmp. HB2 cells were treated with
Bmp4 (3.3 nM) or Bmp7 (3.3 nM) for 1 h. Phosphorylated Smad1/5/8 was examined by Western blotting, followed by re-blotting with an antibody against Smad1. (B–F) Effects of
exogenous Bmp on lipid accumulation (B) and expression of genes related to brown adipogenesis (C–F) in HB2 cells. Bmp4 (3.3 nM) or Bmp7 (3.3 nM) was added to the culture
medium supplemented with T3 (50 nM) and insulin (Ins: 20 nM). (B) Lipid accumulation was examined on day 8 by Oil Red O staining (upper panel). After staining, the dye was
extracted in 2-propanol, and the amount was quantiﬁed by measuring absorbance at 510 nm. The absorbance of the extracted dye from cells treated without Bmp was set at 100.
Data are expressed as the mean ± SE (n = 4). **: P b 0.01 vs. cells treated without Bmp. (C–E) The gene transcript levels of Pparγ2 (C), Fabp4 (D) and Resistin (E) on day 8 were
measured by RT-qPCR and expressed as ratios to 18S rRNA, with the level in HB2 cells treated with the growth medium alone set to 1. Data shown are the mean ± SE (n = 4).
(F) HB2 cells on day 8 were treated with or without isoproterenol (Iso: 10 μM) for 4 h. The gene transcript level of Ucp1 was measured by RT-qPCR, and expressed as a ratio
to 18S rRNA, with the level in HB2 cells treated with the growth medium alone set to 1. Data shown are the mean ± SE (n = 4). † and ‡: P b 0.05 and P b 0.01, respectively, vs.
cells treated without Bmp, T3 and insulin.

Irie et al. [22] showed that HB2 cells differentiated into brown adipocytes after 5 days in the presence of T3 and insulin in the growth
medium. We examined effects of T3 or insulin or both on lipid accumulation (Fig. 3A), basal Ucp1 expression (Fig. 3B), expression of
Pgc1α (Fig. 3C) and Cidea (Fig. 3D), genes expressed predominantly
in brown fat and involved in the regulatory expression and activity
of Ucp1 [3,41,42], and Pparγ2 expression (Fig. 3E) on day 8. Insulin
increased lipid accumulation, whereas T3 slightly but signiﬁcantly decreased it (Fig. 3A and F). Expression of Ucp1, Pgc1α, Cidea and
Pparγ2 was signiﬁcantly increased by treatment with insulin alone
(Fig. 3B–F). Insulin-induced expression of Ucp1 was also veriﬁed at
the protein level; signiﬁcant Ucp1 expression was detected in the
presence of insulin (Fig. 3G, lane 2). The expression level of Ucp1 was
further increased in the presence of troglitazone, a thiazolidinedione
that activates the transcriptional activity of Pparγ [43] (Fig. 3G, lanes
4–6). Consistent with the expression at the mRNA level, isoproterenol
treatment also enhanced the expression of Ucp1 induced by insulin
and troglitazone (Fig. 3G, lanes 7–12). Unexpectedly, T3 inhibited
insulin-induced Ucp1 expression (Fig. 3G, lane 3), which contrasted
with the evaluation at the mRNA level. All of these results indicate
that insulin but not T3 is a minimal factor for inducing differentiation
in HB2 cells and that T3 instead inhibits insulin-induced differentiation
of brown preadipocytes. Previous studies showed that T3 was required
for optimal Ucp1 expression in primary cultures of brown adipocyte
precursors [27,28,44]; thyroid hormones in FBS may be sufﬁcient during brown adipogenesis of HB2 cells.
We further evaluated the effects of exogenous Bmp in insulinmediated brown adipogenesis. Similar to the effects on the cultures
in the presence of T3 and insulin (Fig. 2B and F), both Bmp4 and Bmp7
potentiated an increase in lipid accumulation but did not increase

basal and inducible Ucp1 expression in response to isoproterenol treatment on day 8 (Supplementary Fig. 1).

3.4. Tgf-β1 and Activin A inhibit brown adipogenesis in HB2 cells
Tgf-β and Activin A inhibit differentiation of 3T3-L1 white preadipocytes [15,16], suggesting that these growth factors may also inhibit brown adipogenesis. We showed that Smad2, a canonical signal
mediator of Tgf-β and Activin [45], was phosphorylated by treatment
with Tgf-β1 or Activin A (Fig. 4A), suggesting that HB2 cells are
potentially target cells to Tgf-β and Activin. Furthermore, treatment
with Tgf-β1 or Activin A for 8 days inhibited lipid accumulation
(Fig. 4B), basal Ucp1 expression (Fig. 4C), and expression of the other
brown adipocyte-selective genes such as Pgc1α, Cidea and Cox7a
(Fig. 4C). In addition, the expression of Pparγ2, C/ebpα and Fabp4 was
signiﬁcantly decreased by treatment with Tgf-β1 or Activin A (Fig. 4D).
To characterize the inhibition of brown adipogenesis by Tgf-β and
Activin, time-course changes in the expression of genes related to
brown adipogenesis and effects of Tgf-β and Activin were evaluated.
Gene transcript levels were increased after the insulin treatment within
2 days for Pparγ2 and within 4 days for Ucp1, Pgc1α and C/ebpα; Tgf-β1
and Activin A completely inhibited the gene induction (Fig. 5A–D).
The blockage of insulin-induced expression of Ucp1 and Pparγ2 by
Tgf-β1 and Activin A was also veriﬁed at the protein level (Fig. 6A).
Furthermore, the isoproterenol-induced Ucp1 expression was blunted
by Tgf-β1 or Activin A, which was veriﬁed at the mRNA level (Fig. 6B)
and at the protein level (Fig. 6C). These results clearly indicate that
Tgf-β and Activin function as inhibitors for the progression of brown
adipogenesis.
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Fig. 3. Insulin is essential for brown adipogenesis. Effects of T3 and insulin on lipid accumulation (A) and expression of genes related to brown adipogenesis (B–E and G). (A–E) T3
(50 nM) or insulin (Ins: 20 nM) was added to the culture medium. (B) Lipid accumulation was examined on day 8 by Oil Red O staining (upper panel). After staining, the dye was
extracted in 2-propanol, and the amount was quantiﬁed by measuring absorbance at 510 nm. The absorbance of the extracted dye from cells treated without T3 and insulin was set
at 100. Data are expressed as the mean ± SE (n = 4). (B–E) The gene transcript levels of Ucp1 (B), Pgc1α (C), Cidea (D) and Pparγ2 (E) on day 8 were measured by RT-qPCR and
expressed as ratios to 18S rRNA, with the level in HB2 cells treated without T3 and insulin set to 1. Data shown are the mean ± SE (n = 4). (F) Results of two-way ANOVA on data of
lipid accumulation and gene expression are shown (G) T3 (50 nM), insulin (20 nM) or troglitazone (Tro: 10 μM) was added to the culture medium for 8 days prior to treatment
with or without isoproterenol (Iso: 10 μM) for 4 h. Ucp1 expression (upper panel) was examined by Western blotting, followed by re-blotting by an anti-β-actin antibody
(lower panel).

However, when HB2 cells were differentiated under the conditions
according to the modiﬁed protocol for 3T3-L1 cell differentiation as
described above, the inhibitory activity of Tgf-β was less effective
than that observed in HB2 cells differentiated with insulin alone; the
decrease in lipid accumulation and expression of Ucp1, Cidea, Cox7a,
Pparγ2 and C/ebpα were smaller compared with cells differentiated
by insulin alone (Supplementary Fig. 2). In addition, no inhibitory
effects of Activin A could be detected (Supplementary Fig. 2).
3.5. Srebp1c expression is responsible for brown adipogenesis, which is
down-regulated by Tgf-β1 and Activin A
Given that Tgf-β and Activin blocked insulin-mediated induction
of adipogenic genes such as Pparγ2 and C/ebpα, we concluded that
these growth factors inhibit differentiation into fat cells. To explore
how Tgf-β and Activin inhibit adipogenesis, we examined timecourse changes in expression of several genes in more depth. We
focused on genes that demonstrated modulation of expression levels
within 2 days after insulin treatment, speciﬁcally those molecules
with possible pro-adipogenic activity showing increases in expression

442

and those molecules with putative inhibitory effects on adipogenesis
showing decreases in expression. As the candidates with proadipogenic activity, we chose C/ebpβ, Krüeppel-like factor (Klf) 5,
lysyl oxidase (Lox) and zinc ﬁnger protein 423 (Zfp423). Increased
expression of C/ebpβ and Klf5 stimulated adipogenesis [46,47], and
mesenchymal stem cells and ﬁbroblasts were committed to the
adipocyte-lineage cells by expression of Lox and Zfp423, respectively
[21,48]. The transcript levels of these genes were not increased within
2 days after the insulin stimulation (Supplementary Fig. 3). We also
examined expression of Foxo1, Klf2 and necdin as the putative genes
involved in the inhibition of adipogenesis. Expression of Foxo1 and
Klf2 inhibited adipocyte differentiation in 3T3-L1 cells [49,50]. Necdin
expression was higher in brown preadipocytes that cannot differentiate, and knock-down of Necdin restored adipogenesis [51]. The expression of these genes was not downregulated within 2 days in
response to insulin stimulation, although expression of Klf2 gradually
tended to be decreased during the culture period (Supplementary
Fig. 4). Thus, we conclude that these genes are not candidates that
transmit the insulin signal through the regulation of their expression
level in order to induce differentiation into brown adipocytes.
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was set at 100. Data are expressed as the mean ± SE (n = 4). * and **: P b 0.05 and P b 0.01, respectively, vs. cells treated without Tgf-β1 and Activin A. (C and D) The gene transcript levels of Ucp1, Pgc1α, Cidea and Cox7a (C), and Pparγ2, C/ebpα and Fabp4 (D) on day 8 were measured by RT-qPCR and expressed as ratios to 18S rRNA, with the level in HB2
cells treated without Tgf-β1 and Activin A set to 1. Data shown are the mean ± SE (n = 4). **: P b 0.01 vs. cells treated without Tgf-β1 and Activin A.
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We focused on the expression of Srebp1c because its expression is
rapidly increased (b6 h) in response to insulin stimulation in 3T3-L1
cells [52] and hepatocytes [53] and because it stimulates adipogenesis
[54]. Time-course changes in Srebp1 indicated that Srebp1c (Fig. 7A)
but not Srebp1a (Fig. 7B) is increased within 2 days in response to the
insulin stimulation. Treatment with Tgf-β1 or Activin A completely
inhibited the insulin-induced Srebp1c expression but did not decrease the expression of Srebp1a (Fig. 7A and B).
We also examined insulin-induced genes (Insigs). In hepatocytes, insulin regulates Srebp activity at the mRNA and the posttranslational levels; insulin-induced downregulation of Insig-2a
expression enables the Srebp cleavage-activating protein/Srebp
complex to travel to the Golgi where the transcription factor domain
of Srebp is released by two membrane-bound proteases, site-1 protease and site-2 protease [55]. A signiﬁcant expression of Insig-2a
could not be detected in HB2 cells or brown fat (Supplementary
Fig. 5A). In addition, the expression of Insig-1 and Insig-2b was not
rapidly decreased in response to the insulin stimulation, and treatment with Tgf-β1 or Activin A did not increase the expression of
any Insigs (Supplementary Fig. 5B and C). Thus, our results suggest
that unlike hepatocytes, insulin may stimulate Srebp1c expression
but not post-translational processing in brown preadipocytes, and
Tgf-β and Activin negatively regulate Srebp1c expression at the
mRNA level.
To understand the role of the induced Srebp1 in response to the
insulin stimulation, HB2 preadipocytes were transfected with siRNA
for Srebp1. The expression of Srebp1c was signiﬁcantly downregulated 4 days after the transfection as expected (Supplementary
Fig. 6), but the decreased expression was also detected at 10 days
after the transfection. The down-regulation of Srebp1c expression
resulted in decreases in lipid accumulation and expression of genes
related to brown adipogenesis on day 8 (Fig. 7C–F).
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measured by RT-qPCR and expressed as ratios to 18S rRNA, with the level in HB2 cells on day −4 set to 1. Data shown are the mean ± SE (n = 4). (C–F) Effects of knock-down
of Srebp1 on insulin-mediated lipid accumulation (C) and expression of genes related to brown adipogenesis (D–F). HB2 cells were transfected with double-stranded RNAi for
Srebp1 or GFP. (C) Lipid accumulation was examined on day 8 by Oil Red O staining (upper panel). After staining, the dye was extracted in 2-propanol, and the amount was quantiﬁed by measuring absorbance at 510 nm. The absorbance of the extracted dye from cells transfected with double-stranded RNAi for GFP was set at 100. Data are expressed as the
mean ± SE (n = 4). **: P b 0.01 vs. cells treated with siRNA for GFP. (D and E) The gene transcript levels of Ucp1, Pgc1α, Cidea and Cox7a (D), and Pparγ2, C/ebpα and Fabp4
(E) on day 8 were measured by RT-qPCR and expressed as ratios to 18S rRNA, with the level in HB2 cells transfected with double-stranded RNAi for GFP set to 1. Data shown
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on day 8 was examined by Western blotting, followed by re-blotting with an anti-β-actin antibody (lower panel).
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4. Discussion
Although research on brown adipose tissue is advancing rapidly,
the current information on factors affecting brown adipogenesis is not
sufﬁcient. Because members of the Tgf-β family potently regulate differentiation of mesenchymal cells to adipocytes, myocytes, osteoblasts and
chondrocytes [14], we expected that these members would also play
roles in the differentiation of brown preadipocytes. The present study
illustrates that 1) endogenous Bmp activity is relatively constant during
brown adipogenesis, 2) endogenous Bmp activity prior to differentiation stimulation is not required for brown adipogenesis, 3) unlike previous results [29], Bmp7 does not act as an inducer of brown adipogenesis,
and 4) Tgf-β1 and Activin A act as inhibitors of adipogenesis, most likely
through blocking the induction of Srebp1c. These results provide basic
information on the regulation of brown adipogenesis by the Tgf-β
family. Our results indicate that control of activity of the Tgf-β family
is potentially useful for maintenance of energy homeostasis through
manipulation of brown adipogenesis.
The role of Bmp in brown adipogenesis shown in this study is distinct from that shown in white adipogenesis [17]. Endogenous Bmp
activity prior to onset of the adipogenic program was required for
efﬁcient differentiation of white preadipocytes [17], whereas it was
not essential in brown preadipocytes. In vivo fate mapping revealed
that brown adipocytes but not white adipocytes arise from precursors
expressing Myf5, a myogenic molecule [56], indicating that cell lineage of brown adipocytes is distinct from that of white preadipocytes
[56]. It is possible that the differences in the role of endogenous Bmp
between brown preadipocytes and white preadipocytes are related
to the differences of cell lineage.
The activity of Bmp7 during brown adipogenesis is also distinct
from that in a different cell line of brown preadipocytes established
by use of SV40 T-antigen [29]. Treatment with various Bmp isoforms
during the differentiation of brown preadipocytes stimulated lipid
accumulation, and Bmp7 selectively upregulated the expression of
Ucp1, suggesting a role for Bmp7 as an inducer of brown adipogenesis
[29]. In the present study, both Bmp4 and Bmp7 increased lipid accumulation of HB2 adipocytes, which is consistent with the study by
Tseng et al. [29]. However, Bmp7 did not affect the basal expression
of Ucp1 or the Ucp1 induction in response to β3 adrenergic receptor
activation. Although the precise reason for the discrepant results is
unclear, there may be differences in the stage of brown preadipocytes
(i.e., the extent of commitment as preadipocytes) between HB2 cells
and brown preadipocytes used by Tseng et al. [29]. In view of the
role of Bmp as a molecule responsible for the commitment of mesenchymal stem cells to adipocyte-lineage cells [21] and osteoblastlineage cells [57], the brown preadipocytes used by Tseng et al. [29]
may be relatively closer to mesenchymal stem cells, as compared
with HB2 brown preadipocytes. In fact, Schulz et al. [58] showed
that Bmp7 treatment in Sca1+/CD45−/Mac1− stem cells promoted
commitment to brown preadipocytes and subsequent brown adipogenesis. Although the reason should be clariﬁed in future, the present
results explicitly indicate that Bmp7 during brown adipogenesis is
not required for the basal and the isoproterenol-induced expression
of Ucp1 in brown adipocytes.
Previous studies revealed the role of Bmp in brown adipocyte
development in vivo [29,59,60]; injection of Bmp7-treated mesenchymal stem cells developed a fat pad consisting of brown and white
adipocytes [29]. In addition, injection of Bmp2 expressing cells into
the skeletal muscle induced emergence of Ucp1-positive cells [59,60].
However, these results do not necessarily contradict from our data indicating dispensable role of Bmp7 in the basal and the induced expression
of Ucp1; the in vivo results [29,59,60] could be explained by the role
of Bmp as a stimulator of commitment of mesenchymal stem cells to
brown preadipocytes.
There are two distinct types of brown adipocytes. There are brown
adipocytes in classical brown fat and those in white fat called beige

adipocytes or brite adipocytes; beige adipocytes resemble white adipocytes in that they have extremely low basal expression of Ucp1,
but they express high Ucp1 similar to classical brown adipocytes in
response to cyclic AMP stimulation [61]. Recently, the origin of classical brown adipocytes has been revealed to be different from that of
beige adipocytes [61]. Mice lacking functional Smad3, a signal mediator of Tgf-β and Activin signals [45], produce beige adipocytes [62],
suggesting that endogenous Tgf-β and Activin inhibit commitment to
or differentiation of beige preadipocytes. These results, taken together
with the results of the present study using brown preadipocytes originated from classical brown fat, indicate that the Tgf-β and Activin pathway negatively regulates brown adipogenesis, irrespective of brown
adipocyte types.
Srebp1c is a membrane-bound and tissue-restricted transcription
factor [63] that promotes white adipogenesis. Ectopic expression of
Srebp1 has been shown to stimulate differentiation of non-adipogenic
NIH-3T3 cells to adipocytes, whereas the expression of dominantnegative Srebp1 inhibited adipogenesis in 3T3-L1 cells [54]. Srebp1c
acts as a positive regulator for white adipogenesis through upregulation
of Pparγ expression and an increase in the synthesis of putative
ligand(s) for Pparγ [64,65]. Despite the differences in the developmental origins of brown and white adipocytes [66], Pparγ expression is
essential [10] and is part of a common transcriptional cascade that
is shared between the development of brown adipocytes and white
adipocytes [7–9]. Therefore, Srebp1c also regulates the process of conversion of preadipocytes to fat cells. In view of Srebp1c as a target molecule of Tgf-β and Activin, Tgf-β and Activin inhibit development of fat
cells, resulting in inhibition of the gene induction related to the function
of brown adipocytes.
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Genetic Characteristics of CTX-M-Type Extended-Spectrum-␤Lactamase (ESBL)-Producing Enterobacteriaceae Involved in Mastitis
Cases on Japanese Dairy Farms, 2007 to 2011
Mamoru Ohnishi,a Alexandre T. Okatani,b Kazuki Harada,c Takuo Sawada,d Kenji Marumo,e Masaru Murakami,f Reiichiro Sato,g
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Veterinary Clinical Laboratory, Nemuro District Agricultural Mutual Aid Association, Nakashibetsu, Hokkaido, Japana; Laboratory of Veterinary Public Health II, School of
Veterinary Medicine, Azabu University, Sagamihara, Kanagawa, Japanb; Department of Veterinary Internal Medicine, Tottori University, Tottori-shi, Tottori, Japanc;
Laboratory of Veterinary Microbiology, School of Veterinary Medicine, Nippon Veterinary and Life Science University, Musashino, Tokyo, Japand; Department of
Microbiology and Immunology, Showa University School of Medicine, Shinagawa, Tokyo, Japane; Laboratory of Molecular Biology, School of Veterinary Medicine, Azabu
University, Sagamihara, Kanagawa, Japanf; Laboratory of Veterinary Obstetrics and Gynecology, School of Veterinary Medicine, Azabu University, Sagamihara, Kanagawa,
Japang; Research Institute for Animal Science in Biochemistry and Toxicology, Sagamihara, Kanagawa, Japanh

Sixty-ﬁve CTX-M-2/15/14 extended-spectrum-␤-lactamase-producing Enterobacteriaceae were isolated from 258,888 mastitic
milk samples from Japanese dairy farms between 2007 and 2011. CTX-M-2-producing Klebsiella pneumoniae and CTX-M-15producing Escherichia coli were the predominant strains isolated. There was no predominant clonal type, and clonal diversity
was found even in strains isolated from a single farm.

S

ince 2000, Escherichia coli and other Enterobacteriaceae species
producing CTX-M-type extended-spectrum ␤-lactamases
(ESBLs) (CTX-M) have been commonly isolated from community-acquired extraintestinal infections in humans and their companion animals (1, 2, 3, 4), from food-producing animals (3, 5, 6,
7, 8), and from retail meats, including chicken, beef, and pork (3),
worldwide. The CTX-M-type genes are assumed to have been
transferred separately to plasmids, including complex class 1 integrons and transposons (9), from chromosomes of different
Kluyvera species (i.e., Kluyvera ascorbata, K. georgiana, and K.
cryocrescens) that live in water, soil, and human and animal intestinal tracts; therefore, CTX-M has been divided into ﬁve clusters
(CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-25)
from base sequence homology (1, 9). CTX-M confers resistance
against penicillins, oxyimino-cephalosporins, and monobactams
(1, 4). Recently, the CTX-M-15-producing E. coli ST131 (O25:
H4) clone has emerged as a multidrug-resistant pandemic strain
affecting humans worldwide (4).
Bovine mastitis is the most common disease affecting dairy
cattle (10). Both E. coli and Klebsiella pneumoniae often cause
life-threatening clinical mastitis (5, 11). The incidence of bovine
mastitis has been reported to be higher in Japan (30 to 35 cases per
100 cow-years at risk) (12) than in North America, Europe, and
New Zealand (10 to 30 cases per 100 cow-years) (10). Only a few
classes of antimicrobials are approved for the treatment of mastitis
in Japan; however, large amounts of antimicrobials are used for
mastitis treatment, creating selective pressure for drug-resistant
organisms (13). In our previous report, we showed that Japanese
dairy cattle might be a source of CTX-M-15/2/14- and CMY-2producing Enterobacteriaceae (7). However, few studies have reported the prevalence of Enterobacteriaceae producing CTX-M in
bovine mastitis (5). The aims of this study were to determine the
genetic characteristics, antimicrobial susceptibility, and genetic
relatedness of ESBL- and plasmid-mediated AmpC ␤-lactamaseproducing Enterobacteriaceae isolated from bovine mastitis cases.
Screening of ESBLs. Bacterial cultures were carried out using
standard procedures on a total of milk samples from 258,888
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quarters obtained from 176,808 cows affected by (mainly clinical)
mastitis on 1,000 dairy farms in the Nemuro Subprefecture of
Hokkaido Prefecture, Japan, between February 2007 and April
2011 (14). Streptococcus spp. (mainly Streptococcus uberis) and Enterococcus spp., coagulase-negative staphylococci, Staphylococcus
aureus, E. coli, and Klebsiella spp. were the organisms most commonly isolated from culture-positive samples.
Of the isolates, 28,900 were identiﬁed as Gram-negative bacilli
and were submitted for susceptibility testing by disc diffusion according to the Clinical and Laboratory Standards Institute (CLSI)
guidelines (15); 419 isolates were identiﬁed as being cefazolin resistant and oxidase negative. These strains were then submitted for
CLSI combination disc ESBL conﬁrmatory tests (15) and a chromogenic oxyimino-cephalosporins hydrolysis test (Cica-␤-test I;
Kanto Chemical, Tokyo, Japan) to detect ESBLs, plasmidic AmpC
␤-lactamases, and metallo-␤-lactamases. Isolates with a positive
ESBL conﬁrmatory test and/or Cica-␤-test were screened for metallo-␤-lactamases using the sodium mercaptoacetic acid (SMA)
double-disc synergy test (SMA test) using two Kirby-Bauer discs
containing ceftazidime and one disc containing SMA (Eiken
Chemical, Tokyo, Japan). The ESBL test-positive Enterobacteriaceae isolates were identiﬁed using the ID 32 E API system (Sysmex
bioMérieux, Tokyo, Japan).
CTX-M genes and antimicrobial susceptibility. The ESBLand/or Cica-␤-test-positive and the SMA-test-negative isolates
(n ⫽ 65) were analyzed by multiplex PCR for the presence of
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TABLE 1 Origins of CTX-M-2- and CTX-M-14 ESBL-producing Enterobacteriaceae isolates other than CTX-M-2-producing K. pneumoniae and E. coli
Isolate

Isolation date, farm, and cow

Bacterial species

CTX-M genotype

TEM or SHV genotype

MCKo1
MCKo2
MCKo3
MCEa1
MCKo4
MCCk1
MCCk2
MCKo5
MCKo6
MCK45
MCK46

July 2008, F, 20
Sept. 2008, H, 22
May 2009, O, 30
Sep. 2009, H, 36
Jan. 2010, M, 42
Apr. 2010, U, 47
Apr. 2010, V, 48
Aug. 2010, F, 50
Sept. 2010, F, 53
Nov. 2010, Y, 57
Nov. 2010, Y, 57

K. oxytoca
K. oxytoca
K. oxytoca
E. aerogenes
K. oxytoca
C. koseri
C. koseri
K. oxytoca
K. oxytoca
K. pneumoniae
K. pneumoniae

CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-14
CTX-M-14

OKP-A
TEM-1
TEM-1
Negative
Negative
Negative
Negative
SHV-1
Negative
Negative
Negative

blaCTX-M genes (16) and plasmid-mediated AmpC ␤-lactamase
genes (i.e., CMY, ACC, FOX, MOX, DHA, CIT, and EBC groups)
(17). The CTX-M types of the CTX-M-positive isolates were identiﬁed by bidirectional sequencing using group-speciﬁc PCR prim-

ers for blaCTX-M-1 group (18), blaCTX-M-2 group and blaCTX-M-9 group
(19). AmpC-positive isolates were analyzed using type-speciﬁc
PCR primers (e.g., blaCMY-1 and blaCMY-2 genes), and blaTEM and
blaSHV genes were analyzed and bidirectionally sequenced using

Isolate

Isolation
date

Farm:
Cow

RAPD
Type

SHV, TEM

MCK10

Oct 07

H:11

R8

SHV-98, TEM-1

MCK12

Nov 07

J:14

R8

SHV-108

MCK15

Mar 08

F:16

R30

negative

MCK3A

Feb 07

B:2

R9

SHV-11

MCK3B

Feb 07

B:2

R9

SHV-11

MCK41

Apr 11

F:59

R24

OKP-A

MCK4B

May 07

C:3

R6

SHV-11

MCK4C

May 07

C:3

R6

SHV-11

MCK9

Oct 07

G:10

R7

SHV-11

MCK13

Jan 08

F:15

R15

SHV-11

MCK19

Jun 08

K:19

R2

SHV-98

MCK21

Aug 08

L:21

R1

SHV-11

MCK5

May 07

C:5

R1

SHV-11

MCK17

May 08

F:18

R25

OKP-A

MCK18

Jun 08

F:18

R25

OKP-A

MCK8

Sep 07

F:9

R25

SHV-1

MCK33

Feb 10

M:44

R27

negative

MCK27

July 09

Q:35

R3

SHV 28
SHV-28

MCK40

Oct 10

X:55

R29

negative

MCK24

Mar 09

F:28

R13

SHV-1

MCK7

Aug 07

F:8

R12

SHV-98

MCK36

July 10

L:49

R10

SHV-148

MCK39

Oct 10

W:54

R10

negative

MCK14

Jan 08

F:16

R14

SHV-92

MCK23

Jan 09

F:26

R11

SHV-11

MCK25

Jun 09

M:31

R4

SHV-148

MCK26

July 09

M:33

R4

SHV-148

MCK35

Mar 10

F:46

R5

SHV-148

MCK28

Sep 09

M:31

R32

SHV-148

MCK11

Oct 07

I:13

R17

OKP-A

MCK29

Sep 09

R:38

R18

OKP-A

MCK20

July 08

F:17

R21

OKP-A

MCK30

N 09
Nov

S 39
S:39

R20

OKP A
OKP-A

MCK6

Aug 07

F:7

R19

SHV-52

MCK34

Mar 10

F:45

R23

SHV-83

MCK38

Sep 10

F:52

R16

SHV-1

MCK31

Dec 09

M:41

R22

OKP-A

MCK32

Feb 10

M:43

R22

OKP-A

MCK22

Oct 08

F:23

R26

SHV-11

MCK37

Augg 10

F:51

R28

SHV-28

MCK16

Mar 08

F:17

R31

OKP-A

FIG 1 RAPD-PCR of 41 K. pneumoniae isolates producing CTX-M-2. Cluster analysis was performed by the unweighted pair group method using arithmetic
averages with a 1.0% band position tolerance window and 1.0% optimization. DNA relatedness was calculated based on the Dice coefﬁcient. Thirty-two band
patterns were typed using similarity cutoff values of approximately ⱖ85%.
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Isolate; Year; Farm: Cow

ST (STcomplex), Serotype

MCE4; Dec 08; M: 24

ST58 (155), OUT: HUT

MCE6; Mar 09; M: 27

ST58 (155), OUT: HUT

PFGE

CTX-M

TEM,
SHV

V1

M-15

negative

V2

M-15

negative

type

MCE3; Oct 07; D: 12

ST23 (23), OUT: HUT

W

M-14

TEM-1

MCE1; May 07; D: 4

ST23 (23), OUT: HUT

W

M-14

negative

MCE8; Jul 09; M: 32

ST101 (101), O159: H45

X

M-15

negative

FCE3; 07; M: Cow 2

ST1167 (−), OUT: H19

R

M-15

negative

FCE5; 07; M: Cow 4

ST1167(−), O28ac: HUT

R

M-15

negative

MCE13; Dec 10; Z: 58

ST1126 (−), OUT: HUT

AD

M-15

TEM-1

MCE5; Dec 08; M: 25

ST648 (−), O74: HUT

AC

M-15

negative

FCE16; 09; M: Calf 11

ST2325 (−), OUT: HUT

U

M-15

negative

MCE11; Nov 09; T: 40

ST1415(−), OUT: HUT

Y

M-15

TEM-1

MCE2; Aug 07; E: 6

ST1284 (−), OUT: HUT

O

M-15

negative

MCE9; Aug 09; P: 34

ST10 (10), OUT: H5

Z1

M-15

TEM-1

MCE10; Sep 09; P: 37

ST10 (10), OUT: H5

Z2

M-15

TEM-1

FCE4; 07; M: Cow 3

ST540 (−), OUT: HUT

D

M-15

negative

MCE12; Oct 10; M: 56

ST88(23), OUT: H6

AA

M-2

TEM-1

MCE7 Apr
MCE7;
A 09;
09 N:
N 29

ST3499( ) OUT:
ST3499(−),
OUT HUT

AB

M 15
M-15

negative
ti

FIG 2 PFGE patterns and cluster analysis of 13 CTX-M-producing E. coli isolates (MCE1 to 13) from mastitis cases, obtained using XbaI. Cluster analysis was
performed by the unweighted pair group method using arithmetic averages with a 1.0% band position tolerance window and 1.0% optimization. DNA
relatedness was calculated based on the Dice coefﬁcient. Twelve band patterns were typed using similarity cutoff values of ⱖ90%. The Salmonella strain
Braenderup CCUG50923 was used as a marker for assessing PFGE banding patterns. FCE3, -4, -5, and -16 were isolated from feces from cattle on farm M in our
previous study (7).

previously described primers (19) (see Table S1 in the supplemental material). Comparison of nucleotide sequences and identiﬁcation of each CTX-M, TEM, and SHV type were carried out using
BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
For these 65 isolates, the MICs of 23 antimicrobials were determined by the CLSI broth microdilution method (15, 20) using
a custom-designed microtiter panel (Opt Panel MP; Kyokuto
Pharmaceutical, Tokyo, Japan). The 23 drugs were ampicillin,
cefazolin, cefuroxime, ceftazidime, ceftazidime/clavulanic acid,
cefotaxime, cefotaxime/clavulanic acid, ceftriaxone, cefpodoxime,
ceftiofur, cefquinome, cefepime, cefmetazole, moxalactam, imipenem, meropenem, aztreonam, gentamicin, amikacin, oxytetracycline, trimethoprim-sulfamethoxazole (SXT), enroﬂoxacin, and ciproﬂoxacin. Additional susceptibility tests for cefoxitin, kanamycin,
chloramphenicol, and levoﬂoxacin were performed by the CLSI disc
diffusion method (15, 20). The breakpoints for veterinary pathogens
were used for 12 antimicrobial agents (15), and the breakpoints for
human Enterobacteriaceae isolates were used for the other 12 antimicrobial agents (20). E. coli ATCC 25922 and Pseudomonas aeruginosa
ATCC 27853 were used as quality control strains.
Sixty-ﬁve of the 419 cefazolin-resistant isolates were identiﬁed as
CTX-M-producing strains. Fifty-one isolates (78.5%), which included 41 K. pneumoniae, 6 Klebsiella oxytoca, 2 Citrobacter koseri, 1 E.
coli, and 1 Enterobacter aerogenes isolate, harbored blaCTX-M-2; 10 E.
coli isolates (15.4%) harbored blaCTX-M-15; and 4 isolates (6.2%; 2 K.
pneumoniae and 2 E. coli isolates) harbored blaCTX-M-14. No isolates
contained the plasmidic AmpC gene (Table 1; Fig. 1 and 2).
Thirty-seven (90.2%) of 41 CTX-M-2-producing K. pneu-

moniae isolates also harbored genes encoding SHV-1/11/28/52/
83/92/98/108/148, OKP-A, or TEM-1. Four (66.6%) of 6 CTX-M2-producing K. oxytoca isolates also harbored blaTEM-1, blaSHV-1,
or blaOKP-A. Four (40.0%) of 10 CTX-M-15-producing E. coli isolates also harbored blaTEM-1, but no E. coli isolates harbored blaSHV
(Table 1; Fig. 1 and 2). The gene sequences of the CTX-M-2/1/9,
TEM, and SHV groups were 99 to 100% homologous with those of
the CTX-M-2/15/14, TEM-1, and SHV subtypes which are available on GenBank.
The 65 CTX-M-producing Enterobacteriaceae were isolated
from 61 quarters of 58 mastitis cases on 25 dairy farms in the
Nemuro Subprefecture. Each of the 25 farms fed between 180 and
500 Holstein cattle with total mixed ration in free-stall barns or
with grass-silage and concentrates fed separately in tie-stall barns;
almost all used sawdust bedding. Their rolling yearly herd averages for milk production were 7,800 to 9,500 kg. The 58 affected
cows had either subclinical or local to systemic clinical mastitis.
Despite antimicrobial treatment, six cows were culled; and the
remaining cows’ clinical signs resolved 3 to 10 weeks after onset.
The isolation rate of strains producing CTX-M-2/15/14 in bovine mastitis was 0.22% of the 28,900 Gram-negative bacillus isolates from the milk samples from 258,888 quarters of 176,808
cows. The CTX-M-2/15-producing K. pneumoniae and E. coli
strains were the most common ESBL producers causing bovine
mastitis in this study. In France, CTX-M-1/14-producing E. coli
and K. pneumoniae strains had an isolation rate of 0.4% (6 of 1,427
E. coli and K. pneumoniae isolates) from bovine mastitis cases (5).
There were no signiﬁcant (P ⬎ 0.05) differences between the isojcm.asm.org 3119
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ⱕ2
ⱕ4
ⱕ4
ⱕ0.5/9.5
ⱕ0.25
ⱕ0.5

ⱕ2 to ⬎16
ⱕ4 to ⬎16
ⱕ4 to ⬎16
ⱕ0.5/9.5 to ⬎4/76
ⱕ0.25 to 2
ⱕ0.5 to 2

Gentamicine
Amikacin
OTETe
SXTe
Enroﬂoxacine
Ciproﬂoxacin
Cefoxitinf
Kanamycine,f
CHLf
Levoﬂoxacinf

ⱕ2
ⱕ4
⬎16
4/76
2
ⱕ0.5

⬎512
⬎256
⬎256
ⱕ2
0.5
128
ⱕ1
⬎64
⬎512
⬎512
⬎128
ⱕ8
ⱕ4
ⱕ8
ⱕ1
ⱕ2
16

MIC90
(g/ml)

46 (93.9)
48 (98.0)
24 (49.0)
42 (85.7)
45 (91.8)
46 (93.9)
48 (98.0)
38 (77.6)
41 (83.7)
49 (100)

3 (6.1)
0
0
0
0
43 (87.8)g

43 (87.8)
47 (95.9)
48 (98.0)
49 (100)
48 (98.0)
—g

ⱖ16
ⱖ64
ⱖ16
ⱖ4/76
ⱖ2
ⱖ4c
ⱕ14 mmc
ⱕ13 mm
ⱕ13 mm
ⱕ13 mmc

0
0
0

1 (2.0)
0
0

ⱖ16
ⱖ4c
ⱖ8
—d
ⱖ32c
ⱖ64c
ⱖ64c
ⱖ16
ⱖ4c
ⱖ16c
—d
1 (2.0)g
11 (22.4)
—d
2 (4.1)
3 (6.1)
1 (2.0)
1 (2.0)
0
0

4 (8.2)g

-g

ⱖ4c

0
0
0
3 (6.1)

Intermediate

0
0
0
45 (91.8)

Susceptible

No. of isolates (%)

ⱖ32
ⱖ32
ⱖ32c
ⱖ16c

Breakpoint
(g/ml; mm)b

14 (28.6)*B
7 (14.3)**B,*C
2 (4.1)
0*B
0*B,**C
10 (20.4)*B, C
8 (16.3)
0*B

3 (6.1)**B,C
2 (4.1)
1 (2.0)
0
1 (2)
6 (12.2)**B,
*C
3 (6.1)

48 (98.0)
49 (100)
49 (100)

45 (91.8)

49 (100)
49 (100)
49 (100)
1 (2.0)**B

Resistant (A)h

ⱕ2 to ⬎16
ⱕ4 to 8
ⱕ4 to ⬎16
4/76 to ⬎4/76
ⱕ0.25 to ⬎2
ⱕ0.5 to ⬎2
S to R
S to R
S to R
S to R

⬎512
⬎256
⬎256
16–64
0.5 to ⬎8
512 to ⬎512
ⱕ1 to 8
⬎64
⬎512
⬎512
⬎128
⬎64
ⱕ4 to 32
ⱕ8
ⱕ1
ⱕ2
64 to ⬎64

MIC range
(g/ml)

Group 2

1 (10.0)
0
7 (70.0)*A
7 (70.0)**A
1 (10.0)
1 (10.0)*A
1 (10.0)*A
5(50.0)*A
4 (40.0)
1(10.0)*A

10 (100)**A
0
0
0
0
10 (100)**A,*C

10 (100)
10 (100)
10 (100)

10 (100)

10 (100)
10 (100)
10 (100)
10 (100)**A,C

No. of resistant
isolates (%)
(B)h

ⱕ2
ⱕ4
ⱖ16
ⱕ0.5/9.5 to ⬎4/76
ⱕ0.25 to 0.5
ⱕ0.5 to 1
S to R
S to R
S to R
S

⬎512
⬎256
⬎256
ⱕ2
ⱕ0.25 to 0.5
128 to ⬎512
ⱕ1
⬎64
512 to ⬎512
⬎512
⬎128
ⱕ8 to ⬎64
ⱕ4 to ⬎32
ⱕ8
ⱕ1
ⱕ2
ⱕ8 to 32

MIC range
(g/ml)

Group 3

0
0
6 (100)
3 (50)*A
0
0
1 (16.6)**A
4 (66.6)*A
3 (50)
0

4 (66.6)**A
1 (16.6)
0
0
0
3 (50)*A,B

6 (100)
6 (100)
6 (100)

6 (100)

6 (100)
6 (100)
6 (100)
0**B

No. of resistant
isolates (%)
(C)h

Assessed by the broth microdilution or disk diffusion method for 41 K. pneumoniae and 6 K. oxytoca isolates producing CTX-M-2 and 2 K. pneumoniae isolates producing CTX-M-14 (group 1), 10 E. coli isolates producing CTX-M15 (group 2), and other Enterobacteriaceae isolates producing CTX-M-2 or CTX-M-14 (group 3; CTX-M-2: E. coli, n ⫽ 1; C. koseri, n ⫽ 2; E. aerogenes, n ⫽ 1; E. coli, CTX-M-14, n ⫽ 2). Abbreviations: CAZ/CLA, ceftazidime/clavlanic
acid; CTX, cefotaxime; OTET, oxytetracycline; SXT, trimethoprim/sulfamethoxazol; CHL, chloramphenicol.
b
Breakpoint for resistance in accordance with CLSI document M31-A3 (2008) (15) for veterinary pathogens.
c
Breakpoint for resistance in accordance with CLSI document M100-S21 (2011) (20) for isolates from human infections with Enterobacteriaceae.
d
Breakpoint for resistance or intermediate is not deﬁned in CLSI documents M31-A3 (2008) (15) and M100-S21 (2011) (20).
e
Antimicrobial agent approved for cattle in Japan; the other 17 antimicrobials in this table are unapproved for cattle.
f
Susceptibilities were tested by disc diffusion method according to CLSI documents M31-A3 (2008) (15) and M100-S21 (2011) (20).
g
Isolates in the susceptible, intermediate, and resistant categories could not be differentiated.
h
Signiﬁcant differences were determined by the 2 test for comparison with the group indicated by the capital letter (A, B, or C): *, P ⬍ 0.05; **, P ⬍ 0.01.

a

⬎512
⬎256
⬎256
ⱕ2
ⱕ0.25
64
ⱕ1
⬎64
512
⬎512
128
ⱕ8
ⱕ4
ⱕ8
ⱕ1
ⱕ2
ⱕ8

⬎512
⬎256
⬎256
ⱕ2 to 64
ⱕ0.25 to ⬎8
ⱕ16 to 256
ⱕ1 to ⬎8
ⱕ8 to ⬎64
64 to ⬎512
64 to ⬎512
16 to ⬎128
ⱕ8 to 64
ⱕ4 to ⬎32
ⱕ8 to ⬎32
ⱕ1
ⱕ2 to 4
ⱕ8 to ⬎64

Ampicillin
Cefazoline
Cefuroximee
Ceftazidime
CAZ/CLA
Cefotaxime
CTX/CLA
Cefpodoxime
Ceftriaxone
Ceftiofure
Cefquinomee
Cefepime
Cefmetazole
Moxalactam
Imipenem
Meropenem
Aztreonam

e

MIC50
(g/ml)

MIC range
(g/ml)

Antimicrobial
agenta

Group 1

TABLE 2 Antimicrobial susceptibilities of isolates producing CTX-M-type ESBL from mastitic cows

Ohnishi et al.

Journal of Clinical Microbiology

CTX-M Producers in Bovine Mastitis

lation rates found in our study and the French study (5) by the
chi-square test using StatFlex version 6.0 (Artech Co., Ltd., Osaka,
Japan). Among human and animal isolates in Western European
countries and Japan, the most common CTX-M types were the
CTX-M-1 cluster (CTX-M-1/15/55) and CTX-M-9 cluster (CTXM-9/14/27) (2, 3, 4, 5, 6). Except for the dominance of CTX-M-2,
our results are similar to these previous reports. The blaTEM-1,
blaSHV-1, and blaSHV-11 genes detected in the present study encode
non-ESBL enzymes (21); however, it is not clear whether the SHV28/52/83/92/98/108/148 and OKP-A are ESBLs, because the kinetic parameters of their puriﬁed enzymes were not determined.
Isolates producing CTX-M exhibited high resistance to oxyimino-cephalosporins; however, they exhibited high rates of susceptibility to cefmetazole, moxalactam, imipenem, meropenem,
gentamicin, and amikacin. The isolates producing CTX-M-2 and
CTX-M-14 showed high rates of susceptibility to ceftazidime and
ﬂuoroquinolones. In contrast, the CTX-M-15-producing E. coli
strains showed signiﬁcantly higher rates of resistance to ceftazidime, aztreonam, cefepime, SXT, oxytetracycline, ciproﬂoxacin,
levoﬂoxacin, cefoxitin, and kanamycin than CTX-M-2/14-producing Klebsiella spp. and/or other CTX-M-2/14-producing Enterobacteriaceae (P ⬍ 0.05) by the chi-square tests (Table 2). Our
results are consistent with a previous study (1), and the CTX-M
types other than CTX-M-15, CTX-M-16, and CTX-M-27 efﬁciently hydrolyze cefotaxime and ceftriaxone but not ceftazidime
(1).
Molecular subtyping proﬁles. Random ampliﬁed polymorphic DNA (RAPD)-PCR analysis of the 41 CTX-M-2-producing
K. pneumoniae isolates was performed using the oligonucleotide
RAPD7 as previously described (22). Pulsed-ﬁeld gel electrophoresis (PFGE) of a total of 13 CTX-M-producing E. coli isolates was
conducted according to the PulseNet standardized laboratory
protocol (23) using XbaI (Roche Applied Science, Mannheim,
Germany) and the CHEF-DR III electrophoresis systems (BioRad, Hercules, CA). Dendrograms of RAPD patterns and PFGE
patterns were analyzed using BioNumerics software, version 5.1
(Applied Maths, Austin, TX). Four CTX-M-15-producing E. coli
strains isolated from bovine feces on farm M in our previous study
(7) were used for comparison with the E. coli isolates from mastitis
cases.
Multilocus sequence typing (MLST) of the 13 CTX-M-producing E. coli isolates was conducted according to standard protocols using the E. coli database on the MLST website. (http://mlst
.ucc.ie/mlst/dbs/Ecoli). The 13 E. coli isolates were serotyped
according to O and H antigens using the pathogenic E. coli Seiken
set 1 and set 2 antisera, respectively (Denka Seiken, Tokyo, Japan).
The 41 CTX-M-2-producing K. pneumoniae isolates from 15
farms revealed 32 RAPD types. More than half of the strains were
isolated from 2 farms (F and M). The 18 isolates from farm F
revealed 16 RAPD types. There was not a predominant RAPD type
among the 41 isolates. However, two or three isolates each of K.
pneumoniae (MCK17/18/8, MCK25/26, and MCK31/32), which
were isolated from 2 different cows on same farm (F or M),
showed closely related RAPD types (R25, R4, and R22, respectively) (Fig. 1).
The 13 E. coli isolates from 7 farms belonged to 10 STs and
showed 12 PFGE types. Two isolates each of E. coli (MCE1/3,
MCE4/6, and MCE9/10), which were isolated from 2 different
cows on same farm (D, M, or P), had the same ST and closely
related PFGE types (ST23/W, ST58/V1 and V2, and ST10/Z1 and

Z2, respectively). There were not any closely related strains between the 5 mastitis and the 4 fecal E. coli CTX-M-15-producing
isolates from farm M (Fig. 2). Most of the E. coli isolates had
untypeable O and H antigens (OUT, HUT). Neither E. coli clone
ST131 (O25:H4) nor enterohemorrhagic E. coli O157, O26, or
O111 or other serotypes commonly isolated from human infections (8) were detected from the 13 isolates.
The genetic diversity in the 18 K. pneumoniae isolates obtained
from bovine mastitis cases on farm F suggests that these were
opportunistic infections originating from a wide variety of environmental sources (11). However, the presence of some strains of
K. pneumoniae and E. coli showing closely related genotypes,
which were isolated from the different cows on the same farm,
suggests a contagious infection or an infection from an environmental point source (11). Similar to our results, E. coli clones
ST10/23/58 producing CTX-M-14/1 have also been isolated from
bovine mastitis in France (5). Consistent with this French study,
we detected no E. coli clone ST131 (O25:H4) producing CTX-M15/27. Thus, these results suggest that cattle, unlike humans, canines and felines, have little signiﬁcance as a source of this clone
(2, 4). In contrast, recently, two enterohemorrhagic E. coli strains
(with serotypes O111:H8 and O26:H11) belonging to the B1 phylogenetic group and carrying blaCTX-M-15/9 were isolated from diarrheic cattle in France (8).
In conclusion, the genes encoding CTX-M2/15/14 are present
at a low frequency in Enterobacteriaceae isolates causing bovine
mastitis on Japanese dairy farms. The ESBL producers were
dominated by CTX-M-2-producing K. pneumoniae and CTXM-15-producing E. coli strains which showed multidrug resistance to ceftazidime, aztreonam, and cefepime. There was not a
predominant clonal type, and even the 18 K. pneumoniae
strains isolated from a single farm showed clonal diversity by
molecular subtyping.
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Abstract
Aims: To determine the herd prevalence of Enterobacteriaceae producing CTXM-type extended-spectrum b-lactamases (ESBLs) among 381 dairy farms in
Japan.
Methods and Results: Between 2007 and 2009, we screened 897 faecal samples
using BTB lactose agar plates containing cefotaxime (2 lg ml1). Positive
isolates were tested using ESBL conﬁrmatory tests, PCR and sequencing for
CTX-M, AmpC, TEM and SHV. The incidence of Enterobacteriaceae producing
CTX-M-15 (n = 7), CTX-M-2 (n = 12), CTX-M-14 (n = 3), CMY-2 (n = 2)
or CTX-M-15/2/14 and CMY-2 (n = 4) in bovine faeces was 28/897 (3 1%)
faecal samples. These genes had spread to Escherichia coli (n = 23) and three
genera of Enterobacteriaceae (n = 5). Herd prevalence was found to be 20/381
(5 2%) dairy farms. The 23 E. coli isolates showed clonal diversity, as assessed
by multilocus sequence typing and pulsed-ﬁeld gel electrophoresis. The
pandemic E. coli strain ST131 producing CTX-M-15 or CTX-M-27 was not
detected.
Conclusions: Three clusters of CTX-M (CTX-M-15, CTX-M-2, CTX-M-14)
had spread among Japanese dairy farms.
Signiﬁcance and Impact of the Study: This is the ﬁrst report on the
prevalence of multidrug-resistant CTX-M-15–producing E. coli among Japanese
dairy farms.

Introduction
Since 2000, Escherichia coli and other Enterobacteriaceae
species producing CTX-M-type extended-spectrum b-lactamases (ESBLs) (CTX-M) have been commonly isolated
from community-acquired extraintestinal infections in
humans and their companion animals (Harada et al.
2012; Kuroda et al. 2012) and faeces of food-producing
animals worldwide (Carattoli 2008). The blaCTX-M-related
genes were transferred separately to genetic mobilization
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units (i.e. plasmids) from chromosomes of different Kluyvera species (i.e. K. ascorbata, K. georgiana, K. cryocrescens) that live in water, soil, human and animal intestinal
tract; and thereby, CTX-M has derived in ﬁve CTX-M
clusters (CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9 and
CTX-M-25) from base sequence homology. This has been
facilitated by genetic mobilization units such as insertion
sequences (i.e. ISEcp1 or ISCR1) (Bonnet 2004; Cant
on
et al. 2012). CTX-M confers resistance against penicillins,
oxyimino-cephalosporins (i.e. cefuroxime, cefotaxime,
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ceftriaxone, cefpodoxime, ceftazidime, ceftiofur, cefquinome) and monobactams (Bonnet 2004).
Plasmidic CMY-2, derived from the AmpC b-lactamase
of Citrobacter freundii, became the dominant AmpC
b-lactamase among Enterobacteriaceae, especially Salmonella enterica, in humans and animals throughout the
world (Tamang et al. 2012). CMY-type b-lactamases are
cephamycinases that confer resistance to cephamycins
and oxyimino-cephalosporins. Recently, a high incidence
of blaCTX-M-positive E. coli was found in retail chicken
meat. (Overdevest et al. 2011). However, few studies have
reported the prevalence of Enterobacteriaceae producing
CTX-M and CMY on dairy farms (Hartmann et al.
2012). The aims of the present study were to determine
the herd prevalence of Enterobacteriaceae producing CTXM and CMY among numerous dairy farms in Japan and
to evaluate the genetic relatedness among E. coli isolates
derived from dairy cattle by serotyping, multilocus
sequence typing (MLST) and pulsed-ﬁeld gel electrophoresis (PFGE).
Materials and methods
Faecal samples
A total of 897 faecal samples were obtained from each of
897 cattle affected by diarrhoea (caused by i.e. colibacillosis, rotavirus infection, cryptosporidiosis, coccidiosis, parasitic gastroenteritis) or dictyocauliasis; the 897 cattle
consisted of 550 calves (<12 months old), 80 heifers
(  12 months old to ﬁrst parturition) and 267 cows.
Faecal samples were submitted daily for clinical diagnostic tests to the clinical laboratory of the Nemuro District
Agricultural Mutual Aid Association by nine-member veterinary clinics. The faecal samples were obtained from a
total of 381 dairy farms localized in Nemuro Subprefecture of Hokkaido Prefecture, Japan; 475 samples were
obtained from 244 dairy farms between May and December in 2007 and 422 samples from 214 dairy farms
between July and December in 2009.
Screening, identiﬁcation, PCR and sequence typing for
ESBLs and AmpC producers
The faecal samples were cultured as the ﬁrst screening for
ESBL producers on the day they were submitted to the
laboratory. Approximately, 50 lg faeces was streaked
directly onto a BTB-lactose agar plate containing
2 lg ml1 cefotaxime and 8 lg ml1 vancomycin (Shiraki et al. 2004) and then incubated at 35°C for 40 h.
A total of 250 isolates were tested using the Clinical
and Laboratory Standards Institute (CLSI) combination
disc ESBL conﬁrmatory tests (CLSI 2008) and a
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chromogenic oxyimino-cephalosporins hydrolysis test
(Cica-b-test I; Kanto Chemical, Tokyo, Japan) to detect
ESBLs, plasmidic AmpC b-lactamases and metallo-b-lactamases. All positive isolates were screened for metallob-lactamases by the sodium mercaptoacetic acid (SMA)
double-disc synergy test using two Kirby–Bauer discs
containing ceftazidime and one disc containing SMA
(Eiken Chemical, Tokyo, Japan). Enterobacteriaceae isolates were identiﬁed using the ID 32 E API system
(Sysmex bioMerieux, Tokyo, Japan).
All isolates that were positive for the ESBL conﬁrmatory tests and/or the Cica-b-test were analysed by multiplex polymerase chain reaction (PCR) for the presence of
blaCTX-M genes (Xu et al. 2007) and plasmid-mediated
AmpC b-lactamase genes (i.e. CMY, ACC, FOX, MOX,
DHA, CIT and EBC groups) (Perez-Perez and Hanson
2002). CTX-M-positive isolates were analysed by bidirectional sequencing using group-speciﬁc PCR primers for
blaCTX-M-1 group (Mena et al. 2006), blaCTX-M-2 group and
blaCTX-M-9 group (Kojima et al. 2005). The AmpC-positive
isolates were analysed using type-speciﬁc PCR primers
(Kojima et al. 2005). The blaTEM and blaSHV genes were
analysed using primers (Kojima et al. 2005) and bidirectionally sequenced (Table S1).
Antimicrobial susceptibility testing
The minimum inhibitory concentrations (MICs) of 23
antimicrobial agents were determined for isolates positive
for CTX-M and/or AmpC genes by broth microdilution
using a customer-designed, commercially prepared microtiter panel (Opt Panel MP; Kyokuto Pharmaceutical,
Tokyo, Japan), and additional susceptibility test for
cefoxitin, kanamycin, chloramphenicol and levoﬂoxacin
was performed by disk diffusion according to the CLSI
guidelines (CLSI 2008, 2011).
The breakpoints for veterinary pathogens were used for
12 antimicrobial agents (CLSI 2008), and the breakpoints
for human Enterobacteriaceae isolates were used for the
other 12 antimicrobial agents (CLSI 2011). Escherichia
coli ATCC25922 and Pseudomonas aeruginosa ATCC27853
were used as quality-control strains.
Serotyping, MLST and PFGE of Escherichia coli
The 23 E. coli isolates were serotyped according to O and
H antigens using the pathogenic E. coli antisera ‘SEIKEN’
Set 1 for 50 O antigens and Set 2 for 22 H antigens
(Denka Seiken, Tokyo, Japan) according to the manufacturer’s instructions.
We carried out the ampliﬁcation and sequencing of
seven housekeeping genes and determined the allelic
proﬁle and sequence types (STs) using the protocols and
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database on the E. coli MLST website (http://mlst.ucc.ie/
mlst/dbs/Ecoli).
Pulsed-ﬁeld gel electrophoresis was conducted according the PulseNet standardized laboratory protocol (CDC
2004). The DNA restriction fragments digested with Xba
I or Bln I (Roche Applied Science, Mannheim, Germany)
were separated using the CHEF-DR III electrophoresis
systems (Bio-Rad, Hercules, CA, USA). Dendrogram of
the combined PFGE patterns of Xba I and Bln I was constructed using BioNumerics software version 5.1 (Applied
Maths, Austin, TX, USA) with Dice coefﬁcient and the
unweighted pair group method, and the similarity of the
average from the two experiments. PFGE types were
distinguished at a cut-off of  90% similarity.

n = 3; C. freundii, n = 1; Enterobacter cloacae, n = 1)
were isolated from 28 faecal samples obtained from 17
calves, one heifer and 10 cows from 20 dairy farms
between 2007 and 2009. The other two isolates identiﬁed
as Stenotrophomonas maltophilia or Burkholderia cepacia
were negative for CTX-M, AmpC, TEM and SHV genes.
Seven E. coli isolates (25 0%) harboured blaCTX-M-15, 12
isolates (42 9%) (E. coli, n = 7; K. pneumoniae, n = 3; E.
cloacae, n = 1; C. freundii, n = 1) harboured blaCTX-M-2
and three E. coli isolates (10 7%) harboured blaCTX-M-14.
Two E. coli isolates (7 1%) harboured blaCMY-2 and four
E. coli isolates (14 3%) harboured blaCMY-2 and blaCTX-M-2
or blaCTX-M-15 or blaCTX-M-14. In addition to CTX-M and
CMY-2, 12 E. coli isolates (42 9%) and one C. freundii
isolate (3 6%) harboured blaTEM-1 or blaSHV-11 and one
K. pneumoniae isolate (3 6%) harboured blaTEM-1 and
blaSHV-11. Four (50%) of eight CTX-M-15–producing
E. coli isolates also harboured blaTEM-1 (Tables 1 and 2).
The incidence of Enterobacteriaceae producing CTX-M
and/or CMY-2 in bovine faeces was 28 (3 1%) of the 897
faecal samples, and the incidence of E. coli producing
these b-lactamases was 23 of 897 (2 6%). The incidence
of Enterobacteriaceae was 17 (3 1%) of the 550 faecal
samples from calves and 10 (3 7%) of the 267 faecal sam-

Results
Incidence and herd prevalence of CTX-M and CMY-2
producers
A total of 30 isolates were positive for the ESBL conﬁrmatory tests and/or the Cica-b-test. However, no isolate
was SMA test-positive. Twenty-eight CTX-M and/or
CMY-2 producers (E. coli, n = 23; Klebsiella pneumoniae,

Table 1 ST and ST complex (multilocus sequence typing), pulsed-ﬁeld gel electrophoresis (PFGE) and serotype of 23 b-lactamase–producing
Escherichia coli isolates obtained from faeces

Isolate

Year, Farm, Cattle

CTX-M, CMY

FE1
FE2
FE3
FE4
FE5
FE6
FE7
FE8
FE9
FE10
FE11
FE12
FE13
FE14
FE15
FE16
FE17
FE18
FE19
FE20
FE21
FE22
FE23

07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
07,
09,
09,
09,
09,
09,
09,
09,
09,
09,
09,
09,

CTX-M-2
CTX-M-2
CTX-M-15
CTX-M-15
CTX-M-15
CTX-M-2
CTX-M-2
CTX-M-14
CTX-M-14
CMY-2
CTX-M-15, CMY-2
CTX-M-15
CTX-M-15
CMY-2
CTX-M-14
CTX-M-15
CTX-M-2
CTX-M-2
CTX-M-2, CMY-2
CTX-M-14, CMY-2
CTX-M-2
CTX-M-2, CMY-2
CTX-M-15

IA, Calf1
IB, Cow1
M, Cow2
M, Cow3
M, Cow4
IC, Calf2
IC, Calf3
ID, Calf4
ID, Calf6
IF, Cow5
IG, Cow6
IH, Calf7
IJ, Heifer1
IL, Calf9
IM, Calf10
M, Calf11
IN, Calf12
II, Calf13
IP, Cow9
IN, Calf14
IQ, Cow10
IR, Calf16
IS, Calf17

TEM
SHV
TEM-1
TEM-1
TEM-1

TEM-1
TEM-1
TEM-1

TEM-1
TEM-1
TEM-1
SHV-11
SHV-11
TEM-1

ST (ST complex)

PFGE type

O-, H-serotype

58
10
1167
540
1167
10
10
69
10
1284
744
394
1266
2438
57
2325
2324
2437
44
88
48
46
744

O
E
K
U
K
G
G
L
C
D
H
S
R
A
J
M
P
T
I
B
Q
N
F

OUT*: HUT*
O8: H7
OUT: H19
OUT: HUT
O28ac: HUT
OUT: H51
OUT: HUT
O15: HUT
OUT: H9
OUT: HUT
OUT: HUT
O44: H18
OUT: H34
OUT: H16
OUT: H6
OUT: HUT
OUT: HUT
O164: HUT
OUT: HUT
OUT: HUT
O124: H4
OUT: HUT
OUT: HUT

(155)
(10)
()†
()
()
(10)
(10)
(69)
(10)
()
()
(394)
()
()
(350)
()
()
()
(10)
(23)
(10)
(46)
()

*O-antigen untypable: H-antigen untypable.
†ST complex undeﬁned.
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Table 2 Origins of CTX-M, TEM and SHV type b-lactamase–producing Enterobacteriaceae isolates other than Escherichia coli
Isolate

Isolation year, Farm, Cattle

Bacterial species

CTX-M

TEM, SHV

FK1
FK2
FK3
FCf1
FEn1

07,
09,
09,
09,
09,

Klebsiella pneumoniae
K. pneumoniae
K. pneumoniae
Citrobacter freundii
Enterobacter cloacae

CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2
CTX-M-2

TEM-1, SHV-11

IE, Calf5
II, Calf8
IK, Cow7
IO, Cow8
II, Calf15

ples from cows; however, this difference was not signiﬁcant (P > 0 05, chi-square test). The herd prevalence of
these Enterobacteriaceae was 20 (5 2%) of the 381 dairy
farms. Four E. coli isolates from three cows and one calf
on farm M harboured blaCTX-M-15. (Tables 1 and 2).
Antimicrobial susceptibility and antimicrobial use
Isolates producing CTX-M exhibited high resistance to
oxyimino-cephalosporins. However, isolates producing
CTX-M-2 and CTX-M-14 were highly susceptible to
ceftazidime, cefmetazole, moxalactam, carbapenems, gentamicin, amikacin and ﬂuoroquinolones. MICs for ceftazidime, cefmetazole, enroﬂoxacin and ciproﬂoxacin were
higher for the E. coli isolates producing CTX-M-15 and
CMY-2 than for the isolates producing CTX-M-2 and
CTX-M-14 (Table 3). Most of isolates producing
CTX-M, especially CTX-M-15, exhibited resistance to
kanamycin,
oxytetracycline,
chloramphenicol
and
trimethoprim-sulfamethoxazole (Table 3).
According to the clinical charts and the purchase volume of antimicrobial agents provided by the member
veterinary clinics, subcutaneous injections of enroﬂoxacin
(4 mg kg1 body weight) were administered to one cow
and one calf with diarrhoea once daily for 2–4 days. The
other 26 calves, heifer and cows were not treated with
oxyimino-cephalosporins or ﬂuoroquinolones. Between
2006 and 2010, the member veterinary clinics used 2016
daily doses of ceftiofur and 1408 daily doses of enroﬂoxacin per year for approximately 130 000 cows and heifers
of 1000 dairy farms in Nemuro Subprefecture. Daily
doses were based on the weight of an adult cow. Neither cefquinome nor the other ﬂuoroquinolones were
used.
MLST, serotyping and PFGE of 23 Escherichia coli
isolates
The 23 E. coli isolates were grouped into 18 STs
(Table 1). The eight CTX-M-15–producing E. coli isolates
belonged to six STs and were non-ST131. Four isolates
belonged to ST10, and two isolates belonged to ST44 and
ST48 [ST 10 complex (STC10)]. Five isolates belonged to

TEM-1

ST46 (STC46), ST57 (STC350), ST58 (STC155), ST69
(STC69) and ST88 (STC 23) (Table 1). Most of the
E. coli isolates were O-antigen untypable (OUT), but the
serotypes of six isolates were O8:H7, O15:H-antigen
untypable (HUT), O28ac:HUT, O44:H18, O124:H4 and
O164:HUT (Table 1).
Pulsed-ﬁeld gel electrophoresis analysis with Xba I and
Bln I divided the 23 E. coli isolates into 21 genetic proﬁles. Nineteen of the genetic proﬁles consisted of a single
strain. Isolates FE03 and FE05, isolated from two different cows from farm M, showed PFGE type K, ST1167
and blaCTX-M-15; and FE06 and FE07, isolated from two
different calves from farm IC, showed PFGE type G,
ST10 and blaCTX-M-2, but showed distinct serotypes. Conversely, isolates FE2 and FE9, isolated from two different
cows from different farms, showed the ST10 but differed
on PFGE type and serotype. The isolates FE11 and FE23,
isolated from two different cows from different farms,
showed ST744 but differed on PFGE type (Table 1,
Fig 1).
Discussion
The incidence and herd prevalence of ESBL-positive
E. coli among dairy farms in the present study were lower
than those of French cattle (Hartmann et al. 2012). In
agreement with Japanese studies of broiler chickens
(Hiroi et al. 2012), three CTX-M clusters (CTX-M-15,
CTX-M-2 and CTX-M-14) were detected in the present
study. Among human and animal isolates in Western
European countries, Japan, China, Taiwan and South
Korea, the most common CTX-M types were the CTXM-1 cluster (CTX-M-1, CTX-M-3, CTX-M-15, CTXM-35, CTX-M-55) and CTX-M-9 cluster (CTX-M-9,
CTX-M-14, CTX-M-27); however, CTX-M-15 predominated among human isolates in India (Carattoli 2008;
Hawkey 2008; Suzuki et al. 2009; Overdevest et al. 2011;
Harada et al. 2012; Kuroda et al. 2012; Tamang et al.
2012). Except for the dominance of CTX-M-2, our results
are similar to these previous reports other than the
Indian study.
Most of the CTX-M-15 producers also harboured
blaTEM-1 and were resistant to ceftazidime and
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CAZ, ceftazidime; CLA, clavulanic acid; CTX, cefotaxime; OTET, oxytetracycline; SXT, trimethoprim-sulfamethoxazole; KAN, Kanamycin; CHL, chloramphenicol; LVX, levoﬂoxacin.
*Breakpoint for resistance in accordance with CLSI document M31-A3 (2008) for veterinary pathogens.
†Antimicrobial agent approved for cattle in Japan; the other 17 antimicrobials in this table are unapproved for cattle.
‡Breakpoint for resistance in accordance with CLSI document M100-S21 (2011) for isolates from human infections with Enterobacteriaceae.
§Breakpoint for resistance is not deﬁned in CLSI documents M31-A3 (2008) and M100-S21 (2011).
¶Susceptibilities were tested by disk diffusion method according to CLSI documents M31-A3 (2008) and M100-S21 (2011).
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Table 3 Antimicrobial susceptibilities of 23 bovine faecal Escherichia coli isolates and ﬁve Enterobacteriaceae isolates other than E. coli that produce CTX-M type and/or CMY-2 b-lactamases, as
assessed by broth microdilution or disk diffusion method
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Figure 1 Pulsed-ﬁeld gel electrophoresis (PFGE) types using Xbl 1 and Bln-I enzymes of 23 Escherichia coli isolates producing CTX-M and CMY-2
from faeces. PFGE analysis with Xba I and Bln I divided the 23 E. coli isolates into 21 genetic proﬁles. Nineteen of the genetic proﬁles consisted
of a single strain. Dendrogram of the combined PFGE patterns of Xba I and Bln I was constructed with Dice coefﬁcient and the unweighted pair
group method, and the similarity of the average from the two experiments. PFGE types were distinguished at a cut-off of  90% similarity.

ﬂuoroquinolones. CTX-M types other than CTX-M-15,
CTX-M-16 and CTX-M-27 efﬁciently hydrolyse cefotaxime and ceftriaxone but not ceftazidime (Bonnet 2004).
The blaTEM-1 and blaSHV-11 genes detected in the present
study encode non-ESBL enzymes (Paterson and Bonomo
2005).
Annual ceftiofur and enroﬂoxacin use was low in the
large dairy cattle population evaluated by our clinics, and
their use does not appear to be a major risk factor for
ESBL-producing Enterobacteriaceae infections. An earlier
human study (Colodner et al. 2004) identiﬁed the previous use of ﬂuoroquinolones, penicillins and second- and
third-generation cephalosporins as risk factors for ESBLproducing E. coli and K. pneumoniae infections. Thus,
the spread of blaCTX-M and blaCMY-2 may be due in part

to the frequent use of mastitis preparations consisting of
ﬁrst- and second-generation cephalosporins in member
veterinary clinics in Nemuro Subprefecture and using
waste milk mixed with cephalosporins to feed calves. Previous studies (Lowrance et al. 2007; Daniels et al. 2009)
revealed that ceftiofur use had a transient effect on the
selection of ceftiofur resistance in commensal E. coli at
the individual calf level. However, most CTX-M-15 producers are resistant to both oxyimino-cephalosporins and
ﬂuoroquinolones.
Consistent with our ﬁndings, the E. coli clones ST10,
ST44, ST48, ST57, ST58, ST69 and ST88, producing
CTX-M-1, CTX-M-2, CTX-M-9, CTX-M-14, CTX-M-15,
SHV-5 and SHV-12 were isolated from chicken caeca in
the UK (Randall et al. 2011), and retail chicken meat in
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the Netherlands (Overdevest et al. 2011). The clonal
diversity of STs and PFGE types observed in our study
among bovine E. coli strains harbouring the same type of
blaCTX-M is in agreement with a recent canine study
(Tamang et al. 2012). Both PFGE and MLST were unable
to differentiate isolates FCE03 and FCE05 and isolates
FCE06 and FCE07, which differed according to serotype,
indicating that the two clusters of two isolates each were
closely related (Table 1, Fig 1). However, four ST10 isolates showed three distinct PFGE types, and two ST744
isolates showed two distinct PFGE types. It should be
noted that PFGE showed a greater discriminatory ability
than MLST in the present study, differentiating strains
from different farms and strains of different serotypes. In
general, housekeeping genes have low mutation rates, but
PFGE is thought to easily detect mutations in E. coli.
In this study, we did not detect the CTX-M-15–producing E. coli ST131 (O25:H4), which is a worldwide
pandemic multidrug-resistant strain that infects humans
(Kuroda et al. 2012), nor epidemic E. coli strains ST38
(O86:H18) or ST131 (O25:H4), which produce the CTXM-9 group of ESBLs that infect humans, canines and
felines in Japan (Suzuki et al. 2009; Harada et al. 2012).
Madec et al. (2012) revealed that bla CTX-M-15–carrying
plasmids from cattle-derived non-ST131 E. coli isolates
were highly similar to those found in human-derived
ST131 E. coli isolates.
Recently, a low incidence of blaCTX-M-positive E. coli
was reported in retail beef (Overdevest et al. 2011), suggesting that bovine blaCTX-M-positive E. coli may pose a
relatively low risk to public health.
In conclusion, the incidence of E. coli and three genera
of Enterobacteriaceae producing CTX-M-15, CTX-M-2,
CTX-M-14 or CMY-2 in bovine faeces was 3 1% of the
897 faecal samples. The herd prevalence was 5 2% of the
381 dairy farms in Nemuro Subprefecture, Japan. The 23
E. coli isolates showed clonal diversity, as assessed by
MLST analysis and PFGE typing. The eight E. coli isolates
producing CTX-M-15 belonged to six STs and were nonST131; most were resistant to ceftazidime and ﬂuoroquinolones. The present results indicate that dairy cattle are
a potential reservoir of ESBL-producing bacteria. Thus,
routine monitoring for CTX-M (especially CTX-M-15)
and CMY-2 producers derived from faeces and mastitis
milk and the prudent use of antimicrobial agents are
necessary to prevent their clonal spread.
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Table S1 PCR primers used for detection and sequencing of CTX-M, CMY, AmpC, TEM, and SHV type
b-lactamases.
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Abstract The tissue distribution of activin receptor-like kinase 7 (Alk7) expression, the signaling ability of Alk7 variants, and Alk7 expression in response to b3adrenergic receptor activation were examined. Expression levels of Alk7 varied
greatly among tissues but were highest in white adipose tissue and brown adipose
tissue. In addition to full-length Alk7 (Alk7-v1), Alk7-v3, an Alk7 variant, was
expressed in adipose tissues, brain, and ovary. Nodal transmits signals via Alk7 in
cooperation with its coreceptor, Cripto. Evaluation of the ability of Alk7 variants to
confer Nodal signaling using luciferase-based reporter assays showed that Alk7-v3
does not transmit Nodal-Cripto-mediated signals. Expression of Alk7 was downM. Murakami (&) R. Ooishi A. Tsuburaya K. Asai
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regulated in brown but not in white adipose tissue treated with CL316,243, a
b3-adrenergic receptor agonist. These results suggest involvement of Alk7 in modulation
of metabolism in the adipose tissues in response to b3-adrenergic receptor activation.
Keywords

Alk7 Tgf-b family Variants Adipose tissue

Introduction
Transforming growth factor-b (Tgf-b) family members, such as Tgf-bs, activins,
and bone morphogenetic proteins, regulate a variety of cellular functions and play
important roles in cell differentiation, adhesion, migration, and apoptosis. Tgf-b
family members transmit signals through speciﬁc heteromeric complexes with type
I receptors, called activin receptor-like kinases (Alks), and type II receptors; both
complexes have intracellular serine/threonine kinase domains. Type II receptor
kinases transphosphorylate and activate type I receptors and subsequently
phosphorylate receptor-regulated (R)-Smad on carboxy-terminal serines; that is,
Smad1, 5, and 8 are R-Smads regulated by bone morphogenetic proteins (BRSmads) and Smad2 and 3 are R-Smads regulated by activin and Tgf-b (AR-Smads).
Phosphorylated R-Smads form complexes with Smad4 and accumulate in the
nucleus, where they interact with transcriptional factors to regulate target genes
(Feng and Derynck 2005; Miyazono et al. 2010).
One of the type I receptors, Alk7, was initially cloned from rats as an orphan
receptor (Lorentzon et al. 1996; Rydén et al. 1996; Tsuchida et al. 1996).
Subsequently, Nodal, activin AB, activin B, Gdf-1, and Gdf-3, which are all members
of the Tgf-b family, were identiﬁed as ligands of Alk7 (Reissmann et al. 2001;
Tsuchida et al. 2004; Andersson et al. 2006, 2008). Unlike the other Alks, the
expression pattern of Alk7 was tissue-restricted; it was predominantly expressed in the
central nervous system, as determined using Northern blotting, in situ hybridization,
and RNase protection assays (Lorentzon et al. 1996; Rydén et al. 1996; Tsuchida et al.
1996). In addition, some reports have shown high levels of Alk7 expression in rat
kidneys (Rydén et al. 1996; Tsuchida et al. 1996), although other reports have
observed no expression (Kang and Reddi 1996; Lorentzon et al. 1996). Furthermore,
signiﬁcant expression of Alk7 was observed in pancreas, prostate, ovary, placenta,
white adipose tissue, and brown adipose tissue (Kang and Reddi 1996; Rydén et al.
1996; Watanabe et al. 1999; Roberts et al. 2003; Carlsson et al. 2009). In particular,
Carlsson et al. (2009) reported relatively higher expression of Alk7 in human adipose
tissues, although the expression was largely shown using data from the GEO database
(http://www.ncbi.nlm.nih.gov/geo/). Currently, there are no well-controlled studies
that quantitatively compare Alk7 expression in different tissues.
In the human placenta, there are Alk7 variants that are generated by alternative
splicing (Roberts et al. 2003). In addition to the full-length Alk7 (Alk7-v1) consisting
of 9 exons, three variants were identiﬁed that use an alternative ﬁrst exon, Ia (Alk7-v2),
lack exon III (Alk7-v3), or lack exons III and IV (Alk7-v4). As determined from the
amino acid sequence, Alk7-v2 is a variant of Alk7 that is truncated at the extracellular
domain including the signal peptide, and Alk7-v3 and Alk7-v4 are expected to yield
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secreted forms of Alk7 (Roberts et al. 2003). The ability of these variants to confer
signals is unknown. The present study demonstrates the tissue distribution of murine
Alk7, the signaling capacity of the variant Alk7, and expression level of Alk7 in white
and brown adipose tissues of mice treated with CL316,243, a b3-adrenergic receptor
agonist (Yoshida et al. 1994).

Materials and Methods
Animals
Animal experiments were approved by the Azabu University Animal Experiment
Committee. Of the 28 C57BL/6 mice used, tissue distribution of Alk7 was examined
in 14 mice aged 4–9 weeks, and 14 male mice aged 8 weeks were subcutaneously
injected daily with 0.1 mg/kg CL316,243 (n = 6) or saline (n = 8) for 14 days.
RNA Isolation, RT-PCR, and Quantitative Real-Time RT-PCR
The isolation of total RNA from tissues, RT-PCR, and quantitative real-time RT-PCR
(qRT-PCR) were performed as previously described (Murakami et al. 2007, 2009).
The relative expression level of Alk7 was evaluated by qRT-PCR. The Alk7 and
b-actin mRNA levels were quantiﬁed by the standard curve method. The Alk7
mRNA level was expressed relative to b-actin expression. The PCR primers to
evaluate Alk7 were 50 -tgggaaatagctcgaaggtg-30 and 50 -gtaaggcaactggtactcctcaa-30 ;
these primers detect both Alk7-v1 and Alk7-v3. The PCR primers for b-actin were
previously described (Murakami et al. 2009).
Expression of Alk7 variants was evaluated by RT-PCR. The PCR was performed
using cDNA synthesized from 5 ng total RNA in a total volume of 25 ll containing 19
Ex-Taq buffer with 2.0 mM MgCl2, 0.2 mM of each dNTP, 0.2 lM of each primer,
and 1.25 U Ex-Taq HS DNA polymerase (Takara Bio, Otsu, Japan). The PCR primers
were 50 -tctgggaccccgaagccttgcacc-30 (F41) and 50 -ccagccctaagtcagctatggcac-30
(R1111). The thermal cycling parameters consisted of an initial denaturation at
95 C for 3 min; followed by 38 cycles for Alk7 or 30 cycles for b-actin of
denaturation at 95 C for 30 s, annealing at 58 C for 30 s, and extension at 72 C for
45 s; with an additional ﬁnal extension step of 72 C for 5 min. PCR products were
separated on 1.2 % agarose gels in 0.759 TAE and visualized with ethidium bromide.
The band intensity was quantiﬁed by an ImageJ version 1.46p program (Rasband
2012). As a negative control, an RT-PCR without cDNA was carried out.
Cloning Analysis
Full-length Alk7 was isolated from cDNA prepared from mouse brown adipose tissue.
The cDNA was ampliﬁed by PCR using DNA polymerase PrimeStar (Takara Bio),
which has high ﬁdelity, and PCR primers 50 -ttGGATCCatgaccccagcgcgcggctccg-30
and 50 -tttCTCGAGagctttacagtcttccttgacacaca-30 , with the indicated BamHI and XhoI
sites (capital letters). The thermal cycling parameters consisted of an initial
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denaturation at 95 C for 3 min; followed by 32 cycles of denaturation at 95 C for
30 s, annealing at 60 C for 5 s, and extension at 72 C for 80 s; with a ﬁnal extension
at 72 C for 5 min. The PCR products were puriﬁed using the Wizard SV Gel and PCR
Clean-Up System (Promega, Madison, WI), digested with BamHI and XhoI, cloned
into an HA-tagged pcDNA vector (Inohara et al. 1998), and then transformed into
Escherichia coli JM109. For 31 colonies, the nucleotide sequence of the insert was
determined to identify the Alk7 variant. Also, 511 independent colonies were
examined to determine the Alk7 variant by PCR ampliﬁcation using primers of
50 -ccggaactaaatgctcaggtctt-30 and R1111 and subsequent agarose electrophoresis.
Plasmids and Reporter Assay
CAGA-luc, an activin/Tgf-b-responsive reporter gene (Dennler et al. 1998), was
kindly provided by Dr. P. ten Dijke. To prepare the Nodal and Cripto expression
plasmids of Alk7, we ampliﬁed the coding regions of the genes using PCR and
cloned them into an HA-tagged pcDNA vector (Inohara et al. 1998). All resulting
constructs were veriﬁed by nucleotide sequencing.
Luciferase assays were conducted as previously described (Murakami et al.
2009). HepG2 cells were transiently transfected with the indicated expression
vectors, reporter construct, and a plasmid expressing b-galactosidase (pCMV-bGal).
The amount of DNA used in each experiment was supplemented with empty
pcDNA3 so that equal amounts of DNA were transfected. Cells were harvested 40 h
after transfection. Luciferase activity was normalized to b-galactosidase activity,
and the luciferase activity in cells transfected with empty vector was set to 1.

Results and Discussion
The tissue distribution of Alk7 was quantiﬁed by qRT-PCR (Fig. 1). Because b-actin
was appropriate as a reference gene to compare expression levels among tissues
(Ooishi et al. 2012), gene transcript levels of Alk7 were calculated as the ratio to that
of b-actin. As expected, signiﬁcant expression of Alk7 was detected in the brain. In
addition, signiﬁcant expression was detected in white and brown adipose tissues.
Especially, expression in the adipose tissues was more than three-fold that in the
brain; this is partly consistent with the results of Carlsson et al. (2009), which
showed higher expression in white adipose tissue. Similar results were obtained on
relatively higher expression in the adipose tissues, when it was corrected by
expression of Hprt1, another gene frequently used as a reference gene (data not
shown). It is possible, however, that the expression level of Alk7 is higher in the
speciﬁc brain area than in the adipose tissues. Alk7 was expressed in neurons in the
brain (Rydén et al. 1996), and the brain Alk7 mRNA was localized to restricted
areas of the hippocampus, telencephalon, the basal ganglia, the thalamus, the
hypothalamus, and cerebellar cortex (Lorentzon et al. 1996; Rydén et al. 1996;
Tsuchida et al. 1996).
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Expression in the pancreas and prostate was comparable to that in the brain,
which is consistent with previous results showing high expression in the rat
pancreas (Watanabe et al. 1999) and prostate (Kang and Reddi 1996). Expression of
Alk7 in the kidney of adult mice was relatively weak; the gene transcript level was
0.03 of the expression in the brain. The ﬁndings in the previous studies are
controversial. Signiﬁcant expression of Alk7 was detected in the kidney of adult rats
(Tsuchida et al. 1996; Rydén et al. 1996), whereas no expression was detected in
neonatal (Rydén et al. 1996) or fetal rats (Lorentzon et al. 1996). In addition to the
effects of growth and developmental stage on expression of Alk7 in the kidney, this
may reﬂect species differences. There may also be species-speciﬁc differences in
Alk7 expression in the placenta. Abundant expression of Alk7 could be detected
in human placental tissue (Roberts et al. 2003). By contrast, expression of Alk7 in
mouse placenta was much lower, less than 0.01 of the expression in the brain.
Variants of Alk7, which are generated by alternative splicing, were isolated from
human placenta (Roberts et al. 2003). At ﬁrst, we explored expression of Alk7
variants in brown adipose tissue. Alk7 cDNAs were cloned by RT-PCR using
primers targeting the translation initiation site and the ﬁnal amino acid of full-length
Alk7. Of the 31 independent colonies we analyzed, nucleotide sequencing indicated
that plasmids from 20 independent colonies encoded full-length Alk7 (Alk7-v1).
Plasmids from 10 colonies encoded an Alk7 variant corresponding to human Alk7-v3
(Roberts et al. 2003), which lacks a part of the extracellular region, the whole
transmembrane spanning region, and a portion of the kinase domain. In addition, a
plasmid encoding a novel variant of Alk7 lacking exons III and V was isolated from
one colony; this variant was named Alk7-v5. We also examined expression of the
Alk7 variant corresponding to human Alk7-v2 (Roberts et al. 2003) using a PCR
primer set targeting exon Ia, but no signiﬁcant band was detected (data not shown).
To compare expression levels among Alk7 variants, we performed PCR using
primers that detect all three variants (Alk7-v1, Alk7-v3, and Alk7-v5). Bands
corresponding to Alk7-v1 and Alk7-v3 but not Alk7-v5 were clearly detected in brown
and white adipose tissues, brain, and ovary; the ratio of Alk7-v1 to Alk7-v3 was not
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greatly different among tissues (Fig. 2). In addition, analyses of 511 independent
colonies of E. coli transformed with plasmid with ampliﬁed Alk7 gene in brown
adipose tissue indicated an Alk7-v1 : Alk7-v3 ratio of about 2.7:1, and no colony was
detected for Alk7-v5 (Fig. 2). We concluded that Alk7-v5 is an artifact of PCR.
Given the signiﬁcant expression of Alk7-v3, we evaluated the ability of Alk7-v3
to confer Nodal-induced transcriptional activation in HepG2 cells by a luciferasebased reporter assay using CAGA-luc, a representative reporter to evaluate Alk4-,
5-, and 7-mediated signaling (Dennler et al. 1998; Tojo et al. 2005). The expression
of Cripto, a protein that acts as a coreceptor for Nodal signaling (Whitman 2001),
was required for transcriptional activation of CAGA-luc by Nodal (Fig. 3).
Expression of Alk7-v1 but not Alk7-v3 enhanced transcription of CAGA-luc
induced by Nodal and Cripto. These results suggest that Alk7-v3 is not involved in
canonical Alk7-mediated signaling. It is also possible that these variants regulate the
pathway differently from the Tgf-b family members. Currently, the role of serine/
threonine phosphorylation of extracellular molecules is not known; future studies
are needed to clarify the biological activities of the soluble serine/threonine kinases
Alk7-v3, especially in adipose tissues.
To gain insight on the role of Alk7 in adipose tissues, CL316,243, a b3adrenergic receptor agonist (Yoshida et al. 1994), was administered to C57BL/6
mice. It is known that the treatment induces emergence of brown adipocytes in
white adipose tissue (Barbatelli et al. 2010) and activation of brown adipose tissue,
as evidenced by up-regulation of Ucp1 (Cinti et al. 2002), a brown adipocytespeciﬁc gene (Cannon and Nedergaard 2004). Expression of Alk7 was signiﬁcantly
lower in the interscapular brown adipose tissue treated with CL316,243 than in the
control brown adipose tissue; to the contrary, Alk7 expression in the inguinal white
adipose tissue was comparable between groups (Fig. 4). Decrease in Alk7
expression in brown adipose tissue may reﬂect down-regulation to reduce the
signal transduction via Alk7, resulting from the prolonged activation of b3adrenergic receptor. Previous studies revealed that Alk7 is expressed in fetal rat
brown adipocytes (Lorentzon et al. 1996). Thus, the regulatory changes in Alk7
expression in brown adipose tissue imply the involvement of Alk7 in b3-adrenergic
receptor-mediated modulation of brown adipocyte function.
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Fig. 2 Expression of Alk7 variants. (Left) RT-PCR using primers that detect Alk7-v1, Alk7-v3, and Alk7v5 (i.e., F41 and R1111) in four tissues, brown adipose tissue (BAT), white adipose tissue (WAT), brain,
and ovary. The PCR products were electrophoresed and stained by ethidium bromide. The band intensity
was measured, and the ratio of Alk7-v1 to Alk7-v3 was calculated. A representative result is shown below
each lane. (Right) Escherichia coli was transformed with plasmid ligated Alk7 ampliﬁed by PCR as a
template of cDNA originated from brown adipose tissue. A total of 511 independent colonies was
analyzed to identify the Alk7 variant
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Fig. 3 Nodal-induced and Alk7-mediated transcription. HepG2 cells were transiently transfected with
CAGA-luc and the indicated expression plasmids along with CMV-b-galactosidase to adjust for
transfection efﬁciency. Luciferase activity was normalized to b-galactosidase activity, and the luciferase
activity in cells transfected with empty vector was set to 1. Data are shown as the mean ± SE. Statistical
differences between both Nodal and Cripto transfected groups were determined by one-way ANOVA,
followed by Scheffe’s test. *Signiﬁcantly different from the other groups at P \ 0.01

The present study examined comprehensive expression of Alk7 in tissues and
signaling of Alk7 variants. We show that (1) Alk7 expression in mice is higher in the
adipose tissues than in the brain, (2) the Alk7-v3 variant is expressed in adipose
tissues, brain, ovary, and possibly elsewhere, (3) only Alk7-v1 transmits NodalCripto signaling, and (4) Alk7 expression is down-regulated in activated brown
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Fig. 4 Expression of Alk7 in brown and white adipose tissue treated with CL316,243. C57BL/6 mice
were treated with CL316,243 (n = 6) or saline (n = 8) for 14 days. Interscapular brown adipose tissue
(iBAT) and inguinal white adipose tissue (ing WAT) were collected, and expression of Alk7 was
examined by qRT-PCR. The expression was normalized to b-actin expression, and the expression in the
control group in each fat depot was set to 1. Data are shown as the mean ± SE. Statistical differences
between groups were determined by one-way ANOVA. *Signiﬁcantly different from the other groups at
P \ 0.01
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adipose tissue. Phenotypic analyses of Alk7-null mice and Nodal-null mice veriﬁed
that Alk7 is not an essential mediator of Nodal signaling during mesoderm
formation and left–right patterning (Brennan et al. 2001, 2002; Jörnvall et al. 2004).
In addition, Alk7-null mice exhibited no histological abnormalities in the central
nervous system, including cerebella, cortices, and hippocampi (Jörnvall et al. 2004).
Alk7-null mice also exhibited an age-dependent syndrome involving progressive
hyperinsulinemia, reduced insulin sensitivity, liver steatosis, impaired glucose
tolerance, and pancreatic islet enlargement (Bertolino et al. 2008). In the study by
Bertolino et al. (2008), the aberrant glucose/insulin metabolism was proposed to
result from an Alk7 deﬁciency in the pancreas. In view of our data on the higher
expression of Alk7 in adipose tissues, however, the phenotypes of Alk7-null mice
may result from impaired production of adipokines in white adipocytes and energy
expenditure by brown adipocytes (Bertolino et al. 2008); these actually improve
glucose metabolism through enhancing insulin sensitivity (Shimomura et al. 1999;
Kubota et al. 2007; Seale et al. 2011). The present study suggests the necessity of
further studies focusing on the role of Alk7 in adipose tissues.
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Isolation of Microsporum gallinae from a fighting
cock (Gallus gallus domesticus) in Japan

A case of tinea corporis caused by Microsporum gallinae was found in 2011 in Okinawa,
located in the southern part of Japan. The patient was a 96-year-old, otherwise healthy,
Japanese man, who had been working as a breeder of fighting cocks for more than
70 years. He was bitten on his right forearm by one of the cocks and a few weeks later,
two erythematous macules appeared on the right forearm, accompanied by a slight itchy
sensation. While the first isolate of this dermatophyte was recovered from the region by
Miyasato et al. in 2011, it was not obtained from the same fighting cock owned by the
patient. However, frequent exchanges of fighting cocks and special domestic breeds of
chickens related to fighting, mating, and/or bird fairs are common among the fans and
breeders. We investigated 238 chickens and 71 fighting cocks in Okinawa and in the
suburbs of Tokyo (Chiba, Tokyo, Ibaraki, and Sizuoka). One isolate of M. gallinae from
a fighting cock in Chiba Prefecture in the Tokyo metropolitan area exhibited a different
genotype, with a single base difference from the patient isolate based on the internal
transcribed spacer 1-5.8s-ITS2 regions (ITS1-5.8S-ITS2) of the ribosomal RNA gene
sequence. The isolation of M. gallinae from a fighting cock on the mainland of Japan is
the first such finding in animals in our country.
Keywords

Microsporum gallinae, fighting cock, Gallus gallus domesticus

Introduction

often infected than hens [1], especially fighting cocks or
the oriental breed called ‘Shamo’ [6–9]. This fungal species also infects dogs [10–13], monkeys [14], cats [11,15],
squirrels [13], mice, canary, pigeon, and turkey [1], and has
been isolated from birds’ nests [16]. In addition, Microsporum gallinae is zoonotic causing ringworm in humans
[13,17–27] and severe infections in immunocompromised
hosts [22,25]. These human cases involved patients who
had had contact with infected animals, especially cocks
[17,27]. Based on 44 reports, it would appear that the
endemic areas of M. gallinae include European, Middle
Eastern, and South American countries, in addition to the
USA [28], Sweden, France, Germany, Czechoslovakia,

Microsporum gallinae is a dermatophyte that causes favus
of the comb in chickens and related species [1–5]. White
crusts or plaques containing fungal elements are associated with hyperkeratosis, and lesions may spread to the
skin of the head and the neck with feather loss, although
the feathers are not invaded. Chicks and roosters are more
Received 19 March 2012; Received in final revised form 16 May 2012;
Accepted 7 June 2012.
Correspondence: Ayako Sano, University of the Ryukyus, Faculty of
Agriculture, Animal Sciences, Nakagusuku, Japan. E-mail: aya_grimalkin@
yahoo.co.jp
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The present isolate was crossed with; (1) Arthroderma
grubyi isolates IFM 48209, IFM 49901, and IFM 49902,
(2) M. gallinae isolate IFM 56900 isolated from the first
clinical case in Okinawa, Japan [27] and (3) A. simii
isolates IFM 49897 and 49898, on salt-added 1/10 diluted
Sabouraud dextrose agar plates at 25°C for 8 weeks [28].
In addition, A. grubyi isolates IFM 48209, IFM 49901, and
IFM 49902 were crossed with each other to observe their
sexual function.

Spain, Germany, Pakistan, Iran, Nigeria, Puerto Rico,
Venezuela, and Japan [27].
In the first Japanese human case, infection may have
been due to infected animals, i.e., cocks [17,27], although
we could not isolate M. gallinae from the animal maintained by the patient. During a preliminary survey, we
learned from a breeder that exchanges of birds and special
breeds of chickens related to fighting, mating, and/or bird
fairs are common among breeders throughout Japan. We
conducted the present study to isolate M. gallinae from
fowls in Japan.

Molecular biological identification

Animals
We examined 238 chickens and 71 fighting cocks in Japan in
various prefectures, but the specific prefectures are not mentioned to comply with privacy policies of the funding agency.
The research was supported by Grant-in-Aid for Scientific
Research© by the Japan Society for the Promotion of Science
(JSPS), No. 23580419 and approved by the ethics committee
for animal welfare of the University of the Ryukyus.
Isolation
Eighteen-millimeter-wide transparent Scotch tape (Sumitomo 3A, Tokyo, Japan) was cut into strips approximately
10 cm in length and both 1-cm ends were folded for handling. The adhesive surface (approximately 6 cm in length)
was placed on the comb and gently rubbed with both thumb
and index fingers to collect scales. The tape was incubated
at 42°C for 4 h to remove mites and then applied to the
surface of BBL Mycosel Agar (Becton Dickinson [BD];
Sparks, MD, USA) plates supplemented with chloramphenicol (100 mg/liter, Wako Pure Chemical Industries,
Ltd., Osaka, Japan) in duplicate, and incubated at 35°C for
up to 28 days.
A white cottony colony with strawberry-colored pigmentation diffusing into the medium was transferred onto
potato dextrose agar (Difco Potato Dextrose Agar; PDA,
BD) slants and incubated at 25°C for further mycological
and molecular biological analysis.
Mycological studies
Colonies grown on Sabouraud dextrose agar (SDA) containing 2% dextrose (Wako Pure Chemical Industries,
Ltd.), 1% neopeptone (Difco, BD), and 1.5% Bacto Agar
(Difco, BD) and PDA plates incubated at 25°C were
observed for 21 days. The isolate was cultured on SDA and
PDA blocks at 25°C for 28 days for light microscopic
observation after staining with lactophenol cotton blue.
© 2013 ISHAM, Medical Mycology, 51, 144–149
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Sequences of the ITS1-5.8S-ITS2 region of the rRNA gene
were obtained by routine methods [29]. Briefly, DNA was
extracted with a DEXPAT kit (TaKaRa, Ohtsu, Japan)
using a modified procedure. Approximately 100 μl of fungal cells from cultures incubated at 25°C for 1 month on
PDA slants was placed in a sterilized microtube (1.5 ml)
to which 0.5 ml of DEXPAT solution was added, and the
mixture homogenized with a plastic pestle. The tube was
incubated at 100°C for 10 min, and then centrifuged at
13,200 g for 10 min, and the supernatants were used as
DNA samples. Although this type of kit is designed for
extracting DNA from paraffin-embedded tissue samples,
we routinely use it for the isolation of genes from fungal
cultures because of its convenience [30].
We mixed 2.5 μl of DNA extract with Ready-To-Go
PCR beads (Amersham Pharmacia Tokyo, Japan), 2.5 μl
of 10 pM of the primers ITS-5 (5⬘- GGA AGT AAA AGT
CGT AAC AAG G-3⬘) and ITS-4 (5⬘- TCC TCC GCT TAT
TGA TAT GC-3⬘) [30], and 17.5 μl of distilled water. The
reaction mixture was subjected to 1 cycle of denaturation
at 95°C for 4 min, 30 cycles of amplification at 94°C for
1 min, 50°C for 1 min, and 72°C for 2 min, and a final
extension cycle at 72°C for 10 min in a PCR Thermal
Cycler MP (TaKaRa).
PCR products were visualized by electrophoresis on
1.0% agarose gels in 1 ⫻ TBE buffer (0.04 M Tris-boric
acid, 0.001 M EDTA [pH 8.0]) followed by ethidium bromide staining. PCR samples were purified using a PCR
purification kit (QIAquick, Qiagen Co. Ltd., Tokyo, Japan),
and labeled with BigDye Terminator Ver. 1.1 (Applied
Biosystems, Foster City, CA, USA) following the manufacturer’s protocol. The labeled samples were directly
sequenced on an ABI PRISM 3100 sequencer (Applied
Biosystems) using the primers ITS-5, ITS-4, ITS-2 (5⬘GCT GCG TTC TTC ATC GAT GC-3⬘), and ITS3 (5⬘GCA TCG ATG AAG AAC GCA GC-3⬘) [30]. DNA
sequences amplified by at least two primer pairs were
aligned using GENETEX-MAC genetic information processing software (Software Development Co., Ltd., Tokyo,
Japan). These procedures were performed twice on both
the present isolate and M. gallinae IFM 56900 isolated
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The ITS rDNA sequences of Microsporum gallinae and related species in the GenBank database.

Species
Arthroderma grubyi

Microsporum vanbreuseghemii
Microsporum gallinae

Strain name

GenBank
Accession no.

Country and host

AJ000613
AJ000612*

USA Man, scalp
USA, Montana ringworm infection in dog

IFM 48209
IFM 49901
IFM 49902
CBS 243.66

AB698453
AB698454
AB698455
AJ970147**

France, man, skin lesion
USA, ATCC 14422 obtained by mating
Canada, ATCC 14423 obtained by mating
USA, Montana ringworm infection in dog

CHUS95902
CBS 300.52
ATCC 12108
IFM 56900
IHEM 13565
IHEM 13563
IHEM 13564
IHEM 13373
778
IFM 60027
IFM 58803

EF581136
AJ000620
EF631610
AB455805
FJ356083
FJ428241
FJ428242
FJ416304
JN134141
AB698457
AB667976

Spain
Unknown
Puerto Rico, child’s scalp
Japan, tinea corporis
Israel, chicken
Israel, monkey
Israel, unknown (maybe human)
Iran, unknown (maybe human)
Iran, unknown (maybe human)
Israel, unknown (maybe human)
Japan, fighting cock. Present isolate

Deposited by M. Elfar
in July 1997

Deposited by Y. Graser
in November 2005

* and ** derived from isolate CBS 243.66 showed one base difference. CBS, The Centraalbureau voor Schimmelcultures, The Netherlands. IFM, Medical
Mycology Research Center, Chiba University, Japan. CHUS, University of Santiago, Spain. ATCC, American Type Culture Collection, USA. IHEM,
BCCM/IHEM, Scientific Institute of Public Health Section Mycology and Aerobiology, Belgium.

from the first clinical case [27], to confirm differences in
the sequences. Sequences were analyzed using a BLAST
search (http:// www.ncbi.nlm.nih.gov/BLAST/Blast.cgi)
and closely related sequences were obtained.
Seventeen nucleotide sequences from M. gallinae and
its teleomorph species A. grubyi deposited in GenBank
(Table 1) were aligned, together with the present nucleotide sequences, using the computer program ClustalX
(Version 1.8) [31] followed by manual adjustments with a
text editor. Phylogenetic analyses were performed with
PAUP v4.0b10 [32] using a heuristic search for maximum
parsimony trees. Base-pair composition and transition

and/or transversion patterns of the dataset were estimated
by PAUP v4.0b10. Bootstrap values were calculated
over 1000 replicates to assess branch topology. Only one
phylogenetic tree was obtained from the analysis and
was drawn by Tree View PPC [33] (Roderic D. M. Page,
Glasgow, Scotland, UK, 1998; http://taxonomy.zoology.
gla.ac.uk/rod/treeview.html). Clades were supported by
bootstrap values above 50.

Results
One M. gallinae isolate was obtained from a 10-monthold male fighting cock from Chiba Prefecture. The comb
of the cock was of the cushion type and showed white
scaling (Fig. 1). The primary isolate appeared as a slightly
yellowish white, cottony colony approximately 1.2 cm in
diameter after incubation at 35°C for 2 weeks on a Mycosel agar plate, and showed slight strawberry-red pigment
diffused into the medium (data not shown). A colony of
the isolate grown on SDA at 25°C for 21 days was white
and cottony, 5.7 cm in diameter, with slight strawberryred pigment diffused into the medium. Those on PDA
under the same culture conditions were pinkish-grey with
a felt-like texture on the surface, 3.7 cm in diameter, and
showed vibrant strawerry-red pigment diffused into the
medium (Fig. 2).
Septate hyphae with small numbers of macroconidia
consisting of 4–6 cells (4–7 ⫻ 12–18 μm) and ovoid to
pyriform, single-celled microconidia (1–2 μm in diameter)

Fig. 1 Microsporum gallinae-positive cock showing white scaling on
the comb.

© 2013 ISHAM, Medical Mycology, 51, 144–149
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Fig. 2 Colony of isolate IFM 58803 on SDA (a) and PDA (b) cultured at 25°C for 21 days.

Recently, it has become clear that M. gallinae is not
restricted to tropical and subtropical regions, but may
be present in temperate areas, as revealed by records
of infection and isolation in European countries [17,27].
Our isolation of M. gallinae from a fighting cock, following the human isolate reported by Miysasto et al.
[27], indicates that Japan is one of the endemic areas.
Interestingly, the sequence of the ITS1-5.8S-ITS2 region
of the rRNA gene derived from the present isolate was
different from that of the human isolate in Okinawa prefecture, suggesting that at least two different genotypes of
M. gallinae exist in Japan as confirmed by duplicate
sequence analysis. In addition, phylogenetic analyses by
the maximum parsimony method indicated that M. gallinae
and A. grubyi were different species, although there are
insufficient sequence data to confirm this at present. Furthermore, we could not correlate actual mating ability
with genotype due to infertility of the tested A. grubyi
isolates.
The immigration route of M. gallinae to Japan is unclear
as only two isolates are known, i.e., from the clinical case
in 2011 and the one described in this report.

Fig. 3 (a) Septate hyphae with a few macroconidia consisting of 4 to 6 cells, and (b) ovoid to pyriform single-celled microconidia attached to the
hyphae at right angles on an SDA block cultured at 25°C for 28 days. Bars indicate 10 μm.
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Discussion

attached to the hyphae at right angles were observed on the
SDA block incubnated at 25°C for 28 days. Hyphae were
predominant on the PDA block with a few microconidia
(Fig. 3).
Gymnothecia were not produced by any crosses. Crosses
among A. grubyi were also negative.
The sequence of the ITS1-5.8S-ITS2 region of the
rRNA gene obtained from the present isolate consisted of
597 base pairs, and showed 99% identity to GenBank
database (http://www.ncbi.nlm.nih.gov/nuccore) accession
number AB455805, derived from a clinical M. gallinae
isolate (IFM 56900) in Japan [27]. The present isolate
was deposited in the National BioResource Project culture
collection at the Medical Mycology Research Center,
Chiba University, 260-8673 Chiba, Japan as IFM 58803.
The sequence of the ITS1-5.8S-ITS2 region of the rRNA
gene was deposited in the GenBank database with accession number AB667976.
There were two genotype clusters of the ITS1-5.8SITS2 region of the rRNA gene based on the maximum
parsimony tree (Fig. 4). One cluster mainly consisted of
M. gallinae and the other comprised A. grubyi. The present
sequence was located in the same cluster as those derived
from a Japanese clinical isolate of M. gallinae.
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Neither human nor poultry infections had been reported
prior to the first human case of M. gallinae infection. However, M. gallinae infection in fighting cocks is mild, and
infections in humans closely resemble other dermatophytoses (such as M. canis infection). Therefore, many human
cases and animal infections were likely ignored [27].
In conclusion, Japan is an endemic area of M. gallinae
infection, based on a human case [27] and the present
isolate from a fighting cock.
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Porphyromonas gulae is a gram-negative black-pigmented anaerobe which is known to be a
pathogen for periodontitis in dogs. Approximately 41 kDa ﬁlamentous appendages on the
cell surface (FimA) encoded by the ﬁmA gene are regarded as important factors associated
with periodontitis. The ﬁmA genotype was classiﬁed into two major types and strains in
type B were shown to be more virulent than those in type A. In the present study, we
characterized a strain with a novel ﬁmA genotype and designated it as type C. The putative
amino acid sequence was shown to be similar to the genotype IV ﬁmA of Porphyromonas
gingivalis, a major pathogen of human periodontitis. Analyses using an oral squamous cell
carcinoma cell line derived from tongue primary lesions revealed that the type C strain
inhibited proliferation and scratch closure more than genotype A and B strains. In addition,
experiments using a mouse abscess model demonstrated that the type C strain could
induce much higher systemic inﬂammation when compared with strains of the other
genotypes. Furthermore, molecular analyses of oral swab specimens collected from dogs
demonstrated that the detection frequencies of P. gulae and the genotype C in the
periodontitis group were signiﬁcantly higher than those in the periodontally healthy
group. These results suggest that FimA of P. gulae is diverse with the virulence of genotype
C strains the highest and that molecular identiﬁcation of genotype C P. gulae could be a
possible useful marker for identifying dogs at high risk of developing periodontitis.
ß 2012 Elsevier B.V. All rights reserved.
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Fimbriae
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Porphyromonas gulae
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1. Introduction
Periodontal diseases are initiated following gingivitis
with localized inﬂammation without the destruction of the
periodontal tissues (cementum, periodontal ligament and
alveolar bone) (Pihlstrom et al., 2005). Without any
intervention, this localized inﬂammation generally progresses to periodontitis, especially in elder subjects and
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and designated it as genotype C. The purpose of the present
study was to compare the properties of each FimA genotype
relative to its virulence potential in periodontitis. In
addition, the distribution of the each group was analyzed
focusing on the clinical conditions of the dogs sampled.

those with systemic disorders. The symptoms of periodontitis are generally irreversible and include severe
bleeding, pus discharge and mobility of the affected tooth
and ultimately leads to tooth loss. The distribution of the
periodontitis-related bacterial species has been investigated in the oral swab specimens taken from Japanese dogs
and it was observed that Porphyromonas gulae, a gramnegative black-pigmented anaerobe, was one of the
species frequently detected (Kato et al., 2011).
The cell surface 41 kDa ﬁmbrillin (FimA), a subunit of
ﬁmbriae, was characterized in P. gulae and is known to be
one of the major factors for periodontitis in dogs (Hamada
et al., 2008). Furthermore, P. gulae invasion into gingival
epithelial cells has also been demonstrated. In our recent
study, FimA of P. gulae could be classiﬁed into two major
genotypes, and analyses of the putative amino acid
sequences of FimA in many clinical strains revealed that
the type A FimA is speciﬁc for P. gulae, and the amino acid
sequence of type B FimA is more closely related to that of
genotype III FimA of Porphyromonas gingivalis, a major
pathogen of human periodontitis (Nomura et al., 2012). On
the other hand, there are several P. gulae-positive specimens which are negative for both types A and B, indicating
the presence of P. gulae strains without FimA or those with
additional ﬁmA genotypes (Nomura et al., 2012).
In the present study, we successfully characterized a new
genotype for ﬁmA genes in P. gulae encoding a novel FimA

2. Materials and methods
2.1. Bacterial and cell culture conditions
Table 1 lists the P. gulae strains analyzed in the present
study, among which all except for one strain (D049) were
previously reported (Kato et al., 2011; Nomura et al., 2012).
Strain D049 was isolated from an oral swab specimen from
a dog and conﬁrmed to be P. gulae by a molecular biological
method described previously (Kato et al., 2011). In
addition, 11 P. gingivalis strains listed in Table 1 were also
used (Amano et al., 1999; Nakagawa et al., 2000, 2002). P.
gingivalis and P. gulae strains were cultured in mhTS broth
[Tripticase soy broth (Becton, Dickinson & Co, Franklin
Lakes, NJ, USA) with hemin (50 mg/ml) and menadione
(5 mg/ml)] under anaerobic conditions.
The SAS cells, an oral squamous cell carcinoma cell line,
were obtained from Japanese Collection of Research
Biosources (Tokyo, Japan). Cells were cultured in RPMI
1640 medium (Wako, Osaka, Japan) supplemented with
10% fetal bovine serum at 37 8C in 5% CO2.

Table 1
P. gulae and P. gingivalis strains used in the present study.
Species

Name

ﬁmA types

Length of ﬁmA gene (bp)

Accession numbers of ﬁmA gene

References

P. gulae

ATCC 51700a
D024
D025
D028
D034
D035
D036
D042
D043
D060
D066
D067
D068

A
A
A
A
A
A
A
A
A
A
A
A
A

1152
1152
1152
1152
1152
1152
1152
1152
1152
1152
1152
1152
1152

AB297918
AB663087
AB663088
AB663089
AB663090
AB663091
AB663092
AB663093
AB663094
AB663095
AB663096
AB663097
AB663098

Hamada et al. (2008)
Nomura et al. (2012)
Nomura et al. (2012)
Nomura et al. (2012)
Nomura et al. (2012)
Nomura et al. (2012)
Nomura et al. (2012)
Kato et al. (2011)
Kato et al. (2011)
Kato et al. (2011)
Kato et al. (2011)
Kato et al. (2011)
Kato et al. (2011)

B43
D040a
D044
D052
D053
D077

B
B
B
B
B
B

972b
1161
1161
1161
1161
1161

CS228034
AB663099
AB663100
AB663101
AB663102
AB663103

Dreier et al. (2005)
Kato et al. (2011)
Kato et al. (2011)
Kato et al. (2011)
Kato et al. (2011)
Nomura et al. (2012)

D049a

C

1167

AB679295

This study

381
ATCC 33277
BH18/10
HW24D1
OMZ314a
OMZ409
ATCC 49417
6/26
HG564
HNA99
HG1691

I
I
I
II
II
II
II
III
IV
V
Ib

1044
1044
1044
1047
1044
1047
1053
1062
1083
1104
1044

D17794
D17795
D17796
D17797
D17798
D17799
D17800
D17801
D17802
AB027294
AB058848

Amano et al. (1999)
Amano et al. (1999)
Amano et al. (1999)
Amano et al. (1999)
Amano et al. (1999)
Amano et al. (1999)
Amano et al. (1999)
Amano et al. (1999)
Amano et al. (1999)
Nakagawa et al. (2000)
Nakagawa et al. (2002)

P. gingivalis

a
b

Strains analyzed in the mouse abscess model.
Only partial sequences corresponding to ﬁmA of P. gulae are available.
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2.2. Sequence of the ﬁmA genes

(http://taxonomy.zoologygla.ac.uk/rod/treeview.html).
Since the sequence from D049 was distinct from those
of other strains, we designated it as a novel genotype
(type C).

The nucleotide alignment of the entire length of the
ﬁmA gene was determined by the method described
previously with some modiﬁcations as follows (Nomura
et al., 2012). PCR was performed with genomic DNA
extracted from P. gulae D049 using six types of P. gingivalis
ﬁmA speciﬁc sets of primers listed in Table 2 (Amano et al.,
1999; Nakagawa et al., 2000, 2002). Since the tested P.
gulae strains showed positive reaction for P. gingivalis type
IV ﬁmA, we designed the primer sets (HG564-F and
HG564-R) based on the adjacent sequence of HG564 (type
IV). Next, PCR was performed using these primers to
amplify the entire length of the ﬁmA gene of P. gulae, which
was separated by electrophoresis on a 0.7% agarose gel
and the ampliﬁed DNA fragments were extracted from the
gel using a QIAEX gel extraction kit (Qiagen, Düsseldorf,
Germany). The DNA was then directly cloned into a pGEMT Easy vector (Promega, Madison, WI, USA). The nucleotide sequence was determined by the dye-terminator
reaction with a DNA sequencing system (373-18 DNA
sequencer; Applied Biosystems, Foster City, CA, USA) and
an ABI PRISM kit. Data analyses were performed using
Gene Works software (IntelliGenetics, Mountain View,
CA, USA). The putative amino acid sequences of the FimA
of types A and B P. gulae strains and those of P. gingivalis
strains with ﬁmA genotypes I through V and Ib listed in
Table 1 were compared using the neighbor-joining
method to construct a phylogenetic tree using CLUSTAL
W (DNA Databank of Japan) and Tree View software

2.3. Construction of a PCR method to classify ﬁmA groups
We previously developed a molecular biological
method to classify type A and type B P. gulae strains
(Nomura et al., 2012). In the present study, the entire ﬁmA
sequence of D049 was compared to those of genotypes A
and B to ﬁnd speciﬁc regions for Type C. A primer set
speciﬁc for genotype C (Pguﬁm-CF and Pguﬁm-CR; Table 2)
was then constructed. The ampliﬁed fragment was
estimated to be 631 bp. The speciﬁcities of these primers
were tested by the program Amplify (Engels, 1993), based
on information on the DNA sequences of P. gulae strains
obtained in the present study as well as that of P. gingivalis
in the GenBank database (http://www.ddbj.nig.ac.jp/). The
speciﬁcity of the primers was also conﬁrmed using the
GenBank database. PCR ampliﬁcation was performed in a
total volume of 20 ml with 1 ml of template solution and Ex
Taq polymerase (Takara Bio. Inc., Otsu, Japan) according to
the supplier’s instructions. The PCR ampliﬁcation reaction
was performed in a thermal cycler (iCycler; Bio-Rad,
Hercules, CA, USA) with the following cycling parameters:
an initial denaturation at 95 8C for 4 min and then 30 cycles
consisting of 95 8C for 30 s, 60 8C for 30 s, and 72 8C for 30 s,
with a ﬁnal extension at 72 8C for 7 min. The PCR products
were subjected to electrophoresis in a 1.5% agarose

Table 2
PCR primers used in the present study.
Speciﬁc primer set
Detection of P. gulae
P. gulae 16S rRNA

Determination of ﬁmA alignment
HG564-Fa
HG564-Ra
Speciﬁcation of ﬁmA type
Type A ﬁmA
Pguﬁm-AFa
Pguﬁm-ARa
Type B ﬁmA
Pguﬁm-BFa
Pguﬁm-BRa
Type C ﬁmA
Pguﬁm-CFa
Pguﬁm-CRa
Type I ﬁmA
Type II ﬁmA
Type III ﬁmA
Type IV ﬁmA
Type V ﬁmA
Type Ib ﬁmA
a

Sequence (50 –30 )

References

TTG CTT GGT TGC ATG ATC GG
GCT TAT TCT TAC GGT ACA TTC ACA

Kato et al. (2011)

GAT TTG CTG CTC TTG CTA TGA CAG CTT GTA
TTT AGT CGT TTG ACG GGT CGA TTA CCA AGT

This study

TGA GAA TAT CAA ATG TGG TGC AGG CTC ACG
CTT GCC TGC CTT CAA AAC GAT TGC TTT TGG

Nomura et al. (2012)

TAA GAT TGA AGT GAA GAT GAG CGA TTC TTA TGT
ATT TCC TCA GAA CTC AAA GGA GTA CCA TCA

Nomura et al. (2012)

CGA TTA TGA CCT TGT CGG TAA GAG CTT GGA
TGT GGC TTC GTT GTC GCA GAA TCC GGC ATG
CTG TGT GTT TAT GGC AAA CTT C
AAC CCC GCT CCC TGT ATT CCG A
ACA ACT ATA CTT ATG ACA ATG G
AAC CCC GCT CCC TGT ATT CCG A
ATT ACA CCT ACA CAG GTG AGG C
AAC CCC GCT CCC TGT ATT CCG A
CTA TTC AGG TGC TAT TAC CCA A
AAC CCC GCT CCC TGT ATT CCG A
AAC AAC AGT CTC CTT GAC AGT G
TAT TGG GGG TCG AAC GTT ACT GTC
CAG CAG AGC CAA AAA CAA TCG
TGT CAG ATA ATT AGC GTC TGC

This study

Names of primers are indicated.
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2.6. Distribution of P. gulae ﬁmA genotypes in oral swab
specimens

gel–Tris–acetate–EDTA buffer. The gel was stained with
0.5 mg ethidium bromide per ml and photographed under
UV illumination. A 100 bp DNA ladder (New England
BioLabs, Beverly, MA, USA) was used as the molecular size
standard. The sensitivity of the PCR assay was determined
by using titrated cultures of D049.

All study protocols were approved by the Animal
Research Committee of Azabu University, the Ethics
Committees of Osaka University Graduate School of
Dentistry and Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences. Prior
to collection of the specimens, the owners of all dogs
were informed of the protocols of the present study and
gave approval for their participation. Oral swab specimens were collected from one speciﬁc location, the
gingival margin of the mandibular left canine in the oral
cavity of 139 dogs using swabs (Seed-Swab1 g-1, Eiken
Chemical Co. Ltd., Tokyo, Japan, or 2), as described
previously (Kato et al., 2011). The ages of the dogs ranged
from 0 to 17 years and mean age was 7.72. These dogs
came to the clinic for health examinations, vaccinations,
coxarthropathy, external otitis, external disc disease,
trauma, or diarrhea. All of the dogs were reported to be
kept indoors.
The periodontal condition of each dog was evaluated
by measuring several parameters of a representative
tooth (mandibular left canine) as follows. The periodontal
pocket depth was measured to the nearest millimeter
around the circumference of each tooth from the gingival
margin to the deepest probing point, using a round-ended
probe tip 0.4 mm in diameter. The maximum values were
recorded as the values for periodontal pocket depth of
each tooth. The periodontal pocket depths of 3 mm or less
for large dogs, 2 mm or less for medium and small dogs
were regarded as healthy. In addition, other criteria, such
as no bleeding on probing, no pus discharge and no tooth
mobility were also observed in healthy subjects. When
observing the deeper periodontal pockets and bleeding on
probing, the dogs were diagnosed for gingivitis or
periodontitis. Periodontitis was diagnosed by pathological mobility due to obvious destruction of periodontal
tissues, such as alveolar bone. The bacterial DNA of each
specimen was extracted and PCR was performed using P.
gulae-speciﬁc sets of primers, as described above. The
ﬁmA genotype was determined for P. gulae-positive
specimens using speciﬁc primer sets for types A, B and
C (Table 2).

2.4. In vitro assays using cultured cells
Infected or control SAS cells were incubated with the
TetraColor ONE Cell Proliferation Assay System (SEIKAGAKU, Tokyo, Japan) according to the instructions provided by the manufacturer. Data were calculated as the
relative ratio of infected/uninfected (no infection) animals
and expressed as the means  SD from three independent
experiments. As for the scratch assays, conﬂuent cell
monolayers, grown on gelatin-coated 6 well dishes, were
scraped using a plastic tip to form a scratch wound as
described previously (Inaba et al., 2004). The exposed
surfaces were then re-coated with gelatin dissolved in RPMI
1640 at 37 8C for 1 h. The SAS cells were mixed with bacterial
strains at a MOI of 10 and 100 for 2 h and then incubated with
metronidazole (200 mg/ml) and gentamicin (300 mg/ml) for
12 h. The rate of scratch closure was determined using ImageJ
software as described previously (Rincon et al., 2003).
2.5. Mouse abscess model
All animal procedures and protocols were reviewed and
approved by the Institutional Animal Care and Use
Committee of Osaka University Graduate School of
Dentistry prior to the experiments. The virulence of P.
gulae D049 was evaluated using a mouse abscess model
developed for evaluation of P. gingivalis strains with some
modiﬁcations as follows (Nakano et al., 2004; Nomura
et al., 2012). As a reference, P. gulae ATCC 51700 (type A),
D040 (type B) and P. gingivalis OMZ314 (type II) were also
analyzed. Fifty female BALB/c mice (5 weeks old), which
were randomly divided into 5 groups, were maintained in
horizontal-ﬂow cabinets and provided with sterile food
and water ad libitum. At 40 days of age, a single site
approximately 1 cm lateral from the midline on the dorsal
surface was depilated, and 0.1 ml of bacterial suspension,
1  109 colony-forming units (CFU) of a test strain or PBS
(control group), was injected subcutaneously. For quantitative evaluation of the infectious inﬂammatory change,
serum C-reactive protein (CRP) was measured. However,
90% of all mice in the group infected with D049 died by day
4. Therefore, the present experiment was terminated on
that day although the original model evaluated inﬂammatory changes for 2 weeks. Blood specimens (0.1 ml)
were collected from an orbital vein at 0, 1, 2 and 4 days
after bacterial infection and then centrifuged at 3000 rpm
for 10 min to separate the serum. CRP concentrations in
sera were calorimetrically quantiﬁed using a commercial
kit (MOUSE C-REACTIVE PROTEIN (CRP) ELISA TEST KIT;
Life Diagnostics, Inc., West Chester, PA, USA) according to
the supplier’s instructions. The mice were also monitored
for signs and symptoms of infection, i.e. rufﬂed hair,
abscess formation and emergence of erosion, as described
previously.

2.7. Statistical analyses
Statistical analyses were performed using the computational software package StatView 5.0 (SAS Institute Inc.,
Cary, NC, USA) and Prism 4 (GraphPad Software Inc., La
Jolla, CA, USA). Intergroup differences in in vitro assays and
animal experiments were estimated using Bonferroni’s
method after an analysis of variance (ANOVA). Fisher’s
protected least-signiﬁcant difference test was utilized to
compare the detection frequencies of each ﬁmA genotype
in each gingival condition. Odds ratio (OR) and 95%
conﬁdence interval (CI95) values were calculated to
determine any signiﬁcant association regarding each ﬁmA
genotype in dogs with each periodontal condition. A P
value of less than 0.05 was considered statistically
signiﬁcant.
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Fig. 1. Comparison of the deduced amino acid sequences of FimAs encoded by type A, B and C ﬁmA genes of P. gulae. Single and double dots indicate similar
and highly similar amino acid residues, respectively. Dashes indicate the gaps when multiple alignments were performed. The arrow indicates the cleavage
site estimated by the SignalP 3.0 Server (http://www.cbs.dtu.dk/services/SignalP/). The alignment was made using the CLUSTAL W program of the DNA Data
Bank of Japan.

3. Results

3.2. Effects of P. gulae infection in SAS cells

3.1. Molecular biological properties of type C FimA

P. gulae ATCC 51700 (type A) and D049 (type C)
caused the cells to change into a contracted and rounded
morphology, which was similar to that produced by P.
gingivalis OMZ314 at a MOI 100 (Fig. 3A). In a
proliferation assay, D049 (type C), but not types A and
B strains, inhibited cell proliferation at a MOI 10
(Fig. 3B). In addition, D049 showed the maximum
inhibition of cell proliferation and the other strains,
except for D066 (type A), slowed proliferation at a MOI
100 (Fig. 3C). As for scratch closure assays, the migration
rate of D049 was 42.4%, which was the lowest rate
among the strains tested at a MOI 10 (Fig. 3D). The
closure rate of D049-infected cells decreased to 31.4% at
a MOI 100, although the rates for the other strains were
shown to be similar to D049 or slightly decreased (data
not shown).

The entire length of the ﬁmA gene of P. gulae strain D049
is 1167 bp, which was deposited in the DNA Database of
Japan under accession no. AB679295. Fig. 1 shows the
deduced amino acid sequence of strains ATCC 51700 (type
A) and D077 (type B) as compared to that of D049 (type C).
The FimA in D049 and that in P. gulae types A and B strains
ranged from 49 to 50% identical, which was almost similar
to those of types I, II, III, and Ib FimA in P. gingivalis. On the
other hand, the identity of type C FimA with that in P.
gingivalis HNA99 was 59%. In contrast, the FimA of D049
and that of P. gingivalis HG564 (type IV) showed 92%
identity. Fig. 2 shows a phylogenetic tree comprised of the
FimA of P. gingivalis types I through V and Ib as well as P.
gulae types A, B and C. Type C FimA was shown to be the
most closely related to genotype IV P. gingivalis.
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Fig. 2. Evolutionary relationship based on the synonymous site variation in the putative amino acid sequences of FimA encoded by ﬁmA genes of P. gulae and
P. gingivalis. The neighbor-joining method was used to construct the phylogenetic tree using CLUSTAL W (DNA Databank of Japan) and Tree View software
(http://taxonomy.zoology.gla.ac.uk/rod/treeview.html). Pgu and Pgi indicate P. gulae and P. gingivalis, respectively. The roman numerals following Pgi
indicate the ﬁmA genotypes of P. gingivalis. The numbers shown in the tree are bootstrap values.

3.3. Mouse abscess model

In addition, the sensitivity was shown to be approximately
10–100 CFU per reaction (data not shown).
Fig. 5B shows representative results for the analyses of
clinical specimens. P. gulae was detected in 110 out of 139
(79.1%) oral swab specimens (Table 3). The detection rate
for P. gulae in the periodontitis group was 100%, which was
signiﬁcantly higher than that in healthy (63.6%) and
gingivitis (77.7%) groups (P < 0.001 and P < 0.05, respectively). Single and multiples genotypes were identiﬁed in P.
gulae-positive specimens and there were a few untypeable
specimens in each group. The numbers of the specimens
containing multiple genotypes were higher in the gingivitis and periodontitis groups than that of the periodontally healthy group (P < 0.05 and P < 0.01, respectively).
The numbers of subjects with multiple genotypes or type B
in the gingivitis and periodontitis groups and those of
multiple types or type C in the periodontitis group were
higher than those of the healthy group (P < 0.01 each).
The OR of P. gulae detection for periodontitis was 27.55
(CI95; 1.48–514.10). In addition, those with multiple
genotypes, multiple genotypes or single genotypes B and
C were 8.23 (CI95; 1.89–35.83), 8.44 (CI95; 2.12–33.61) and
12.75 (CI95; 3.06–53.19), respectively. Furthermore, the OR
of multiple types or single type B detection for gingivitis
was 4.50 (CI95; 1.42–14.30).

Subcutaneous injections of D049 (type C) caused
drastic weakened systemic conditions in the mice on
Day 1 and the formation of erosions was observed on Day 2
although similar lesions were not observed in the mice
injected with types A and B strains (Fig. 4). The serum CRP
values in mice infected with D049 on Days 1 and 2 were
signiﬁcantly higher than those injected with the other
strains (data not shown). On Day 4, 90% of all mice injected
with D049 died.
3.4. Clinical specimens
139 specimens were divided into periodontally healthy
(n = 22), gingivitis (n = 94) and periodontitis (n = 23) groups
based on the clinical conditions of the dogs from which the
specimens were isolated. The ages of the healthy group
(mean 5.05) were signiﬁcantly lower than those for the
gingivitis (7.97) and periodontitis (10.57) groups (P < 0.01
and P < 0.001, respectively). Comparing the periodontitis
and gingivitis groups, ages of the periodontitis group were
signiﬁcantly higher (P < 0.05).
The PCR system for identiﬁcation of type C ﬁmA was
developed based on the speciﬁc nucleotide alignment of
type C ﬁmA as compared to those of types A and B ﬁmA
(Fig. 5A). The speciﬁcity of this PCR system was conﬁrmed
using the strains listed in Table 1, which demonstrated that
primers designed for type C ﬁmA genes of P. gulae did not
generate positive bands from the P. gingivalis strains tested.

4. Discussion
The present study characterizes a novel ﬁmA genotype
of P. gulae. We previously isolated many P. gulae strains
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Fig. 3. Effects of P. gulae strains infection in cultured cells. (A) Light microscopy images showing morphology of the cells infected with P. gulae at a MOI of 10
and 100 for 24 h. Control cells were uninfected. (B and C) Cell proliferation assay measured by tetrazolium following infection with P. gulae strains at a MOI
of 10 (B) and 100 (C). Data are expressed as relative ratio infected/uninfected (no infection) and are means  SD from three independent experiments
analyzed with a t-test (*P < 0.05, **P < 0.01). (D) In vitro scratch assay in the cells infected with P. gulae at a MOI of 10. Bars show the scratched wound regions at
0 h. The rates of wound closure are determined from assays and are means  SD from three independent experiments.
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Fig. 5. Construction of the primers speciﬁc for type C of P. gulae. (A) The
position of the primers for ﬁmA genotypes A, B and C are illustrated, (B)
analyses of clinical specimens for determination of ﬁmA types. Lanes: M;
molecular size marker (100-bp DNA ladder), A; ATCC 51700, B; D077, C;
D049, W, sterile water. 1–10; clinical specimens.

the genotype C strain D049 caused the maximum
inhibition of proliferation. It was reported that oral
bacteria can inhibit cell migration (Inaba et al., 2004,
2005) and the in vitro scratch assay is effective in
characterizing the properties of cell proliferation and
migration (Liang et al., 2007). Thus, using the cell
migration assay, we also demonstrated that D049 inhibited cell migration the most. These results support the
proposal that type C ﬁmbriae might be one of the
important factors for the impairment of cellular function
caused by P. gulae. However, further analyses, such as
evaluation of multiple type C strains or strains with
replacement of type C ﬁmA with other genotype ﬁmA genes
and vice versa should be carried out to conﬁrm this
hypothesis.
A previous investigation using the mouse abscess
model showed that strains with type B ﬁmA caused more
severe systemic inﬂammation than those with type A ﬁmA
(Nomura et al., 2012). The present study clearly showed
that the properties inducing systemic inﬂammation by
D049 (genotype C) were strongest compared to other P.
gulae strains in the mouse model. When we developed a
mouse model for evaluating the properties of P. gingivalis
involved in inducing systemic inﬂammation, we found that
strain OMZ314 (type II ﬁmA) possessed the highest
potential (Nakano et al., 2004). In fact, subcutaneous
injection of OMZ314 resulted in the death of mice under

Fig. 4. Macroscopic observation of a representative mouse in the abscess
model experiment. (A) Dorsal view, (B) ventral view and (C) magniﬁcation
of the erosion area. Arrows indicate the areas of erosion.

from Japanese dogs, almost all of which were classiﬁed into
types A or B ﬁmA (Kato et al., 2011). Only a single strain
(D049) was shown to be of a non-A and non-B FimA
genotype, which is designated as type C in the present
study. Type A FimA was shown to be P. gulae-speciﬁc and
shares 73% amino acid homology with P. gulae type B and P.
gingivalis type III FimA (Nomura et al., 2012). On the other
hand, the present study revealed that the similarity of type
C FimA and type IV FimA of P. gingivalis was very high.
Relative to the virulence of P. gingivalis, types II/IV/Ib was
shown to be more virulent than types I/III/V (Kuboniwa
et al., 2010). Thus, we speculated that the virulence of type
C would be the highest among all ﬁmA types of P. gulae.
Initially, we used cultured cells to perform in vitro
analyses. To begin the process of characterizing the
response of SAS cells to infection with P. gulae strains,
the infected cells were observed by microscopy and found
to be altered in the morphology. Next, we analyzed the
inhibition of cell proliferation, which demonstrated that
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Table 3
Distribution frequency of ﬁmA genotypes in P. gulae-positive specimens in periodontally healthy, as well as dogs with gingivitis and periodontitis.
Healthy (n = 22)
Age [mean  standard deviation (range)]
P. gulae-positive

5.05  4.29 (0–12)
14 (63.6%)

Gingivitis (n = 94)
7.97  3.91 (1–17)**

Periodontitis (n = 23)
10.57  3.58 (2–16)***,#

73 (77.7%)

23 (100%)**#

Single type
A
B
C

9
7
1
1

(40.9%)
(31.8%)
(4.5%)
(4.5%)

36
20
13
3

(38.3%)
(21.3%)
(13.8%)
(3.2%)

10
4
2
4

(43.5%)
(17.4%)
(8.7%)
(17.4%)

Multiple types
A and B
A and C
B and C
A, B and C

3
0
1
2
0

(13.6%)
(0%)
(4.5%)
(9.1%)
(0%)

34
4
16
4
10

(36.2%)*
(4.3%)
(17.0%)
(4.3%)
(10.6%)

13
4
8
1
0

(56.5%)**
(17.4%)
(34.8%)
(4.3%)
(0%)

Untypeable

2 (9.1%)

Single A type or multiple types
Single B type or multiple types
Single C type or multiple types

3 (3.2%)

10 (45.5%)
4 (18.2%)
4 (18.2%)

54 (57.4%)
47 (50.0%)**
37 (39.4%)

0 (0%)
17 (73.9%)
15 (65.2%)**
17 (73.9%)**

* P < 0.05 against healthy group.
** P < 0.01 against healthy group.
*** P < 0.001 against healthy group.
#
P < 0.05 against gingivitis group.

could be one possible risk marker for periodontitis. The
predominant cultural subgingival ﬂora in dogs shows great
similarity to the subgingival bacteria from humans at the
genus level, but distinct differences at the species level
(Dahlén et al., 2012). In the present study, the statistical
analyses indicated that P. gulae detection itself could be
one possible risk factor for development of periodontitis.
However, there are other species possibly associated with
periodontitis. Further studies should focus on the analyses
of the other species related to periodontitis in dogs.
It should be noted that there exist specimens which are
negative for genotypes A, B and C ﬁmA in P. gulae-positive
specimens. This ﬁnding indicates the presence of P. gulae
strains without FimA or those with additional ﬁmA
genotypes. Further studies are required to elucidate the
ﬁmA genotypes of these specimens. However, we speculate
that the existence of unknown type(s) would not inﬂuence
the results obtained in the present study since the number
of such specimens are extremely low. Thus, we can design
a system for identiﬁcation of dogs at high risk for
developing periodontitis without elucidating the details
of the untypeable specimens.
Prediction of the risk for developing future periodontitis
would be clinically beneﬁcial. However, it was reported
that the oral ﬂora in health and periodontitis is highly
diverse and that it contains high proportions of uncultured
and potentially novel species (Riggio et al., 2011). It should
be noted that the present study demonstrated that speciﬁc
FimA genotypes of P. gulae could be one possible risk factor.
Speciﬁcally, three factors, such as the presence of P. gulae,
detection of multiple ﬁmA genotypes with single type B or
type C detection were suggested. The molecular biological
analyses of the specimens taken from the dogs enable the
identiﬁcation of high risk dogs, who should be provided
with intensive care for periodontitis. In addition, we
propose that the dogs designated as risk subjects in healthy

the conditions tested. Since we attempted to develop a
mouse model to evaluate systemic virulence over prolonged periods, we modiﬁed the mouse model so that all
mice survived even in the group infected with OMZ314.
Thus, it was very surprising that erosion was identiﬁed in
almost all of the mice with subcutaneous injections of
D049 even on Day 1, and dramatically weakened systemic
conditions were observed in almost all of the mice leading
to death by Day 4. Thus, we demonstrated that strain D049
could cause extremely severe systemic inﬂammation.
We are interested in applying the results obtained in
the present study for clinical purposes. Therefore, we plan
to develop a system for identifying high risk subjects for
periodontitis. As a ﬁrst step, the periodontal condition of
the mandibular left canine was evaluated as a representative tooth for several reasons. First, it is relatively easy to
visually inspect this region without general anesthesia. In
addition, traction of the frenulum close to the mandibular
canine can produce wide views of the area. For clinical
evaluation, we can further simplify the criteria for
diagnosis based on our current knowledge of periodontitis
in humans. Periodontal pocket depth, bleeding on probing
and tooth mobility were used as major criteria for
diagnosis of gingivitis and periodontitis together with
other evaluations such as pus discharge.
The distribution of P. gulae in the dogs in the periodontitis group was signiﬁcantly higher than those of the
healthy and gingivitis groups. The detection rates of P.
gulae in Brazilian dogs with and without periodontitis
were reported to be 92% and 56%, respectively (Senhorinho
et al., 2011), which was almost similar to those of Japanese
dogs analyzed in the present study. As for humans, the
distribution rates of P. gingivalis in Japanese patients with
periodontitis and periodontally healthy subjects were
reported to be 87.1%, and 36.8%, respectively (Amano et al.,
2000), indicating that the presence of P. gingivalis itself

487

Y. Yamasaki et al. / Veterinary Microbiology 161 (2012) 196–205

205

diminished by Porphyromonas gingivalis. J. Periodontol. 75, 858–
865.
Inaba, H., Tagashira, M., Kanda, T., Ohno, T., Kawai, S., Amano, A., 2005.
Apple- and hop polyphenols protect periodontal ligament cells stimulated with enamel matrix derivative from Porphyromonas gingivalis. J. Periodontol. 76, 2223–2229.
Kato, Y., Shirai, M., Murakami, M., Mizusawa, T., Hagimoto, A., Wada, K.,
Nomura, R., Nakano, K., Ooshima, T., Asai, F., 2011. Molecular detection of human periodontal pathogens in oral swab specimens from
dogs in Japan. J. Vet. Dent. 28, 84–89.
Kuboniwa, M., Inaba, H., Amano, A., 2010. Genotyping to distinguish
microbial pathogenicity in periodontitis. Periodontol. 2000 54,
136–159.
Liang, C.C., Park, A.Y., Guan, J.L., 2007. In vitro scratch assay: a convenient
and inexpensive method for analysis of cell migration in vitro. Nat.
Protoc. 2, 329–333.
Nakagawa, I., Amano, A., Kimura, R.K., Nakamura, T., Kawabata, S.,
Hamada, S., 2000. Distribution and molecular characterization of
Porphyromonas gingivalis carrying a new type of ﬁmA gene. J. Clin.
Microbiol. 38, 1909–1914.
Nakagawa, I., Amano, A., Ohara-Nemoto, Y., Endoh, N., Morisaki, I.,
Kimura, S., Kawabata, S., Hamada, S., 2002. Identiﬁcation of a new
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37, 425–432.
Nakano, K., Kuboniwa, M., Nakagawa, I., Yamamura, T., Nomura, R.,
Okahashi, N., Ooshima, T., Amano, A., 2004. Comparison of inﬂammatory changes caused by Porphyromonas gingivalis with distinct
ﬁmA genotypes in a mouse abscess model. Oral Microbiol. Immunol.
19, 205–209.
Nomura, R., Shirai, M., Kato, Y., Murakami, M., Nakano, K., Hirai, N.,
Mizusawa, T., Naka, S., Yamasaki, Y., Matsumoto-Nakano, M.,
Ooshima, T., Asai, F., 2012. Diversity of Fimbrillin among Porphyromonas gulae clinical isolates from Japanese dogs. J. Vet. Med. Sci. 74,
885–891.
Pihlstrom, B.L., Michalowicz, B.S., Johnson, N.W., 2005. Periodontal diseases. Lancet 366, 1809–1820.
Riggio, M.P., Lennon, A., Taylor, D.J., Bennett, D., 2011. Molecular identiﬁcation of bacteria associated with canine periodontal disease. Vet.
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and/or gingivitis groups should be carefully followed up for
prevention of the onset of subsequent periodontitis.
Further studies should also focus on large-scale analyses
to identify the geographic speciﬁcity of the presence of the
ﬁmA genotypes. Such worldwide surveys could elucidate
the validity of this method for identiﬁcation of high risk
subjects for periodontitis in dogs.
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a b s t r a c t
Podocyte apoptosis underlies podocytepenia leading to glomerulosclerosis. An apoptosis inhibitory protein Bcl-2 is expressed in the podocytes in the early stage of nephrogenesis and downregulated in the
maturing stage of human fetal kidneys. Recent studies reported changed localization and expression of
Bcl-2 in the renal glomeruli under the pathologic conditions. This study aimed to conﬁrm in situ localization of Bcl-2 mRNA and its product in the glomeruli, and to demonstrate the local expression of Bcl-2
mRNA in normal rat glomeruli. Parafﬁn sections of the kidneys from normal male Wistar rats were
immunostained by anti-Bcl-2 monoclonal antibody. The localization of Bcl-2 mRNA in the glomeruli was
evaluated by in situ hybridization. The glomeruli were dissected from frozen sections of the kidneys with
the laser microdissection (LMD) system. Total RNA extracted from 10, 100 or 200 dissected glomeruli
was used for reverse-transcription polymerase chain reaction (RT-PCR) and real-time PCR. Bcl-2 mRNA
and its product were detected in the podocytes but barely in the mesangial cells. In RT-PCR, the speciﬁcsized bands of Bcl-2 from 100 or 200 dissected glomeruli were clearly observed. Real-time PCR for Bcl-2
showed that cDNA from 100 or 200 dissected glomeruli became ampliﬁed at 36 or 33cycles, respectively.
Bcl-2 is expressed in the glomerular podocytes of the normal rat kidney and quantitative analysis of Bcl-2
mRNA in the renal glomeruli is possible using the LMD technique.
© 2010 Elsevier GmbH. All rights reserved.

1. Introduction
Apoptosis is a physiologic form of cell death, occurs in the individual cell in an endogenously programmed pattern (White, 1996;
Tsujimoto and Shimizu, 2000). It can be triggered by a variety of
physiologic stimuli, however the pathologic factors also affect the
apoptotic pathways and then contribute to the induction or progression of many diseases (White, 1996; Shinoura et al., 1999;
Yoshimura et al., 1999; Tsujimoto and Shimizu, 2000). Among the
factors affecting apoptotic pathways, Bcl-2 is a protein encoded by
bcl-2 proto-oncogene and one of the molecular members of the cell
survival factors in the Bcl-2 family (Yang and Korsmeyer, 1996;
Tsujimoto and Shimizu, 2000). This protein is an important regulator of apoptosis, and can block programmed cell death. On the
other hand, Bax, one of the Bcl-2 family molecules regulates the Bcl2 protein activity and induces apoptosis. Therefore, the Bcl-2/Bax

∗ Corresponding author at: 1-17-71 Fuchinobe, Chuo-ku, Sagamihara, Kanagawa
252-2501, Japan. Tel.: +81 42 7692093; fax: +81 42 7692093.
E-mail address: shirota@azabu-u.ac.jp (K. Shirota).

ratio is critical for the entry into apoptosis (White, 1996; Yang and
Korsmeyer, 1996).
Recently, the importance of apoptosis has been emphasized
in the progression of glomerular diseases (Sugiyama et al., 1997;
Yoshimura et al., 1999; Barisoni and Mundel, 2003). In particular,
podocyte apoptosis has been suggested to be an important cause
of podocytepenia leading to glomeruloscrelosis (Yoshimura et al.,
1999; Barisoni and Mundel, 2003). Podocytes are highly differentiated cells and lack proliferative activity under normal conditions.
Their cellular foot processes are anchored to the outer surface
of glomerular basement membrane (GBM) and keep structural
integrity of the glomeruli. Adjacent foot processes are connected by
a modiﬁed intercellular junction called as the slit diaphragm, which
has a crucial role in selective ﬁltration barrier in the glomeruli
(Asanuma and Mundel, 2003). Therefore, detachment and loss of
podocytes from the glomerular tufts consistently result in adhesion
of denuded GBM to Bowman’s capsule.
The changed localization of Bcl-2 or Bax proteins in the
renal glomeruli has been observed both in experimental settings
(Sugiyama et al., 1997; Wang et al., 2001) and in human glomerular
diseases (Nakopoulou et al., 1996; Uda et al., 1998). In particular, the
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expression of Bcl-2 increases in the proliferating cells in glomerulonephritis, suggesting that this protein is involved in pathologic
cellular proliferation (Takemura et al., 1995; Sugiyama et al., 1997;
Uda et al., 1998). On the other hand, a recent clinico-pathological
study indicated that downregulation of Bcl-2 protein expression in
the renal glomeruli was associated with indices of poor prognosis
in human IgA nephritis (Qiu et al., 2004). Therefore, qualitative and
quantitative analysis of the local expression of gene and product
of Bcl-2 in the renal glomeruli will be very important to evaluate
the role of the apoptosis-relating protein in the pathogenesis of
glomerular injury and to access the inﬂuence of cellular stresses
such as chemicals on the podocytes.
In the rat, the expression of Bcl-2 mRNA was detected in the
podocytes of the renal glomeruli of puromycin aminonucleosidetreated and non-treated animals, and a focal increase of the signals
was demonstrated by in situ hybridization (Wang et al., 2001). However, no signiﬁcant change in glomerular Bcl-2 mRNA was revealed
by reverse transcription-polymerase chain reaction (RT-PCR) using
glomeruli isolated by the mesh-sieving method. Recently, we found
a high expression of Bcl-2 protein in the glomerular podocytes of
the normal rat kidney by immunohistochemistry using a monoclonal anti-human bcl-2 antibody.
For further conﬁrmation of the localization of Bcl-2 in the
podocytes, detection of its gene expression in the glomeruli might
be required. We reported the utility of the laser microdissection
(LMD) system for the analysis of the local gene expression in the
renal glomeruli (Inoue et al., 2003) as well as in the ovarian follicles (Sakurada et al., 2006). In the present study, we conﬁrmed the
expression of Bcl-2 mRNA in the renal glomeruli dissected by LMD
system. We also conﬁrmed by in situ hybridization and immunohistochemistry the in situ localization of Bcl-2 mRNA and its product
in the glomerular podocytes of the normal rat kidney.
2. Materials and methods
All procedures in this study were in accordance with the
guidelines approved by the Animal Research Committee of Azabu
University.

Sense and antisense RNA probes labeled with digoxigenin (DIG)
were synthesized using T7 and SP6 RNA polymerase (MAXscriptTM
in vitro Transcription Kit, Ambion, USA), respectively. The ISH
was performed under the standard protocols using an ISH kit
(PanPath B. V., Amsterdam) on 4% paraformaldehyde (PFA)-ﬁxed,
parafﬁn-embedded tissues. The parafﬁn sections were dewaxed
and air-dried and pretreated with 0.01 N HCl. After being washed in
tris (hydroxymethyl) aminomethane-buffered saline (TBS), the sections were dehydrated by ethanol and air-dried. Hybridization was
performed with a probe concentration of 0.6 g/ml in a hybridization buffer (Nippon Gene Corp., Tokyo) at 50 ◦ C overnight. After
hybridization, the sections were washed with TBS, and then incubated with alkaline phosphatase-conjugated anti-digoxigenin (Fab
fragment) (PanPath B. V., Amsterdam). After being washed in TBS,
a mixture of nitroblue tetrazolium solution and 5-bromo, 4-chloro,
3-indolyphosphate solution was applied to the sections for color
development.
Observation of the sections of immunohistochemistry and in situ
hybridization was performed with a differential interference contrast microscope.
2.3. Laser microdissection
A part of the renal cortex specimens was quickly frozen in liquid nitrogen, cut into 7 m sections by a cryostat microtome, and
mounted on a glass slide cover with a 2.5 m thin laser pressure
catapulting membrane (PEN foil; Leica Microsystems, Wetzlar).
They were ﬁxed with 70% ethanol, gently washed twice with
diethylpyrocarbonate (DEPC)-treated water, and thoroughly airdried. Thereafter, the sections were stained with 0.05% toluidine
blue (TB) solution, pH 4.1 (Wako Pure Chemical Industries, Ltd.,
Osaka), and then the TB solution was rinsed out with the DEPCtreated water, and the sections were air-dried. The renal glomeruli
were randomly dissected from frozen sections with LMD systems
(Leica Laser Microdissection System, Leica Microsystems). Ten, 100
or 200 glomeruli dissected from the frozen sections were collected
immediately into a microcentrifuge tube cap ﬁlled with lysis buffer.
2.4. RT-PCR

2.1. Kidney specimens and immunohistochemistry
Two 8-week-old normal male Wistar rats (Charles River Japan,
Inc., Kanagawa) were euthanized by bleeding under anesthesia with intraperitoneal administration of pentobarbital sodium
(60 mg/kg body weight), and their kidneys were collected. Parts of
kidneys were ﬁxed in 10% formalin (Masked Formalin, Japan Tanner
Corp., Osaka) and embedded in parafﬁn after dehydration through
a graded series of ethanol. Four-m sections were cut and used for
immunohistochemical detection of Bcl-2 by the streptavidin-biotin
peroxidase method using a commercial kit (Histoﬁne kit, Nichirei
Corp., Tokyo). After deparafﬁnization and treatment in 3% H2 O2 in
methanol, the sections were incubated with normal rabbit serum
and then with anti-human bcl-2 monoclonal antibody (Clone;124,
pre-diluted, Nichirei Corp.). The immunoreaction was visualized by
a diaminobenzidine-hydrogen peroxide solution, and the sections
were counterstained with methyl green.
2.2. In situ hybridization
The Bcl-2 mRNA was localized by in situ hybridization
(ISH). A 368 bp fragment of the rat Bcl-2 cDNA was ampliﬁed from reverse-transcribed total RNA of the rat kidney cortex
using the following primers: upper, TAATACGACTCACTATAGGCGGGAGATCGTGATGAAGTA; lower, ATTTAGGTGACACTATAGAGAAGGGCGTCAGGTGC (Wang et al., 2001). The plasmid vector was
inserted the Bcl-2 fragment and incubated with restriction enzyme.

To see speciﬁc size bands of Bcl-2 and glyceraldehyde-3phosphate dehydrogenase (GAPDH) by electrophoresis, routine
RT-PCR using the cDNA from dissected glomeruli was performed
by Takara Thermal Cycler MP (Takara Shuzo, Kyoto). The total
RNA was extracted from dissected glomeruli with RNeasy Mini
Kit (Qiagen, Valencia, CA), and DNase digestion was performed
with the RNase-free DNase set (Qiagen). First-strand cDNA was
made from total RNA using Sensicript (Qiagen) with oligo (dT)
15primer (Promega, Madison, WI). The sequences of primers were
as follows: upper, 5 -CGGGAGATCGTGATGAAGTA-3 ; down, 5 GGTAGCGACGAGAGAAGTCA-3 (Wang et al., 2001) and the GAPDH
primers as follows: upper, 5 -TCCCTCAAGATTGTCAGCAA-3 ; lower,
5 -AGATCCACAACGGATACATT-3 (Ando et al., 1995). The PCR was
performed with Takara TaqTM (Takara Shuzo, Kyoto) under the following conditions: denature at 94 ◦ C for 5 min; and then 40 cycles
of denature at 94 ◦ C for 1 min; annealing at 60 ◦ C for 1 min; extension at 72 ◦ C for 2 min; and ﬁnally extension at 72 ◦ C for 7 min.
Four l of the PCR products were separated by electrophoresis in a
2% agarose gel and stained with ethidium bromide. The ampliﬁed
products were veriﬁed to be a single band of 284 bp (Bcl-2) and
308 bp (GAPDH) in size.
2.5. Real-time PCR
The total RNA was extracted from dissected glomeruli with the
RNeasy Mini Kit (Qiagen), and DNase digestion was performed with
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Fig. 1. Immunohistochemical staining of Bcl-2 in the renal glomerulus of the normal rat. Brown color indicates positive staining of Bcl-2 mostly in the podocytes.
Bar = 50 m.

the RNase-free DNase set (Qiagen). First-strand cDNA was made
from total RNA using Sensicript (Qiagen) with oligo (dT) 15 primer
(Promega). Real-time PCR was performed using the ABI Prism7700
Sequence Detection System (Applied Biosystems, Foster City, CA).
For quantitative analysis of Bcl-2 expression, the TaqMan Bcl-2
(20X Pre-Developed TaqMan Assay Reagents, Applied Biosystems),
and the TaqMan GAPDH (TaqMan Rodent GAPDH Control Reagents,
Applied Biosystems) as an endogenous standard were ampliﬁed
with each cDNA from dissected glomeruli using the universal PCR
mastermix (Applied Biosystems). The reaction conditions were as
follows: 2 min at 50 ◦ C for warming up, samples were denatured
at 95 ◦ C for 10 min, then 40 cycles of 95 ◦ C for 15 s and at 60 ◦ C for
1 min.
3. Results
3.1. Immunohistochemistry and in situ hybridization
Immunohistochemistry clearly demonstrated that the Bcl-2
protein was localized in the podocytes but barely in the mesangial
cells in the glomeruli (Fig. 1). Also, in situ hybridization revealed
the limited localization of Bcl-2 mRNA in the glomerular podocytes
(Fig. 2). Sense RNA probe used for negative control did not yielded
any signals in the renal tissues.

3

Fig. 2. In situ hybridization for Bcl-2 mRNA in the renal glomerulus of the normal
rat. Arrows indicate positive signals in the podocytes. Bar = 50 m.

(Wang et al., 2001) but we demonstrated local expression of Bcl-2
mRNA in the glomeruli by RT-PCR. Moreover, the real-time PCR for
Bcl-2 revealed exponential ampliﬁcation plots of cDNA, suggesting
that quantitative evaluation of local Bcl-2 gene expression could be
possible using dissected glomeruli by the LMD system. We did not
precisely evaluate the difference in the results of PCR when cDNA
from 10, 100 and 200 dissected glomeruli was ampliﬁed. However,
the ampliﬁcation plots of cDNA of the Bcl-2 indicated that 200 dissected glomeruli would be ideal for quantitative analysis of its local
gene expression.
In human kidneys, Bcl-2 is not present in the podocytes in the
maturing stage of nephrogenesis (Nagata et al., 1998) and also Bcl2 mRNA was barely detectable in the normal human glomeruli
(Qiu et al., 2004). There has been limited information on the
role of Bcl-2 in the pathogenesis of glomerular injury. In human
glomerular diseases such as lupus nephritis, IgA nephropathy, focal
glomerulosclerosis and mesangial proliferative glomerulonephritis, increased expression of Bcl-2 in the glomeruli might contribute
to the maintenance of hypercellularity by promoting cellular proliferation and by suppressing the function of Bax (Takemura et al.,
1995; Uda et al., 1998). Nakopoulou et al. (1996) also reported

3.2. Bcl-2 gene expression in the glomeruli
RT-PCR revealed that local expression of Bcl-2 mRNA was distinctly detected in 100 and 200 dissected glomeruli at 284 bp
(speciﬁc size band of Bcl-2) but was not detected in 10 dissected
glomeruli (Fig. 3). In real-time PCR, the cDNA of Bcl-2 and GAPDH
derived from 200 dissected glomeruli began ampliﬁed at 33 and
28 cycles, respectively. It was also possible to detect exponential ampliﬁcation of these cDNA from 100 dissected glomeruli that
became ampliﬁed at over 36 (Bcl-2) and 30 (GAPDH) cycles. The
cDNA of GAPDH from 10 dissected glomeruli was exponentially
ampliﬁed, however that of Bcl-2 was not ampliﬁed (Fig. 4).
4. Discussion
We conﬁrmed distinct in situ localization of Bcl-2 mRNA and
its product in the glomerular podocytes of the normal rat kidney
in this study. The localization of Bcl-2 mRNA in the rat glomerular
podocytes was previously demonstrated by in situ hybridization

Fig. 3. The result of RT-PCR for GAPDH (a) and Bcl-2 (b) using total RNA from 10
(lane 2), 100 (lane 3) or 200 (lane 4) dissected glomeruli by laser microdissection
system. Lane1: molecular weight marker.
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Fig. 4. Ampliﬁcation curves of cDNA in real-time PCR of GAPDH (a) and Bcl-2 (b) using total RNA derived from 10, 100 or 200 dissected glomeruli. The ampliﬁcation curves
expressed by four different colors in each chart are of duplication samples from two normal rats.

restricted expression of Bcl-2 in the glomerular epithelial cells near
intraglomerular ﬁbrotic lesions and early adhesion and cellular
crescents. In the rat model of focal segmental glomerulosclerosis, a focal increase in the expression of Bcl-2 mRNA in the
renal glomeruli evaluated by in situ hybridization was suspected
to be due to proliferated mesangial cells (Wang et al., 2001).
More recently, Qiu et al. (2004) showed that Bcl-2 expression
was upregulated in the early stage of IgA nephropathy and was
downregulated in the advanced and end-stage of the disease. They
revealed that Bcl-2 downregulation was closely associated with the
development of progressive glomerular injury as well as being a
clinical prognostic indicator of poor renal prognosis in human IgA
nephropathy. These reports indicate that Bcl-2 may be closely associated with the pathogenesis of glomerulonephritis and that its role
in glomerular injury might depend on the types of the injury and
course of the diseases.
The podocytes are highly differentiated and growth-arrested
cells (Nagata et al., 1998; Barisoni and Mundel, 2003). Therefore
loss of these cells results in podocytepenia and underlies glomerulosclerosis, representing irreversible glomerular injury (Barisoni
and Mundel, 2003) A recent experimental study has shown that
Bcl-2 protects podocytes from apoptosis (Wada et al., 2005) Constant expression of Bcl-2 in the podocytes in the normal kidney
as shown in this study may contribute to long-life of these cells
as a cell survival factor. Therefore, quantitative analysis of local
gene expression of Bcl-2 in the glomeruli under pathologic conditions caused by various factors such as immune mechanisms,
chemical toxicity, ageing and others must be important for eval-

uating or monitoring podocyte injury and for understanding the
pathogenesis of progressive glomerular injury.
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ABSTRACT.

A 10-year-old female false killer whale (Pseudorca crassidens

Fusarium solani
Fusarium
mon in that the lesions spread deeper into the skin.
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Fusarium solani
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Fusarium

F. solani and F. oxysporum

associated with contamination of contact lens solution has

Fusarium spp. possess viru-

In marine mammals, Fusarium spp. are most likely opmised immune systems presumably due to stress or illness

suppress both humoral and cellular immunity and may

Fusarium-induced der-

humans and animals such as turtles, sharks, dolphins and
sea lions, Atlantic white sided dolphins, harbor seals and
In humans, fusariosis tends to develop in patients who
refractory fever, skin lesions at infected sites and sino-

F. solani in a false

particularly with predominance in the extremities. The
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killer whale.
A 10-year-old female false killer whale (Pseudorca
crassidens
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-
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rumen, injured head skin and cerebral subdural hemor-
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Aspergillus spp. In the cere-

Candida
tions of 4 μm thick were cut and stained with hematoxylin
periodic acid-Schiff (PAS) reaction and Grocott’s methenatry, sections from skin lesions and ulcerated rumen lesions
Candida spp. or Aspergillus spp. (provided by Dr. M. Kubo,

penia in the lymph nodes and spleen. F. solani were not
Samples of the kidney, spleen, heart, pancreas, lymph
node, cerebrum, cerebellum and skin lesions were collected
-

Corp., Glostrup, Denmark, 1:200), rabbit anti-CD20 (Ther1:1,000) for 16 hr at 4°C. Bound antibodies were detected
-

consisted of 4 to 6 cells and chlamydospores were detected in the micro culture on PDA. DNA was extracted from
the isolates and tissue samples. The internal transcribed

F. solani
searches. As a result, F. solani
-

into the blood vessels nor thrombus was found.
-

F. solani. Fusariuminduced dermatitis in marine mammals has been reported

isms were surrounded by intensely eosinophilic amorphous
oid or club-shaped intensely eosinophilic materials around
-

Aspergillus spp. and Candida spp.
-

-

-

ported in association with mycetoma due to F. moniliforme
Fusarium spp. infection in marine mammals
F. so-

GMS stain and PAS reaction, and were immunopositive for

lani
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sions spread diffusely into the deep dermis (arrows). Bar=1 cm.
μm.
μm.

μm.
μm.
phocytes (6b) are observed. Bar=200 μm.

small in number. Similar immunohistochemical reactivities

lular and humoral immunities.
-

-
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a b s t r a c t
Background: The roles of microphthalmia-associated transcription factor (Mitf) in the skeletal muscle and
during myogenesis are unclear.
Methods: Expression of Mitf in mouse tissues and during myogenesis was evaluated. Effects of Mitf knockdown on myogenesis and gene expression related to myogenesis were subsequently explored. Furthermore,
effects of p21, a cyclin-dependent kinase inhibitor, and integrin α9 (Itga9) were examined.
Results: Mitf was highly expressed in the skeletal muscle; Mitf-A and -J were expressed. Mitf expression increased after differentiation stimulation in C2C12 myogenic cells. Down-regulation of Mitf expression by
transfection of siRNA for common Mitf inhibited myotube formation, which was reproduced by Mitf-A knockdown. Morphometric analyses indicated that both multinucleated cell number and the proportion of myotubes with more than 6 nuclei were decreased in Mitf-knockdown cells, suggesting that Mitf is required for
not only the formation of nascent myotubes but also their maturation. Searching for genes positively regulated by Mitf revealed p21 and Itga9; decreasing Mitf expression inhibited up-regulation of p21 expression after
differentiation stimulation and blocked the induction of Itga9 expression in response to differentiation.
Knockdown of p21 decreased the number of multinucleated cells, whereas Itga9 knockdown did not affect
the myotube number. Both p21 knockdown and Itga9 knockdown decreased the proportion of myotubes
with more than 6 nuclei.
General signiﬁcance: Mitf positively regulates skeletal muscle formation; Mitf is signiﬁcantly expressed
during myogenesis, and is required for efﬁcient myotube formation through expression of p21 and
Itga9.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Skeletal muscle formation consists of a complex set of differentiation
steps: commitment of mesenchymal stem cells to myoblast lineage
cells, progression of differentiation with the expression of muscle-cellspeciﬁc proteins, and fusion of myoblasts into multinucleated myotubes.
Mammalian myotube formation occurs in two phases [1,2]. In the ﬁrst
phase, differentiated myoblasts fuse together to form small myotubes;
to accomplish this process, proliferating myoblasts exit cell cycle, and
some myoblasts undergo apoptosis. In the second phase, additional myoblasts subsequently fuse with myotubes to form large myotubes. Although the roles of myogenic regulatory factors (MRFs), including Myf5,
Myod, Myogenin and Mrf4, in myogenic differentiation are unquestionable [3–5], a number of factors, such as secreted proteins, membrane proteins and transcriptional regulators, are also involved in myogenesis [2].
⁎ Correspondence to: Tel.: + 81 75 753 6055.
⁎⁎ Correspondence to: Tel.: + 81 42 769 1624.
E-mail addresses: mfunaba@kais.kyoto-u.ac.jp (M. Funaba),
murakami@azabu-u.ac.jp (M. Murakami).

Microphthalmia-associated transcription factor (Mitf) is a member
of the basic helix–loop–helix leucine zipper (bHLH-LZ) family of transcription factors [6–8]. Expression levels of Mitf, evaluated by Western
blotting and Northern blotting, vary among tissues; it is highly
expressed in melanocytes, mast cells, osteoclasts, and the heart
[9–11]. Thus, the roles of Mitf have been mainly examined in these
cells [11–14], and Mitf activities in other tissues are largely unknown.
Of the Mitf variants that are not the result of genetic mutation, nine
Mitf isoforms have been identiﬁed in mice that differ in their transcriptional initiation site: Mitf-A, -B, -C, -D, -E, -H, -J, -M and -mc. The
Mitf variants contain an isoform-speciﬁc ﬁrst exon, while exons 2 to
9 of all Mitf isoforms examined to date are identical. Mitf isoforms
are expressed in a cell type-speciﬁc manner, and their transcriptional
activities are slightly but signiﬁcantly different depending on the target gene [15–19]. In addition, two types of Mitf mRNAs with or without an 18-base insert (exon 6a) are generated by alternative use of
the two acceptor sites located at the 5′ end of exon 6 in Mitf-A, -H, -J,
-M and -mc [6,9,20,21]. In the present study, we show the relatively
higher expression of Mitf-A in the skeletal muscle, and present the potential role of Mitf in the progression of myogenesis.

0304-4165/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbagen.2011.11.005
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2. Materials and methods
2.1. Animals and cell culture
Nine C57BL/6 mice aged 7–8 wk were used to examine the tissue
distribution of Mitf. The experiment was approved by Azabu University Animal Experiment Committee. C2C12 myoblasts were obtained
from the American Type Culture Collection (Rockville, MD). Cells
were cultured in growth medium, i.e., Dulbecco's modiﬁed Eagle's
medium (DMEM) with heat-inactivated 10% fetal bovine serum
(FBS), 100 U/ml penicillin and 100 μg/ml streptomycin, at 37 °C
under a humidiﬁed 5% CO2 atmosphere. To induce differentiation
from myoblasts to myotubes, the medium was replaced at conﬂuence
(day 0) with differentiation medium consisting of DMEM with 2%
horse serum supplementing the antibiotics. To isolate myotubes,
cells on day 7 were trypsinized for a short time under a microscope
until detachment of multinucleated cells (~2 min), followed by centrifugation to obtain a myotube-rich fraction.

2.2. RT-PCR, restriction fragment length polymorphism and quantitative
RT-PCR
Total RNA isolation from tissues and cells, RT-PCR and restriction
fragment length polymorphism (RFLP) were performed as described

77

previously [21]. Quantitative RT-PCR (qRT-PCR) was carried out as
described previously [22]. The used PCR primers in qRT-PCR are presented in Table 1. To compare tissue Mitf expression, the appropriate
corrected gene was chosen using a mouse housekeeping gene primer
set (TaKaRa, Otsu, Japan). The relative mRNA level was expressed as a
ratio with β-actin to evaluate tissue distribution and Gapdh was used
as a reference gene to examine regulatory expression in C2C12 cells.

2.3. Western blotting
To examine expression of Mitf in the skeletal muscle, thigh muscle
and heart as a positive control were homogenized in RIPA buffer.
After 30 min on ice, the debris was removed by centrifugation at
2500 ×g for 2 min at 4 °C. After centrifugation at 12,000 ×g for
5 min at 4 °C, the supernatant was recovered and the protein concentration was measured by the bicinchoninic acid method [23]. Fifty micrograms of the protein was loaded on 10% SDS-polyacrylamide gel.
Western blotting was performed as described previously [24,25]. Expression of Mitf and myosin heavy chain (Myhc) was examined by
use of mouse monoclonal antibodies against Mitf (X1405M; Exalpha
Biologicals) and Myhc (MY-32; Sigma), respectively. There are two
types of muscle ﬁber, i.e., fast-twitch and slow-twitch; fast-twitch
muscle ﬁbers express Myhc2a, Myhc2b and Myhc2x, whereas slowtwitch muscle ﬁbers do Myhc1 [26]. According to the manufacturer's

Table 1
Oligonucleotide PCR primers for qRT-PCR.
Oligonucleotide

Mitf
Common Mitf
Mitf-A
Mitf-H
Mitf-J
Mitf-M
Myogenic regulatory factors
Myf5
Myod1
Myogenin
Mrf4
Myosin heavy chains
Myhc2a
Myhc2b
Myhc2x
Target candidates
Adam12
Calpastatin
Caveolin3
Ccna2
Cdh15
Ctsb
Itga3
Itga4
Itga5
Itga6
Itga9
Itgb1
Myof
p21
p57
Ptger4
Rb1
v-Cam1
Vcl
Reference genes
β-actin
Gapdh

GenBank
accession
number

5′-primer

3′-primer

5′-GCCTTGCAAATGGCAAATAC-3′
5′-GAGGAGTTTCACGAAGAACC-3′
5′-GAGGAGTTTCACGAAGAACC-3′
5′-CCGTGTCTCTGGGCATCTGAAG-3′
5′-ATGCTGGAAATGCTAGAATACAG-3′

5′-GCTGGACAGGAGTTGCTGAT-3′
5′-GCTGGCGTAGCAAGATGCGTGA-3′
5′-GCTGGCGTAGCAAGATGCGTGA-3′
5′-GCTGGCGTAGCAAGATGCGTGA-3′
5′-CATACCTGGGCACTCACTCTC-3′

NM_001113198
NM_001178049
AY632575
NM_008601

5′-GCCAGTTCTCCCCTTCTGAGTA-3′
5′-GTGGCAGCGAGCACTA-3′
5′-AGAAGCGCAGGCTCAAGAAA-3′
5′-GGGCCTCGTGATAACTGCT-3′

5′-TGGTCCCCAAACTCATCCTCT-3′
5′-GGGCCGCTGTAATCCATC-3′
5′-ATCTCCACTTTAGGCAGCCG-3′
5′-AAGAAAGGCGCTGAAGACTG-3′

NM_008656
NM_010866
NM_031189
NM_008657

5′-AAAGCTCCAAGGACCCTCTT-3′
5′-CCGAGCAAGAGCTACTGGA-3′
5′-TCGCTGGCTTTGAGATCTTT-3′

5′-AGCTCATGACTGCTGAACTCAC-3′
5′-TGTTGATGAGGCTGGTGTTC-3′
5′-CGAACATGTGGTGGTTGAAG-3′

NM_001039545
NM_010855
NM_030679

5′-CAGAGCATCCCAGCCAAG-3′
5′-CCTTCAGCTGGTGGAGAGAG-3′
5′-CACAAGGCTCTGATCGCCTC-3′
5′-CTTGGCTGCACCAACAGTAA-3′
5′-TGACATTGCCAACTTCATCAG-3′
5′-AAGCTGTGTGGCACTGTCCTG-3′
5′-CATCAACATGGAGAACAAGACC-3′
5′-ACCAGACCTGCGAACAGC-3′
5′-TACTCTGTGGCTGTGGGTGA-3′
5′-GGTTGAGAGGCCATGAAAAG-3′
5′-TGATGCCAACGTGTCCTTTA-3′
5′-ATGCAGGTTGCGGTTTGT-3′
5′-CATTACTGGCTTCTAAGCTGTCG-3′
5′-TGGGCCCGGAACATCTC-3′
5′-CAGGACGAGAATCAAGAGCA-3′
5′-TCCAGATGGTCATCTTACTCAT-3′
5′-GCTGCAAATACAGAGACACAAGCAG-3′
5′-TGATTGGGAGAGACAAAGCA-3′
5′-GATAGCTGCTCTGACCTCTAA-3′

5′-CAGGCTGAGGATCAGGTCTC-3′
5′-GCTGGTGTGAATGGTTTCTG-3′
5′-TCCGTGTGCTCTTCGGTCA-3′
5′-CAAACTCAGTTCTCCCAAAAACA-3′
5′-GATGAGAGCTGTGTCGTAGGGAG-3′
5′-GATCTATGTCCTCACCGAACGC-3′
5′-CCAACCACAGCTCAATCTCA-3′
5′-CCCCCAGCCACTGGTTAT-3′
5′-GCCATTAAGGACGGTGACAT-3′
5′-TTCTTTTGTTCTACACGGACGA-3′
5′-GAAATGCCCATCTCCTCCT-3′
5′-CATCCGTGGAAAACACCAG-3′
5′-AAATTTACTCCACCAGTCAACG-3′
5′-TGCGCTTGGAGTGATAGAAA-3′
5′-TGCGCTTGGCGAAGAAGT-3′
5′-TAACTGGTTAATGAACACTCGCA-3′
5′-CGGAGATATGCTAGACGGTACACTT-3′
5′-AACAACCGAATCCCCAACT-3′
5′-TAGTGCCGTCGCCACTTGTTT-3′

NM_007400
NM_009817
NM_007617
NM_009828
NM_007662
NM_007798
NM_013565
NM_010576
NM_010577
NM_008397
NM_133721
NM_010578
NM_001099634
NM_007669
NM_009876
NM_001136079
NM_009029
NM_011693
NM_009502

5′-CTAAGGCCAACCGTGAAAAG-3′
5′-CGTGTTCCTACCCCCAATGT-3′

5′-ACCAGAGGCATACAGGGACA-3′
5′-TGTCATCATACTTGGCAGGTTTCT-3′

X03672
NM_008084
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manual, this antibody for Myhc recognizes fast-type muscle ﬁbers.
After incubation of the membranes with ECL Advance reagent (GE
Healthcare), the chemiluminescent signals were exposed to X-ray
ﬁlm. Subsequently, antibodies as well as the detection reagents
were stripped and reprobed with anti-α-tubulin (ab11304; Abcam)
or anti-β-actin antibody (AC-15; Abcam).

2.4. Immunohistochemistry
C2C12 cells were grown on glass chamber slides coated with type I
collagen (Thermo Fisher Scientiﬁc) and were ﬁxed with 3% paraformaldehyde in PBS for 30 min, followed by treatment with 1% Triton
X-100 in PBS for 10 min. After washing with PBS, cells were incubated
with 3% H2O2 to remove endogenous peroxidase. Subsequently, cells
were treated with 1.5% normal goat serum in PBS for 20 min to
block nonspeciﬁc reactions. Diluted mouse monoclonal antibody
against Mitf (X1405M; Exalpha Biologicals) with 0.1% bovine serum
albumin in PBS at 1:80 was used to identify Mitf expression at the
protein level. After incubation with the primary antibody for 2 h at
room temperature, Mitf-positive cells were visualized using VECTASTAIN Elite ABC kit (Vector Laboratories) and 3,3′-diaminobenzidine
(DAB; Dojindo) according to the manufacturer's protocol.

2.5. siRNA transfection
To target the expression of common Mitf, Mitf-A or Itga9 and green
ﬂuorescent protein (GFP) controls, oligonucleotides for the respective
genes were synthesized by BONAC corporation (Kurume, Japan) as
follows: 5′-GAAACUUGAUCGACCUCUACA-3′ and 5′-UAGAGGUCGAUCAAGUUUCCA-3′ for common Mitf, 5′-GGAGUCAUGCAGUCCGAAUTT3′ and 5′-AUUCGGACUGCAUGACUCCTT-3′ for Mitf-A, 5′-CCUUAGUGCUCUUCCGAAAGA-3′ and 5′-UUUCGGAAGAGCACUAAGGUU-3′ for
Itga9, and 5′-GGUUACGUCCAGGAGCGCATT-3′ and 5′-UGCGCUCCUGGACGUAGCCTT-3′ for GFP. The siRNA for p21 was purchased (sc29428; Santa Cruz Biotechnology). An equal amount of the oligonucleotide was mixed for each gene to prepare siRNA. Thirty picomoles
of siRNA was transfected into C2C12 cells seeded at a density of
1.5×10 4 cells in 24-well plates every 48 h. siRNA was transfected
using Lipofectamine RNAiMAX (Invitrogen) according to the manufacturer's protocol. Antibiotics were not supplemented to the culture
media in siRNA transfection experiments.

3. Results
3.1. Expression of Mitf in tissues and during myogenesis
Tissue distribution of Mitf was quantiﬁed by qRT-PCR. First, the expressions of 12 genes, Atp5f1, B2m, β-actin, Gapdh, Hprt1, Pgk1, Ppia,
RpLp1, Rps18, Tbp, Tfrc, and Ywhaz, were quantiﬁed for evaluation as
appropriate corrected genes; quantitative PCR using cDNA prepared
from equal amounts of total RNA revealed that β-actin expression
was the most stable among the tested tissues, which were evaluated
by “geNorm” (http://medgen.ugent.be/~jvdesomp/genorm/) (data
not shown). Thus, the gene transcript level of Mitf was corrected for
that of β-actin (Fig. 1A). Expression of Mitf was highest in the heart,
as expected. Although Mitf is recognized as a tissue-restricted transcription factor [6–8], its expression was detected in a wide variety
of tissues. In particular, expression in the skeletal muscle was relatively higher. Previous studies indicated Mitf expression in the skeletal muscle [9,27], but the role of Mitf is not known. Thus, we
characterized the expression and function of Mitf in the skeletal muscle and during myogenesis in detail. Examining Mitf isoforms differing in transcriptional initiation site in the skeletal muscle indicated
that more than 99% of Mitf was Mitf-A, and that Mitf-H and -J were
also expressed signiﬁcantly (Fig. 1B).
In a C2C12 myotube differentiation model, C2C12 myoblasts fuse
to form multinucleated myotube cells upon serum starvation on day
0 [28]. To evaluate gene expression in C2C12 cells, we chose Gapdh instead of β-actin as a reference gene; qPCR using cDNA prepared from
equal amount of total RNA indicated gradual decrease in β-actin expression with progression of myogenesis, whereas expression of
Gapdh was relatively constant (Supplementary Fig. 1). Total Mitf expression level increased up to day 8 and then reached a plateau
(Fig. 1C). Similar to the expression pattern in the skeletal muscle,
Mitf-A was the main isoform (59–76% of total Mitf). In addition,
Mitf-J but not -H was expressed. The expression pattern of Mitf isoform was constant during myogenesis; the ratio of Mitf-A to Mitf-J
was 1.5 to 3.2:1. Expression of Mitf in the skeletal muscle and
C2C12 cells was also veriﬁed at the protein level by Western blot analyses (Fig. 1D). In addition, consistent with the changes at the mRNA
level, expression of Mitf protein was increased after differentiation
stimulation (Fig. 1E). Furthermore, Mitf was exclusively localized in
the nucleus of C2C12 cells (Fig. 1F). We also examined the ratio of
gene transcripts of Mitf with exon 6a to that of Mitf without exon
6a by PCR-RFLP analyses; the ratios of Mitf-A and Mitf-J were relatively constant during myogenesis (Fig. 1G).

2.6. Morphological analysis
Cells were ﬁxed with methanol for 2 min and subsequently
stained with Giemsa staining for 20 min. Cells with more than 3 nuclei were judged as myotubes. Eight views per treatment in an experiment were analyzed. Experiments were repeated two or three times,
and similar results were obtained.

2.7. BrdU incorporation
Proliferation of C2C12 cells was measured by a BrdU cell proliferation assay (Cell Proliferation ELISA, BrdU (colorimetric); Roche)
according to the manufacturer's protocol.

2.8. Statistical analysis
Data are presented as the mean ± SE. Comparisons between
groups were conducted using Student's t-test. Results were considered signiﬁcant at P b 0.05.

3.2. Disruption of Mitf expression inhibits myotube formation by blocking
increased expression of p21 and Itga9 induction
To clarify the roles of Mitf in myogenesis, we evaluated effects of decreased expression of Mitf, which was achieved by transfection with
siRNA for Mitf (Supplementary Fig. 2A, lanes 2 and 3, and B). Transfection
of siRNA for common Mitf effectively decreased the emergence of multinucleated myotubes on day 6, as compared with GFP (Fig. 2A). Knockdown of Mitf-A also blocked the formation of thick myotubes (Fig. 2B,
Supplementary Fig. 2C). Morphological analyses on day 6 indicated that
the number of multinucleated cells, which were deﬁned as cells with
more than 3 nuclei, was signiﬁcantly decreased by transfection of siRNA
for Mitf (Fig. 2C). We also evaluated the differentiated myotubes in detail;
knockdown of Mitf increased the proportion of myotubes with 3 to 5 nuclei, but decreased that of myotubes with more than 6 nuclei (Fig. 2D).
Similar results were also obtained in C2C12 cells transfected with siRNA
for Mitf-A (Supplementary Fig. 3). Furthermore, Mitf knockdown decreased the expression of Myhc, a myotube-speciﬁc protein [3–5], in
C2C12 cells on day 8 (Fig. 2E, lanes 1 and 2). These results suggest that
Mitf is required not only for myoblast–myoblast fusion but also for
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Fig. 1. Mitf expression is highly expressed in the skeletal muscle and increases with progression of myogenesis in C2C12 cells. (A) Mitf expression in various tissues was measured
by qRT-PCR. Mitf expression was expressed as a ratio to β-actin expression. Data are shown as the mean ± SE. (B) Expression of Mitf isoform differing with transcriptional initiation
site in the skeletal muscle was identiﬁed by qRT-PCR using isoform-speciﬁc 5′-primer and 3′-primer spanning the common Mitf. The percentage of the expression of each Mitf isoform to that of total Mitf was calculated. Data are shown as the mean ± SE. (C) C2C12 myoblasts were cultured to conﬂuence (day 0) in growth medium, followed by culture in
differentiation medium. Time-course changes in expression of Mitf isoform differing with transcriptional initiation site during myogenesis were examined in C2C12 cells. Mitf expression was expressed as a ratio to Gapdh expression. Data are shown as the mean ± SE (n = 2). (D) Expression of Mitf in the skeletal muscle. Protein extracted from heart, thigh
muscle and C2C12 cells was subjected to Western blot analyses to examine Mitf expression at the protein level. A representative result of Western blot is shown. In the heart, Mitf-H
as well as Mitf-A is mainly expressed shown in (B). Note that calculated molecular weight of Mitf-H and Mitf-A is 56.8 k and 58.6 k, respectively. (E) Time-course changes in expression of Mitf protein were examined during myogenesis of C2C12 cells. A representative result of Western blot is shown. (F) Immunolocalization of Mitf in C2C12 cells. C2C12
myoblasts were ﬁxed and reacted with (right) or without (left) mouse monoclonal anti-Mitf antibody. Subsequently, cells were reacted with anti-mouse IgG antibody, and the antibody was visualized. A representative cell staining is shown. (G) The ratio of exon 6a-containing Mitf isoforms (exon 6a + 6b) to non-exon 6a-containing isoforms (exon 6b) was
evaluated in C2C12 cells. PCR products of Mitf-A and -J were digested by Hinf I, and DNA fragments with or without exon 6a were separated by PAGE. A photograph of a representative gel stained with ethidium bromide is shown.

maturation of nascent myotubes. We also examined effects of forced Mitf
expression on myotube formation; the expression did not enhance myogenesis (data not shown).
Molecular bases of decreased myotube formation by Mitf knockdown were then explored. Myogenesis is regulated through modulation of the expression and activity of MRFs [29,30]; however, gene
transcript levels of Myf5, Myod, Myogenin and Mrf4 were unchanged
by Mitf knockdown, suggesting that impairment of myogenesis
resulting from Mitf knockdown is not due to altered expression of
MRFs (Fig. 3A–D).
Other than MRFs, several molecules related to cell attachment and
fusion, such as Adam12, Calpastatin, Caveolin3, Cdh15, Ctsb, Itga3,
Itga4, Itga6, Itga9, Itgb1, Myof, and v-Cam1 are known to regulate myotube differentiation [2,31–34]. In addition, the cDNA microarray
database (http://www.ncbi.nlm.nih.gov/geo/) indicated that the expressions of Ccna2, Itga5, p21, p57, Ptger4, Rb1, and Vcl increased
with differentiation. In view of Mitf as a transcription factor, we
expected that Mitf is involved in myogenesis through transcriptional
activation of these myogenesis-regulating genes. Thus, the effects of
decrease in Mitf expression on the expression level of these genes
were explored. We found that gene transcript levels of p21 and
Itga9 after differentiation stimulation were decreased by transfection
of siRNA for common Mitf; expression of p21 was increased in response to differentiation stimulation, and Mitf knockdown blocked
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the increased expression of p21 (Fig. 3E). Signiﬁcant expression of
Itga9 was detected after day 4, and the expression level was decreased by transfection of siRNA for Mitf (Fig. 3F). Decreased expression of p21 and Itga9 was also detected in Mitf-A-knockdown cells
(Supplementary Fig. 4). Gene transcript levels of the other genes
were unaffected by Mitf knockdown (Supplementary Fig. 5).
In a C2C12 myogenesis cell model, not all myoblasts not fuse into
myotubes; co-existence of proliferating myoblasts and myotubes is
detected after differentiation stimulation [35–37]. We separated the
myotube-rich fraction by limited trypsinization to explore cells affected by Mitf knockdown. Although Myhc2a expression was not signiﬁcantly different between the myotube fraction and the residual
cell fraction in control cells (Fig. 4A), Myhc2b and Myhc2x were predominantly expressed in the myotube fraction as expected (Fig. 4B
and C). Expression of Myhc2x in the myotube fraction was signiﬁcantly lower in Mitf-knockdown cells than in control cells, whereas that of
Myhc2a in the myotube fraction was higher in the Mitf-knockdown
cells. The Myhc2b expression in the myotube fraction was comparable
between in control cells and in Mitf-knockdown cells. Considering
that Myhc2x was the major isoform of type 2 Myhc (>93%)
(Fig. 4D), total expression of Myhc constituting of fast-twitch myoﬁbers was largely limited to the myotube fraction, and was decreased
by Mitf knockdown; the latter was consistent with the results on
Myhc expression at the protein level (Fig. 2E).
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Fig. 2. Mitf expression is required for efﬁcient myotube formation. C2C12 cells were transfected with siRNA for GFP as a control, common Mitf or Mitf-A every 2 days after day − 2.
(A) Effect of Mitf knockdown on myogenesis was evaluated. Representative phase-contrast images on days 0, 2, 4, and 6 are presented. (B) Role of Mitf-A was examined. Representative cells stained by Giemsa solution on day 6 are presented. (C and D) Myotube formation was evaluated in Mitf-knockdown C2C12 cells. Cells were transfected with
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Ratio of multinucleated cell number to total cell number was calculated, and the ratio of cells transfected with siRNA for GFP was set to 1. (D) Number of cells with 3 to 5, 6 to
10 or > 11 nuclei was counted, and percentage to total multinucleated cells is shown. Data are shown as the mean ± SE (n = 6). * and **: P b 0.05 and P b 0.01, respectively, as compared to control. (E) Expression of Myhc in response to transfection of siRNA for GFP as a control, Mitf or Itga9 in C2C12 cells on day 8 was examined by Western blot analyses.
Subsequently, the membranes were reprobed with anti-β-actin antibody.

The extent of the decreased expression of Mitf resulting from
knockdown of Mitf was comparable between the myotube fraction
and the residual cell fraction, indicating effective inhibition of Mitf expression in both myoblasts and myotubes (Fig. 5A). Expression of p21
was signiﬁcantly higher in the myotube fraction than in the residual
cell fraction (Fig. 5B). Knockdown of Mitf equally decreased the expression of between the two fractions. Expression of Itga9 was also
signiﬁcantly higher in the myotube fraction (Fig. 5C). Similar to the
expression of p21, Mitf knockdown down-regulated the expression
of Itga9 in both fractions.
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Cell cycle exit in response to differentiation stimulation is a prerequisite for myotube formation [2]; p21, a cyclin-dependent kinase
inhibitor inducing cell cycle exit, plays a role in post-mitotic myogenesis, although it also maintains anti-apoptotic states in differentiated
myocytes [1]. To link the decreased Mitf-induced inhibition of myotube formation and blockage of p21 induction, effects of the decreased
Mitf expression on BrdU uptake were next examined; BrdU uptake
was signiﬁcantly increased by transfection of siRNA for Mitf on days
4–6 (Fig. 6A). Knockdown of p21, however, did not affect BrdU uptake
(Fig. 6B). Similar to Mitf knockdown, decreased expression of p21
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Fig. 3. p21 and Itga9 are targets of Mitf for progression of myogenesis. C2C12 cells were transfected with siRNA for GFP as a control or common Mitf every 2 days after day − 2.
Gene expression of Myf5 (A), Myod (B), Myogenin (C), Mrf4 (D), p21 (E) and Itga9 (F) was quantiﬁed by qRT-PCR. The expression was normalized to Gapdh expression. The
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Here, we demonstrate that 1) an isoform of Mitf mRNA is abundant in the skeletal muscle, 2) Mitf-A expression increased with progression of myogenesis, 3) knockdown of Mitf mRNA disrupts
myotube formation through inhibition of myoblast–myoblast fusion
and subsequent myoblast–myotube fusion, but does not affect the expression of MRFs, and 4) expression of p21, a cyclin-dependent kinase
inhibitor, and Itga9 is regulated by Mitf in a stage-dependent manner
for appropriate myogenesis. The present results indicate a novel role
of a tissue-restricted transcription factor Mitf in the regulation of
myogenesis, which is probably mediated by an MRF-independent
pathway.
Mitf regulates myogenesis in multiple steps. Expression of p21 and
Itga9 was modulated by decreased expression of Mitf; downregulation of p21 expression resulting from knockdown of Mitf
mRNA was limited to post-differentiation, and signiﬁcant Itga9 expression was detected just after differentiation stimulation. Considering that signiﬁcant expression of Mitf was detected prior to
differentiation stimulation, the gene expression of p21 and Itga9
could not be regulated by Mitf alone, but in concert with Mitf and
as yet unidentiﬁed factor(s). Transfection of siRNA for Mitf resulted
in down-regulated expression of Mitf both in myoblasts and myotubes. Thus, the precise mechanism of how Mitf regulates not only
p21 in myoblasts and myotubes but also Itga9 expression in myotubes
remains unclear. Since Mitf binds to the E-box (CAnnTG) located in
the 5′-untranslated region and activates transcription [6–8], Mitf
may directly regulate transcription of p21 and Itga9. Alternatively, it
is possible that a factor regulated by Mitf in myoblasts acts as a regulator to induce p21 or Itga9 in myotubes.
A target gene of Mitf was Itga9. Among members of the integrin
family, Itga3, 4, 6 and 9 have been suggested to regulate myogenesis
[2,31,33,34]. Transcription of Itga4 was activated through Mitf binding to the E-box located in the 5′-untranslated region in mast cells
[38]. In the present study, however, Itga4 mRNA was not decreased
but rather increased by transfection of siRNA for Mitf in C2C12 cells
(Supplementary Fig. 5H), suggesting that transcription by Mitf is
regulated in a cell context-dependent manner. In addition, Mitf
knockdown did not affect the expression level of Itga3 and 6 (Supplementary Fig. 5G and J). In a study using a human mononucleated
myogenic precursor cell culture system, addition of anti-INTEGRIN
α9β1 antibody to the culture medium decreased the proportion of
nuclei included in large myotubes (≥5 nuclei), whereas the proportion of nuclei incorporated in small myotubes (2–4 nuclei) was
unchanged [33]. In the present study using a murine myogenesis
model, transfection with siRNA for Itga9 decreased the proportion of
large myotubes (≥6 nuclei) and increased that of small myotubes
(3–5 nuclei), but did not affect the number of multinucleated cells.
Taking these results together, Itga9 is suggested to promote the
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Fig. 4. Knockdown of Mitf in myoblasts and myotubes down-regulates expression of
Myhc2x. C2C12 cells were transfected with siRNA for GFP as a control or common
Mitf every 2 days after day − 2. On day 7, multinucleated myotubes were separated
from the residual cells by limited trypsinization. Expression of Myhc2a (A), Myhc2b
(B) and Myhc2x (C) was quantiﬁed by qRT-PCR, and normalized to Gapdh expression.
The expression in residual cells after limited trypsinization in the control group was
set to 1. (D) The percentage of the expression of each Myhc isoform to that of total
type II Myhc was calculated. Data are shown as the mean ± SE (n = 3). a, b, c, d:
Means that do not have a common letter on the bar differ signiﬁcantly (P b 0.05).

inhibited emergence of maturated and thick myotubes (Fig. 6C). In
addition, it signiﬁcantly decreased the number of multinucleated
cells (Fig. 6D), and increased and decreased the proportion of myotubes with 3 to 5 nuclei and those with more than 6 nuclei, respectively (Fig. 6E).
We next explored the effects of Itga9 knockdown on myotube formation. The morphology of cells transfected with siRNA for Itga9 indicated that, compared to control cells, thinner myotubes were evident
by Itga9 knockdown, suggesting that Itga9 is required for myotube
maturation (Fig. 7A), which was veriﬁed by morphometry. The multinucleated cell number itself was not affected by knockdown of Itga9
(Fig. 7B), but the proportion of the number of myotubes with 3–5 nuclei in a cell to that of total myotubes was signiﬁcantly increased, and
that with more than 6 nuclei was decreased (Fig. 7C). Consistent with
the results, knockdown of Itga9 gene resulted in the decreased expression of Myhc (Fig. 2E, lanes 1 and 3).
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Fig. 5. Knockdown of Mitf in myoblasts and myotubes down-regulates expression of p21 and Itga9. C2C12 cells were transfected with siRNA for GFP as a control or common Mitf
every 2 days after day − 2. On day 7, multinucleated myotubes were separated from the residual cells by limited trypsinization. Expression of Mitf (A), p21 (B), and Itga9 (C) was
quantiﬁed by qRT-PCR, and normalized to Gapdh expression. The expression in residual cells after limited trypsinization in the control group was set to 1. Data are shown as the
mean ± SE (n = 3). a, b, c, d: Means that do not have a common letter on the bar differ signiﬁcantly (P b 0.05).
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to control. (C–E) Role of p21 in myogenesis was evaluated. Cells were transfected with siRNA for GFP or p21 every 2 days after day 2. (C) Representative cells stained by Giemsa
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the number of nuclei were calculated. (D) Ratio of multinucleated cell number to total cell number was calculated, and the ratio of cells transfected with siRNA for GFP was set
to 1. (E) Number of cells with 3 to 5, 6 to 10 or > 11 nuclei was counted, and percentage to total multinucleated cells is shown. Data are shown as the mean ± SE (n = 4). * and
**: P b 0.05 and P b 0.01, respectively, as compared to control.

growth of preformed myotubes rather than the formation of nascent
myotubes during myogenesis.
Effects of knockdown of Mitf mRNA partly overlapped but were
distinct from those of Itga9 knockdown; the number of multinucleated cells was decreased by Mitf knockdown. This suggests that
Mitf is involved in both myoblast–myoblast fusion and subsequent
maturation of nascent myotubes. It is possible that Mitf regulates
myoblast–myoblast fusion through the increase in p21 expression;
regulatory expression of p21 by Mitf has also been shown in melanocytes [39]. Cell cycle inhibition and apoptosis of myoblasts precede to
myoblast–myoblast fusion, and both processes are necessary for the
cell fusion [1]. p21 is principally involved as a molecule to establish
post-mitotic and apoptosis-resistant states [1]; BrdU uptake was not
detected in p21-positive myoblasts [40], and forced expression of
p21 but not inactive p21 inhibited apoptosis of C2C12 myoblasts
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[41]. In fact, p21 knockdown decreased the myotube number and increased proportion of small myotubes, suggesting that p21 expression is required for efﬁcient myoblast–myoblast fusion.
Knockdown of p21 did not increase BrdU uptake on days 4 and 6;
it may be offset effects of the cell growth inhibition and the antiapoptotic activity. In view of signiﬁcant inhibition of BrdU uptake in
Mitf-knockdown cells on days 4 and 6, Mitf regulates expression
and activity of additional molecule(s) unidentiﬁed in this study.
Bharti et al. [19] revealed that Mitf-A and -J are expressed throughout eye development in both retina and pigment epithelium, whereas
expression of Mitf-D and -M was limited to pigment epithelium. In
addition, Mitf-H was preferentially found in pigment epithelium
with temporal expression proﬁle. Unlike the eye development, the
proportion of expressed Mitf isoforms, i.e., Mitf-A and Mitf-J was almost constant during myogenesis of C2C12 cells, although total Mitf
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Fig. 7. Itga9 are involved in Mitf-mediated myogenesis. (A–C) Role of Itga9 in myogenesis was evaluated. Cells were transfected with siRNA for GFP or Itga9 every 2 days after day
−2. (A) Representative cells stained by Giemsa solution on day 6 are shown. (B and C) Myotube formation was evaluated in Itga9-knockdown C2C12 cells. After staining cells with
Giemsa solution on day 6, cell number and the number of nuclei were calculated. (B) Ratio of multinucleated cell number to total cell number was calculated, and the ratio of cells
transfected with siRNA for GFP was set to 1. (C) Number of cells with 3 to 5, 6 to 10 or >11 nuclei was counted, and percentage to total multinucleated cells is shown. Data are
shown as the mean ± SE (n = 4). **: P b 0.01, as compared to control.
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expression was increased with progression of myogenesis (Fig. 1C).
Thus, expression of Mitf isoforms is tissue-speciﬁc and stagedependent. In view of different activity as transcription factors between the isoforms [15–18], regulation on the use of alternative promoter must be clariﬁed in future studies.
Mitf encoded by the mutant mi allele deletes one of four consecutive arginines in the basic domain, and acts as a dominant-negative
mutant [9,27,42]. The mi/mi mutant mice exhibited the pleiotropic effects of microphthalmia, depletion of pigment in both hair and eyes,
and osteopetrosis resulting from defects of osteoclastogenesis [9,14].
In addition to these phenotype alterations, Katayama et al. [43] recently showed that masseter muscle development was disrupted in
mi/mi mutant mice; they speculated that the disorder is a secondary
event related to abnormal tooth formation related to osteoclast dysfunction; however, in view of the present results showing direct inhibition of myogenesis by decreased expression of Mitf, muscle
development itself may be disturbed in mi/mi mice.
The present study indicates signiﬁcant expression of Mitf in the
skeletal muscle from re-evaluation of tissue distribution of Mitf by
sensitive qRT-PCR analyses. Evaluation of Mitf activity clariﬁes its
role as a positive regulator during myogenesis. Because Mitf is
expressed also in other tissues with a variation of expression level, future studies should be directed to elucidate the role of Mitf in as yet
uncharacterized tissues.
Supplementary materials related to this article can be found online at doi:10.1016/j.bbagen.2011.11.005.
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a b s t r a c t
Background: Our previous study revealed the indispensable activity of endogenous bone morphogenetic protein
(Bmp) prior to differentiation induction of C2C12 myoblasts for myogenesis. Here we investigated the Bmp isoform
responsible for endogenous Bmp activity during differentiation and its role in myogenesis.
Methods: Gene expression of Bmp4 during myogenesis was evaluated in C2C12 cells. Effects of inhibition of the Bmp
pathway on myogenesis were examined. Cells expressing Bmp4 and regulation of Bmp4 expression in myoblasts
were explored.
Results: The expression of Bmp4 increased with the progression of myogenesis, although the extent of the increase after differentiation induction was smaller than that before the induction. Down-regulation of Bmp signal
components including Bmp4, Bmpr2, and Alk2/3 inhibited the emergence of positive cells for myosin heavy chain
II. The treatments also decreased the Myogenin expression. Treatment with cytosine arabinoside decreased the
expression of Bmp4. Also, Bmp4 expression was also lower in isolated myotubes than in residual cells. Expression
of Rgm c was higher in the myotube fraction. Transcription of Bmp4 was repressed by the conditioned medium of
mixed cells consisting of myoblasts and myotubes.
Conclusion: Bmp4 expressed in myoblasts has a positive role in myotube formation/maturation through myogenin
expression. The presence of myotubes inhibits Bmp4 expression in proliferating myoblasts through transcriptional
regulation, although the expression is intrinsically increased with time of culture.
General signiﬁcance: Taken previous results on involvement of Bmp in the commitment of osteoblasts and adipocytes with the present results together, Bmp may act as a general promoter of mesenchymal cell differentiation.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Skeletal muscle is a highly specialized tissue composed of postmitotic, multinucleated muscle ﬁbers, which contract to generate force
and movement. Skeletal muscle is also critical to maintain metabolic
health through glucose uptake and insulin sensitivity [1,2]. In addition, contracting skeletal muscle has been recently suggested to play a
role as an endocrine organ producing various cytokines [3–5]. Skeletal
muscle formation consists of a complex set of differentiation steps: commitment of mesenchymal stem cells to myoblast lineage cells, progression of differentiation with the expression of muscle-cell-speciﬁc
proteins, and fusion of myoblasts into multinucleated myotubes. Myogenic differentiation is principally governed by activities of the MyoD
family basic helix–loop–helix (bHLH) transcription factors, also known
as myogenic regulatory factors (MRFs), i.e., Myod, Myf5, Myogenin
and Mrf4. MRFs form a complex with E proteins, another class of bHLH
transcription factors, such as E12 and E47, and stimulate the transcription of skeletal muscle-speciﬁc genes through binding to E-box
⁎ Corresponding author at: Division of Applied Biosciences, Kyoto University
Graduate School of Agriculture, Kitashirakawa Oiwakecho, Kyoto 606-8502, Japan.
Tel.: + 81 75 753 6055; fax: + 81 75 753 6344.
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(CANNTG) in the regulatory region [6–8]. To accomplish appropriate
myogenesis, the activities of MRFs must be strictly regulated.
Bone morphogenetic proteins (Bmps), which were originally isolated as bone-inducing proteins [9], potently regulate various biological processes, including hematopoietic and neuronal development,
iron metabolism, and vascular homeostasis [10]. The diverse effects
of Bmp are mostly elicited through the phosphorylation and activation
of Bmp-regulated Smad (BR-Smad), i.e., Smad1, Smad5 and Smad8, at
the carboxyl-terminal serines [10]. Phosphorylated BR-Smad forms
complexes with Smad4, which accumulate in the nucleus where
they participate in transcriptional regulation of the target genes.
Previous studies revealed that Bmp acted as a negative regulator
of myogenesis. Addition of Bmp to the culture medium of myogenic
cells led to differentiation into osteoblast lineage cells [11–15]. This
transdifferentiation was related to gene induction of the inhibitor of
DNA binding 1 (Id1) [11]. Id1 heterodimerized with E proteins,
which blocked the formation of active complex consisting of E proteins and Myod [16,17]. In addition, Id1 expression accelerated the
degradation of myogenin [18]. As compared with the well-known effects of exogenous Bmp, information on the activity and role of endogenous Bmp is limited.
Recently, we revealed the importance of endogenous Bmp activity
in undifferentiated myoblasts for myogenesis in a C2C12 myoblast

1128

T. Umemoto et al. / Biochimica et Biophysica Acta 1810 (2011) 1127–1135

differentiation model [19]; in this model, mononucleated myoblasts
are fused to multinucleated myotubes upon reduced serum or
serum starvation [20]. Endogenous Bmp activity, which was monitored by the phosphorylation level of BR-Smad, was higher in the
stage prior to differentiation induction, and inhibition of the Bmp
pathway prior to differentiation induction down-regulated the expression of Myf5 and Myod, leading to impaired myotube formation
[19]. The role of endogenous Bmp sharply contrasted to previous
knowledge on the action of exogenously treated Bmp for myogenesis
[11–15]; however, the level of phosphorylated BR-Smad remained after
differentiation induction, although it was lower than before differentiation. This situation encouraged us to explore further the signiﬁcance of
endogenous Bmp activity during myotube differentiation. The present
study reveals that Bmp4 expression in proliferating myoblasts after differentiation induction is required for the progression of myogenesis to
maintain Myogenin expression, and that the expression is negatively
regulated by the presence of myotubes.
2. Materials and methods
2.1. Materials
The following reagents were purchased: recombinant Bmp4 was
from R&D Systems (Minneapolis, MN, USA); cytosine arabinoside
(cytosine-1-β-D(+)-arabinofuranocide) was from Wako (Tokyo,
Japan); rabbit polyclonal antibody against Myogenin (ab11986),
rabbit monoclonal antibody against Smad1 (ab33902) and β-actin
(AC-15) were from Abcam (Cambridge, MA, USA); mouse monoclonal antibody against myosin heavy chain (MyHC) (MY-32) was
from Sigma (St. Louis, MO, USA); rabbit polyclonal antibody against
phospho-Smad1 (Ser463/Ser465) / Smad5 (Ser463/Ser465)/ Smad8
(Ser426/Ser428) (#9511) was from Cell Signaling Technology (Danvers, MA, USA); Alexa Fluoro 488 was from Invitrogen (Carlsbad, CA,
USA).
2.2. Cell culture
C2C12 myoblasts were cultured in growth medium, i.e., Dulbecco's
modiﬁed Eagle's medium (DMEM) with heat-inactivated 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 μg/ml streptomycin, at
37 °C under a humidiﬁed 5% CO2 atmosphere. To induce differentiation
from myoblasts to myotubes, the medium was replaced at conﬂuence
(day 0) with differentiation medium consisting of DMEM with 2%
horse serum supplemented the antibiotics. Alternatively, the differentiation was induced by culture with serum-free DMEM supplemented
the antibiotics to collect conditioned medium. To examine the effects
of removing proliferating myoblasts, cytosine arabinoside was added
to the culture medium at the ﬁnal concentration of 10 μM or 20 μM for
days 4 to 7 or days 11 to 14, and cells were recovered on day 7 or day
14, respectively. To isolate myotubes, cells on day 10 were trypsinized
for a short time under the microscope until detachment of multinucleated cells (~2 min), followed by centrifugation to obtain a myotuberich fraction. Collection of conditioned medium was done for days 4–6,
days 6–8 and days 8–10. The conditioned medium was concentrated,
and the solvent was changed to 20 mM HEPES (pH 7.5), 150 mM NaCl,
1 mM PMSF, 1% aprotinin by means of Centriprep-10 (Millipore, Bedford, MA), and protein concentrations were measured by the bicinchoninic acid method [21].
2.3. qRT-PCR
RNA isolation and qRT-PCR were carried out as previously described
[22]. The following oligonucleotides were used as PCR primers: 5′ACTCCCTTACGTCCATCGTG-3′ and 5′-CAGGACAGCCCCACTTAAAA-3′ for
Myogenin (Genbank accession number: NM_031189.2), 5′-CAGCTACAAACCCAAGCAAG-3′ and 5′-AGGCATCCACGTTTGCTC-3′ for Mrf4

(Genbank accession number: NM_008657.2), 5′-GCCTGGGCTTACCTCTCTATCAC-3′ and 5′-CTTCTCAGACTTCCGCAGGAA-3′ for myosin heavy
chain (Myhc) I (Genbank accession number: BC158018), 5′-CCTGAGCAAGAAGCTGAGGA-3′ and 5′-GGTCATTCCACGCGTACAG-3′ for Noggin
(Genbank accession number: NM_008711), 5′-ACCGCCCTACACCTAGTCTTC-3′ and 5′-CATACCCATCCATCCAGCTC-3′ for repulsive guidance
molecule (Rgm) a (Genbank accession number: NM_177740.5), 5′ACCTTTCGGTTCAAGTGACG-3′ and 5′-TCACAGCTTGGTACACCTTCTG-3′
for Rgm b (Genbank accession number: NM_178615.3), and 5′-GGCAATCATGGAGAAAGAGATG-3′ and 5′-TTTCTCTGGGTACTTCTGTGATGT-3′ for
Rgm c (Genbank accession number: NM_027126.4). The other PCR
primers used in this study were previously described [22,23]. The Ct
value was determined, and the abundance of gene transcripts was calculated from the Ct value using Hprt1 as the corrected gene.
2.4. Measurement of DNA content
To examine time-course changes in DNA content during myotube
differentiation, recovered cells were resuspended in hypertonic buffer
(200 mM phosphate buffer (pH 7.4), 2 M NaCl, 2 mM Na3VO4, 1 mM
PMSF, 1% aprotinin), followed by lysis by ultrasonication. DNA content
was measured by the method of Labarca and Paigen [24].
2.5. Double-stranded RNAi transfection
To target the expression of Bmp4, Bmpr2, Alk2 or Alk3 and green
ﬂuorescent protein (GFP) control, double-stranded (ds) RNAi of the
respective genes was synthesized by Samchully Pharmaceuticals
(Seoul, Korea). The coding sequences to inhibit the expression of
Bmp4, four oligonucleotides, were designed: 5′-GUUGAAAAAUUAUCAGGAGAU-3′ (set 1), 5′-CUCCUGAUAAUUUUUCAACAC-3′ (set 1),
and 5′-CAGACUAGUCCAUCACAAUGU-3′ (set 2), and 5′-AUUGUGAUGGACUAGUCUGGU-3′ (set 2). Two oligonucleotides of each set
were mixed, and 1:1 mixtures of dsRNAi were prepared. The other
dsRNAi used in this study were described previously [23]. Overall, 60
pmol dsRNAi in a 12-well plate was transfected using Lipofectamine
RNAiMAX (Invitrogen), according to the manufacturer's protocol.
2.6. Immunoﬂuorescence staining
Immunoﬂuorescence staining for Myhc was performed as described
previously [19]. Nuclei were also stained by 1 μg/ml 4′,6-diamidino-2phenylindole (DAPI). The number of nuclei was calculated by Image J
(http://rsbweb.nih.gov/ij/). Fusion index was calculated as a ratio of the
number of nuclei incorporated in myotubes to the number of total nuclei
[25].
2.7. Western blotting
To evaluate roles of endogenous Bmp activity in myogenin expression, dsRNAi for Bmp signal components was introduced in cells for
48 h. In addition, BR-Smad phosphorylation was evaluated in cells
transfected with dsRNAi for Bmp4 and treated with recombinant
Bmp4. Western blotting was performed as described previously [19].
2.8. Reporter assays
The 5′-ﬂanking regions of Bmp4 (nucleotides (nt) −2372 to +
115, relative to the transcriptional initiation site at +1) was isolated
by PCR using mouse genomic DNA. The DNA fragment was cloned
into a region upstream of the luciferase gene in pGL4-Basic (Promega,
Madison, WI, USA) using the Bgl II and Hind III sites; it was veriﬁed by
DNA sequencing. Luciferase-based reporter assays were conducted as
described previously [23]. C2C12 myoblasts were seeded on 24-well
plates, and transiently transfected with Bmp4-luc by use of Lipofectamine LTX reagent (Invitrogen). A Renilla reniformis luciferase vector
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2.9. Statistical analyses
Data are expressed as the mean±SEM. Differences between treatments were examined by Student's t-test. Differences of Pb 0.05 were
considered signiﬁcant.
3. Results
3.1. Bmp4 expression increases with progression of myogenic differentiation
Changes in gene expression with myogenesis were examined
(Fig. 1). Expression of MyoD family members, such as Myf5 (Fig. 1A)
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and Myod (Fig. 1B), which are necessary for myotube differentiation
[26], was highest on day 0. The expression level was decreased within
2 days after differentiation induction, and remained lower on day 14.
Expression of Myogenin was extremely low prior to differentiation induction, and rapidly increased after differentiation induction. The expression of Myogenin reached a peak on day 2 (Fig. 1C). Expression of
Mrf4 peaked on day 8 (Fig. 1D). Expression of Myhc I (Fig. 1E) and
Myhc IIb (Fig. 1F), which are myocyte (myotube)-speciﬁc genes,
was increased in response to differentiation induction within 2 days
for Myhc I and 4 days for Myhc IIb, and reached a peak on day 6–
8 for Myhc I and on day 6–10 for Myhc IIb. We examined changes in
the expression of several Bmp isoforms during myogenesis; expression of Bmp2 and Bmp7 was negligible ([22], data not shown). We
also searched for the expression of the Bmp subfamily belonging to
the Tgf-β family in a cDNA microarray database (http://www.ncbi.
nlm.nih.gov/geo/) thoroughly, and found no signiﬁcant expression
of Bmp2, Bmp5, Bmp6, Bmp7, Bmp8a, Bmp8b, Bmp9, Bmp10 and
Bmp15 (data not shown). Gdf5 elicits their signal via BR-Smad [13],
but the expression of Gdf5 could not be detected. Only Bmp4 was signiﬁcantly expressed in undifferentiated myoblasts. Bmp4 expression
was increased 7.8-fold for 2 days before the differentiation induction.
The expression was still increased after the differentiation induction,
but the extent of the increase was smaller, i.e., 3.1-fold increase for
14 days after the differentiation induction. As the results, the level
on day 14 was more than 20-fold higher than that on day − 2
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Fig. 1. Time-course changes in expression of molecules related to myogenesis, Bmp4, Tgf-β1 and Noggin in C2C12 cells. C2C12 myoblasts were cultured to reach conﬂuence (day 0)
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(Fig. 1G). This expression pattern contrasted to that of the structurally
related Tgf-β (Fig. 1H); Tgf-β1 expression was relatively constant
during myogenesis. Noggin acts as antagonists of the Bmp pathway
[27]. Noggin expression was highest on day 0, and decreased after differentiation induction (Fig. 1I); the time-course changes in Noggin expression resembled to those in BR-Smad phosphorylation [19],
suggesting the ﬁne regulation of endogenous Bmp activity before
the differentiation.
Cell morphology showed mononuclear myoblasts on day 0, the
emergence of multinucleated myotubes within 4 days after differentiation induction, and an increase in the number of myotubes by day 14
(Fig. 2A); however, mononucleated cells were observed even on day
14, indicating that not all myoblasts fuse to and differentiate into
myotubes (Fig. 2A). Cell number as well as DNA content also increased after differentiation induction (Fig. 2B and C). Cell growth
during myogenic differentiation was basically consistent with the
previous results, in which cell proliferation was observed on days
3–7 [28–30]. The present results indicate the co-existence of myoblasts and myotubes even by culture in differentiation medium for
14 days.

components of the Bmp pathway (Fig. 3A–E). Down-regulation of
the Bmp4 pathway also decreased gene transcript levels of Myogenin
but not Myf5 and Myod (Fig. 4). These results suggest that endogenous Bmp4 produced in proliferating myoblasts positively regulates
myogenesis through Myogenin expression.
Although Bmp4 has been previously recognized only as a secreted
growth factor, a recent study revealed a variant of Bmp4 localized in
the nucleus [31]. We examined whether down-regulated Myogenin expression in Bmp4-knockdown C2C12 cells is recovered by simultaneous
treatment with recombinant Bmp4. The used recombinant Bmp4 ranged
over the recoverable concentrations on the decreased BR-Smad phosphorylation resulting from the Bmp4 knockdown (Fig. 5A). The additional
Bmp4 did not effectively recover Bmp4 knockdown-induced downregulation of Myogenin (Fig. 5B). We also examined effects of the higher
concentrations of Bmp4, but could not detect up-regulation of Myogenin
expression in any concentrations of Bmp4 (data not shown).
3.3. Expression of Bmp4 in myoblasts is modulated by the presence of
myotubes
Co-existence of myoblasts and myotubes in a culture dish after differentiation induction suggests that increased expression of Bmp4
with culture time does not necessarily reﬂect its expression in myotubes. Thus, we tried to identify cells expressing Bmp4 predominantly
by two approaches: Bmp4 expression was examined in cells treated
with cytosine arabinoside and in isolated myotubes. Cytosine arabinoside is incorporated into replicating DNA in the S-phase and damages
DNA [30,32], leading to elimination of proliferating cells. Treatment
with cytosine arabinoside for days 4–7 and days 11–14 efﬁciently decreased the expression of Bmp4 but not Tgf-β1 (Fig. 6A and B). Proliferating myoblasts express MRFs, such as Myf5 and Myod [29], and the
expression of these genes decreased as expected (Fig. 6C and D).

3.2. Bmp4 is required for efﬁcient myotube formation
Effects of inhibition of the Bmp4 pathway were examined to elucidate the role of Bmp4 in myogenesis; we evaluated effects of transfection of dsRNAi for Bmp4, the type II receptor Bmpr2, and the type I
receptors Alk2 and Alk3. Alk6 is another type I receptor for Bmp, but
the expression level in C2C12 cells was much lower (data not
shown). Knockdown of genes for Bmp4, Bmpr2 or Alk2/3 induced
the emergence of thin Myhc-positive cells (Fig. 3A). In fact, the fusion
index, the ratio of the number of nuclei in Myhc-positive cells to the
number of total nuclei, was decreased by down-regulation of
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Fig. 3. Myotube differentiation in C2C12 cells down-regulated expression of the Bmp signal components. C2C12 myoblasts were cultured to reach conﬂuence (day 0) in growth
medium, followed by culture in differentiation medium. On day 2, cells were transfected with the indicated dsRNAi. (A) On day 8, myotube formation was examined by immunoﬂuorescent analyses using anti-Myhc antibody. Representative immunostaining images are shown. Fusion index was calculated as a ratio of nuclei incorporated in myotubes relative to the total nuclei, and the index in cells treated with dsRNAi for GFP was set to 1 (n = 3). (B–E) On day 6, the gene transcript level of Bmp4 (B), Bmpr2 (C), Alk2 (D), and Alk3
(E) was quantiﬁed by qRT-PCR. The gene expression was normalized to Hprt1 expression. The expression in cells treated with dsRNAi for GFP was set to 1. Data are shown as the
mean ± SE (n = 4). * and **: P b 0.05 and P b 0.01, respectively, as compared to control (GFP).

Fig. 4. Expression of MRFs in C2C12 cells down-regulated expression of the Bmp signal components. C2C12 myoblasts were cultured to reach conﬂuence (day 0) in growth medium,
followed by culture in differentiation medium. On day 4, cells were transfected with the indicated dsRNAi. On day 6, gene transcript level of Myf5 (A), Myod (B), and Myogenin (C)
was quantiﬁed by qRT-PCR. The gene expression was normalized to Hprt1 expression. The expression in cells treated with dsRNAi for GFP was set to 1. Data are shown as the
mean ± SE (n = 4). *P b 0.05, as compared to control (GFP). (D) On day 0, cells were transfected with the indicated dsRNAi. On day 2, Myogenin expression was examined by
Western blot analyses. After stripping the antibodies and the detection reagents, the membranes were reprobed with anti-β-actin antibody.
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36 h. (A) Phosphorylated Smad1/5/8 was evaluated by Western blot analyses. After
stripping the antibodies and the detection reagents, the membranes were reprobed
with anti-Smad1 antibody. (B) Gene transcript level of Myogenin was quantiﬁed by
qRT-PCR. The gene expression was normalized to Hprt1 expression. The expression in
cells treated without dsRNAi for Bmp4 was set to 1. Data are shown as the mean ± SE
(n = 4). **P b 0.01, as compared to expression in cells treated without dsRNAi for Bmp4.

We next separated the myotube-rich fraction by limited trypsinization. The expression level of Bmp4 but not Tgf-β1 was lower in isolated myotubes than in residual cells (Fig. 7A and B). Expectedly,
Myhc IIb expression was predominantly detected in isolated myotubes (Fig. 7C), indicating the minimal presence of myotubes in the
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Myogenesis is a complex biological process, and is principally regulated by the expression and activity of MRFs [6–8,26]. The present study
reveals that: (1) proliferating myoblasts express Bmp4; (2) Bmp4 expression in myoblasts is required for myotube formation/maturation
through Myogenin expression in myotubes; and (3) possibly myotubes
secrete factors down-regulating Bmp4 expression in myoblasts. Recently, we revealed that inhibition of endogenous Bmp activity prior to differentiation induction blocked myotube formation in C2C12 cells
through down-regulation of Myf5 and Myod expression [19]. In
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residual cell fraction. Consistent with previous results [29,33], Myogenin expression was also largely limited in the myotube fraction
(Fig. 7D). Taking these results with results treated with cytosine arabinoside together, Bmp4 is expressed in proliferating myoblasts in the
presence of myotubes.
The expression of receptors for the Bmp pathway was also examined.
Bmp receptors were comparatively expressed in both cell fractions
(Fig. 7E–G). Members of the Rgm family: Rgm a; Rgm b, also known as
Dragon; and Rgm c, also known as Hemojuvelin, are co-receptors of
Bmp2 and Bmp4, and enhance Bmp signaling [34–36]. Expression of
Rgm c was detected predominantly in the myotube fraction (Fig. 7H–J).
We next explored regulation of Bmp4 expression in myoblasts. At
ﬁrst, effects of the presence of myoblasts or mixed cells consisting of
myoblasts and myotubes on Bmp4 transcription were examined. Reporter assays using Bmp4 promoter indicated that the presence of proliferating myoblasts increased expression of Bmp4-luc (Fig. 8A). By
contrast, the presence of cells after differentiation induction signiﬁcantly
decreased expression of Bmp4-luc. Addition of the conditioned medium
prepared from cells on days 4–6, days 6–8 or days 8–10 also decreased
Bmp4-luc (Fig. 8B). Consistent with the results, the conditioned medium
signiﬁcantly down-regulated Bmp4 expression (Fig. 8C) but not Tgf-β1
expression (Fig. 8D). These results suggest that Bmp4 expression in
myoblasts is positively regulated in the presence of proliferating myoblasts and negatively regulated in the presence of myotubes at the transcription level.
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Fig. 6. Effects of cytosine arabinoside on expression of Bmp4, Tgf-β1, Myf5 and Myod in C2C12 cells. C2C12 myoblasts were cultured to reach conﬂuence (day 0) in growth medium,
followed by culture in differentiation medium. On days 4–7 and days 11–14, cytosine arabinoside (Cyt) at the indicated concentration was added to the differentiation medium.
Gene expression of Bmp4 (A), Tgf-β1 (B), Myf5 (C) and Myod (D) was quantiﬁed by qRT-PCR, and normalized to Hprt1 expression. The expression in cells treated without cytosine
arabinoside on each sampling day was set to 1. Data are shown as the mean ± SE (n = 4). * and **: P b 0.05 and P b 0.01, respectively, as compared to expression in cells treated without cytosine arabinoside.
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Fig. 7. Gene expression of Bmp4, Tgf-β1, Myhc IIb, Myogenin, Alk2, Alk3, Bmpr2, Rgm a, Rgm b and Rgm c in C2C12 cells after limited trypsinization. C2C12 myoblasts were cultured
to reach conﬂuence (day 0) in growth medium, followed by culture in differentiation medium. On day 10, multinucleated myotubes (T) were separated from the residual cells (R)
by limited trypsinization. Expression of Bmp4 (A), Tgf-β1 (B), Myhc IIb (C), Myogenin (D), Alk2 (E), Alk3 (F), Bmpr2 (G), Rgm a (H), Rgm b (I) and Rgm c (J) was quantiﬁed by qRTPCR, and normalized to Hprt1 expression. The expression in residual cells after limited trypsinization was set to 1. Data are shown as the mean ± SE (n = 4). * and **: P b 0.05 and P
b 0.01, respectively, as compared to expression in the residual cells.

addition to the importance of Bmp activity in myoblasts before differentiation induction, the present results indicate the positive role of endogenous Bmp4 after differentiation induction in myogenesis. The role of
Bmp4 produced in myoblasts as an accelerator of myogenesis and the
inhibition of the Bmp4 expression by differentiated myotubes suggest
the reﬁned regulation of myogenesis through feedback loop mediated
by Bmp4.
Bmps in fetal bovine serum in the culture medium were possibly responsible for the high endogenous Bmp activity prior to differentiation
induction [19]. By contrast, Bmp4 produced in myoblasts was responsible for sustained endogenous Bmp activity after differentiation induction. Thus, differentiation induction changes the source of endogenous
Bmp activity. Endogenous Bmp activity, however, plays a positive role
in the progression of myogenesis, irrespectively of the differentiation
stages.
Expression of Rgm c, which is a co-receptor of Bmp to enhance responsiveness to Bmp [36], was predominantly detected in myotubes.
In C2C12 myotubes, soluble Rgm c was also produced by release from
the cell membrane [37]; this molecular form of Rgm c inhibited the
function of membrane-bound Rgm c [38]. However, the formation
of soluble Rgm c was only partial, and was regulated by the iron status but not by the Bmp pathway [37]. Thus, we consider that myotubes efﬁciently receive Bmp4 produced by proliferating myoblasts
through expressing Rgm c.
The present results suggest that effects of endogenous Bmp4 on
myogenesis could not be explained by Bmp4 produced and secreted
from myoblasts; knockdown of Bmp4 inhibited myogenesis through
down-regulation of Myogenin expression, but simultaneous
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administration of recombinant Bmp4 did not recover the expression
of Myogenin. As described above, in addition to secreted form of
Bmp4, there is a nuclear variant of Bmp4, which results from difference of translational initiation codon [31]. Since expression of this variant was detected in BALB/3T3 ﬁbroblasts, C3H10T1/2 mesenchymal
stem cells, and RCS chondrosarcoma cells, the two forms of Bmp4
would not be expressed in limited cells (Felin et al., 2010). Thus, it is
possible that nuclear form of Bmp4 is required for the progression of
myogenesis. In view of impaired myotube formation and decreased
expression of Myogenin also in cells down-regulated Bmp receptors,
both secreted form and nuclear form of Bmp4 may be indispensable
for efﬁcient myogenesis.
Expression of Bmp4 in myoblasts was stimulated by the presence
of proliferating myoblasts and inhibited by the presence of myotubes.
These results partly explain remarkable increase with time in Bmp4
expression before the differentiation and the slow increase after the
differentiation; expression of Bmp4 in myoblasts is intrinsically increased with progression of myogenesis, and factors being responsible for the increase should be clariﬁed in future studies. Also, future
studies should be directed to clarify soluble factor(s) produced in
myotubes being responsible for the repression of Bmp4 transcription
in proliferating myoblasts.
The necessity of endogenous Bmp4 activity for myogenesis contrasts
to the well-known effects of exogenous Bmp on myogenesis; Bmp4 addition to low serum-containing media in C2C12 myoblasts suppressed
myogenesis, and induced transdifferentiation into osteoblast lineage
cells [11–15]. Myoblasts responded to exogenous Bmp4, whereas myotubes responded to endogenous Bmp4; difference of the target cells
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Fig. 8. Regulatory expression of Bmp4 in myoblasts by the presence of myotubes and
by conditioned medium from myoblasts and myotubes. (A and B) C2C12 myoblasts
were transiently transfected with Bmp4-luc and Renilla-luc. (A) At 24 h after the transfection, C2C12 cells on day − 3, day 0, day 3 or day 6 were added for 24 h. (B) At 24 h
after the transfection, 50 μg of protein prepared from the conditioned medium was
added to the culture medium of the indicated culture period for 24 h. Fireﬂy luciferase
activity was normalized to Renilla luciferase activity, and the luciferase activity in the
cell lysate cultured with growth medium and without addition of cells (A) and in
those treated without the conditioned medium (B) was set to 1. Data are shown as
the mean ± SE (n = 3 or 4). (C and D) C2C12 myoblasts were cultured in the presence
or absence of the conditioned medium for 48 h. Gene expression of Bmp4 (C) and
Tgf-β1 (D) was quantiﬁed by qRT-PCR, and normalized to Hprt1 expression. The expression in cells treated without the conditioned medium was set to 1. Data are
shown as the mean ± SE (n = 3). * and **: P b 0.05 and P b 0.01, respectively, as compared to expression in cells cultured with the same medium alone (A) and to expression in cells treated without the conditioned medium (B and C). ††: P b 0.01, as
compared to expression in cells treated with cells on day − 3.

may be related to the disparate roles. Alternatively, as described above,
the difference of molecular form between exogenous Bmp4, i.e., secreted
Bmp4, and endogenous Bmp4, i.e., secreted and nuclear Bmp4, may be involved in the differential results. Furthermore, optimal Bmp activity is
likely to be indispensable for myotube differentiation. Suppression of endogenous Bmp activity prior to differentiation induction inhibited myotube formation as described above [19], but increased Bmp activity by
the addition of Bmp2 during this period also decreased the formation of
multinucleated myotubes [19].
The present study revealed that the endogenous Bmp pathway
unexpectedly regulates myogenesis positively. Myoblasts, osteoblasts
and adipocytes are derived from common mesenchymal stem cells
[39]. Involvement of Bmp in the commitment of osteoblasts and adipocytes is well known [39]. The present results in conjunction with
our previous results [19] indicate that the differentiation and maturation of committed myoblast-lineage cells are positively regulated by
endogenous Bmp at various differentiation stages. Thus, Bmp may
act as a general promoter of mesenchymal cell differentiation and
maturation, and contribute to the growth and development of the
whole body.
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Strains HM2-1 and HM2-2T were isolated from the faeces of a healthy infant and were
characterized by determining their phenotypic and biochemical features and phylogenetic
positions based on partial 16S rRNA gene sequence analysis. They were Gram-positive,
obligately anaerobic, non-spore-forming, non-gas-producing, and catalase-negative non-motile
rods. They did not grow at 15 or 45 6C in anaerobic bacterial culture medium, and their DNA
G+C content was in the range 56–59 mol%. In enzyme activity tests, strains HM2-1 and HM2-2T
were positive for a/b-galactosidases and a/b-glucosidases but negative for b-glucuronidase and
cystine arylamidase. An analysis of the cell-wall composition of strains HM2-1 and HM2-2T revealed
the presence of glutamic acid, alanine and lysine. The presence of fructose-6-phosphate
phosphoketolase shows that isolates HM2-1 and HM2-2T are members of the genus
Bifidobacterium. These two isolates belong to the same species of the genus Bifidobacterium.
Strain HM2-2T was found to be related to Bifidobacterium catenulatum JCM 1194T (97.4 % 16S
rRNA gene sequence identity: 1480/1520 bp), Bifidobacterium pseudocatenulatum JCM 1200T
(97.2 %: 1472/1514 bp), Bifidobacterium dentium ATCC 27534T (96.7 %: 1459/1509 bp) and
Bifidobacterium angulatum ATCC 27535T (96.5 %: 1462/1515 bp). The predominant cellular fatty
acids of strains HM2-1 and HM2-2T were 16 : 0 and 18 : 1v9c, with proportions greater than 18 %
of the total. Phylogenetic analyses involving phenotypic characterization, DNA–DNA hybridization
and partial 16S rRNA gene sequencing proves that the strains represent a novel species of the
genus Bifidobacterium, for which the name Bifidobacterium kashiwanohense sp. nov. is proposed.
The type strain is HM2-2T (5JCM 15439T 5DSM 21854T).

The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA and partial hsp60 gene sequences of strain HM2-1 are AB491757 and AB578933,
respectively. Those for strain HM2-2T are AB425276.2 and AB491759.2, respectively.
Four supplementary figures are available with the online version of this paper.
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The genus Bifidobacterium represents one of the bacterial
groups within the class Actinobacteria and is prevalent
within the gastrointestinal tracts of humans and animals
(Mikkelsen et al., 2003). At the time of writing, the genus
Bifidobacterium is represented by over 30 species and
subspecies, and the type strains of Bifidobacterium adolescentis, B. angulatum, B. bifidum, B. breve, B. catenulatum, B.
dentium, B. longum subsp. infantis, B. longum subsp. longum,
B. pseudocatenulatum and B. scardovii were isolated from
human specimens (Scardovi, 1986; Hoyles et al., 2002;
Sakata et al., 2002). The bifidobacteria have not been found
to cause human diseases; instead, they are considered to be
probiotic micro-organisms (Fuller, 1991; Ventura et al.,
2009; Whorwell et al., 2006; Brenner et al., 2009).
During our studies, two isolates, HM2-1 and HM2-2T,
from faeces of a healthy infant were not identified to the
species level. Our results show that these isolates represent
a novel Bifidobacterium species, for which the name
Bifidobacterium kashiwanohense sp. nov. is proposed.
We isolated 51 strains of putative bifidobacteria inhabiting
the faeces of a healthy infant (male; 1.5 years old) in 2008.
Blood liver (BL) agar plates (Eiken Chemical) and anaerobic
bacterial culture medium (ABCM broth; Eiken Chemical)
were used for cell cultures. All 51 isolates were anaerobically
cultured at 37 uC in ABCM broth and on BL agar plates for
24 and 72 h, respectively. Of the 51 isolates, Bifidobacterium
longum subsp. longum (20 strains), B. longum subsp. infantis
(2 strains), B. bifidum (6 strains) and B. breve (3 strains)
were identified, whereas the other isolates (20 strains) were
not identified to the species level. Of the 20 other isolates,
the unidentified strains HM2-1 and HM2-2T formed a
subcluster in the genus Bifidobacterium in the taxonomic
study. Strains HM2-1 and HM2-2T were found to be Grampositive, obligately anaerobic, non-spore-forming, non-gasproducing and catalase-negative non-motile rods. Table 1
shows the major characteristics of isolates HM2-1 and
HM2-2T, and the related strains B. catenulatum JCM 1194T,
B. pseudocatenulatum JCM 1200T, B. dentium JCM 1195T
and B. angulatum JCM 7096T. The results were recorded
after 48 h at 37 uC. The isomer of lactic acid produced from
D-glucose was determined by using an F-kit [D(2)-lactic
acid/L(+)-lactic acid; Roche]. Other biochemical tests on
motility, growth at a fixed temperature and gas production from D-glucose were performed using the methods
described by Mitsuoka (1969). The optimal temperature for
growth of strains HM2-1, HM2-2T, JCM 7096T and JCM
1194T was 37 uC; no growth was observed at 15 or 45 uC in
ABCM broth. Although all strains grew at pH 7.2 and
pH 8.0, no growth was observed at pH 4.5. B. pseudocatenulatum JCM 1200T grew weakly at 45 uC and pH 4.5. B.
dentium JCM 1195T grew at pH 4.5. Acid production from
carbohydrates in ABCM broth is shown in Table 1. For the
determination of phenotypic characteristics, API ZYM
tests (bioMérieux) were performed in duplicate using the
methods recommended by the manufacturer. Cells were
collected from each ABCM culture by centrifugation at
12 000 r.p.m. for 5 min, inoculated onto the test strips and
http://ijs.sgmjournals.org

Table 1. Physiological characteristics of isolates HM2-1 and
HM2-2T and the type strains of closely related species of the
genus Bifidobacterium
Strains: 1, HM2-1; 2, HM2-2T; 3, B. catenulatum JCM 1194T; 4, B.
pseudocatenulatum JCM 1200T; 5, B. dentium JCM 1195T; 6, B.
angulatum JCM 7096T. +, Positive; –, negative; W, weakly positive.
All strains were positive for the following characteristics: fermentation
of glucose, fructose, mannose, maltose and sucrose; growth in ABCM
broth at 37 uC, at intial pH 7.2 and 8.0, and under anaerobic
conditions; no growth in ABCM broth at 15 uC under anaerobic
conditions. All strains produced L-lactic acid and did not produce gas
from D-glucose. All strains produced acid from D-xylose, D-ribose, Larabinose, D-glucose, D-galactose, sucrose, maltose, lactose, melibiose,
raffinose and salicin. None of the strains produced acid from glycerol
or rhamnose. All strains possessed leucine arylamidase, a-galactosidase, b-galactosidase, a-glucosidase and b-glucosidase; none possessed alkaline phosphatase, esterase (C4), lipase (C14), valine
arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, N-acetyl-b-glucosaminidase, a-mannosidase or a-fucosidase.
DNA G+C contents were determined by HPLC.
Characteristic
Growth at:
45 uC
Initial pH 4.5
Acid from:
D-Mannose
Cellobiose
Trehalose
Melezitose
Dextrin
Starch
Inulin
D-Mannitol
D-Sorbitol
D-Fructose
API ZYM
Esterase lipase (C8)
Cystine arylamidase
Acid phosphatase
b-Glucuronidase
DNA G+C content
(mol%)

1

2

3

2
2

2
2

2
2

+
+
2
2

+
2
2

2
+
2
2

W

W

W

2
2
2
+
+

2
2
+
+

2
2
2
+
+

+
+
+
2
+
+
2
2
+
+

+
2
+
2
58.6

+
2
+
2
56.3

+
+
+
2
54.7

2
2
+
2
57.5

W

W

4
W
W

5

6

2
+

2
2

+
+
+

2
2
2
2
+
+
+
2
2
+

W

+
+
2
+
2
W

2
2
2
2
+ 2
+ 2
61.2 59.0

incubated for 4 h at 37 uC. Nineteen enzymic activities were
estimated by the API ZYM tests, and strains HM2-1 and
HM2-2T showed 7 enzymic activities (Table 1). Enzyme
activity tests were positive for a/b-galactosidases and a/bglucosidases but negative for b-glucuronidase and cystine
arylamidase. Isolates HM2-1 and HM2-2T had fructose-6phosphate phosphoketolase activity like the reference strains
(Biavati & Mattarelli, 1991; Gavini et al., 1991). An analysis
of the cell-wall composition revealed the presence of
glutamic acid, alanine and lysine by ultraperformance liquid
chromatography according to the methods described by
Komagata & Suzuki (1987). The ACQUITY UPLC System
(Waters) was used in this study. Whole-cell fatty acid methyl
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esters were obtained by saponification, methylation and
extraction followed by analysis using a standardized
Microbial Identification System (Microbial ID) (Tan et al.,
2010). The Sherlock standard library MOORE5 5.00 made it
possible to standardize the bacterial fatty acid analysis
(http://www.midi-inc.com) in Table 2.
The DNA G+C contents of strains HM2-1 and HM2-2T
were determined in three separate trials by high-performance liquid chromatography (Okamoto et al., 2008). The
DNA G+C contents of strains HM2-1 and HM2-2T were
58.6 and 56.3 mol%, respectively. These differ from the
values obtained for B. catenulatum JCM 1194T and B.
dentium JCM 1195T, whose DNA G+C contents were 54.7
and 61.2 mol%, respectively (Scardovi & Crociani, 1974).
However, the DNA G+C content of strains HM2-1 and
HM2-2T were similar to those of B. pseudocatenulatum
JCM 1200T (57.5 mol%) and B. angulatum JCM 7096T
(59.0 mol%) (Scardovi & Crociani, 1974; Scardovi et al.,
1979).
The 16S rRNA genes of strains HM2-1 and HM2-2T were
amplified by PCR using the universal primers 27F and
1492R (Weisburg et al., 1991). The closest known relatives
of the isolate were determined by performing database
searches, and the sequences of closely related species were
retrieved from public databases. Multiple alignments of the
sequences were carried out using CLUSTAL W (Thompson
et al., 1994). We used the neighbour-joining method to
Table 2. Cellular fatty acid contents (%) of isolates HM2-1 and
HM2-2T and the type strains of closely related species of the
genus Bifidobacterium
Strains: 1, HM2-1; 2, HM2-2T; 3, B. catenulatum; 4, B.
pseudocatenulatum; 5, B. dentium; 6, B. angulatum. Data for reference
strains were obtained from the standard Library MOORE5 5.00 of the
Sherlock Microbial Identification System.
Fatty acid
10 : 0
12 : 0
11 : 0 DMA
14 : 0
14 : 0 DMA
16 : 1v9c
16 : 1v7c
16 : 0
16 : 0 DMA
16 : 1v7c DMA
17 : 0 anteiso
18 : 2v6,9c
18 : 1v9c
18 : 0
18 : 1v7c DMA
18 : 0 12-OH
18 : 1v9c DMA
18 : 0 DMA
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1

2

3

4

5

6

1.6
3.8
0.6
6.8
2.7
3.4
0
30.3
0.9
0
0
0.8
18.1
6.1
0
0
19.1
0

2.1
8.1
0.8
15.9
3.3
6.3
0
26.8
0.7
0
0
1.1
19.4
2.5
0
0
9.1
0

0.7
1.3
0.7
5.3
3.5
2.2
1.8
25.7
0.5
1.1
0
0
18.3
3.3
0.6
1.5
23.3
0

1.2
2.9
0.5
10.5
2.7
2.2
3.9
13.7
0
0.5
0.7
0
33.6
2.3
0
0
12.2
0

0.7
1.2
0
5.1
2.9
1.8
1.1
25.8
0
0
0
0
22.8
6.9
0
0.6
23.2
0.6

1.5
2.7
0
8.4
2.1
2.6
2.6
18.1
0
0.6
0
0
33.5
3.7
0
0
14.3
0

reconstruct a phylogenetic tree (Saitou & Nei, 1987) and
estimated the robustness of the individual branches by
performing bootstrapping analysis with 1000 replicates
(Felsenstein, 1985). Phylogenetic trees were also reconstructed using the maximum-likelihood (Cavalli-Sforza &
Edwards, 1967) and maximum-parsimony (Kluge & Farris,
1969) methods with PHYLIP version 3.66. The partial 16S
rRNA gene sequence of strain HM2-2T was consistent with
that of strain HM2-1. DNA–DNA hybridization was carried
out using the microdilution-well technique, with photobiotin for DNA labelling (Ezaki et al., 1989). Immobilized
DNA in microdilution wells was incubated with a photobiotin-labelled DNA probe prepared from each strain at
48 uC for 3 h in hybridization buffer containing 50 %
formamide, after 30 min of incubation at 37 uC in
prehybridization buffer. The fluorescence intensity was
measured with a MicroPlate reader (PerkinElmer) at a
wavelength of 360 nm for excitation and 450 nm for
emission. Values (%) of DNA–DNA hybridization were
the mean of the two trials in this study. Strains HM2-1 and
HM2-2T shared high levels of DNA–DNA relatedness
(92.1 %). We analysed the DNA profile by random amplified
polymorphic DNA (RAPD) PCR performed using the
random primers 103 (59-GTGACGCCGC-39), 127 (59ATCTGGCAGC-39) and 173 (59-CAGGCGGCGT-39)
(University of British Columbia) to compare strains HM21 and HM2-2T. Their RAPD profiles (Supplementary Fig. S1
available in IJSEM Online) showed that they were different
strains of the same species, supported by phenotypic and
biochemical features and their phylogenetic position based
on partial 16S rRNA gene sequence and DNA–DNA
hybridization analyses.
Two organisms are considered to represent the same
species if their purified DNA exhibits greater than 70 %
hybridization (Wayne et al., 1987). DNA–DNA hybridization analysis was carried out comparing isolates HM2-1
and HM2-2T and other related strains listed in Table 1
according to the method previously by Ezaki et al. (1989).
DNA–DNA relatedness values between strain HM2-2T
and B. catenulatum JCM 1194T were 8.1 %±1.6 % and
14.6 %±2.4 % using the probes for HM2-2T and B.
catenulatum JCM 1194T, respectively. DNA–DNA relatedness values using the reference strains as DNA probes for
strain HM2-2T were as follows: HM2-2T and B. pseudocatenulatum JCM 1200T (6.5 %), HM2-2T and B. dentium
JCM 1195T (5.7 %), and HM2-2T and B. angulatum JCM
7096T (6.8 %).
We reconstructed a phylogenetic tree based on a total of 44
partial 16S rRNA gene sequences, including those of
members of the genus Bifidobacterium and related genera.
The tree was rooted using Actinomyces bovis (Fig. 1).
Strains HM2-1 and HM2-2T had 16S rRNA gene sequences
that were similar to those of B. catenulatum, B. angulatum
and B. dentium. Levels of similarity for the partial 16S
rRNA gene sequence of HM2-2T in relation to B.
catenulatum JCM 1194T, B. pseudocatenulatum JCM
1200T, B. dentium ATCC 27534T and B. angulatum
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Fig. 1. Phylogenetic relationship between isolates HM2-1 and HM2-2T, species of the genus Bifidobacterium and related
genera, determined by 16S rRNA gene sequencing. The tree was reconstructed using the neighbour-joining method.
Actinomyces bovis NCTC 11535T was used as an outgroup. Bootstrap percentages (based on 1000 replicates) are shown at
nodes; values lower than 50 % are not indicated. Accession numbers are given in parentheses. Bar, 10 % difference in
nucleotide sequence.

ATCC 27535T were 97.4 % (1480/1520 bp), 97.2 % (1472/
1514 bp), 96.7 % (1459/1509 bp) and 96.5 % (1462/1515
bp), respectively. We obtained identical tree topologies in the
maximum-parsimony and maximum-likelihood analyses
(Supplementary Figs S2 and S3).
Heat-shock protein (hsp60; also known as groEL, cpn60,
groES or dnaK) genes have also been adopted for taxonomic
studies of bifidobacterial species (Jian et al., 2001; Zhu et al.,
2003; Simpson et al., 2004; Delcenserie et al., 2005; Ventura
et al., 2005). The partial hsp60 gene sequence of strain HM22T was obtained by using the conditions and primers for
PCR amplification described by Jian et al. (2001) and
Okamoto et al. (2008). We reconstructed a phylogenetic tree
http://ijs.sgmjournals.org

based on a total of 40 sequences of hsp60 genes, including
those of members of the genus Bifidobacterium and related
genera (Supplementary Fig. S4). Levels of similarity for the
partial hsp60 gene sequence of HM2-2T in relation to B.
catenulatum JCM 1194T, B. pseudocatenulatum JCM 1200T,
B. dentium ATCC 27534T and B. angulatum ATCC 27535T
were 96.1 % (567/590 bp), 90.8 % (536/590 bp), 92.0 %
(544/591 bp) and 89.8 % (531/591 bp), respectively. The
16S rRNA and hsp60 gene sequences were well related and
useful for determining the phylogeny of strain HM2-2T.
Detailed characteristics of the novel isolates are provided in
the species description and in Table 1, and these characteristics were compared with those of the phylogenetic relatives
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B. catenulatum JCM 1194T, B. pseudocatenulatum JCM
1200T, B. angulatum JCM 7096T and B. dentium JCM 1195T.
The isolates were able to produce L(+)-lactic acid from Dglucose. Anaerobic conditions were essential for the growth
of strains HM2-1 and HM2-2T. These two isolates could be
distinguished from B. pseudocatenulatum JCM 1200T, B.
angulatum JCM 7096T and B. dentium JCM 1195T by the
pattern of acid production from D-mannose, cellobiose,
trehalose, melezitose, dextrin, starch, inulin, D-mannitol, Dsorbitol and D-fructose. The cellular fatty acid profiles of
strains HM2-1, HM2-2T and the related genera B. catenulatum, B. pseudocatenulatum, B. dentium and B. angulatum
are presented in Table 2. The predominant cellular fatty acids
of strains HM2-1 and HM2-2T were 16 : 0 and 18 : 1v9c, with
proportions greater than 18 % of the total.
Experimental data suggest that isolates HM2-1 and HM22T can be assigned to the genus Bifidobacterium on the basis
of their phylogenetic position; it can be concluded that these
two isolates might be considered as representing a single
novel species. Thus, these two isolates represent a novel
species, for which we propose the name Bifidobacterium
kashiwanohense sp. nov.
Description of Bifidobacterium kashiwanohense
sp. nov.
Bifidobacterium kashiwanohense (ka.shi.wa.no.hen9se. N.L.
neut. adj. kashiwanohense of Kashiwanoha in Japan, which
is the name of the area, University of Tokyo, where this
bacterium was originally isolated).
Cells are Gram-positive, non-motile, non-spore-forming
rods measuring 1.061.3 mm. Colonies on BL agar after
incubation under anaerobic conditions for 2 days at 37 uC
are beige, smooth and approximately 1.0 mm in diameter.
No growth is observed at 15 or 45 uC. Produces L(+)-lactic
acid from D-glucose. Produces acid from D-xylose, D-ribose,
D-mannose, cellobiose, D-sorbitol, L-arabinose, D-glucose,
D-fructose, D-galactose, sucrose, maltose, lactose, melibiose,
raffinose and salicin, and, to a weaker extent, from dextrin.
Exhibits esterase lipase (C8), leucine arylamidase, acid
phosphatase, a-galactosidase, b-galactosidase, a-glucosidase,
b-glucosidase, and fructose-6-phosphate phosphoketolase
activities. The cell wall contains glutamic acid, alanine and
lysine. The DNA G+C content is 56–59 mol%.
The type strain is HM2-2T (5JCM 15439T 5DSM 21854T),
isolated from faeces of a healthy infant (1.5 years old).
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≟ࡢ࡚ࢇࢇࡢ㑇ఏᏊゎᯒ

㰻⸨ᘺ௦Ꮚࠊ༑ᕝ๛ 㯞ᕸᏛ እ⛉Ꮫ➨  ࠊᓥ⚽ࠊ㜰ཱྀ㞞ᘯ 㯞ᕸᏛᚤ⏕≀
Ꮫ➨  

◊✲せ᪨
༢୍≟✀࠾ࡅࡿ≉Ⓨᛶ࡚ࢇࢇ⨯ᝈ≟  㢌㠀⨯ᝈ≟  㢌ࡢࢧࣥࣉࣝࡘ࠸࡚ࠊ
࣑ࣝࢼ♫ࡢ &KLSDUUD\ ࢆ⏝࠸࡚  ಶࡢ 613 ࢆ⥙⨶ⓗゎᯒࡋࡓࡇࢁࠊ≉Ⓨᛶ࡚
ࢇࢇ⨯ᝈ≟⩌࡛ኚ␗ࡢฟ⌧㢖ᗘࡢ㧗࠸㸲ࡘࡢ 613 ࢆㄆࡵࡓࠋ≉Ⓨᛶ࡚ࢇࢇ⨯ᝈ≟⩌
࡛ኚ␗ࡢฟ⌧㢖ᗘࡀ㧗ࡗࡓ 613 ࡢᗄࡘࡣྠ୍ᰁⰍయୖࡢ୍㒊ࡢ㡿ᇦᏑᅾࡋࠊ㧗࠸
࢜ࢵࢬẚࢆ♧ࡋࡓࠋࡇࡢ㡿ᇦࡣ⬻ࡢᶵ⬟㛵ࢃࡿ㑇ఏᏊࠊࣄࢺࡢ࡚ࢇࢇࡢཎᅉ࡞
ࡿ㑇ఏᏊࠊࡉࡽ≟ࡢೃᛶ࡚ࢇࢇࡢ㛵㐃㑇ఏᏊྠࡌാࡁࢆᣢࡘ㑇ఏᏊࡀྵࡲࢀ࡚
࠸ࡓࠋ


◊✲┠ⓗ
 ≉Ⓨᛶ࡚ࢇࢇࡣࠊேྠᵝ≟࠾࠸࡚᭱ࡶ୍⯡ⓗ࡞⚄⤒ᝈ࡛࠶ࡿࡀࠊᅉࡣ
ࢇศࡗ࡚࠸࡞࠸ࠋ㑇ఏⓗせᅉࡀࢃࢀ࡚࠸ࡿࡀࠊ㛵㐃㑇ఏᏊࡣ  ࡘࡋ᫂ࡽ
࡞ࡗ࡚࠸࡞࠸ࠋேࡢᮏ࠾࠸࡚ཎᅉ㑇ఏᏊࡀ  ྠᐃࡉࢀ࡚࠸ࡿࡇࢆ⪃࠼ࡿࠊ
ᮍྠᐃࡢ㑇ఏᏊኚ␗ࡀࡲࡔከᩘᏑᅾࡍࡿ⪃࠼ࡽࢀࡿࠋᮏᝈࡣཎᅉࡀ᫂࡞ࡓࡵ᰿
⒪ἲࡀ࡞ࡃࠊࢇࡢ≟࡛ࠊᑐ⒪ἲࡋ࡚ࡢ࡚ࢇࢇࢆᢚ࠼ࡿ⸆ࡢᢞࡀ⏕ᾭᚲせ
࡞ࡿࠋᮏ◊✲࠾࠸࡚ࠊ≟ࡢ≉Ⓨᛶ࡚ࢇࢇࡢཎᅉ㑇ఏᏊࢆྠᐃࡋࠊែᶵᵓࢆ᫂ࡽ
ࡍࡿࡇࡣࠊཎᅉ⒪ἲ㛤Ⓨࡢ⣒ཱྀ࡞ࡾࠊ⋇་ᏛࡢⓎᒎࡁࡃᐤ࡛ࡁࡿ⪃࠼
ࡿࠋࡉࡽࡑࡢሗࡣࠊࣄࢺࡢ࡚ࢇࢇ་⒪ᑐࡋ࡚ࡶ᭷⏝ᛶࡀ㧗࠸⪃࠼ࡿࠋ

ᮦᩱ᪉ἲ
 㯞ᕸᏛ㝃ᒓື≀㝔⚄⤒⛉᮶㝔ࡋࠊ≉Ⓨᛶ࡚ࢇࢇデ᩿ࡉࢀࡓ≟ࡢ⾑ᾮࢧࣥࣉ
ࣝࡢ㞟⮫ᗋሗࡢ㞟ࢆ⾜ࡗࡓࠋ
 ≉Ⓨᛶ࡚ࢇࢇࡢデ᩿ࡣࠊ࡚ࢇࢇⓎసࢆ  ᅇ௨ୖ㉳ࡇࡋࡓࡇࡀ࠶ࡾࠊⓎస㛫Ḟᮇ
ࡢ⚄⤒Ꮫⓗ᳨ᰝ⾑ᾮ୍⯡᳨ᰝࠊࡉࡽ㢌㒊 05, ࡚࡚ࢇࢇⓎసࡢཎᅉ࡞ࡾ࠺ࡿ␗
ᖖࡀ࡞࠸ሙྜࡋࡓࠋࡲࡓࠊ05, ࢆᐇࡋ࡞࠸ሙྜ࡛ࡶࠊึⓎࡢ࡚ࢇࢇⓎసࡀ㸯ṓ௨
ୖ㸴ṓᮍ‶࡛࠶ࡾࠊࡘࠊึⓎࡽ  ᖺ௨ୖࢃࡓࡾ࡚ࢇࢇⓎస௨እࡢ⚄⤒ᚩೃࢆ࿊
ࡋ࡚࠸࡞ࡅࢀࡤࠊ୍⯡ⓗ≉Ⓨᛶ࡚ࢇࢇࡋ࡚デ᩿ࡉࢀࡿࡓࡵ 'H5LVLRHWDO%0&
9HWHULQDU\5HVHDUFK   ࠊࡑࢀࡽࢆ‶ࡓࡍሙྜࡶ≉Ⓨᛶ࡚ࢇࢇࡋ࡚ᮏ
◊✲ྵࡵࡓࠋ㑇ఏᏊࡢಖᏑᮏ◊✲⏝ᑐࡍࡿྠពࢆ㣫࠸ࡽᚓࡓ࡚ࠊ⾑
ᾮ୍⯡᳨ᰝࡢṧࡾࡢ⾑ᾮࢧࣥࣉࣝࡽࠊ'1$ ᢳฟࢆ⾜ࡗࡓࠋⓎసࡢᚩೃࡢヲ⣽࡞ၥ
デࣅࢹ࢜ゎᯒࢆ⾜࠺ࡶࠊྍ⬟࡞㝈ࡾ⬻Ἴ᳨ᰝࡶ⾜࠸ࠊࡑࢀࡒࢀࡢࡘ࠸࡚ࠊ
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Ⓨసᆺศ㢮㸦Ⓨసࡢ⾲⌧ᆺࡢศ㢮㸧ࢆ⾜ࡗࡓࠋ
 ᵝࠎ࡞≟✀ࡢࢧࣥࣉࣝࡀ㞟ࡉࢀࡓࡀࠊࡑࡢ୰࡛ࠊ≉Ⓨᛶ࡚ࢇࢇࡀዲⓎࡋ࡚࠸ࡿ༢
୍≟✀╔┠ࡋࠊ⨯ᝈ≟㠀⨯ᝈ≟ࡢ '1$ ࢆ⏝࠸࡚ࠊ613࡛ࣞ⥙⨶ⓗ࡞ࢤࣀ࣒㛵
㐃ゎᯒ *:$6 ࢆ⾜ࡗࡓࠋ㠀⨯ᝈ≟ࡢ '1$ ࡣ㑇ఏᏊࣂࣥࢡಖ⟶ࡉࢀ࡚࠸ࡿ⨯ᝈ≟✀
ྠ୍≟✀ࡢ᳨యࢆ⏝࠸ࡓࠋ
 *:$6 ࡼࡗ࡚⤠ࡗࡓࠊ࡚ࢇࢇⓎ᭷ព࡞㛵㐃ᛶࢆ♧ࡍ 613 ࡘ࠸࡚ࠊ᪂ࡓ᳨
యࢆ㞟ࡋ☜ㄆᐇ㦂ࢆ⾜ࡗࡓࠋ᪂ࡓ࡞᳨యࡣࠊ㯞ᕸᏛ㝃ᒓື≀㝔⚄⤒⛉᮶㝔
ຍ࠼ࠊ࡚ࢇࢇࡢデ᩿ࡸデ⒪㛗ࡅࡓࡢ」ᩘࡢタࡽࡶ㞟ࡋࡓࠋ☜ㄆᐇ㦂࡛ࡣࠊ
ࢤࣀ࣒ '1$ ࢆࢸࣥࣉ࣮ࣞࢺࡋ࡚ࠊೃ⿵㑇ఏᏊᏑᅾࡍࡿ 613 㡿ᇦࡢ 3&5 ࢆ⾜ࡗࡓࠋ
 
⤖ᯝ࠾ࡼࡧ⪃ᐹ
 ≉Ⓨᛶ࡚ࢇࢇデ᩿ࡋࡓィ  㢌ࡽ '1$ ࢧࣥࣉࣝࡀᚓࡽࢀࡓࠋࡑࡢ࠺ࡕ╔┠ࡋࡓ
୍≟✀ࡽࡣࠊ 㢌ศࡢࢧࣥࣉࣝࡀᚓࡽࢀࡓࠋ
 ᑐ㇟ࡋࡓ≟✀ࡢ≉Ⓨᛶ࡚ࢇࢇ⨯ᝈ≟  㢌㠀⨯ᝈ≟  㢌ࡢࢧࣥࣉࣝࡘ࠸࡚ࠊ
࣑ࣝࢼ♫ࡢ &KLSDUUD\ ࢆ⏝࠸࡚  ಶࡢ 613 ࢆ⥙⨶ⓗゎᯒࡋࡓࡇࢁࠊ≉Ⓨᛶ࡚
ࢇࢇ⨯ᝈ≟⩌࡛ኚ␗ࡢฟ⌧㢖ᗘࡢ㧗࠸ 613 ࢆ」ᩘぢฟࡋࡓ㸦ᅗ ࠊ⾲㸯㸧
ࠋࡇࢀࡽࡢ
ᗄࡘࡣྠ୍ᰁⰍయୖࡢ୍㒊ࡢ㡿ᇦᏑᅾࡋࠊ㧗࠸࢜ࢵࢬẚࢆ♧ࡋࡓࠋࡇࡢ㡿ᇦࡣ⬻
ࡢᶵ⬟㛵ࢃࡿ㑇ఏᏊࠊࣄࢺࡢ࡚ࢇࢇࡢཎᅉ࡞ࡿ㑇ఏᏊࠊࡉࡽ≟ࡢೃᛶ࡚ࢇ
ࢇࡢ㛵㐃㑇ఏᏊྠࡌാࡁࢆᣢࡘ㑇ఏᏊࡀྵࡲࢀ࡚࠸ࡓࠋࡇࢀࡽೃ⿵㑇ఏᏊࡢ୍ࡘࡘ
࠸࡚ࡣࠊ≟ࡢ⬻⤌⧊ࡽᢳฟࡋࡓ P51$ ࢆ⏝࠸࡚ 573&5 ࢆ⾜࠸ࠊ≟࡛Ⓨ⌧ࡋ࡚࠸ࡿࡇ
ࢆ☜ㄆࡋࡓࠋ
 *:$6 ࡚࡚ࢇࢇࡢ㛵㐃ᛶࢆᣢࡘ 613 ࡀ᫂ࡽ࡞ࡗࡓ≟✀࠾࠸࡚ࠊ᪂つ᳨య
ࡢ㞟ࢆ⾜ࡗࡓࠋ᪂つ⨯ᝈ≟  㢌㠀⨯ᝈ≟  㢌ࡢ᳨యࡀ㞟ࡉࢀࡓࠋ᳨యᩘࡀࡉࡽ
ቑ࠼ࡓࡢࡕࠊⓎసᆺࡢゎᯒࠊࢤࣀ࣒ '1$ ࢆࢸࣥࣉ࣮ࣞࢺࡋ࡚ࠊೃ⿵㑇ఏᏊᏑ
ᅾࡍࡿ 613 㡿ᇦࡢ 3&5 ࢆ⾜࠺ࡇࡼࡿ☜ㄆᐇ㦂ࢆᐇணᐃ࡛࠶ࡿࠋ
ᮏ◊✲࠾ࡅࡿ≉Ⓨᛶ࡚ࢇࢇ⨯ᝈ≟  㢌ࡢⓎసᆺࡣࠊᙉ┤࣭㛫௦Ⓨస  㢌ࠊ↔Ⅼ
ᛶ㐠ືⓎస  㢌ࠊ⾜ືⓎస  㢌ࠊ⮬ᚊ⚄⤒Ⓨస  㢌࡛࠶ࡗࡓࠋ⾑⤫᭩ࡀධᡭ࡛ࡁࡓࡢࡣ
 㢌࡛࠶ࡾࠊྠ⫾≟ࡀ  㢌ྵࡲࢀ࡚࠸ࡓࠋ≟⯋ྡࡢඹ㏻ᛶࢆㄪࡓࡇࢁࠊ 㢌ࡣ୍ࡘ
ࡢඹ㏻ࡢ≟⯋ྡࢆᣢࡘ♽ඛࢆᣢࡗ࡚࠾ࡾࠊṧࡾ  㢌ࡶูࡢඹ㏻ࡢ≟⯋ྡࢆᣢࡘ♽ඛࢆᣢ
ࡗ࡚࠸ࡓࠋ
 ࡚ࢇࢇೃ⿵㑇ఏᏊࢆ⤠ࡾ㎸ࢇࡔ≟✀ࡣࠊୡ⏺ⓗࡶ୍⯡ⓗ࡞≟✀࡛࠶ࡾࠊ⾲⌧ᆺ
ࡘ࠸࡚ࡣࠊ≟ࡼࡃぢࡽࢀࡿࢱࣉࡢ࡚ࢇࢇ࡛࠶ࡗࡓࠋࡇࢀᑐࡋࠊ⌧ᅾࡲ࡛ሗ࿌
ࡢ࠶ࡿ≟ࡢ࡚ࢇࢇࡢ㛵㐃㑇ఏᏊࡣࠊ ࡘࡶẚ㍑ⓗ≉Ṧ࡞≟✀࠾ࡅࡿ≉Ṧ࡞ࢱࣉ
ࡢ࡚ࢇࢇ࡛࠶ࡿࠋࡋࡓࡀࡗ࡚ࠊᡃࠎࡢᡂᯝࢆࡶࡋࡓࡇࢀࡽࡢ◊✲ࡣࠊࡼࡾᗈࡃ
⋇་⒪㈉⊩ࡍࡿࡶࡢ⪃࠼ࡽࢀࡿࠋᚋࡣᩘࢆቑࡸࡋ࡚ࠊⓎసᆺ㑇ఏᏊኚ␗
ࡢ㛵㐃ᛶࢆㄪࡿணᐃ࡛࠶ࡿࠋ

536

 㑇ఏᏊኚ␗࡚ࢇࢇⓎࡢ㛵㐃ᛶࢆゎᯒࡍࡿࡇࠊཎᅉ㑇ఏᏊࡢᶵ⬟ゎᯒ࡚ࢇ
ࢇⓎࡢ㛵㐃ࡢ᳨ウࢆ⾜࠺ࡇࡀࠊ㑇ఏᏊྠᐃࡢࡓࡵᐇࡍࡁ㡯┠ࡋ࡚ṧࡗ
࡚࠸ࡿࠋ
 ≟ࡢ≉Ⓨᛶ࡚ࢇࢇࡢೃ⿵㑇ఏᏊࢆ⤠ࡾ㎸ࢇࡔࡀࠊྠᐃࡲ࡛ࡣ⮳ࡗ࡚࠸࡞࠸ࡓࡵࠊ◊
✲ࢆ⥅⥆ࡋ࡚ࠊ㑇ఏ⤫ィᏛⓗᡭἲࡼࡗ࡚㑇ఏᏊኚ␗࡚ࢇࢇⓎࡢ㛵㐃ᛶࢆゎᯒࡋࠊ
ࡉࡽཎᅉ㑇ఏᏊࡢᶵ⬟ゎᯒⓎࡢ㛵㐃ࡢ᳨ウࢆ⾜࠺ࠋࡑࡢࡓࡵᚋࡶ◊✲ࢆ⥅
⥆ࡍࡿࠋ
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ᅗ㸯. ༢୍≟✀࠾ࡅࡿࢤࣀ࣒㛵㐃ゎᯒ⤖ᯝ㸦࣐ࣥࣁࢵࢱࣥࣉࣟࢵࢺ㸧






⾲㸯. ⨯ᝈ≟࡛㧗㢖ᗘㄆࡵࡽࢀࡿ SNP
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Case Report

Globoid cell leukodystrophy (Krabbe’s disease)
in a Japanese domestic cat
Mizue Ogawa,1 Kazuyuki Uchida,1 Kyoko Isobe,3 Miyoko Saito,2 Tomoyuki Harada,1
James K. Chambers1 and Hiroyuki Nakayama1
1

Department of Veterinary Pathology, Graduate School of Agricultural and Life Sciences, The University of Tokyo,
Tokyo, Departments of 2Surgery II and 3Veterinary Teaching Hospital, School of Veterinary Medicine, Azabu University,
Kanagawa, Japan

A male Japanese domestic cat developed progressive limb
paralysis from 4 months of age. The cat showed visual
disorder, trismus and cognitive impairment and died at 9
months of age. At necropsy, signiﬁcant discoloration of the
white matter was observed throughout the brain and spinal
cord. Histologically, severe myelin loss and gliosis were
observed, especially in the internal capsule and cerebellum. In the lesions, severe inﬁltration of macrophages
with broad cytoplasm ﬁlled with PAS-positive and nonmetachromatic granules (globoid cells) was evident. On
the basis of these ﬁndings, the case was diagnosed as feline
globoid cell leukodystrophy (Krabbe’s disease). Immunohistochemical observation indicated the involvement of
oxidative stress and small HSP in the disease.
Key words: cat, central nervous system, globoid cell
leukodystrophy, Krabbe’s disease, macrophages.

INTRODUCTION
Globoid cell leukodystrophy (GLD; also known as
Krabbe’s disease) is an early-onset, rapidly progressive and
fatal degenerative disease. The disease is pathologically
characterized by almost complete myelin loss, reactive
astrocytosis and the appearance of characteristic large
round cells called globoid cells in the white matter of the
CNS.1 Diseases identical to GLD have been reported in
several animal species:2 dogs,3,4 sheep,5 rhesus monkeys6,7
and cats.8–10 GLD is deﬁned by the deﬁciency of a
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lysosomal enzyme, galactocerebrosidase (GALC), resulting in the accumulation of a cytotoxic metabolite,
psychosine.1 GALC-deﬁcient mice, such as Twitcher
mice,11,12 are being used as experimental GLD models.13
Besides GALC, the deﬁciency of saposin A, 14 one of the
sphingolipid activator proteins, also causes an identical
disease to GLD in mice15 and humans.10 While GALC
mutation was found in dogs16 and rhesus monkeys.17 To
date, there have been only three reports of the disease in
cats,8–10 indicating that the disease is extremely rare in
cats. These previous reports on feline GLD revealed
histopathological features characterized by symmetrical
myelin loss, astrocytosis and perivascular accumulation of
large macrophages with intracytoplasmic deposits (globoid
cells).
The present report describes histopathological, immunohistochemical and ultrastructural features of GLD in a
young cat. In addition, immunohistochemistry for nitric
oxide (NOS) and two types of small HSP (sHSP) was
performed to assess the involvement of oxidative stress
and/or sHSP, which are commonly upregulated in glial cells
in patients with neurodegenerative diseases.18

CLINICAL SUMMARY
A male Japanese domestic cat had exhibited hind limb
paresis since 4 months of age. Then the symptom progressed and clear tetraparesis developed. Although temporary recovery was achieved, loss of voluntary movement,
trismus, and visual and cognitive impairment were
observed during the last 2 months before death at 9 months
of age. No signiﬁcant ﬁndings were detected by X-ray
examination or hematologic and biochemical analyses. The
serum antibodies for feline immunodeﬁciency virus (FIV),
feline leukemia virus (FeLV), feline coronavirus, feline
parvovirus and Toxoplasma were all negative.

Krabbe’s disease in a cat

191

MATERIALS AND METHODS

Japan) and embedded in Quetol651 resin (Nisshin EM).
Ultrathin sections were stained with uranyl acetate and
lead citrate and examined with a Hitachi H-7500 transmission electron microscope (Hitachi High-Technologies,
Tokyo, Japan).

Tissue samples including the brain, spinal cord and brachial
plexus were ﬁxed in 10% neutral-buffered formalin, processed routinely and embedded in parafﬁn wax. Parafﬁn
sections 4 μm thick were stained with HE. Some selected
sections were also subjected to PAS, toluidine blue
(TB, pH 7.0), LFB, Sudan-black and von-Kossa staining.
Immunohistochemistry was performed using the Envision
polymer method. The primary antibodies used are listed in
Table 1. Deparafﬁnized sections were ﬁrst autoclaved at
120°C for 10 min in 10 mmol/L citrate buffer (pH 6.0) or
Target retrieval solution (pH 9.0), for antigen retrieval.
Then, the tissue sections were treated with 3% hydrogen
peroxide (H2O2)-methanol at room temperature for 5 min
and incubated in 8% skimmed milk–Tris-buffered saline
with 0.2% Tween 20 (TBST) at 37°C for 1 h to avoid nonspeciﬁc reactions. The sections were then incubated at 4°C
overnight with one of the primary antibodies. After
washing three times in TBST, the sections were incubated
with Envision horseradish peroxidase (HRP) mouse or
rabbit polymer (Dako, Glostrup, Denmark) at 37°C for
40 min Then, the sections were washed with TBS and visualized with 0.05% 3-3’diaminobenzidine and 0.03% H2O2
in TBS. Counterstaining was performed with Mayer’s
hematoxylin.
For electron microscopic analysis, the formalin-ﬁxed
cerebellar white matter was ﬁxed again in 2%
glutaraldehyde in 0.1 mol/L phosphate buffer (PB) at 4°C
for 2 h, and post-ﬁxed in 1% OsO4 at 4°C for 2 h. The
samples were dehydrated in an ethanol series, replaced
with QY-1 solution (Nisshin EM Corporation, Tokyo,

PATHOLOGICAL FINDINGS
No marked gross lesions were detected in the CNS at
necropsy, although discoloration of the white matter was
observed on the cut surface of the formalin-ﬁxed brain
(Fig. 1) and spinal cord.
Histologically, thinning of the white matter was
observed throughout the brain and spinal cord. LFB
staining (Figs 2,3a) and immunostaining for myelin basic
protein (MBP) revealed marked myelin loss in the
white matter. Severe axonal degeneration characterized
by swollen and fragmented axons (Fig. 3b) was also
observed. Astrocytosis (Fig. 3c) and inﬁltration of ionized
calcium-binding adapter molecule 1 (Iba-1)-positive cells
(Fig. 3d) were frequently observed in the lesions.
Oligodendrocyte transcription factor 2 (Olig2)-positive
oligodendrocytes slightly decreased in number. These
lesions were severe in the white matter of the internal
capsule, cerebellum, medulla and spinal cord, but relatively less severe in the white matter of the cerebrum. In
the deep white matter of the cerebellum, focal and symmetric necrosis was evident. In the necrotic areas, there
were many calciﬁed deposits forming psammoma bodies.
The bodies were stained with LFB, PAS and von Kossa
(Fig. 4).

Table 1 Primary antibodies used
Antibody

Type

Dilution

Source

Marker for

Antigen retrieval

GFAP
NF
pNF-H&M
MBP
Olig2

p
m
m
p
p

1:1000
pre-diluted
1:1000
1:200
1:500

Dako, Glostrup, Denmark
Dako
Millipore, MA, USA
Dako
Millipore

Astrocyte
Axon/neuron
–
Myelin
Oligodendrocyte

CD3
CD20
Iba1

p
p
p

1:50
1:200
1:500

T cell
B cell
Microglia/macrophage

HLA-DR
HSP27
αB-crystallin
iNOS
HO-1

m
p
m
p
p

1:100
1:100
1:1000
1:200
1:100

Macrophage
–
–
–
–

Citrate buffer, pH 6.0
Citrate buffer, pH 6.0
Citrate buffer, pH 6.0
Citrate buffer, pH 6.0
Citrate buffer, pH 6.0

SOD1
SOD2

p
p

1:200
1:200

Dako
Thermo Scientiﬁc, CA, USA
Wako Pure Chemical Industries,
Osaka, Japan
Dako
Cell Signaling Technology, MA, USA
Santa Cruz Biotechnology, CA, USA
Calbiochem, CA, USA
ENZO Life Sciences, Plymouth
Meeting, PA, USA
ENZO Life Sciences
ENZO Life Sciences

None
None
None
Citrate buffer, pH 6.0
Target retrieval solution
(Dako), pH 9.0
Citrate buffer, pH 6.0
None
Citrate buffer, pH 6.0

–
–

Citrate buffer, pH 6.0
Citrate buffer, pH 6.0

HLA-DR, humanleukocyte antigen type DR; HO-1, heme oxygenase-1; Iba1, ionized calcium-binding adapter molecule 1; iNOS, inducible nitric
oxide synthase; m, mouse monoclonal; MBP, myelin basic protein; NF, neuroﬁlament; Olig2, oligodendrocyte transcription factor 2; p, rabbit
polyclonal; SOD, superoxide dismutase.
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Fig. 1 Cut surfaces of the formalin-ﬁxed
brain. Severe discoloration throughout the
white matter (arrowheads). (a) Cerebrum
and thalamus, hypothalamus level. (b)
Frontal lobe. (c) Cerebellum and ventral
pons. Scale bar = 1 cm.

c

a

a

b
Fig. 2 The cerebellum. LFB-HE. (a) The present case. (b) A
normal adult cat. Almost complete myelin loss is observed in the
present case (a), compared with the control (b). Scale bar = 1 cm.

In the gray matter throughout the brain and spinal cord,
prominent proliferation of gemistocytic astrocytes was
observed. In the cerebellar cortex, there was moderate
loss of granule cells and Purkinje cells with proliferation
of Bergmann’s glia. Neuroﬁlament- and phosphorylated neuroﬁlament-positive torpedoes were frequently
observed in the granular cell layer (Fig. 5).
A large number of macrophages with broad cytoplasm
and single or multiple eccentric nuclei (globoid cells) were
observed in the lesions of the brain white matter, especially
in the perivascular area (Fig. 6a). In the thoracic and

lumbar cord, where myelin and axons were completely lost,
there were a few globoid cells. Immunohistochemically,
these globoid cells were strongly positive for Iba-1 (Fig. 6a,
insertion) and HLA type DR (HLA-DR). The globoid
cells had ﬁne granular or ﬁlamentous deposits in their cytoplasm, which were PAS-positive (Fig. 6b), Sudan-blacknegative and non-metachromatic by TB staining (Fig. 6c).
Ultrastructural examination indicated the detailed features of the cytoplasmic deposits: variably sized, and
straight and curved tubular structures (Fig. 6d). In the
same area, mild perivascular inﬁltration of CD3-positive
lymphocytes was also observed, whereas there was no inﬁltration of CD20-positive cells.
The results of immunohistochemistry also demonstrated that the cytoplasm of the globoid cells and of the
few reactive astrocytes was positive for inducible nitric
oxide (iNOS) (Fig. 7). Superoxide dismutase (SOD)1
expression was seen in reactive astrocytes and degenerated
axons. Granules strongly positive for SOD2 were observed
in cytoplasm of globoid cells, excluded by cytoplasmic
deposit. Reactive astrocytes were occasionally positive for
heme oxygenase-1 (HO-1).
On the other hand, reactive astrocytes were mostly positive for αB-crystallin in a broad area of the CNS. HSP27positive astrocytes were rarely observed.
In the peripheral nerves including the brachial plexus,
trigeminal nerve and dorsal and ventral roots of the spinal
cord, various levels of myelin loss and axonal degeneration
were observed, while there were no globoid cells in the
lesions. No signiﬁcant lesions were observed in the visceral
organs.

DISCUSSION
Considering the severe myelin loss throughout the CNS
and the appearance of characteristic globoid cells with
intracellular PAS-positive and non-metachromatic deposits, the present case was diagnosed as feline GLD. In
© 2013 Japanese Society of Neuropathology
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Fig. 3 A lesion of the cerebellar white matter. (a) LFB-HE. Immunostain for (b) neuroﬁlament, (c) GFAP and (d) Iba-1. In addition to
myelin loss (a), severe axonal degeneration/loss (b) and astrogliosis (c) are observed in the area with macrophage inﬁltration (d). Scale
bar = 50 μm.

Fig. 4 Psammoma body in the cerebellar
white matter. (b)–(e) are higher magniﬁcations of (a): (a) and (b) HE, (c) LFB-HE, (d)
PAS, and (e) von Kossa. The eosinophilic
deposits were positive for LFB, PAS and von
Kossa stains. Scale bar = 100 μm (a) and
25 μm (b–e).

a

addition, the formation of torpedoes observed in the
present case is also common in human GLD.19
As far as we know, there have been three reports on
spontaneous GLD in cats8–10 and the distribution of the
lesions and histological ﬁndings in the present case resemble those of GLD in humans20 and in cats,9 indicating that
the present feline case is included in the same disease

b

c

d

e

category. This is the ﬁrst report of GLD in a Japanese
domestic cat. In addition, despite the exact age of the cat
being unknown, the present case may be relatively old
compared with the previous feline GLD cases, probably
because of effective care.
Psammoma body-like calcium deposits probably
contained decayed products of myelin because they

© 2013 Japanese Society of Neuropathology
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Fig. 5 A torpedo in the cerebellum.
(a) HE. Immunostain for (b) neuroﬁlament
and (c) phosphorylated neuroﬁlament.
Neuroﬁlament- and phospho-neuroﬁlamentpositive torpedoes were frequently observed.
Scale bar = 25 μm.

c

b
Fig. 6 Globoid cells in the cerebellar white
matter. (a) HE, (b) PAS, (c) toluidine blue
(TB) and (d) ultrastructural observation of
a globoid cell. Globoid cells were roundshaped macrophages with broad cytoplasm
(a). The deposits in the cytoplasm of a
globoid cell were PAS-positive (b) and
non-metachromatic with TB stain (c).
Ultrastructurally, ﬁne tubular structures with
a diameter of 30–100 nm were accumulated
in the cytoplasm of a globoid cell (d). Scale
bar = 25 μm (a), 50 μm (b, c) and 500 nm (d).

d

were LFB-positive. A slight decrease of olig2-positive
oligodendrocytes in spite of the severe myelin loss suggests
that feline GLD may be a disease mostly caused by the
dysfunction of myelination, maybe due to psychosine accumulation, rather than by the degeneration of mature
myelin. Biochemical analysis or analysis of GALC or the
saposin A gene was not performed because all tissues were
unfortunately formalin-ﬁxed at nectropsy because of the
suspicion of infectious diseases. To determine whether this
feline disease is exactly the same as human GLD, gene
analysis should be performed.
The inﬁltration of CD3-positive T cells into the lesions
in the present case indicates the involvement of immunological responses in the pathogenicity of the feline disease,

like in human GLD.19 However, the inﬁltration was not
very severe in view of the longer survival and/or because of
steroid treatment.
The production of reactive oxygen species (ROS) was
observed in Twitcher mice, a GLD model, as a secondary
event following psychosine toxicity.21 The expression of
iNOS, which results in ROS production, was reported to be
distributed mostly in GFAP-positive astrocytes in human
GLD,21 and in both astrocytes and globoid cells of GLD of
rhesus macaques,7 as well as in the present case. On the
other hand, in the present case, SOD2, a mitochondrial
antioxidant enzyme, was strongly expressed by globoid
cells themselves. SOD117 and HO-1,23 the molecules usually
induced by ROS, were also expressed by reactive
© 2013 Japanese Society of Neuropathology

544

Krabbe’s disease in a cat

Fig. 7 The cerebellum. Immunohistochemistry for inducible nitric oxide (iNOS),
SOD, heme oxygenase-1 (HO-1) and sHSPs.
(a) iNOS, (b) SOD1, (c) SOD2, (d) HO-1, (e)
αB-crystallin and (f) HSP27. Positive staining
for iNOS and SOD2 was observed in the
cytoplasm of globoid cells, not including ﬁlamentous deposit (a, c). SOD1 (b) and HO-1
(d) expression was occasionally observed in
reactive astrocytes. αB-crystallin expression
was observed in reactive astrocytes (e),
whereas only few astrocytes were positive for
HSP27 (f). Scale bar = 50 μm.

195

a

b

c

d

e

f

astrocytes. Although it is interesting that the iNOS expression patterns vary among animals, it may be a common
accelerating factor for disease progression, not an exclusive
factor for the pathogenesis. The induction of the antioxidant enzymes may be a physiological consequence in the
recovery of neuronal tissue following oxidative damage.
Increased expressions of αB-crystallin and HSP27
were reported in Rosenthal ﬁbers of Alexander’s
disease and in GFAP-positive gliosis lesions of human
neurodegenerative diseases,18 but the roles of these molecules in the pathogenicity of such neurodegenerative diseases are still controversial. The strong expressions of the
molecules in the CNS of the present case suggest involvement of the molecules in disease progression also in feline
GLD.
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CASE REPORTS

Resolution of Polyneuropathy in a Hypothyroid
Dog Following Thyroid Supplementation
Shinichi Utsugi, DVM, Miyoko Saito, DVM, PhD, G. Diane Shelton, DVM, PhD, DACVIM

ABSTRACT
An 8 yr old male golden retriever was evaluated because of chronic, progressive, multiple neurologic signs. Physical examination showed marked obesity and facial swelling with a “tragic facial expression.” Neurologic evaluation revealed the dog
had multiple cranial nerve deﬁcits and lower motor neuron signs in the pelvic limbs. Serum biochemical analysis and thyroid
function tests were consistent with hypothyroidism. A biopsy from the common peroneal nerve revealed a loss of myelinated
ﬁbers, inappropriately thin myelinated ﬁbers, and resolving subperineurial edema. The diagnosis of polyneuropathy associated
with hypothyroidism was made. Levothyroxine therapy was initiated. Response to levothyroxine treatment was slow, with most
neurologic abnormalities persisting for .6 wk. However, the dog made a full neurologic recovery within 6 mo. Although the
occurrence of polyneuropathy in dogs resulting from hypothyroidism has been controversial, the study authors demonstrated
that hypothyroid polyneuropathy can occur in dogs as documented in humans. This is the ﬁrst report describing long-term
follow-up information together with detailed pathological features of hypothyroid polyneuropathy in a dog. In hypothyroid
polyneuropathy, the response to thyroid replacement may be slow, but a recovery can be expected if treatment is initiated
before peripheral nerve ﬁber loss becomes severe. (J Am Anim Hosp Assoc 2014; 50:345–349. DOI 10.5326/JAAHA-MS-6035)

Introduction

canine peripheral nerves may be relatively resistant to chronic

Hypothyroidism is the most common hormonal disease in dogs.1

thyroid hormone deﬁciency.8

Because thyroid hormone has a wide variety of physiologic effects,

In humans, it is known that hypothyroidism is an un-

this disease can cause a broad range of problems in many organs.

common cause of peripheral neuropathy, such as carpal tunnel

Reportedly, various neurologic signs resulting from either central

syndrome and some types of polyneuropathies.9 Although the

or peripheral nervous system involvement, such as vestibular dys-

pathogenesis of peripheral neuropathy due to hypothyroidism

function; facial paralysis; and reduced spinal reﬂexes, ataxia, and

remains to be fully elucidated, it is generally understood that

paresis, are associated with hypothyroidism. However, a causal re-

hypothyroidism can cause mucous deposits and ﬂuid retention

lationship with hypothyroidism has been proven in only a limited

resulting in nerve damage through a compression mechanism.9

2–7

number of cases.

In this report, an older golden retriever with chronic,

The occurrence of hypothyroid polyneuropathy in dogs has

progressive, multiple neurologic signs was diagnosed with hy-

been controversial, and pathological ﬁndings have been mentioned

pothyroid polyneuropathy after complete diagnostic investi-

brieﬂy in only rare cases.2,3,5 In a recent study in which hypo-

gations. To the authors’ knowledge, this is the ﬁrst report

thyroidism was experimentally induced in dogs, peripheral neu-

describing long-term follow-up information together with de-

ropathy was not evident clinically, electrophysiologically, or

tailed pathological features of hypothyroid polyneuropathy of

8

histopathologically. Based on that study, it was suggested that

a dog.
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approach for whether levothyroxine treatment would have a pos-

An 8 yr old male golden retriever weighing 47.5 kg was referred

itive effect on neurologic signs. The dog was anesthetized and

to the Azabu University Veterinary Teaching Hospital for

MRI of the head and spine was performed 9 days after initial

evaluation of head tilt, ptosis, pelvic limb ataxia, and exercise

presentation. T1-weighted, T2-weighted, and ﬂuid-attenuated

intolerance. Clinical signs began 1 mo prior to evaluation and

inversion recovery scans were performed in the transverse and

had progressively worsened. The owner also noticed that the dog

sagittal planes. Additionally, gadoteridolb at 0.2 mL/kg was ad-

was less active and appeared somewhat depressed, although

ministered IV, and a postcontrast transverse T1-weighted se-

appetite and water consumption was normal. The dog’s vacci-

quence was obtained. MRI showed no abnormality. Following

nation status was current. On physical examination, the dog had

MRI, cerebrospinal ﬂuid was obtained from the cerebellomedul-

a rectal temperature of 38.28C, pulse rate of 96 beats/min, and re-

lary cistern. No abnormalities were detected on cytologic analysis

spiratory rate of 24 breaths/min. The dog was obese (body condition

including cell counts and protein concentrations. Serologic eval-

score 5 out of 5) and appeared to be moderately swollen in the face

uation for canine distemper virus immunoglobulin G antibodies

with a “tragic facial expression.” Mild otitis externa of both ears was

in the cerebrospinal ﬂuid and serum were negative. Polymerase

noted. Neurologic examination revealed ataxia of both pelvic limbs,

chain reaction examination of nasal, oral, and conjunctival epi-

but conscious proprioception and hopping reactions were normal in

thelium, stool, and digital pads was performed and were negative

all limbs. Patellar and withdrawal reﬂexes were diminished in the

for the canine distemper virus. Toxoplasma gondii and Neospora

right pelvic limb. There was a right-sided head tilt together with

caninum immunoglobulin G antibodies were both negative in the

a right-sided ptosis. Pain sensation was considered normal in all

serum. Serum T4 was measured before anesthesia and was con-

limbs. The remaining neurologic examinations did not show any

sidered still slightly high (94.36 nmol/L). A dose reduction of

abnormalities. The complete blood cell count and serum bio-

levothyroxine Na to 0.005 mg/kg PO q 12 hr was instructed.

chemical analysis (after fasting for 12 hr) were performed. Results

Hypercholesterolemia (19.89 mmol/L) and hypertriglyceridemia

of the complete blood cell count were unremarkable. Serum

(1.36 mmol/L) were further improved.

biochemical analysis revealed hypercholesterolemia (46.1 mmol/L;

Five weeks after initial presentation, the dog was reevaluated

reference range, 2.77–8.13 mmol/L) and hypertriglyceridemia

at the hospital. The body weight decreased to 43.5 kg. Ataxia,

(13.97 mmol/L; reference range, 0.19–1.15 mmol/L), with no other

exercise intolerance, and facial swelling were resolved, but other

abnormalities. Hypothyroidism was suspected, and thyroid func-

neurologic signs including diminished patellar and withdrawal

tion tests were performed. They revealed low serum thyroxine (T4)

reﬂexes, head tilt, and ptosis did not show any apparent im-

,5.13 nmol/L; (0.3 mg/dL; reference range, 18.8–61.54 nmol/L; 1.1–

provement. Serum creatine kinase was measured and was within

3.6 mg/dL), low serum free T4 [(3.86 pmol/L; 0.3 ng/dL; reference

normal limits (46.0 IU/L; reference range, 40–151 IU/L). The

range, 11.58–33.46 pmol/L; 0.9–2.6 ng/dL)], and an increased serum

dog was placed under general anesthesia for evaluation of lower

level of thyroid-stimulating hormone (1.6 ng/mL; reference range,

motor neuron dysfunction. Electromyography was within normal

0.08–0.32 ng/mL). Thoracic radiographs were interpreted as normal.

limits. Motor nerve conduction velocity in the right tibial nerve

On the basis of thyroid function test results, a diagnosis of

was within the reference range, but was polyphasic with a de-

hypothyroidism was made. Differential diagnoses for neurologic

creased amplitude of the compound muscle action potential

signs included a brain stem tumor, encephalitis, and polyneuropathy

(0.9 mV; reference range, 23.3 6 2.3 mV).10

due to variable causes, including hypothyroidism and possibly

Biopsy specimens were obtained from the right common

otitis media and/or interna. Levothyroxine Naa (0.02 mg/kg per os

peroneal nerve and were ﬁxed in neutral-buffered 10% formalin.

[PO] q 12 hr) was initiated.

Nerve specimens were plastic embedded and evaluated in 1 mm

Seven days after the ﬁrst presentation, the dog was reevaluated

sections (Figure 1). Subjectively, there was a mild (medium-size

at the hospital. The dog was more active, but did not show any

fascicle) to moderate (smaller fascicle) loss of myelinated ﬁbers

changes in other clinical signs. Serum T4 levels were measured and

without obvious axonal degeneration (Figure 1A). Occasional

were high (130.77 nmol/L). Serum biochemical analysis revealed

large and small caliber ﬁbers showed inappropriately thin myelin

some improvement of hypercholesterolemia (33.39 mmol/L) and

sheaths for the axon diameter (Figure 1B). Numerous collagen

hypertriglyceridemia (2.05 mmol/L). The dose of levothyroxine

bundles consistent with resolving subperineurial edema were ev-

Na was decreased to 0.01 mg/kg PO q 12 hr.

ident in all fascicles (Figure 1A). To determine quantitatively if

At that time, the owner decided to have the dog undergo

ﬁber loss was selective to speciﬁc nerve ﬁber diameters, axonal size

further diagnostic testing rather than adopting a “wait and see”

frequency distribution was determined for the golden retriever
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FIGURE 2 Histogram showing axonal size frequency distribu-

tion of myelinated nerve ﬁbers from the peroneal nerve of the dog of
this report compared with peroneal nerves from three large-breed
control dogs $8 yr of age and no neurologic dysfunction. Loss of
myelinated ﬁbers in the 3–7 mm range was demonstrated in the
hypothyroid dog. Bars, standard error of the mean for control dogs.

nerve ﬁber loss was limited to those with axon diameters in the
3–7 mm range.
Serum T4 was again reassessed and was within the normal
range (40.85 nmol/L). Serum biochemical analysis revealed further improvement in hypercholesterolemia (10.46 mmol/L) and
hypertriglyceridemia (0.59 mmol/L). Although the neurologic
signs remained, biochemical abnormalities showed marked improvement and the levothyroxine Na dosage was not changed
(i.e., 0.005 mg/kg PO q 12 hr).
Six weeks after the initial presentation, the withdrawal reﬂex
normalized but other neurologic abnormalities including diminished patellar reﬂex, head tilt, and ptosis persisted. The dog was
again reevaluated at 6 mo following the initial presentation. The
owner reported that the dog showed steady improvement and
became completely normal. The body weight increased to 45.9 kg.
The head tilt and ptosis resolved, and the patellar reﬂexes normalized. There were no abnormalities noted on neurologic examFIGURE 1

ination at this time.

A: Low-power, resin-embedded, toluidine blue-

stained 1 mm section from the peroneal nerve biopsy showing two
nerve fascicles. Resolving subperineurial edema is present in both

Discussion

fascicles. Although axonal degeneration was not noted, nerve ﬁber

The polyneuropathy documented in this report is most likely

loss was suspected indicating previous degeneration. B: Higher-power

a result of hypothyroidism because the dog had clinical and

image of the larger nerve fascicle highlighting edema (*) and nerve

biochemical abnormalities consistent with hypothyroidism, other

ﬁbers with inappropriately thin myelin sheaths for the axon diameter

causes of neurologic signs such as intracranial disorders were

(arrows). Bar represents 50 mm.

ruled out, and lastly, complete recovery of neurologic abnormalities
was achieved following supplementation with levothyroxine Na
alone.

of this report and compared with three large-breed dogs with-

In a recent study in which hypothyroidism was experi-

out neurologic abnormalities that were used as controls for
another study (Figure 2).

11

mentally induced in young adult beagles, peripheral neuropathy

Compared with the control group,
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was not evident 18 mo following induction.8 However, older dogs

axonal degeneration were noted on histopathological examination

and dogs with a larger body size (like the dog described herein)

of peripheral nerves in two dogs with signs of polyneuropathy and

were not studied. Peripheral neuropathy associated with hypo-

reduced T4 levels.14 However, both dogs were diagnosed with

thyroidism may target only some dogs, and the authors speculate

neoplasia and thyroid-stimulating hormone concentration was

that age and body size may play a role in disease development.

not measured. Therefore, it cannot be ruled out that poly-

The pathophysiology of hypothyroidism-induced peripheral

neuropathy in those cases was a paraneoplastic syndrome or the

neuropathy in adults has not been clariﬁed; however, mucinous

cause of reduced T4 levels was euthyroid sickness.

deposits around peripheral nerves (i.e., mechanical compression

Pathological changes in peripheral nerves in the dog de-

and entrapment of nerves by localized myxedema) is considered to

scribed herein included myelinated ﬁber loss accompanied by

be the main cause of hypothyroidism-associated mononeuropathy

resolving subperineurial edema. To the authors’ knowledge, edema-

9

and multiple mononeuropathy. In diffuse polyneuropathy asso-

tous changes within nerves in dogs with this disease have not

ciated with hypothyroidism, direct metabolic changes due to

been previously reported, but are consistent with pathological

a decreased thyroid hormone level in either Schwann cells or

ﬁndings in human hypothyroid polyneuropathy.15 Although the

9,12

neurons may be considered.

For example, it has been dem-

cause of edema was not investigated in this case, epi- and peri-

onstrated in rat studies that thyroidectomy results in slowed ax-

neurial inﬁltration by edematous protein assumed to be a meta-

onal transport.13 Because thyroid hormone acts on mitochondria

chromatic mucoid material, probably mucopolysaccharide-protein

directly and increases adenosine triphosphate (ATP) production

complexes, has also been observed in humans.15 Perineurial de-

and ATPase activity by promoting cellular respiration, reduced

position of that substance has not been reported in hypothyroid

thyroid hormone levels induce ATP deﬁciency and reduce

dogs, but subcutaneous hyaluronic acid deposition manifesting as

ATPase activity levels in nerve cell bodies. That results in re-

skin myxedema has been described.16 Hyaluronic acid is a muco-

1

duced Na /potassium pump activity and impairment of axonal
transport.

polysaccharide and its deposition may cause edema because it is
markedly hygroscopic. Furthermore, myelinated ﬁber loss ap-

13

Motor nerve conduction velocity was not decreased in the

parent in the current case is a common pathological ﬁnding in

dog described herein. That ﬁnding is not unexpected given that

human hypothyroid neuropathy.9 In this dog, edematous de-

the largest caliber fastest conducting nerve ﬁbers were not de-

position resulting in compression of nerve ﬁbers may have oc-

creased (Figure 2). However, a markedly decreased amplitude

curred due to hypothyroidism.

of the compound muscle action potential and temporal dis-

In canine hypothyroid polyneuropathy, both spinal and

persion were noted. Those ﬁndings may reﬂect loss of 3–7 mm

cranial nerves may be impaired.5 However, there are reports in

nerve ﬁbers and the presence of the inappropriately thin mye-

which various cranial nerve abnormalities were induced by cere-

linated ﬁbers identiﬁed by peripheral nerve biopsy in the dog of

bral infarction due to the cerebral artery atherosclerosis.17,18 Be-

this report. Regarding electrophysiological abnormalities of spon-

cause a necropsy was not performed in this dog, it cannot be

taneously occurring hypothyroidism in dogs, variable changes

deﬁnitively concluded that the cranial nerve abnormalities were

(including reduced motor-nerve conduction velocity and electro-

part of a polyneuropathy and not a central manifestation. How-

myographic abnormalities, such as ﬁbrillation potentials, positive

ever, the neurologic history of this dog (i.e., chronic onset and

sharp waves, and complex repetitive discharges) have been re-

progression) was not suggestive of a vascular disorder. Further-

ported.

2,3

Abnormalities on electromyography were not noted in

more, abnormalities such as necrotic lesions were not noted on

the dog in this report. Although muscle biopsies were not per-

MRI. Cranial nerve signs slowly improved and resolved along

formed, the absence of both muscle atrophy and hypertrophy

with spinal nerve signs following only hormone replacement

clinically together with the depressed spinal reﬂexes suggest that

therapy.
Most dogs with hypothyroid myopathy rapidly respond to

hypothyroid myopathy was unlikely.
There is only limited information concerning pathological

thyroid replacement therapy, and clinical normalization is ob-

changes in peripheral nerves in dogs with hypothyroidism. Pe-

tained within 2–8 wk.2,3 In contrast, the response of peripheral

ripheral nerve biopsy abnormalities included myelin irregulari-

neuropathy to thyroid replacement therapy is not clear and it is

ties, intercalated internodes, internodal globules, and axonal

said that responses to treatment may be poor.19 The dog in this

necrosis.2,3,5 Neurogenic atrophy was often seen on muscle biopsy

report required 6 wk to observe the ﬁrst improvement of neuro-

of dogs showing clinical signs of polyneuropathy.2,3 Segmental

logic signs after initiation of thyroid replacement. The remaining

demyelination and marked myelinated ﬁber loss accompanied by

signs slowly improved, and the dog was neurologically normal on
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follow up at 6 mo. It has been pointed out that relatively early

4. Higgins MA, Rossmeisl JH Jr, Panciera DL. Hypothyroid-associated
central vestibular disease in 10 dogs: 1999–2005. J Vet Intern Med
2006;20(6):1363–9.
5. Dewey CW, Shelton GD, Bailey CS. Neuromuscular dysfunction
in ﬁve dogs with acquired myasthenia gravis and presumptive
hypothyroidism. Prog Vet Neurol 1995;6(4):117–23.
6. Bichsel P, Jacobs G, Oliver JE Jr. Neurologic manifestations
associated with hypothyroidism in four dogs. J Am Vet Med Assoc
1988;192(12):1745–7.
7. Bruchim Y, Kushnir A, Shamir MH. L-thyroxine responsive
cricopharyngeal achalasia associated with hypothyroidism in a dog.
J Small Anim Pract 2005;46(11):553–4.
8. Rossmeisl JH Jr. Resistance of the peripheral nervous system to the
effects of chronic canine hypothyroidism. J Vet Intern Med 2010;
24(4):875–81.
9. Pollard JD. Neuropathy in diseases of the thyroid and pituitary
glands. In: Dyck PJ, Thomas PK, eds. Peripheral neuropathy. 4th ed.
Philadelphia (PA): Elsevier Saunders; 2005:2039–49.
10. Walker TL, Redding RW, Braund KG. Motor nerve conduction velocity and latency in the dog. Am J Vet Res 1979;40(10):1433–9.
11. Shelton GD, Johnson GC, O’Brien DP, et al. Degenerative myelopathy
associated with a missense mutation in the superoxide dismutase 1
(SOD1) gene progresses to peripheral neuropathy in Pembroke Welsh
corgis and boxers. J Neurol Sci 2012;318(1-2):55–64.
12. Shirabe T, Tawara S, Terao A, et al. Myxoedematous polyneuropathy: a light and electron microscopic study of the peripheral
nerve and muscle. J Neurol Neurosurg Psychiatry 1975;38(3):241–7.
13. Sidenius P, Nagel P, Larsen JR, et al. Axonal transport of slow
component a in sciatic nerves of hypo- and hyperthyroid rats.
J Neurochem 1987;49(6):1790–5.
14. Dyer KR, Duncan ID, Hammang JP, et al. Peripheral neuropathy
in two dogs: correlation between clinical, electrophysiological and
pathological ﬁndings. J Small Anim Pract 1986;27:133–46.
15. Ropper AH, Samuels MA. Diseases of the peripheral nerves. In:
Ropper AH, Samuels MA, eds. Adams and Victor’s principles of
neurology. 9th ed. New York: McGraw-Hill Medical; 2009:1251–325.
16. Doliger S, Delverdier M, Moré J, et al. Histochemical study of cutaneous mucins in hypothyroid dogs. Vet Pathol 1995;32(6):628–34.
17. Patterson JS, Rusley MS, Zachary JF. Neurologic manifestations of
cerebrovascular atherosclerosis associated with primary hypothyroidism in a dog. J Am Vet Med Assoc 1985;186(5):499–503.
18. Blois SL, Poma R, Stalker MJ, et al. A case of primary hypothyroidism causing central nervous system atherosclerosis in a dog.
Can Vet J 2008;49(8):789–92.
19. Platt SR. Neuromuscular complications in endocrine and metabolic
disorders. Vet Clin North Am Small Anim Pract 2002;32(1):125–46.
20. Quattrini A, Nemni R, Marchettini P, et al. Effect of hypothyroidism
on rat peripheral nervous system. Neuroreport 1993;4(5):499–502.

impairments caused by hypothyroidism are mainly metabolic
functional abnormalities, rather than structural changes in peripheral nerves.20 Hence, early recovery by thyroid replacement
can be expected at this stage. In contrast, when either apparent
structural changes of nerves occur or there is nerve ﬁber loss
resulting from axonal degeneration, a prolonged time may be
required to recover or recovery may be incomplete. Therefore,
establishing an early and accurate diagnosis and initiating appropriate treatment are necessary when hypothyroid neuropathy
is suspected.

Conclusion
The study authors demonstrated that hypothyroid polyneuropathy
can occur in dogs as described in humans. Pathological changes
in peripheral nerves included myelinated ﬁber loss accompanied
by subperineurial edema. The dog made a full recovery with only
thyroid supplementation. However, response to the treatment
was slow and most neurologic abnormalities persisted for .6 wk.
When apparent structural changes of nerves occur, a prolonged
time may be required to recover or recovery may be incomplete.
Therefore, establishing an early and accurate diagnosis and
initiating appropriate treatment are both necessary when hypothyroid neuropathy is suspected.
This research was partially supported by a research project grant
awarded by the Azabu University.
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Valproic Acid, a Histone Deacetylase Inhibitor, Decreases Proliferation of and Induces
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Adipose tissue-derived stem cells (ADSCs) isolated from adult tissue have pluripotent differentiation and self-renewal capability.
The tissue source of ADSCs can be obtained in large quantities and with low risks, thus highlighting the advantages of ADSCs in clinical
applications. Valproic acid (VPA) is a widely used antiepileptic drug, which has recently been reported to affect ADSC differentiation in
mice and rats; however, few studies have been performed on dogs. We aimed to examine the in vitro effect of VPA on canine ADSCs.
Three days of pretreatment with VPA decreased the proliferation of ADSCs in a dose-dependent manner; VPA concentrations of 4 mM and
above inhibited the proliferation of ADSCs. In parallel, VPA increased p16 and p21 mRNA expression, suggesting that VPA attenuated
the proliferative activity of ADSCs by activating p16 and p21. Furthermore, the effects of VPA on adipogenic, osteogenic or neurogenic
differentiation were investigated morphologically. VPA pretreatment markedly promoted neurogenic differentiation, but suppressed the

ABSTRACT.

NSE, TUBB3 and MAP2, a decrease in the adipogenic marker, LPL, but no
of neurogenic differentiation of canine ADSCs and is a useful tool for studying the interaction between chromatin structure and cell fate
determination.
KEY WORDS: adipose tissue-derived stem cell, cell proliferation, histone deacetylase inhibitor, pluripotency, valproic acid.
doi: 10.1292/jvms.13-0219; J. Vet. Med. Sci. 76(1): 15–23, 2014

Spinal cord injury (SCI) often occurs in dogs, due to motor vehicle accidents or intervertebral disease (IVDD). Most
canine patients suffer from sustained incontinence and loss
of walking ability, and the prognosis of severe SCI cases is
poor. Unfortunately, no effective drug or surgical therapy has
been established for severe SCI cases, and there is a need
for new therapeutic approaches. One possibility is stem cell
transplantation therapy, which is used as a radical cure treatment for refractory SCI [2, 14, 25, 26].
Adipose tissue-derived stem cells (ADSCs) are isolated
from the stromal vascular fraction of adipose tissues [8, 24,
39]. ADSCs, similar to pluripotent adult mesenchymal stem
cells, can differentiate into mesenchymal lineage cells, such
as adipocytes, osteocytes, chondrocytes and myocytes [36,
38]. ADSCs have characteristics similar to those of bone
marrow-derived mesenchymal stem cells (BMSCs), including gene expression and differentiation potential [1, 3, 5, 17,
19, 22, 33, 35, 37, 39]. Unlike BMSCs, however, the tissue

source of ADSCs can be obtained in large quantities and with
low risks [11]. Therefore, it is reasonable that ADSCs will be
the preferred adult stem cells for future clinical applications
[24]. Moreover, the dog has been found to be a good animal
model of human disease [32], and thus, the study of canine
ADSCs is particularly useful. Stem cells derived from bone
marrow and from olfactory ensheathing glia (OEG) have
been studied for spinal cord regenerative therapy in dogs [6,
14, 16, 25, 26, 31]. However, only a few studies have been
performed on the differentiation of canine ADSCs, except
for a comparative study showing that BMSCs and ADSCs
could be differentiated into neurospheres and neuron-like
cells in dogs [2].
Valproic acid (VPA), a widely used antiepileptic and anticonvulsant drug, is an inhibitor of class 1 histone deacetylases (HDACs) [7, 27]. Histone acetylation correlates with
terminal tails through acetylation or deacetylation can alter
the interaction between histones and DNA, affecting the
regulation of gene expression [9, 12, 13, 18, 34]. Therefore,
HDAC inhibitors have been a useful tool for studying the

*C ORRESPONDENCE TO: TAKIZAWA, T., Graduate School of Veterinary
Medicine, Azabu University, Fuchinobe, Chuo-ku, Sagamihara
252–5201, Japan.
e-mail: takizawa@azabu-u.ac.jp
©2014 The Japanese Society of Veterinary Science
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-ncnd) License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.

of hippocampal neural progenitors into neurons, but inhibit
their glial differentiation in adult rats [12].
In the present study, we have investigated the effects
of VPA on the proliferation and differentiation of canine
ADSCs isolated from subcutaneous adipose tissue in the
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Table 1.

Primers used in RT-PCR and real-time PCR
Product
length (bp)

Gene
p16
p21

FABP4
LPL
BMP2
Dlx5
COL1A1
NSE
TUBB3
MAP2
NEFH
GFAP
GAPDH

Forward

CGATCCAGGTCATGATGATGG

Reverse

ACCACCAGCGTGTCCAGGAA

Forward

CATCCCTCATGGCAGCAAG

Reverse

AGGCAGGGAGACCTTGGACA

Forward

ACACGATGCTGGCGTCCTTGATG

Reverse

TGGCTCCATGAAGTCACCAAAGG

Forward

ATCAGTGTAAACGGGGATGTG

Reverse

GACTTTTCTGTCATCCGCAGTA

Forward

ACACATTCACAAGAGGGTCACC

Reverse

CTCTGCAATCACACGGATGGC

Forward

CACTAACCACGCCATTGTTCA

Reverse

ACAACCCTCCACAACCATGTC

Forward

TGCTCTCCTACCTCGGCTTC

Reverse

TTGCCATTCACCATCCTCAC

Forward

GTAGACACCACCCTCAAGAGC

Reverse

TTCCAGTCGGAGTGGCACATC

Forward

GACCAACCCAAAGCGTATTGA

Reverse

GCAATGAACGTGTCCTCAGTC

Forward

AGCCAAGTTCTGGGAAGTCA

Reverse

CCCACTCTGACCAAAGATGAA

Forward

AGAGGAGGTGTCTGCAAGGA

Reverse

GTGATGGAGGTGGAGAAGGA

Forward

CTCAAAGGCACCAAGGACTC

Reverse

CAAAGCCAATCCGACATTCT

Forward

AGATCCACGATGAGGAGGTG

Reverse

TCTTAGGGCTGCTGTGAGGT

Forward

GCTGAACGGGAAGCTCACTG

Reverse

CGTCGAAGGTGGAAGAGTGG

145
208
119
117
134
163
224
119
180
238
161
244
104
221

contaminating blood cells and local anesthetics. The tissue
was minced into small pieces and then incubated in a solution containing 0.05% collagenase type IA (Sigma-Aldrich,
St. Louis, MO, U.S.A.) at 37°C for 1 hr with vigorous
shaking. The top lipid layer was removed, and the remaining liquid portion was centrifuged at 200 × g for 10 min.

inguinal region.
MATERIALS AND METHODS
Animals: Subcutaneous adipose tissue was obtained from
the inguinal region of 8 healthy laboratory beagles (age, 1–2
years) (Kitayama Labes, Ina, Japan). All animals were anesthetized with propofol, before tissue samples were obtained.
rane (2.0%) in oxygen. At the end of each experiment, the
animals were euthanized by additional doses of anesthesia
(pentobarbital, 100 mg/kg). The protocol of this study was
approved by the Committee for Animal Experimentation at
Azabu University.
Isolation and culture of canine ADSCs: Adipose tissue
samples were processed for ADSC isolation as described

medium (DMEM, Nissui, Tokyo, Japan) supplemented with
10% newborn bovine serum (NBS, Invitrogen, Carlsbad,
CA, U.S.A.) and spread in 100-mm collagen type I-coated
dishes (Iwaki, Tokyo, Japan) at a density of 1 × 106 cells
per dish. Cells were maintained in growth medium (DMEM
supplemented with 10% NBS, penicillin [100 U/ml] and
streptomycin [0.25 μg/ml]) at 37°C and 5% CO2. After 24
hr, the unattached cells were removed by washing with PBS.
Canine ADSCs from passages 1–3 were used, and no difference was observed in ADSCs between these passages.
Measurement of proliferation potential: The effects of
VPA or valpromide (VPM; Wako Pure Chemical Ind.,
Osaka, Japan), an analogue of VPA with no HDAC inhibi-

adipose tissue removed was extensively washed with sterile
phosphate-buffered saline (PBS) containing penicillin (100
U/ml) and streptomycin (0.25 μg/ml) in order to remove
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tory activity, on ADSC proliferation were measured using
a 3-(4, 5-dimethyl-thiazol-2-yl)-2, 3-diphenyltetrazolium
bromide (MTT) assay kit (Roche Applied Science, Basel,
Switzerland) according to the manufacturer’s instructions.
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Reverse transcription-PCR and real-time PCR: Total
RNA was extracted using ISOGEN (NIPPON GENE, Tokyo,
Japan) and reverse-transcribed to single-strand cDNA using
oligo-dT primer and Superscript III reverse transcriptase (Invitrogen) according to the manufacturer’s instructions. PCR
was performed using Taq DNA polymerase (KAPA Biosys-

density of 1 × 104 per well and cultured in growth medium
for 48 hr. VPA or VPM (0–8 mM) was then added to the
medium, and cultures were incubated for 3 days. Subsequently, 10 μl of MTT stock solution was added, and the
plates were further incubated for 4 hr at 37°C. Diluted HCl
(100 μl) was then added to solubilize the formazan crystals,
and the absorbance of each well at 570 nm was measured
with a microplate reader LS-PLATE manager 2004 (Wako
Pure Chemical Ind.); the average of measurements of 6 wells
per sample has been presented.
In vitro differentiation assay: In vitro assay of cell differentiation into adipogenic, osteogenic and neurogenic
lineages was performed as described previously [4, 29, 39]

each cycle consisted of the following steps: denaturation for
10 sec at 98°C, annealing for 30 sec at 53–65°C and a 30sec elongation at 72°C (Table 1). Reaction products were
electrophoresed on a 2.0% agarose gel and visualized with
ethidium bromide. Real-time PCR of the mRNAs for p16,
p21 and GAPDH was performed using an ABI PRISM 7500
Sequence Detection System (Applied Biosystems Japan,
Tokyo, Japan) according to the manufacturer’s instructions.
Analysis of the results was carried out using ABI PRISM
7500 Dissociation Curve Software v 1.0 (Applied Biosystems Japan). The relative amount of mRNA was normalized
to that of GAPDH.
Statistical analysis: Results are expressed as the mean
± standard error. Multiple comparisons were done with the
Turkey–Kramer test after one-way analysis of variance. A
p

35-mm dishes at a density of 1 × 105 cells per dish. The
cells were incubated on glass coverslips in growth medium
containing 4 mM VPA for 3 days and then transferred to
adipogenic induction medium (DMEM supplemented with
10% FBS, 1 μM dexamethasone, 10 μM insulin and 0.5 mM
isobutylmethylxanthine) or to osteogenic induction medium
(DMEM supplemented with 10% FBS, 0.1 μM dexamethasone, 50 μM L-ascorbate-2-phosphte and 10 mM glycerophosphate) for 14 days [39] and then to neurogenic induction
medium (DMEM supplemented with100 μM dibutyryl cyclic
adenosine monophosphate and 125 μM isobutylmethylxanthine) for 2 hr [23, 24]. Intracellular lipid accumulation, as
an indicator of adipogenic differentiation, was visualized by

RESULTS
VPA induces acetylation of histone H3 and decreased cell
proliferation
acetylation of histone H3, we examined the expression of
cence staining. Minimal HDAC1 and acetylation of histone

calcium deposition. Neurogenic differentiation was assessed

the morphology of ADSCs and increased the expression of
HDAC1 and the acetylation of histone H3 in ADSCs after 3
days of treatment (Fig. 1A and 1B). In contrast, VPM did not

were purchased from Wako Pure Chemical Ind.
: Immunocytochemical
analyses of HDAC1, acetylation of histone H3 (ace H3),
cubated in growth medium for 3 days as described above.
Some cultures were processed for neurogenic induction. At

HDAC1 and histone H3 staining in ADSCs.
liferation of ADSCs in a dose-dependent manner: about 20%
(2 mM VPA), 40% (4 mM VPA) and 80% (8 mM VPA) of
the control group (Fig. 1C). However, VPM treatment did
not substantially affect ADSC proliferation. No dead cells
were observed in any VPA-treated groups by phase-contrast
microscopy.
VPA induces upregulation of cyclin-dependent kinase
inhibitors: To assess the effect of VPA on the expression of
cyclin-dependent kinase (CDK) inhibitors, we examined the
expression of these genes by real time-PCR. The expression
levels of p16
treated with 4 mM VPA (4.6 fold vs. control); however, p16
mRNA expression levels did not change in the cells treated
with 8 mM VPA (2.1 fold vs. control; Fig. 2A). p21 mRNA

3.7% formaldehyde for 15 min at 4°C. After PBS washes,
the cells were permeabilized with 0.2% Triton X-100 for 10
min at room temperature. The cells were then incubated with
an anti-HDAC1 antibody (sc-7872, Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.), an anti-histone H3 (acetyl
K9) antibody (Novus Biologicals, Littleton, CO, U.S.A.),
U.K.) or an anti-NSE antibody (PA1-46203, Thermo ScienAfter further PBS washes, cells were incubated with secondary antibody (Cy3-conjugated goat anti-rabbit IgG or FITCconjugated goat anti-mouse IgG, Jackson ImmunoResearch,
West Grove, PA, U.S.A.) for 30 min at room temperature.
The cells were then washed with PBS and counterstained

with 8 mM VPA (Fig. 2B). The expression levels of p21
mRNA were approximately 2.6 fold (4 mM VPA) and 3.0
fold (8 mM VPA) of that of the control group.
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Fig. 1. Effects of valproic acid on histone deacetylase 1 expression, histone H3 acetylation and cell proliferation. Canine adipose tissue-derived stem cells (ADSCs) were treated with valproic acid (VPA) or valpromide (VPM). (A) ADSCs were then

HDAC1 (A) and acetylation of histone H3 (B). Scale bar, 50 μm. (C) Cell proliferation was measured by MTT assay and
expressed as percentage of the negative control (DMSO). Data represent the means ± S.E. (% of control) of 4 independent
experiments; each measurement was the average for 6 wells. *P

VPA suppresses adipogenic and osteogenic differentiation: To assess the effect of VPA on the pluripotency of
ADSCs, we investigated whether VPA treatment alters the
differentiation of ADSCs into adipogenic and osteogenic
lineages using an in vitro differentiation assay. Oil red O
staining revealed that ADSCs that differentiated into the
adipogenic lineage accumulated lipid droplets in the cytosol, as compared to undifferentiated cells, which did not
accumulate lipid droplets (Fig. 3A). VPA pretreatment fol-

affected by VPA pretreatment (Fig. 4B).
VPA promotes neurogenic differentiation: We further
examined the effect of VPA on the neurogenic lineage ining revealed that ADSCs that differentiated into neurogenic
cells had typical neuron-like cell protrusions and higher

accumulation of lipid droplets. RT-PCR analysis showed that
the mRNA expression levels of adipogenic markers, peroxi), fatty acid
binding protein 4 (FABP4) and lipoprotein lipase (LPL) were
elevated by adipogenic induction (Fig. 3B). On the other
hand, VPA pretreatment followed by adipogenic induction
LPL mRNA expression level, in
parallel with the decreased accumulation of lipid droplets.
Alizarin red S staining revealed that ADSCs differentiated
into osteogenic lineage cells with accumulated calcium deposition, as compared with the undifferentiated cells, which
demonstrated no calcium deposition (Fig. 4). VPA pretreat-

).
mRNA levels of neurogenic markers, viz., NSE, TUBB3
and microtubule-associated protein 2 (MAP2), were also
elevated by neurogenic induction, but mRNA expression of
the glial cell marker, GFAP, was not observed in any groups
(Fig. 5B). Pretreatment with VPA followed by neurogenic
induction increased the expression of NSE, TUBB3 and
NEFH), as
MAP2
compared to that in the neurogenic induction group. VPA

positive cells also stained for NSE. VPA pretreatment fol-

cells, even without neurogenic induction. Furthermore, VPA
elevated the mRNA expression levels of neurogenic markers
in ADSCs with and without neurogenic induction.

calcium deposition (Fig. 4A). mRNA expression levels of
osteogenic markers, viz., bone morphogenetic protein 2
(BMP2) and distal-less homeobox 5 (DLX5), were also el-

DISCUSSION
-
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ogy of canine ADSCs and markedly induced their expression
of HDAC1 and acetylation of histone H3. In contrast, VPM,
an analogue of VPA with no HDAC inhibitory activity, did
effects on HDAC1 and histone H3, indicating that the H3
acetylation was increased by VPA. These observations supet al. [20]. Thus, our results clearly
indicated that VPA induced H3 acetylation by reducing
HDAC1 activity in canine ADSCs.
pendent decrease in the proliferation of ADSCs, suggesting
that VPA suppresses ADSC proliferation through acetylation
of histone H3. p21 and p16, well-known CDK inhibitors,
regulate cell cycle arrest. VPA induces expression of these
CDK inhibitors in human ADSCs and mesenchymal stem
mRNA expression levels of p16 at 4 mM and of p21 at 8
mM without inducing cell death. p21 is also a well-known
HDAC-inhibitor responsive gene that is upregulated by
hyperacetylation of histones H3 and H4 [10, 20, 28]. In
acetylation was markedly increased by VPA and that p21
viability was further reduced by 8 mM VPA treatment, again
et al. [20] who reported that
VPA causes cell cycle arrest through increased p21 expression in the absence of p16 mRNA expression in human ADSCs. Therefore, the inhibitory effect of VPA on proliferation
of canine ADSCs was due to cell cycle arrest, although the
underlying mechanism needs to be further examined.
Furthermore, VPA promoted differentiation of approximately 90% of ADSCs into a neuronal cell lineage after 3
days of treatment. The differentiated cells have neuron-like
Pretreatment with VPA followed by neurogenic induction
also promoted mRNA expression of the neuronal markers
NSE, TUBB3, MAP2 and NEFH as compared to the pretreatment without VPA, suggesting that promotional effects of
VPA on neuronal differentiation of ADSCs were induced by
upregulation of these genes. Previous reports have shown
that VPA promotes differentiation of neural stem cells into
neurons in adult rats [12, 15]. To our knowledge, the present
tiation of ADSCs.
Interestingly, VPA pretreatment in the absence of neurogenic induction caused moderate differentiation into neuronlike cells and also increased mRNA expression levels of
neurogenic markers in ADSCs. Thus, our data indicated that
VPA could induce neurogenic differentiation in the absence
of neurogenic induction. We also demonstrated that VPA
increased the acetylation of histone H3 that has been correlated with gene activation [12, 13]; thus, VPA caused gene
expression in part through H3 acetylation. In addition, we
showed that the neuron-like differentiated cells all stained
et al.
[21] recently reported that neuronal differentiation could
modulate gene transcription, translation and post-translational modulation of Ca2+ channels to change the Ca2+ ion

Fig. 2. Effects of valproic acid on cyclin-dependent kinase inhibitor expression. Adipose tissue-derived stem cells (ADSCs) were
treated with valproic acid (VPA) or valpromide (VPM). Total
RNA was extracted from ADSCs after 3 days of treatment with
VPA (4 or 8 mM) or VPM (8 mM). The relative expression of the
cyclin-dependent kinase (CDK) inhibitors p16(A) and p21(B)
dehydrogenase (GAPDH) was used as an internal standard.
Data are the means ± S.E. of 4–7 independent experiments. a, b:
P<0.05.
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Fig. 3. Valproic acid suppresses accumulation of lipid droplets. Adipose tissue-derived stem cells (ADSCs) were
pretreated with valproic acid (VPA) for 3 days followed by adipogenic induction for 14 days. (A) Adipogenic differentiation was visualized by oil red O staining after 14 days of induction with adipogenic medium. Arrowheads
show cells that accumulated lipid droplets. Scale bar, 50 μm. (B) RT-PCR analysis of adipogenic markers,
,
FABP4 and LPL, was performed using total RNA extracted from ADSCs after 14 days of adipogenic induction. AIM,
adipogenic induction medium.

Fig. 4. Valproic acid suppresses calcium deposition. Adipose tissue-derived stem cells (ADSCs) were pretreated with
valproic acid (VPA) for 3 days followed by osteogenic induction for 14 days. (A) Osteogenic differentiation was
evaluated by alizarin red S staining after 14 days of induction with osteogenic medium. Arrowheads show cells that
accumulated calcium in the cytosol. Scale bar, 200 μm. (B) RT-PCR analysis of osteogenic markers, BMP2, Dlx5
and COL1A1, was performed using total RNA extracted from ADSCs after 14 days of osteogenic induction. OIM,
osteogenic induction medium.

currents; our results suggested that neuronal differentiation
could modulate TUBB3 transcription and translation. In the
present study, VPA promoted ADSCs differentiation into
neuronal cells in the absence of neurogenic induction factors
and induced acetylation of histone H3, indicating that VPA
is a useful tool for studying the interaction between chromatin structure and cell fate determination. Further studies
are needed to examine the molecular mechanism underlying
the neurogenic differentiation induced by VPA using canine
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ADSCs.
In contrast, VPA suppressed the late stage of differentiation into adipogenic and osteogenic lineage cells. Two of the
3 adipogenic marker genes examined showed no reduction
after VPA pretreatment; however, lipid accumulation appeared to be suppressed, suggesting that the VPA inhibits
accumulation of lipid droplets rather than an inhibiting the
whole adipogenic differentiation process.
Similarly, osteogenic marker genes showed no changes
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Fig. 5. Valproic acid promotes neurogenic differentiation. Adipose tissue-derived stem cells (ADSCs) were pretreated
with valproic acid (VPA) for 3 days followed by neurogenic induction. (A) Neurogenic differentiation was assessed

Scale bar, 50 μm. (B) RT-PCR analysis of the neurogenic markers, NSE, TUBB3, MAP2 and NEFH and the glial
marker, GFAP, was performed using total RNA extracted from ADSCs after 2 hr of neurogenic induction. NIM, neurogenic induction medium.

after VPA treatment, but accumulation of calcium deposition
ing that VPA inhibits calcium deposition rather than inhibiting the osteogenic differentiation process as a whole. The
mechanism underlying the differential effects of VPA on the
pluripotent capacity of ADSCs remains unclear. A previous
report has shown that VPA decreases adipogenic and neurogenic differentiation, but increases osteogenic differentiation in human ADSCs [20]. The reason for VPA acting as a
stimulator for differentiation of canine ADSCs and as a suppressor for that of human ADSCs is not immediately clear.
Therefore, chromatin structure and cell fate determination
need to be further examined in relation to the pluripotency of
ADSCs, including this difference between humans and dogs.
In conclusion, pretreatment with VPA dose-dependently
decreased proliferation of canine ADSCs. In parallel with
its inhibitory effects, VPA increased p16 and p21 mRNA
expression, implying induction of cell cycle arrest through
activation of p16 and p21. In addition, pretreatment with
VPA followed by adipogenic, osteogenic or neurogenic
induction markedly promoted in vitro neurogenic differentiation, but suppressed accumulation of lipid droplets and
calcium deposition. These in vitro
by pretreatment with VPA were associated with changes in
expression of relevant markers. These results suggested that
canine ADSCs and is a useful tool for studying the interaction between chromatin structure and cell fate determination.
ACKNOWLEDGMENTS. This work was supported in part
by the Science Research Promotion Fund of The Promotion
and Mutual Aid Corporation for Private Schools of Japan.
This work was also supported in part by the MEXT Program

558

for the Strategic Research Foundation at Private Universities, 2011–2015.
REFERENCES
1. Case, J., Horvath, T. L., Howell, J. C., Yoder, M. C., March,
K. L. and Srour, E. F. 2005. Clonal multilineage differentiation
of murine common pluripotent stem cells isolated from skeletal
muscle and adipose stromal cells. Ann. N. Y. Acad. Sci. 1044:
183–200. [Medline] [CrossRef]
2. Chung, C. S., Fujita, N., Kawahara, N., Yui, S., Nam, E. and
Nishimura, R. 2013. A comparison of neurosphere differentiation potential of canine bone marrow-derived mesenchymal
stem cells and adipose-derived mesenchymal stem cells. J. Vet.
Med. Sci. 75: 879–886. [Medline] [CrossRef]
3. De Ugarte, D. A., Morizono, K., Elbarbary, A., Alfonso, Z., Zuk,
P. A., Zhu, M., Dragoo, J. L., Ashjian, P., Thomas, B., Benhaim,
P., Chen, I., Fraser, J. and Hedrick, M. H. 2003. Comparison of
multi-lineage cells from human adipose tissue and bone marrow.
Cells Tissues Organs 174: 101–109. [Medline] [CrossRef]
4. Deng, W., Obrocka, M., Fischer, I. and Prockop, D. J. 2001. In
vitro differentiation of human marrow stromal cells into early
progenitors of neural cells by conditions that increase intracellular cyclic AMP. Biochem. Biophys. Res. Commun. 282: 148–152.
[Medline] [CrossRef]
5. Dicker, A., Le Blanc, K., Astrom, G., van Harmelen, V., Gotherstrom, C., Blomqvist, L., Arner, P. and Ryden, M. 2005. Functional
studies of mesenchymal stem cells derived from adult human
adipose tissue. Exp. Cell Res. 308: 283–290. [Medline] [CrossRef]
6. Edamura, K., Kuriyama, K., Kato, K., Nakano, R., Teshima, K.,
Asano, K., Sato, T. and Tanaka, S. 2012. Proliferation capacity,
neuronal differentiation potency and microstructures after the
differentiation of canine bone marrow stromal cells into neurons.
J. Vet. Med. Sci. 74: 923–927. [Medline] [CrossRef]
7. Göttlicher, M., Minucci, S., Zhu, P., Krämer, O. H., Schimpf,
A., Giavara, S., Sleeman, J. P., Coco, F. L., Nervi, C., Pelicci, P.

22

8.

9.
10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

Y. KURIHAR A ET AL.

HDAC inhibitors inducing differentiation of transformed cells.
EMBO J. 20: 6969–6978. [Medline] [CrossRef]
Gronthos, S., Franklin, D. M., Leddy, H. A., Robey, P. G.,
Storms, R. W. and Gimble, J. M. 2001. Surface protein characterization of human adipose tissue-derived stromal cells. J. Cell.
Physiol. 189: 54–63. [Medline] [CrossRef]
Grunstein, M. 1997. Histone acetylation in chromatin structure
and transcription. Nature 389: 349–352. [Medline] [CrossRef]
Han, J. W., Ahn, S. H., Kim, Y. K., Bae, G. U., Yoon, J. W.,
Hong, S., Lee, H. Y., Lee, Y. W. and Lee, H. W. 2001. Activation
of p21 (WAF1 / Cip1) transcription through Sp1 sites by histone
deacetylase inhibitor apicidin: involvement of protein kinase C.
J. Biol. Chem. 276: 42084–42090. [Medline] [CrossRef]
Housman, T. S., Lawrence, N., Mellen, B. G., George, M. N.,
Filippo, J. S., Cerveny, K. A., DeMarco, M., Feldman, S. R.
and Fleischer, A. B. 2002. The safety of liposuction: results
of a national survey. Dermatol. Surg. 28: 971–978. [Medline]
[CrossRef]
Hsieh, J., Nakashima, K., Kuwabara, T., Mejia, E. and Gage, F.
H. 2004. Histone deacetylase inhibition-mediated neuronal differentiation of multipotent adult neural progenitor cells. Proc.
Natl. Acad. Sci. U.S.A. 101: 16659–16664. [Medline] [CrossRef]
Jenuwein, T. and Allis, C. D. 2001. Translating the histone code.
Science 293: 1074–1080. [Medline] [CrossRef]
Jung, D. I., Ha, J., Kang, B. T., Kim, J. W., Quan, F. S., Lee, J.
H., Woo, E. J. and Park, H. M. 2009. A comparison of autologous and allogenic bone marrow-derived mesenchymal stem cell
transplantation in canine spinal cord injury. J. Neurol. Sci. 285:
67–77. [Medline] [CrossRef]
Jung, G. A., Yoon, J. Y., Moon, B. S., Yang, D. H., Kim, H. Y.,
Lee, S. H., Bryja, V., Arenas, E. and Choi, K. Y. 2008. Valproic
acid induces differentiation and inhibition of proliferation in
neural progenitor cells via the beta-catenin-Ras-ERK-p21Cip/
WAF1 pathway. BioMed. Cen. Cell Biol. 9: 66.
Kamishina, H., Cheeseman, J. A. and Clemmons, R. M. 2008.
Nestin-positive spheres derived from canine bone marrow
stromal cells generate cells with early neuronal and glial phenotypic characteristics. In Vitro Cell Dev. Biol. Anim. 44: 140–144.
[Medline] [CrossRef]
Kern, S., Eichler, H., Stoeve, J., Kluter, H. and Bieback, K.
2006. Comparative analysis of mesenchymal stem cells from
bone marrow, umbilical cord blood, or adipose tissue. Stem Cells
(Dayton, Ohio) 24: 1294–1301. [Medline] [CrossRef]
Kuo, M. H. and Allis, C. D. 1998. Roles of histone acetyltransferases and deacetylase in gene regulation. BioEssays 20:
615–626. [Medline] [CrossRef]
Lee, R. H., Kim, B., Choi, I., Kim, H., Choi, H. S., Suh, K.,
Bae, Y. C. and Jung, J. S. 2004. Characterization and expression
analysis of mesenchymal stem cells from human bone marrow
and adipose tissue. Cell. Physiol. Biochem. 14: 311–324. [Medline] [CrossRef]
Lee, S., Park, J. R., Seo, M. S., Roh, K. H., Park, S. B., Hwang,
J. W., Sun, B., Seo, K., Lee, Y. S., Kang, S. K., Jung, J. W. and
Kang, K. S. 2009. Histone deacetylase inhibitors decrease proliferation potential and multi-lineage differentiation capability
of human mesenchymal stem cells. Cell Prolif. 42: 711–720.
[Medline] [CrossRef]
Liu, J., Tu, H., Zhang, D. and Li, Y.L. 2012. Changes of calcium
channel mRNA, protein and current in NG108-15 cells after cell
differentiation. Biochem. Biophys. Res. Commun. 423: 55–59.
[Medline] [CrossRef]
Liu, T. M., Martina, M., Hutmacher, D. W., Hui, J. H., Lee, E. H.

differentiation of bone marrow- and adipose tissue-derived human mesenchymal stem cells into three mesenchymal lineages.
Stem Cells 25: 750–760. [Medline] [CrossRef]
23. Ning, H., Lin, G., Lue, T. F. and Lin, C. S. 2006. Neuron-like
differentiation of adipose tissue-derived stromal cells and vascular smooth muscle cells. Differentiation 74: 510–518. [Medline]
[CrossRef]
24. Ning, H., Guiting, L., Fandel, T., Banie, L., Lue, T. F. and Lin,
C.S. 2008. Insulin growth factor signaling mediates neuron-like
differentiation of adipose tissue-derived stem cells. Differentiation 76: 488–494. [Medline] [CrossRef]
25. Nishida, H., Nakayama, M., Tanaka, H., Kitamura, M., Hatoya,
S., Sugiura, K., Suzuki, Y., Ide, C. and Inaba, T. 2011. Evaluation
of transplantation of autologous bone marrow stromal cells into
in dogs. Am. J. Vet. Res. 72: 1118–1123. [Medline] [CrossRef]
26. Olby, N. 2010. The pathogenesis and treatment of acute spinal
cord injuries in dogs. Vet. Clin. North Am. Small Anim. Pract.
40: 791–807. [Medline] [CrossRef]
27. Phiel, C. J., Zhang, F., Huang, E. Y., Guenther, M. G., Lazar, M. A.
and Klein, P. S. 2001. Histone deacetylase is a direct target of valproic acid, a potent anticonvulsant, mood stabilizer, and teratogen.
J. Biol. Chem. 276: 36734–36741. [Medline] [CrossRef]
28. Richon, V. M., Sandhoff, T. W., Rifkind, R. A. and Marks, P.
A. 2000. Histone deacetylase inhibitor selectively induces
p21WAF1 expression and gene-associated histone acetylation.
Proc. Natl. Acad. Sci. U.S.A. 97: 10014–10019. [Medline]
[CrossRef]
29. Sago, K., Tamahara, S., Tomihari, M., Matsuki, N., Asahara,
Y., Takei, A., Bonkobara, M., Washizu, T. and Ono, K. 2008.
In vitro differentiation of canine celiac adipose tissue-derived
stromal cells into neuronal cells. J. Vet. Med. Sci. 70: 353–357.
[Medline] [CrossRef]
30. Shibata, K. R., Aoyama, T., Shima, Y., Fukiage, K., Otsuka,
S., Furu, M., Kohno, Y., Ito, K., Fujibayashi, S., Neo, M., Nakayama, T., Nakamura, T. and Toguchida, J. 2007. Expression
of the p16INK4A gene is associated closely with senescence
of human mesenchymal stem cells and is potentially silenced
by DNA methylation during in vitro expansion. Stem Cells 25:
2371–2382. [Medline] [CrossRef]
31. Skinner, A. P., Pachnicke, S., Lakatos, A., Franklin, R. J. and
Jeffery, N. D. 2005. Nasal and frontal sinus mucosa of the adult
dog contain numerous olfactory sensory neurons and ensheathing glia. Res. Vet. Sci. 78: 9–15. [Medline] [CrossRef]
32. Starkey, M. P., Scase, T. J., Mellersh, C. S. and Murphy, S. 2005.
Dogs really are man’s best friend—canine genomics has applications in veterinary and human medicine! Brief Funct. Genomic
Proteomic. 4: 112–128. [Medline] [CrossRef]
33. Strem, B. M., Hicok, K. C., Zhu, M., Wulur, I., Alfonso, Z.,
Schreiber, R. E., Fraser, J. K. and Hedrick, M. H. 2005. Multipotential differentiation of adipose tissue-derived stem cells. Keio
J. Med. 54: 132–141. [Medline] [CrossRef]
34. Struhl, K. 1998. Histone acetylation and transcriptional regulatory
mechanisms. Genes Dev. 12: 599–606. [Medline] [CrossRef]
35. Wagner, W., Wein, F., Seckinger, A., Frankhauser, M., Wirkner,
U., Krause, U., Blake, J., Schwager, C., Eckstein, V., Ansorge,
W. and Ho, A. D. 2005. Comparative characteristics of mesenchymal stem cells from human bone marrow, adipose tissue, and
umbilical cord blood. Exp. Hematol. 33: 1402–1416. [Medline]
[CrossRef]
36. Wu, P., Sato, K., Yukawa, S., Hikasa, Y. and Kagota, K. 2001.
Differentiation of stromal-vascular cells isolated from canine

559

PLURIPOTENCY OF ADIPOSE STEM CELLS FROM DOGS

23

Mizuno, H., Alfonso, Z. C., Benhaim, P. and Hedrick, M. H.
2002. Human adipose tissue is a source of multipotent stem
cells. Mol. Biol. Cell 13: 4279–4295. [Medline] [CrossRef]
39. Zuk, P. A., Zhu, M., Mizuno, H., Huang, J., Futrell, J. W., Katz,
A. J., Benhaim, P., Lorenz, H. P. and Hedrick, M. H. 2001. Multilineage cells from human adipose tissue: implications for cellbased therapies. Tissue Eng. 7: 211–228. [Medline] [CrossRef]

adipose tissues in primary culture. J. Vet. Med. Sci. 63: 17–23.
[Medline] [CrossRef]
37. Yoshimura, H., Muneta, T., Nimura, A., Yokoyama, A., Koga,
H. and Sekiya, I. 2007. Comparison of rat mesenchymal stem
cells derived from bone marrow, synovium, periosteum, adipose
tissue, and muscle. Cell Tissue Res. 327: 449–462. [Medline]
[CrossRef]
38. Zuk, P. A., Zhu, M., Ashjian, P., DeUgarte, D. A., Huang, J. I.,

560

FULL PAPER

Pathology

Pathological Features of Polyneuropathy in Three Dogs
Masaya TSUBOI1), Kazuyuki UCHIDA1)*, Tetsuya IDE1), Mizue OGAWA1), Takehiko INAGAKI2), Shinji TAMURA3),
Miyoko SAITO4), James K. CHAMBERS1) and Hiroyuki NAKAYAMA1)
1)Department

of Veterinary Pathology, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1 –1–1 Yayoi, Bunkyoku, Tokyo 113–8657, Japan
2)Department of Neurology, Japan Animal Referral Medical Center, 2 –5–8 Kuji, Takatsu-ku, Kawasaki-shi, Kanagawa 213–0032, Japan
3)Tamura Animal Clinic, 7–16 Saeki-ku, Hiroshima-shi, Hiroshima 731-5100, Japan
4) Department of Surgery II, School of Veterinary Medicine, Azabu University, 1–17–71 Fuchinobe, Chuo-ku, Sagamihara-shi, Kanagawa
229–8501, Japan
(Received 16 May 2012/Accepted 18 October 2012/Published online in J-STAGE 1 November 2012)
Canine polyneuropathy is a neurological disorder characterized by a dysfunction of multiple peripheral nerves. The etiology of
the disease is diverse; it may occur in cases of infectious, immune-mediated, or hereditary conditions or in association with e ndocrinopathy,

ABSTRACT.

investigate pathological differences among three canine polyneuropathy cases with each presumably having a different etiology. Cases
included a 13-month-old female border collie (Dog No.1), a 21-month-old male chihuahua (Dog No.2) and an 11-year-old male beagle
(Dog No.3). Clinical examinations revealed hindlimb ataxia and sensory loss in Dog No.1, forelimb paralysis and vertebral pain in Dog
No.2, and paddling-gait and hypothyroidism in Dog No.3. Histopathologically, axonal swelling and pale myelin were observed in Dog
No.1. Giant axons mimicking giant axonal neuropathy were obvious in Dog No.2. Dog No.3 showed atrophic axons and severe interstitial
edema. Distributions of peripheral nerve lesions coincided with respective clinical symptoms. According to their clinical and pathological
features, Dogs No.1 and No.2 were suspected of hereditary polyneuropathy, while Dog No.3 seemed to have hypothyroidism-associated
polyneuropathy. As each case demonstrated unique pathological features, different pathogeneses of peripheral nerve dysfunction were
suggested.
KEY WORDS: canine, congenital, hypothyroidism, polyneuropathy.
doi: 10.1292/jvms.12-0224; J. Vet. Med. Sci. 75(3): 327–335, 2013

Polyneuropathy in dogs is a neurological disorder characterized by a dysfunction of multiple peripheral nerves. Initial
symptoms of the disease are a lack of coordination and in-

hereditary, familial or breed-associated factors are related to

evidence of denervation and decreased nerve conduction

-

nerve dysfunctions are most predominant, and autonomic
nerves may also be affected. As autonomic dysfunction may
lead to laryngeal or pharyngeal paralysis, aspiration pneumonia is frequently diagnosed as a cause of death in canine

of this disease through clinical symptoms.
The distribution of lesions (i.e. motor or sensory, distal or
proximal, anterior or posterior and symmetric or asymmetric)

Several etiologies of polyneuropathy in dogs have been
previously proposed. In some cases, the disease occurs
in association with Neospora caninum
some immune-mediated diseases, such as systemic lupus

cording to lesion distribution, age onset, progression speed

canine-inherited polyneuropathy has been reported in 22
*C ORRESPONDENCE TO: U CHIDA, K., Department of Veterinary Pa thology, Graduate School of Agricultural and Life Sciences, The
University of Tokyo, 1–1–1 Yayoi, Bunkyo-ku, Tokyo 113–8657,
Japan.
e-mail:auchidak@mail.ecc.u-tokyo.ac.jp

The aim of this study is to investigate pathological differences among three cases of canine polyneuropathy with
each presumably having a different etiology. Possible pathogenesis and respective etiologies of each case are discussed.
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μg/dl, and fT4: 0.08 ng/dl, relative to normal values of>0.6
ng/dl). Thus, the dog was diagnosed with hypothyroidism.
The dog was treated with thyroid hormone, but symptoms

MATERIALS AND METHODS
Cases: Three dogs were examined; Dog No.1 was
a 13-month-old female border collie, Dog No.2 was a
21-month-old male chihuahua and Dog No.3 was an
11-year-old male beagle. Clinical features of these cases are
summarized in Table 1.
Dog No.1 showed progressive hind limb ataxia at the age
of 3 months, and started chewing her front paw. Ataxia then

walking at the age of 9. Using sensory nerve action potential
examination, the dog was further diagnosed with sensory
nerve predominant segmental demyelinative neuropathy at
the age of 10, and was treated with an immune suppressor
nally, the dog died of aspiration pneumonia at the age of 11.
: Antemor-

in sciatic and femoral areas of both sides of the distal hind
limbs and in the radial area of both sides of the distal front
limbs. Magnetic resonance imaging (MRI) of the spinal

in Dog No.1. Peripheral nerves (including the right common
peroneal nerve and right caudal cutaneous antebrachial
nerve) and the skin of the dorsal part of the right front paw
were taken for biopsy.
Postmortem examination: Tissue samples were taken
from the brain, spinal cord and nerve roots of the 3 dogs.
Other main organs including the heart, lungs, liver, spleen,
kidneys, alimentary tract, pituitary gland, thyroid glands,
adrenal glands, ovaries and uterus were taken only from Dog
No.1, because autopsies of the other dogs were performed
at the veterinary hospitals. The trigeminal ganglion, stellate
ganglion, brachial plexus, femoral obturator nerve, vagus
nerve, biceps femoris muscle, temporal muscle and lingual
muscle were also taken from Dog No.1. Sciatic and tibial
nerves were taken from Dog No.3. All tissue samples were

developed megaesophagus at the age of 12 months. The dog
suddenly died 1 month after the onset of megaesophagus.
Dog No.2 was presented to the veterinary hospital 2
months prior to his death with a chief complaint of crying
when held in his owner’s arms. One month after the initial
symptom, the dog exhibited salivation and a pitter-patter
vertebral pain induced by manual compression. MRI and
computerized tomography (CT) of the entire body showed
and anti-acetylcholine receptor antibody was not detected in
the serum. Tandem mass spectrometry used for the diagnosis
of inherited metabolic disorders was conducted, but no spe-

μm. Sections
toxylin-eosin (HE).
Immunohistochemistry: Primary antibodies used were

with corticosteroids and vitamin supplements, symptoms did
not improve. The forelimbs gradually became paralyzed,

sank on these limbs during the impact. Two years after the
nary hospital with a chief complaint of a wobbling gait. The
dog exhibited bradycardia at the initial visit, and neurological examination revealed a reduced postural reaction. MRI

Dako, Glostrup, Denmark), rabbit polyclonal anti-peripheral
myelin protein 22 (PMP22, 1:400, Sigma, St. Louis, MO,
U.S.A.), rabbit polyclonal anti-periaxin (PRX, 1:250, Sigma)
and rabbit polyclonal anti-Myelin protein zero (MPZ, 1:100,
Abcam, Cambridge, UK). Immunohistochemistry was performed using Envision polymer reagent (Dako). Antigen
retrieval was performed by heating sections in an autoclave
at 121°C for 10 min in 10 mM citrate buffer (pH6.0), except
2O2)-methanol at room
temperature for 5 min to block endogenous peroxidase, in

age of 7 revealed low thyroxine (T4) and free T4 (fT4) concentrations (T4: 0.79 μg/dl, relative to normal values of>2.0

body at 4°C overnight. Sections were further incubated with

dog exhibited epileptiform seizures and died of respiratory
failure.
Dog No.3 began to show a characteristic paddling gait at
the age of 3, wherein the distal palmar and plantar aspects of

Table 1.

Canine polyneuropathy cases examined

Case

Breed

Gender

Onset

Death

Major clinical signs

3m

1y1m

Hind limb ataxia, pain sensability loss, megaesophagus,
chewing front paws, and aspiration pneumonia

Dog No.1

Border collie

Dog No.2

Chihuahua

Male

1y7m

1y9m

Dog No.3

Beagle

Male

3y

11y
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prolapse, ataxia, forelimb paralysis, and vertebral pain
Paddling-gait, bradycardia, hypothyroidism, walking
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Envision horseradish peroxidase (HRP)-labeled mouse or
rabbit polymer reagent (Dako) at 37°C for 60 min. Reaction
products were visualized with 3.3’-diaminobenzidine (DAB,
2O2 in TBS. Sections were counterstained with Mayer’s hematoxylin. As a
control, sections from dogs showing no clinical/pathological
signs of polyneuropathy were used.
Quantitative analysis
the lumber nerve root were used for quantitative analysis.
Microscopic pictures of 2 randomly selected-areas of dorsal
and ventral nerve roots were taken with a Nikon Digital
tion of × 200 with ACT-1 software (Nikon). The smallest
puted using Mac-Biophotonics ImageJ software. More than

were more severe in sensory nerve roots than those in motor
in any cases.
Distal peripheral nerves were also examined in Dogs
No.1 and No.3. In Dog No.1, lesions of the femoral obturator nerve and brachial plexus were more severe than those
of nerve roots. Severe axonal swelling, mild axonal loss,
showed a severe decrease in axons and loss of myelin. Most
1J).
Minor lesions were observed in the central nervous system (CNS), such as focal neuronal loss in the cerebral cortex
of Dog No.2 and diffuse spheroid formation in the spinal
cord of Dog No.3 (Data not shown).
Quantitative analysis: The axonal diameter of nerve roots
).
In control cases, the shape of the histogram for the motor
nerve root showed a “bimodal” pattern, which indicates the
μm, and
μ
sory nerve root was fewer than that in the motor nerve root

RESULTS
: Antemortem peripheral nerve biopsy was conducted only in
Dog No.1. The right common peroneal nerve, right caudal
cutaneous antebrachial nerve, and peripheral nerves from the
dorsal skin of the right front paw showed severe degeneration and denervation with both sensory and motor involve-

showed a “triangular” pattern.
In Dog No.1, a bimodal pattern in motor nerve roots was
still evident, but the distribution of the axonal diameter
tribution in the sensory nerve root showed a slight left shift
sory nerves shifted to the left, and giant axons more than 15
μ
and 2K). In Dog No.3, the axonal distribution of both motor
and sensory nerve roots markedly shifted to the left, and the
regular “bimodal” pattern of the motor nerve root changed to

conducted only in Dog No.1. Neither Wallarian-like axonal
degeneration nor regenerative changes were observed in the
: Details were available only
in Dog No.1. Severe emaciation, multiple ulcerations on the
bilateral hind limb paws, swelling of systemic lymph nodes,
and aspiration pneumonia were observed. There were no
spinal cord of all three cases.
: Major pathological lesions were located at nerve roots and/or distal periph). Histopathological lesions and their distributions in peripheral nerves were
different among cases (Table 2).
In Dog No.1, lesions were predominant at lumbar and
sacral ventral nerve roots, and the major lesion was axonal

Immunohistochemistry for myelin components: Among 3
peripheral myelin components examined, PMP22 and PRX
were strongly positive in the axonal surroundings. MPZ
expressions were observed in the axons of Dogs No.2 and
No.3 (data not shown).

usual at the central area of nerve roots. Axonal loss was not
evident in any nerve roots of Dog No.1. Lesions in Dog No.2
were located mainly in cervical and thoracic nerve roots.
Almost all axons were lost and lesions were replaced by

DISCUSSION
Severe degenerative changes were broadly distributed in
the peripheral nervous system (PNS) of the three present
served in the CNS. Thus, the present cases were diagnosed
as canine polyneuropathy. Interestingly, the distributions
and pathological features of lesions were different among
the cases. This fact indicates different pathogeneses in the
respective cases.

were asymmetric and randomly distributed. At the lumber
level, axonal and myelin loss was milder than that at the
cervical level, but multiple axonal swellings were observed
swollen axons were roughly distorted and were huge (10 to
30 μm as the shortest diameter). In Dog No.3, lesions were
found at the cervical and lumber level of motor and sensory
nerve roots, where diffuse axonal atrophy was evident. Se-

Dogs No.1 and No.2 were suspected of hereditary polyneuropathy. Both dogs were young at the onset of the disease
and took long-standing courses until death. Such features are
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HE stain. Bar=500 μ

μm. (D) Axons in Dog No.1 were severely swollen, and surrounding

μ
μ
axons and myelin than that in nerve roots. (J) Axons and myelin in the tibial nerve of Dog No.3 were severely lost, and most
lesions were replaced with connective tissue.

564

331
Table 2.

Histological lesions in the cervical, thoracic, lumber and sacral nerve roots
Dog No.1
Motor

Cervical
Axonal swelling
Axonal loss
Myelin loss
Edema

Dog No.2

Sensory

+

+

Sacral
Axonal swelling
Axonal loss
Myelin loss
Edema

Sensory

Motor

Sensory

+++
+++
+
+++

+++
+++
++

++
++
++
++

+++
++
++
++

++
+++
++
++

+
+++
++
+

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

+
++
+
+

+++
+
++
+
+

+
++

++
++
+++
++

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

++
+
+

Lumbar
Axonal swelling
Axonal loss
Myelin loss
Edema

Motor

+

+
Thoracic
Axonal swelling
Axonal loss
Myelin loss
Edema

Dog No.3

+++
++

+

+++
++

++

such as chemical or drug intoxication were rejected, because
of their clinical histories. Infectious or autoimmune diseases

nerves, and more proximal regions, as in the present case,
were not examined in previous reports.
The disorder in the border collie was previously called
“sensory neuropathy”, because initial symptoms were preet al.

was not associated with the present cases. Endocrinopathy
was not detected through the antemortem blood test, and
neoplasm hardly occurs at their ages. Therefore, breedassociated congenital factors are the most likely etiology in
the 2 dogs.
Breed-associated polyneuropathy in border collies has
-

because motor nerves were also involved in his case. Lesions
of the present case support Harkin’s opinion, because both
motor and sensory nerves were impaired.
Giant axons observed in the dorsal lumber root of Dog
No.2 were variable in size and had an irregular shape. They
seemed to be different from the axonal swelling observed
in Dog No.1, but were similar to lesions observed in “gi-

information concerning the familial history of the present
border collie dog (Dog No.1), clinical signs were almost
set of disease occurred at 2 to 5 months old, and erosion in
antemortem biopsy (i.e. severe degeneration and denerva-

axons in Dog No.2 was different from that in previous GAN
cases. While the distribution of giant axons in GAN has been

Dog No.1 suffered border collie polyneuropathy.
In spite of clinical and antemortem pathological similarities, postmortem pathological features in Dog No.1 were
quite different from those of previous reports. Axonal swelling and pale myelin seen in the present case have never been
mentioned in previous reports. This intriguing phenomenon
may be explained by a difference in examined regions between past and present cases; pathological features previ-

Moreover, hind limbs were mostly affected in GAN cases,
while forelimbs were mostly affected in Dog No.2. Combining these differences, we suggest that the present case
of Dog No.2 is a unique congenital polyneuropathy newly
emerged in the chihuahua.
Although peripheral nerves were mostly impaired in Dog
No.2, a minor lesion was also observed in the CNS; there
was focal neuron loss at the cerebral cortex. This pathologic
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nohistochemistry. Bar=20 μm. Axonal diameters were measured using Mac-Biophotonics ImageJ software. (G-L):
Axonal diameter distributions of motor (G-I) and sensory (J-L) nerve roots of Dogs No.1 (G and J; shown in dark bars),
No.2 (H and K; shown in dark bars), No.3 (I and L; shown in dark bars), and control dogs (G-L; shown in light bars),
respectively.

feature correlates with antemortem epileptic symptoms. On
another hand, there were some discrepancies between clinical and pathological appearances in Dog No.2; the dog clini-

mutations in the MPZ
wise, PRX and PMP22 protein construct peripheral myelin
sheaths, and genetic failures in these proteins are the causes

nal nerve, mesencephalon and facial nerve, but the CNS part
of this neural circuit was not impaired in this dog. Thus, we
suspect that the clinical symptom seemed to be attributed to
cranial nerve dysfunction. Nevertheless, we could not evaluate pathological changes in these cranial nerves, because we
failed to investigate them on necropsy.
In human CMT disease, more than 30 genes have been

amino acid sequences of these constructive proteins lead to
a failure to interact properly with other myelin components,
and results in myelin disruption.
On another hand, the genetic background of canine hereditary polyneuropathy remains unclear in most breeds.
Recently, Drögemüller et al.
N-myc downstream regulated gene 1 (NDRG1) gene in greycally characterized canine model of human CMT disease, as
the NDRG1
disease type 4D. It may offer an opportunity to gain further

encode constructive proteins of peripheral myelin sheaths.
MPZ, for example, is an integral membrane glycoprotein
MPZ guides the wrapping process in Schwann cells and
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insight into the pathobiology and therapy of human NDRG1
associated CMT disease.
We probatively tried to investigate the genetic causes
of the 2 present cases that were suspected of hereditary
polyneuropathies. Using immunohistochemical methods,
we evaluated PMP22, PRX and MPZ protein expressions
in intact peripheral nerves. Among them, PMP22 and PRX
were expressed normally in the peripheral myelin sheath in
all cases. Therefore, genes encoding these proteins do not
seem to be responsible for the onset of the disease. MPZ
expression in the myelin sheath was observed only in Dog
No.1, and only faint axonal expression was observed in Dogs

tive etiologies seemed different from each other. The cases
of the border collie and chihuahua were suspected of inherited polyneuropathy, with each perhaps having different
genetic factors, while the case of the beagle was presumably
associated with hypothyroidism. This paper presents new
aspects of the respective polyneuropathies. In the case of
the border collie, the pathologic appearance of peripheral
nerves showed quite different features from that of previous reports. The case of the chihuahua indicates a newlyemerged hereditary polyneuropathy, the features of which
partly resemble GAN in German shepherd dogs. The case
of the beagle presented a novel pathologic feature of canine
-

several samples from control cases. Therefore, we concluded
tion conditions, not MPZ gene mutations.
Contrary to Dogs No.1 and No.2, Dog No.3 was suspected to have acquired neuropathy with an association of
hypothyroidism. Clinical signs of tetraparesis and postural
reaction dysfunction in Dog No.3 were consistent with those
of previous reports of canine hypothyroid polyneuropathy
mon endocrinopathy of dogs and has been blamed for gen-

polyneuropathy.
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Neuronal ceroid lipofuscinosis (NCL) is an inherited, neurodegenerative lysosomal disease that causes premature death. The
present study describes the clinical and molecular epidemiologic ﬁndings of NCL in Border Collies in Japan for 12 years, between
2000 and 2011. The number of aﬀected dogs was surveyed, and their clinical characteristics were analyzed. In 4 kennels with
aﬀected dogs, the dogs were genotyped. The genetic relationships of all aﬀected dogs and carriers identiﬁed were analyzed. The
survey revealed 27 aﬀected dogs, but there was a decreasing trend at the end of the study period. The clinical characteristics of these
aﬀected dogs were updated in detail. The genotyping survey demonstrated a high mutant allele frequency in examined kennels
(34.8%). The pedigree analysis demonstrated that all aﬀected dogs and carriers in Japan are related to some presumptive carriers
imported from Oceania and having a common ancestor. The current high prevalence in Japan might be due to an overuse of these
carriers by breeders without any knowledge of the disease. For NCL control and prevention, it is necessary to examine all breeding
dogs, especially in kennels with a high prevalence. Such endeavors will reduce NCL prevalence and may already be contributing to
the recent decreasing trend in Japan.

1. Introduction

accumulation of ceroid- or lipofuscin-like autoﬂuorescent
lipopigments in neurons, retinal cells, and other visceral
cells throughout the body [1–4]. NCL shares certain clinical
features in both human beings and animals, including
behavioral abnormalities, such as personality changes and

Neuronal ceroid lipofuscinosis (NCL) is a rare group
of inherited, neurodegenerative lysosomal storage diseases characterized histopathologically by the abnormal
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aggressiveness, mental retardation and/or dementia; motor
disturbances, such as ataxia and incoordination; visual problems leading to central and/or retinal blindness; premature
death, but these diﬀer in degree based on the causative gene,
of which there are currently at least 8, all recessively inherited
[4]. NCL has been described in several domestic species and
occurs most commonly in dogs [1, 2, 5].
NCL in Border Collies was ﬁrst identiﬁed in Australia in
the 1980s [6–8], and a sporadic case with the disease was also
reported in the USA in the 1990s [9]. A diagnosis of the ﬁrst
case in Japan was made in a Border Collie that was born in
2000 [10]. The pathogenic mutation was reported in 2005 to
be a nonsense mutation (c.619C>T) in exon 4 in the canine
CLN5 gene [11], which enabled a DNA-based genotyping of
aﬀected dogs and carriers. Recently, several types of rapid
genotyping assays for this mutation were developed, and
the carrier frequency (8.1%) in Japan was determined by a
genotyping survey using these assays, suggesting the mutant
allele frequency of NCL in Border Collies is high enough in
Japan that measures to control and prevent the disease would
be warranted [5].
The present study describes the clinical and molecular
epidemiologic ﬁndings of NCL in Border Collies in Japan for
12 years, between 2000 and 2011. This study also discusses
the control and prevention of the disease based on the results
of these analyses.

Associates ﬁlter paper (FTA card, Whatman International).
Genotyping was performed as reported previously [5].

2.3. Pedigree Analysis. Pedigree analysis was performed to
elucidate the genetic relationships of aﬀected and carrier
dogs identiﬁed in Japan and to deduce the pathway of
transmission and distribution of the mutant allele. The
genetic relationships among aﬀected and carrier dogs found
in the present study were analyzed using the pedigree papers
issued by the Japan Kennel Club (http://www.jkc.or.jp/) and
the Kennel Club of Japan (http://www.kcj.gr.jp/). The pedigree information of carrier dogs identiﬁed in the previous
random survey in Japan [5] was analyzed and added to
the results of the present study. The pedigree information
of the dogs was used under the informed consent of
their owners. The ancestry in Oceania was traced using
pedigree information of carrier dogs provided by the New
South Wales Border Collie Club (http://www.mybcsite.com/
bccnswwebﬁles/bccnswframe.htm), which was also disclosed
via the website of the Japan Border Collie Health Network
(http://www.jbchn.net/cl carrier.htm), a volunteer breeders’
association for the healthy breeding of Border Collies. Pedigree information published in the Border Collie Database
(http://db.kennel.dk/) was used to supplement the information about the ancestor dogs in Oceania.
All animals were cared for and were used in the experiments in accordance with the guidelines for proper conduct
of animal experiments issued by the Science Council of
Japan (http://www.scj.go.jp/en/animal/index.html). All experimental procedures using animals and their specimens
were performed in accordance with the guidelines regulating
animal use at Kagoshima University.

2. Materials and Methods
2.1. Dogs Aﬀected with NCL. The number of aﬀected dogs
was surveyed based on the records in our laboratory, which
have been exclusively supporting the diagnosis of the disease
in Japan. Among 27 aﬀected dogs identiﬁed in the present
study, NCL was diagnosed deﬁnitively in 25 dogs by a genetic
test [5] using their specimens containing DNA, but in the
remaining 2 dogs that died without any specimens before
the genetic test got available, NCL was strongly suspected
based on their typical clinical history and blood relationship with molecularly deﬁned aﬀected littermates and/or
carrier parents. The clinical characteristics were analyzed
and summarized using information about all of the aﬀected
dogs, which was gleaned from interviews and questionnaires
of their owners and veterinarians. Some of the aﬀected
dogs were examined using the following prediagnostic tests:
magnetic resonance image (MRI) scan in 7 dogs, including a
previously reported dog [10]; computed tomography (CT)
scan in 2 dogs; ophthalmologic examination in 3 dogs.
The ﬁndings of these examinations were also analyzed and
summarized.

3. Results
3.1. The Number and Clinical Characteristics of Border Collies
with NCL. The survey revealed that there were 27 aﬀected
dogs (13 males and 14 females) in the 12 years from 2000
to 2011 in Japan (Table 1). The ﬁrst case, born in 2000, was
diagnosed with NCL histopathologically [10], which was
conﬁrmed molecularly using the stored liver specimen. Since
this case, several aﬀected dogs from a single or a few litters
were diagnosed nearly every year up until recently in Japan.
However, currently there seems to be a decreasing trend
based on the observation that only 1 aﬀected dog was
identiﬁed since 2009.
The clinical features of the aﬀected dogs are summarized
and listed in Table 2. They were divided into 3 stages, that
is, early (15–20 months of age), middle (19–23 months of
age), and late-to-terminal stages (22–32 months of age).
The overlaps in age between adjacent stages were due to
individual variability in the onset and progression rate of
the disease. The features at the early stage were mainly
behavioral problems that most owners of the dogs did not
regard as pathological changes. The features at the middle stage included serious behavioral abnormalities, visual
impairments, and slight motor disorders, which prompted

2.2. Genotyping Survey. Border Collies belonging to 4 special
kennels (A, B, C, and D), which generated one or more
aﬀected dogs, were surveyed between 2008 and 2010 using
a genetic test with the breeders’ cooperation. The number of
dogs examined was 82, including 23, 20, 29, and 10 in kennels
A, B, C, and D, respectively. Whole blood or saliva specimens
were collected from these dogs using the Flinders Technology
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speciﬁc changes before 15 months of age, some of the owners
had an impression that their dogs had unusual characteristics
and behaviors and low learning ability in the puppy and
juvenile years. There was no abnormal change on general
clinicopathological examinations. No abnormal vacuoles in
the cytoplasm of leukocytes were observed in blood smear
examinations.

Table 1: Number of Border Collies with neuronal ceroid lipofuscinosis and the number of litters that included aﬀected dogs during
the 12 years between 2000 and 2011 in Japan.
Year of birth
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010–present∗
Total
∗June

Number of aﬀected dogs
(male and female)
2 (2, 0)
6 (3, 3)
0 (0, 0)
4 (3, 1)
4 (1, 3)
2 (1, 1)
1 (0, 1)
2 (1, 1)
5 (2, 3)
1 (0, 1)
0 (0, 0)
27 (13, 14)

Number of litters
1
3
0
3
2
2
1
2
4
1
0
19

3.2. MRI, CT, and Ophthalmologic Examinations. MRI,
CT, and ophthalmologic examinations were performed in
aﬀected dogs in the middle-to-late stage (at approximately
2 years of age). The common ﬁndings of MR and CT images
were ventricular enlargement and well-demarcated cerebral
sulci (Figure 1). Dilation of cerebellar ﬁssures was also
observed at a sagittal section of the MRI scan (Figure 1(c)).
No other organic lesion was detected in MRI and CT scans.
In the aﬀected dogs examined ophthalmologically, slight narrowing of blood vessels in the retina was commonly observed
in ophthalmoscopy (Figure 2(a)), but this ophthalmoscopic
ﬁnding was evaluated within the normal range by veterinary
ophthalmologists. An examination using a slit lamp detected
no abnormal ﬁnding, such as clouding of the cornea and lens
(Figure 2(b)).

2012.

Table 2: Summary of clinical features in Border Collies with neuronal ceroid lipofuscinosis∗ .
Stage
Clinical signs
(months of age)
Altered characteristics; disregard for owner’s
commands; loss of interest in play and other
dogs; morbid fear of noise, humans, and
Early
unspeciﬁed things; hallucination; disorienta(15–20)
tion; biting; averse to going up and down stairs
(especially down)
Fly-biting behavior; continuous shaking of the
head; sudden halts during walks; uncooperativeness with other dogs; head tilt; chomping
without food; tooth grinding; leg jerking; visual
Middle
impairments (fear of darkness, unawareness
(19–23)
of things such as food, and frequently hitting obstacles); aggressiveness; excitation; staggering; falling; toileting accidents; myoclonus;
myoclonic seizure
Wandering; hair-pulling disorder; circadian
rhythm disorder; acoustic and cutaneous hyperesthesia; cognitive and emotional impairments;
Late to terminal
blindness; dysmetria; gait deﬁciency; convulsive
(22–32)
seizure; face and mouth tic; chewing diﬃculty;
lethargy; stupor; death (mean age 26.7 months,
ranging from 23 to 32 months)†
∗Data
†Data

3.3. Genotyping Survey. The results of the genotyping survey
in the 4 speciﬁc kennels are shown in Table 3. The frequencies
of carriers (32.9%), aﬀected dogs (18.3%), and the mutant
allele (34.8%) were markedly high in the 4 kennels.
3.4. Pedigree Analysis. The pedigree analysis was performed
mainly using the pedigree information of the 27 aﬀected dogs
and 58 carriers identiﬁed so far in Japan (Figure 3). These
dogs were related to at least 13 possible carriers imported
from Oceania to Japan in the middle 1990s, which ultimately
revealed an ancestry from a male dog born in 1944 in
Australia through 9 carriers reported by the New South Wales
Border Collie Club. As a result, this analysis revealed that
all dogs carrying the mutant allele in Japan share a blood
relationship and a single common ancestor in Australia.
The pedigree analysis also revealed that breeding was
repeated using a small number of carriers and their oﬀspring
in the 4 kennels surveyed in the present study. The breeders
of these kennels were not aware of NCL in Border Collies
before the genotyping survey. As a result, these kennels had
markedly high frequencies of the mutant allele.

4. Discussion

summarized from the information of 27 aﬀected dogs.
from 17 aﬀected dogs that died naturally without euthanasia.

The present study revealed 27 Border Collies (13 males and
14 females) with NCL in Japan during 2000–2011 (Table 1),
although there might have been additional aﬀected dogs
elsewhere that had no opportunity to be diagnosed. Since
the ﬁrst aﬀected dog, born in 2000, was diagnosed in 2002
[10], several aﬀected dogs from a single or a few litters
have been diagnosed nearly every year up until recently, but
currently there seems to be a decline in the frequency of
NCL. The decreasing trend may be due to the publication
of the pathogenic mutation in 2005 [11], the subsequent

the owners to consult veterinarians. The features at the lateto-terminal stage included serious motor, visual, psychointellectual, and vital dysfunctions due to a wide spectrum of
brain dysfunctions. The mean life span of the 23 aﬀected
dogs examined was 26.4 months of age. Of these, 17 died
naturally at a mean age of 26.7 months, ranging from 23 to
32 months. The other 6 dogs were euthanized at the terminal
stage an average of 25.6 months. Although there were few
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Table 3: Results of the genotyping survey carried out in 4 kennels that generated aﬀected dogs∗ .

Kennel
A
B
C
D
Total
∗These

Dogs examined
23
20
29
10
82

Number of
Carriers
9
11
6
1
27

Aﬀected dogs
8
2
2
3
15

Frequency (%)
Aﬀected dogs
34.8
10.0
6.7
30.0
18.3

Carriers
39.1
55.0
20.7
10.0
32.9

Mutant allele
54.3
37.5
17.2
35.0
34.8

genotyping surveys were carried out between 2008 and 2010.

(a)

(b)

(c)

(d)

Figure 1: Representative magnetic resonance (MR) and computed tomography (CT) images of the brain of Border Collies with neuronal
ceroid lipofuscinosis. MR images were obtained using a 0.3-tesla system (AIRIS2-comfort, Hitachi Medical Corporation) in a 24-month-old
dog under general anesthesia. CT images were obtained using a multislice CT system (ECLOS, Hitachi Medical Corporation) in another
24-month-old dog under general anesthesia. (a) MR T1-weighted image (TR/TE = 500/20 ms) of a transverse section at the level of the
thalamus, (b) MR T2-weighted image (TR/TE = 4,000/120 ms) of a transverse section at the level of the thalamus, (c) MR T2-weighted
image of a sagittal section, and (d) CT image of a transverse section at the level of the thalamus. These images show enlarged ventricles and
dilated cerebral and cerebellar sulci, suggesting forebrain atrophy.

development of a variety of genetic testing methods [5],
and genotyping surveys in a random population of breeding
Border Collies [5] and in a few speciﬁc kennels that generated
aﬀected dog(s) (present study). These events may have
contributed to the prevention and control of the disease
through the education of related breeders and fanciers of
Border Collies.

Based on information from the owners and veterinarians
of the aﬀected dogs, their characteristic clinical features were
determined (Table 2), although there were individual diﬀerences in the onset and progression rate of the disease and
the symptoms, as reported previously [6]. Mild clinical signs,
such as behavioral problems, begin at 15 months of age
at the earliest, but the onset is usually a few months later
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(a)

(b)

Figure 2: Photographs of ophthalmoscopic and slit-lamp examinations of the right eye in a 21-month-old Border Collie with neuronal
ceroid lipofuscinosis. (a) Slight narrowing of blood vessels in the retina is observed, but (b) there is no abnormal ﬁnding in the slit-lamp
examination.

Oceania
∗

∗

∗

∗

∗

∗

∗

∗

∗ Imported

∗
∗

∗

∗

∗

Japan

Kennel A
Kennel B

Kennel D

Kennel C

Affected
Carrier
Carrier reported by NSWBCC
Wildtype (clear)
Not determined

Figure 3: Genetic relationship of aﬀected and carrier dogs identiﬁed in Japan between 2000 and 2011. The analysis was carried out using
pedigree papers issued by the Japan Kennel Club and the Kennel Club of Japan and information reported by the New South Wales Border
Collie Club (NSWBCC) and the Border Collie Database. The gray area indicates a border between Oceania and Japan. Dogs imported from
Oceania to Japan were marked with an asterisk (∗ ). All dogs carrying the mutant allele shared a common ancestor († ) born in 1944 in
Australia. Areas surrounded by a dashed line indicate the 4 kennels surveyed using a genotyping test.
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(approximately 18 months of age) at the early stage. The
earliest age of onset in the present study is consistent with
that in a previous report [8]. Clinical signs observed at the
early stage (15–20 months of age) are mainly mild behavioral
abnormalities that the owners, without any knowledge
of NCL, hardly regard as pathological. Visual disorders
become unambiguous and behavioral abnormalities increase
in severity at the middle stage (19–23 months of age). Serious
clinical signs, such as convulsive seizure and motor disorders,
appear at the late-to-terminal stage (older than 22 months of
age). The mean life span of aﬀected dogs was 26.7 months
of age in the present study. The life span was 26.4 months
of age in the dogs that died naturally, ranging from 23 to 32
months of age. This is longer than the 23.1-month life span
of aﬀected Border Collies in a previous report in Australia
[7]. The diﬀerence could be attributed to the fact that many
Japanese pet owners feel that euthanasia is inhumane and do
not want to kill animals before they die naturally.
The characteristic clinical features determined in the
present study are similar to those in previous reports [6, 7].
However, a previously reported clinical sign, mania [7],
was not observed in the present study. In addition, some
aﬀected dogs had unusual characteristics and behaviors and
low learning ability in the puppy and juvenile years, which
was not reported previously. These clinical characteristics,
updated in detail, will be of further help for the diagnosis
of NCL in Border Collies.
In the MRI examination, ventricular enlargement and
dilated cerebral and cerebellar sulci were common ﬁndings in aﬀected dogs (Figure 1). The CT examination also
demonstrated ventricular enlargement. These characteristic
ﬁndings suggest atrophy of the forebrain, which was similarly
observed in previous MRI [10] and CT examinations [9].
The changes suggesting brain atrophy developed as early as
the middle stage, when aﬀected dogs were usually referred
to animal hospitals. Similar changes have been observed
in other types of NCL [12, 13] and other lysosomal
storage diseases, such as GM1 gangliosidosis [14] and GM2
gangliosidosis [15–17] in dogs and cats. The brain atrophy
usually develops as a speciﬁc and severe change even at the
middle stage in NCL but as a secondary and mild change
in the late-to-terminal stage in other lysosomal diseases.
Therefore, the atrophic changes would be useful as an
adjunct to the diagnosis of NCL. No other organic lesion was
detected in MRI scans in Border Collies with NCL, although
hyperintensity in T2-weighted images of the cerebral white
matter is observed in GM1 and GM2 gangliosidoses in dogs
and cats [14, 16–19]. Meningeal thickening, reported in
Chihuahuas with NCL [13], was not observed in Border
Collies with NCL.
Visual impairments appeared to various degrees in
all aﬀected dogs, especially at the middle stage (Table 2).
Previous reports have not described any abnormal changes
on ophthalmoscopic examination [7, 10]. In the present
study, the aﬀected dogs examined had slight narrowing of
blood vessels in the retina (Figure 2(a)), but this ophthalmoscopic ﬁnding was considered within the normal range
by veterinary ophthalmologists (Figure 2). In humans with
NCL, there is a pronounced loss of photoreceptors in the

end stage of the disease, but in NCL in English Setters
only minimal structural damage is observed in the retina
[20]. In Border Collies with NCL, inclusions with variable
ultrastructure are common in all cells of the retina, but
the pigment accumulation does not damage the retinal
architecture [8]. The retinal lesions in the Border Collies
are similar to those in the English Setters but are much less
severe than in juvenile NCL in humans. The narrowing of
retinal blood vessels observed in aﬀected Border Collies may
be an indication of mild retinal degeneration, but this feature
cannot be used as a valuable diagnostic for NCL.
Based on data of the pedigree analysis, aﬀected dogs and
carriers identiﬁed in Japan share a blood relationship and
a single common ancestor born in 1944 in Australia via
some presumptive carriers in Oceania (Figure 3). Although
it is impossible to demonstrate whether this ancestor was
a founder of NCL in Border Collies, there is a possibility
that the mutant allele was transmitted from Oceania to
Japan in this way mainly in the middle of the 1990s, when
the causative mutation had not been identiﬁed yet. The
recent increase in prevalence of the disease in Japan is
likely due to an overuse of imported carriers and their
oﬀspring as breeding dogs without any knowledge of the
disease. Hereafter, dogs that will be bred should be genotyped
beforehand.
The pedigree analysis also suggests that breeding has been
repeated using a small number of carriers and their oﬀspring
in the 4 kennels that generated aﬀected dogs (Figure 3).
There was a trend toward inbreeding in these kennels. In
addition, the breeders of the kennels were not aware of the
disease until they were informed of the generation of aﬀected
dogs in their kennels. These issues may have caused the
high frequencies of carriers (32.9%) and the mutant allele
(34.8%) in the 4 kennels (Table 3), compared to the carrier
(8.1%) and mutant allele frequencies (4.1%) in the random
population of Border Collies [5]. Fifteen (55.6%) of the 27
aﬀected dogs identiﬁed so far in Japan were generated in
these 4 kennels. It is thought that aﬀected dogs are generated
in a small proportion of kennels, which have a high frequency
of the mutant allele. Therefore, it is important for prevention
of the disease to rapidly genotype all breeding dogs in kennels
that have had an opportunity to generate aﬀected dogs.
This type of examination helps the kennels not only stop
generating additional aﬀected dogs but also stop spreading
carriers to other kennels. In addition, a genotyping test using
specimens from a random population of breeding Border
Collies should be continued [5] to detect sporadic carriers
and prevent them from being used as breeding dogs. These
approaches would gradually decrease the number of dogs
carrying the mutant allele. These active and continuous
preventive measures may be necessary to eliminate NCL in
Border Collies.
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ミオキミア／ニューロミオトニアのヨークシャーテリアの 1 例
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要

約

8 歳齢の雌のヨークシャーテリアが呼吸促迫および四肢の硬直を主徴とする発作を主訴に来院した．身体一般および
神経学的検査で，体幹部および四肢の筋肉に律動的で波状のミオキミアに特徴的な動きが観察された．筋電図ではミオ
キミア放電を認めた．脳脊髄液検査は単核細胞増多を示したが，脳の MRI では明らかな異常を認めなかった．これらの
所見から炎症性脳疾患を伴うミオキミア／ニューロミオトニアと診断し，抗生剤とゾニサミド，プロカインアミドの投
与を行った．初診から 5 カ月後の脳脊髄液検査は，正常に復していた．現在 11 カ月が経過し，ゾニサミドとプロカイン
アミドの投薬を継続中だが，呼吸促迫および四肢の硬直を示すニューロミオトニアは認められておらず，ミオキミアは
頻度と程度が顕著に改善されている．―キーワード：犬，ミオキミア，ニューロミオトニア．
日獣会誌

64，56 〜 60（2011）

た．発作が長時間に及ぶと全身を繰り返し大きくピクッ

筋の不随意的反復性収縮に伴い直上の皮膚が波打ち，
まるで皮膚の下を虫がうごめくように見える臨床徴候

とさせる（ミオクローヌス（MC）様）徴候に移行する

は，ミオキミア（m y o k y m i a ： M K ）と呼ばれる

ことがあるとのことだった．この発作以外にほぼ毎日間

［1h4］．また，運動や興奮により誘発される発作性の全

欠的に皮膚がピクピク動き頻繁にその部分を噛む動作が

身性筋硬直を特徴とする持続的筋収縮は，ニューロミオ

認められていた．この皮膚徴候の発現は前述の発作とほ

トニア（n e u r o m y o t o n i a ： N M T ）と呼ばれている

ぼ同時期の発症であった．身体一般検査では四肢の近位

［1h6］．MK と NMT はともに末梢神経軸索の興奮性の

筋の肥大が認められた．さらに体幹部および四肢の筋

亢進により生じ，同一症例にて MK と NMT がともに認

に，律動的で波状のあたかも皮膚の下を小さな虫がうご

められることが多いため，同一の異常が背景にあると考

めいているかのような MK に特徴的な動きが観察され，

えられている［2, 4, 6, 7］
．獣医療における MK/NMT

特に上腕と大腿外側面の筋で顕著であった．その他の身

の報告は非常に少なく，8 例の犬と 1 例の猫での報告が

体一般検査と神経学的検査に異常は認めなかった．全血

あるのみである［6h9］
．またわれわれの知るかぎり本邦

球算定と生化学的検査では CK の軽度上昇（177IU/l）

における報告はない．今回，われわれは炎症性脳疾患に

以外異常を呈さなかったが，総胆汁酸は空腹時 2 5 . 1

伴い MK/NMT を呈したヨークシャーテリア（YT）に

μmol/l，食後 2 時間 91.5μmol/l と高値を示した（表）
．

遭遇し，診断と治療を行う機会を得たので，その臨床像

腹部単純 X 線で小肝を認めたが超音波検査では肝実質に

を報告する．

異常はなく門脈体循環シャントを疑う所見も認めなかっ
症

た．続いて全身麻酔下で神経系の精査を行ったが，全身

例

麻酔中もさまざまな四肢や体幹の筋で前述と同様の波状
の細かい動きが時折観察された．頭部 MRI において明

8 歳齢，体重 2.4kg，雌の YT が約 2 年前から月に 1，
2 回発作を起こし，悪化傾向にあるとの主訴で麻布大学

らかな異常は認めなかった．大槽からの脳脊髄液（CSF）

附属動物病院神経科（以下当院）に紹介来院した．発作

検査では，単核細胞増多症（総有核細胞数 49/μl（基準

はおもに車での外出や来客，トリミング時に発現し，呼

値 0 〜 5/μl），大単核球と小単核球各 50 ％）を呈した．

吸速迫から始まり四肢が硬直し，その後後肢が虚脱し起

蛋白は 21.8mg/dl（基準値＜ 25mg/dl）
，糖は 71mg/dl

立不能に陥り重症時には横臥へと進行，それらが約 2 〜

とともに正常であった．CSF あるいは血液にて，犬ジス

5 時間持続しこの間は呼びかけに反応するとのことだっ

テンパー，Toxoplasma gondii，Neospora caninum の

† 連絡責任者：齋藤弥代子（麻布大学獣医学部外科学第二研究室）
〒 229h8501 相模原市淵野辺 1h17h71 蕁 042h754h7111
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表
項

目

結
2

WBC（×10 /μl）
RBC（×104/μl）
PCV（％）
Hgb（g/dl）
MCV（fl）
MCH（pg）
MCHC（g/dl）
PLT（×104/μl）

果

118.0
700.0
48.6
16.6
69.3
23.8
34.3
54.6

項

齋藤弥代子

久末正晴

大学初診時血液検査結果

目

結

TP（g/dl）
Alb（g/dl）
Glu（mg/dl）
AST（IU/l）
ALT（IU/l）
ALP（IU/l）
Tbil（mg/dl）
Tchol（mg/dl）
BUN（mg/dl）
Cre（mg/dl）

果

7.9
4.2
116.0
26.0
38.0
337.0
0.4
269.0
15.0
0.4

項

目

結

Ca（mg/dl）
IP（mg/dl）
LDH（IU/l）
CK（IU/l）
Na（mmol/l）
K（mmol/l）
Cl（mmol/l）

果

11.8
2.7
68.0
177.0
143.0
4.1
103.0

総胆汁酸（空腹時）（μmol/l）
総胆汁酸（食後 2 時間）（μmol/l）

25.1
91.5

1.10s
1.20s
1.30s
1.40s
1.50s
1.60s
1.70s
1.80s

200μV

1.90s
図1

5 ms

左橈側手根屈筋の針筋電図検査で記録されたミオキミア放電の一部．
単一運動単位電位が短持続（約 20ms）の群をなして発射し，約 0.5 秒の静止期の後，
同一の群放電の反復が認められた．

IgG 測定，犬ジステンパー抗原 PCR 検査，細菌・真菌

として飼い主との相談の下合計 2 カ月間上記 2 種の抗生

培養を行ったが，いずれも異常は認めなかった．脳波検

剤投与を継続した．初診から 5 日目に筋硬直から開始し

査では左前頭・側頭葉優位に突発性発射（棘波）を多数

全身をピクッとする発作が半日持続したと連絡を受け

認めた．針筋電図検査（EMG）では，左側橈側手根屈

た．そこでゾニサミド（ZNS）（エクセグラン散 20 ％，

筋から単一運動単位電位が 130 〜 250Hz の頻度で短持

大日本住友製薬譁，大阪）5mg/kg 1 日 2 回の投与開始

続の群をなして発射し，短い静止期の後，同一の群放電

を紹介元獣医師へ指示した．その後 3 カ月間 MK は改善

が反復するという，ミオキミア放電に一致する所見が認

なく持続したが NMT と MC 様徴候は認めなかった．し

められた（図 1）
．また，左上腕三頭筋からは複合反復放

かし初診から 110 日目に NMT が再発し，さらに 117 日

電が得られたがその他の四肢，体幹，顔面の筋は異常を

目の当院再診時にも院内で呼吸速迫および軽度の四肢硬

呈さなかった．EMG 時に MK 様の動きが視認された筋

直を示す NMT を認めその際発熱（39.5 ℃）も確認され

はなかったが，左側橈側手根屈筋においては筋がピクピ

た．安静と冷却処置を施したところ発作は急速に終息し

クと動く感触を触知することは可能であった．以上を総

平熱に復した．同日からプロカインアミド（PA）（アミ

合して，本症例における筋の波状の動きは MK であり，

サリン錠，第一三共㈱，東京）17mg/kg 1 日 3 回の経

発作性の筋硬直は N M T の可能性が高いと判断した．

口投与を開始した．同日行った ZNS 血中濃度測定結果

CSF 所見と臨床所見から髄膜脳炎を始めとする炎症性

は 7.6μg/dl（トラフ値）と低値を示し，粉末状 ZNS の

脳疾患が疑われたため，感染性疾患の検査結果を待つ間

投与不良が判明したため 10mg/kg 1 日 2 回への増量と

クリンダマイシン（ダラシンカプセル，ファイザー譁，

錠剤への変更を指示した．145 日目に再度 CSF 検査を行

東京）10mg/kg 1 日 2 回およびドキシサイクリン（ビ

ったところ細胞数は 4/μl と正常に復していた．NMT は

ブラマイシン錠，ファイザー譁，東京）5mg/kg 1 日 2

終息していたが M K は改善がなかったため，P A を

回の経口投与を開始した．後日出た検査結果は感染性髄

26mg/kg 1 日 3 回へ増量し，その後 MK の頻度と程度

膜脳炎を示唆するものではなく特定の免疫介在性脳炎を

が顕著に減少した．現在初診から 11 カ月が経過し ZNS

裏付ける所見にも乏しかったため，原因不明の髄膜脳炎

と PA 投薬を継続中だが，NMT と MC 様徴候は認めら
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図 2 治療および MK/NMT，MC 徴候の経過
（MK ：ミオキミア，NMT ：ニューロミオトニア，MC ：ミオクローヌス様の発作）

れていない．さらに飼い主の報告や院内での観察では，

検出されることが多い［1h3, 5, 13, 14］
．しかし獣医学

MK の律動的で波状の筋の動きが程度と頻度ともに初診

領域では，MK/NMT の発症機序や併発誘因疾患につい

時よりも明らかに減少した状態が継続している（図 2）
．

てはまったく解明されていない．MK/NMT を呈した 1

考

頭の猫での抗 VGKC 抗体測定の報告があるが陰性であ

察

った［6］
．われわれの症例では炎症性中枢疾患に一致す

本症例では体幹部および四肢の筋に律動的で波状の虫

る CSF 有核細胞数増多が認められたが，顔面 MK の犬 1

が這っているような動きが観察され，この動きは全身麻

頭においても原因不明の CSF 有核細胞数増多が報告さ

酔中も消失しなかった．これらは犬猫における過去の

れている［9］
．人では，NMT を呈した抗 VGKC 抗体陽

MK の報告と同一である［6, 8］
．MK における EMG で

性辺縁系脳炎の報告があるが［15］，一般的に本脳炎に

は，単一運動単位が 5 〜 400Hz の頻度で数秒間群をな

おける NMT はまれであり，本脳炎と NMT との関連性

して発射し短い静止期の後に同じ群放電を繰り返すミオ

は不明と結論付けられている［15, 16］
．われわれの症例

キミア放電が認められるが［4, 6, 10］
，われわれの症例

では，人の抗 V G K C 抗体陽性辺縁系脳炎に類似した

でも同様の EMG 所見が認められた．NMT は発作性の

MRI 所見や臨床所見は観察されなかった．われわれの

全身性筋硬直を特徴とする持続的筋収縮であるが，スト

症例における CSF 有核細胞数増多の原因は不明である

レスや興奮が NMT の引き金になる，発作中は意識が保

が，炎症性脳疾患と MK/NMT が同一の免疫学的機序

たれる，高体温を示すなどの共通点が示されている［6h9］
．

により発症した，あるいは炎症性脳疾患が先行感染とし

さらに NMT はわれわれの症例を含めすべての犬猫で

て MK/NMT 発症に関与した可能性があるかもしれな

MK と併発している．NMT における EMG はニューロ

い．本症例ではさらに総胆汁酸の高値を認めたが飼い主

ミオトニー放電と呼ばれ MK と同様突発性に生じる運動

の希望によりそれ以上の精査を行うことができなかっ

単位発射であるが，ミオキミア放電よりも持続時間が長

た．過去の報告をみると，MK/NMT の犬において肝酵

く非律動性で典型例では電位の振幅が漸減する［7, 10］
．

素の軽度上昇を認めるものがあるが MK/NMT との関

われわれの症例の EMG では，ニューロミオトニー放電

連性は言及されていない［6］
．人では B 型肝炎とデルタ

は観察されなかった．MK/NMT はともに末梢神経軸索

肝炎が併発した MK の報告が 1 例あるが，MK と肝炎と

の興奮性の亢進によって生じるが，この亢進は電位依存

の関連は不明とされている［17］
．人における MK/NMT

性カリウムチャネル（VGKC）機能不全が原因とされる

の治療は併発誘因疾患の治療が主体をなす．MK/NMT

［11］．人の先天性 MK では VGKC 遺伝子変異が報告さ

に対する治療として，カルバマゼピン，フェニトインな

れている［12］．後天性の場合は，各種免疫介在性疾患

どの抗けいれん薬が人では使用され［3］
，特に抗 VGKC

との併発を始め感染症との併発あるいは腫瘍随伴症候群

抗体陽性例において高い効果が認められている

としての発症が知られ，患者血清中に抗 VGKC 抗体が

［18h20］．これらの薬剤の作用機序として，Na ＋チャネ

日獣会誌

64

56 〜 60（2011）

58

579

宇津木真一

齋藤弥代子

ルからの Na ＋の細胞内流入抑制による膜の安定化作用が

Vet Rec, 155, 769h774 (2004)
［ 7 ］ Galano HR, Olby NJ, Howard JF Jr, Shelton GD :
Myokymia and neuromyotonia in a cat, J Am Vet Med
Assoc, 227, 1608h1612 (2005)
［ 8 ］ Reading MJ, McKerrell RE : Suspected myokymia in
a Yorkshire terrier, Vet Rec, 132, 587h588 (1993)
［ 9 ］ Walmsley GL, Smith PM, Herrtage ME, Jeffery ND :
Facial myokymia in a puppy, Vet Rec, 158, 411h412
(2006)
［10］ 幸原伸夫，木村 淳：刺入時電位と安静時電位，神経伝
導検査と筋電図を学ぶ人のために，166h188，医学書院，
東京（2003）
［11］ Sinha S, Newsom-Davis J, Mills K, Byrne N, Lang B,
Vincent A : Autoimmune aetiology for acquired neuromyotonia, Lancet, 338, 75h77 (1991)
［12］ Browne DL, Gancher ST, Nutt JG, Brunt ER, Litt M :
Episodic ataxia/myokymia syndrome is associated
with point mutations in the human potassium channel gene, KCNA1, Nat Genet, 8, 136h140 (1994)
［13］ Grant R, Graus F : Paraneoplastic movement disorders, Mov Disord, 24, 1715h1724 (2009)
［14］ Basiri K, Fatehi F : Isaacs syndrome associated with
chronic hepatitis B infection : a case report, Neurol
Neurochir Pol, 43, 388h390 (2009)
［15］ Vincent A, Buckley C, Schott JM, Baker I, Dewar BK,
Detert N, Clover L, Parkinson A, Bien CG, Omer S,
Lang B, Rossor MN, Palace J : Potassium channel
antibodyhassociated encephalopathy : a potentially
immunotherapyhresponsive form of limbic encephalitis, Brain, 127, 701h712 (2004)
［16］ 高堂裕平，下畑享良，徳永 純，河内 泉，田中惠子，
西澤正豊：不眠と手指振戦を合併した抗 VGKC 抗体陽性
辺縁系脳炎の 1 例，臨床神経学，48，338h342（2008）
［17］ Cargnel A, Davoli C, Vigano P, Caccia MR, Zanetti
AR, Zuckerman AJ : Seventh cranial nerve paralysis
with myokymia during acute cohinfection with
hepatitis B and delta viruses, J Med Virol, 25,
245h247 (1988)
［18］ Ishii A, Hayashi A, Ohkoshi N, Oguni E, Maeda M,
Ueda Y, Ishii K, Arasaki K, Mizusawa H, Shoji S :
Clinical evaluation of plasma exchange and high
dose intravenous immunoglobulin in a patient with
Isaacs’ syndrome, J Neurol Neurosurg Psychiatry,
57, 840h842 (1994)
［19］ 園田至人，有村公良： Isaacs 症候群と抗カリウムチャネ

考えられている［21］．犬ではカルバマゼピンやフェニ
トインは薬物代謝が速く血中濃度を維持できないため通
常使用されない［22］．同様の作用機序を持つ PA 投与
の効果が MK/NMT を呈した 1 頭の YT で報告されてい
る［8］
．その他免疫抑制量のプレドニゾロンやジアゼパ
ム使用の報告があるが MK/NMT に効果は認められて
いない［6, 7］
．本症例の長時間の NMT に続発した MC
様徴候をわれわれが直接観察する機会はなかったが，
MC 徴候は必ず NMT 発現時に認められたため，NMT
の一徴候として生じた可能性が考えられる．しかし鑑別
のために行った脳波上でてんかん性異常波を多数確認し
たため，MC 様徴候は炎症性脳疾患により生じたてんか
ん発作である可能性も考慮すべきと考えた．そのため
Na ＋チャネル不活性化による膜の安定化作用を有し理論
上 MK/NMT にも効果がある可能性のある抗てんかん
薬，ZNS 投与をまず試みた．ZNS 投与のコンプライア
ンスは良好とはいえなかったが ZNS 開始から 3 カ月間
NMT の制御が可能であった．その後 NMT が再燃した
ため ZNS 増量とともに PA 投与を開始した．以降 NMT
は認めておらず MK においても頻度や程度の改善が認め
られた．MK/NMT はまれな疾患であるが罹患動物の
QOL を著しく落とし死亡例も報告されていることから
見過ごしてはいけない疾患である．未解明な点が非常に
多く今後は世界レベルでの症例の蓄積を行い獣医療にお
ける本疾患の発症機序，臨床像，さらに適切な治療法を
明らかにする必要があると考えられた．
最後に，症例をご紹介頂いた八王子市ノア動物病院に深謝す
る．なお，本研究は科研費（20580359）の助成を一部受けた
ものである．
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Generalized Myokymia and Neuromyotonia in a Yorkshire Terrier
Shinichi UTSUGI ＊, Miyoko SAITO† and Masaharu HISASUE
＊ School of Veterinary Medicine, Azabu University, 1h17h71 Fuchinobe, Sagamihara, 229h
8501, Japan
SUMMARY
An eight-year-old female Yorkshire terrier presented with episodes of hyperpnea and stiffness of the limbs.
A physical and neurological examination revealed rhythmic, undulating movement across the muscles of the
trunk and limbs. This movement was characteristic of myokymia. An electromyogram demonstrated
myokymicdischarges. The cisternal cerebrospinal fluid (CSF) showed mononuclear pleocytosis, which was
indicative of inflammatory central nervous system disease. The MRI of the brain was unremarkable. A clinical diagnosis of myokymia/neuromyotonia with inflammatory brain disease was made, and the dog was treated with antibiotics, zonisamide and procainamide. A follow-up CSF analysis performed 5 months after the initial examination was normal. At present, 11 months after the diagnosis, the dog is still being treated with zonisamide and procainamide. No episodes of hyperpnea or stiffness of the limbs have been observed, and the
myokymia has decreased markedly in frequency and severity. ― Key words : dog, myokymia, neuromyotonia.
† Correspondence to : Miyoko SAITO (Department of Veterinary Surgery 蠡, Azabu University)
1h17h71 Fuchinobe, Sagamihara, 229h8501, Japan
TEL 042h754h7111 FAX 042h769h1639 E-mail : msaito@azabu-u.ac.jp
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ࡢデ᩿ἲࡸ᳨ᰝἲࡢ☜❧ࡀᚲせ࡛࠶ࡿࠋ≟ࡢࢺࣆ࣮ᛶ⓶⅖ࡢデ᩿ἲࡢࢦ࣮ࣝࢹࣥࢫࢱࣥ
ࢲ࣮ࢻࡋ࡚⓶ෆヨ㦂ࢆ☜❧ࡋࠊࡢ㑅ᢥ࠾࠸࡚⢭ᗘࡢ㧗࠸デ᩿ࢆ⾜࠼ࡿࡼ࠺࡞ࡗࡓࠋ
ࡲࡓࠊ≟ࡢࢺࣆ࣮ᛶ⓶⅖ᝈཎᅉ㑇ఏᏊࡢゎᯒࡢࡓࡵࡢᇶ♏ⓗ࡞◊✲ࡢ㸯ࡘࡋ࡚≟
ࡢ &' 㑇ఏᏊࡢࢡ࣮ࣟࢽࣥࢢࢆ⾜ࡗࡓࠋ

㸯㸬≟ࡢࢺࣆ࣮ᛶ⓶⅖ࡢデ᩿᪉ἲࡢ㛤Ⓨ
◊✲┠ⓗ
≟ࡢࢺࣆ࣮ᛶ⓶⅖ࡢཎᅉࣞࣝࢤࣥࢆྠᐃࡍࡿࡓࡵࡢࣞࣝࢠ᳨࣮ᰝࡣ⓶ෆᛂ
᳨ᰝ⾑Ύᢠཎ≉␗ⓗ ,J( ᳨ᰝࡀᐇࡉࢀ࡚࠸ࡿࠋ⾑ᾮ᳨ᰝࢆእὀࡍࡿ⾑Ύᢠཎ≉␗ⓗ ,J(
᳨ᰝࡣ⡆౽࡛࠶ࡿࡀࠊཷクᶵ㛵࠾࠸࡚ከᵝ࡞᪉ἲ࡛ᐇࡉࢀ࡚࠾ࡾࠊ᳨ᰝᶵ㛵࠾࠸࡚⤖
ᯝࡀ␗࡞ࡿࡇࡀㄢ㢟࡞ࡗ࡚࠸ࡿࠋࡑࡇ࡛ࠊ㉁ࡢ㧗࠸≟ࡢࢺࣆ࣮ᛶ⓶⅖⨯ᝈࡢࢤ
ࣀ࣒ '1$ ࢆ᥇ྲྀࡍࡿࡓࡵࠊ⓶ෆᛂ᳨ᰝࢆ㯞ᕸᏛ࠾࠸࡚☜❧ࡍࡿࡇࢆ┠ⓗࡋࡓࠋࡉ
ࡽ㐺ษ࡞デ᩿⒪ࢆ㣫࠸ᥦ౪ࡍࡿࡇࡀࡢ㞟ࡣ㔜せ࡛࠶ࡿࠋࡑࡇ࡛ࠊ≟ࡢ
ࢺࣆ࣮ᛶ⓶⅖ࡢ≧ࢆ⥔ᣢࡍࡿࢩࣕࣥࣉ࣮⒪ἲࡢᥦࠊᢠཎ≉␗ⓗ࡞≟ࡢࢺࣆ࣮ᛶ
⓶⅖ࡢ⒪ἲࡘ࠸࡚ࡶ㯞ᕸᏛ࡚☜❧ࡍࡿࡇࢆ┠ⓗࡋࡓࠋ

ᮦᩱ᪉ἲ
㯞ᕸᏛ㝃ᒓື≀㝔᮶㝔ࡋࡓࢺࣆ࣮ᛶ⓶⅖ࡀࢃࢀࡿ  㢌ࢆᑐ㇟ࡋࠊ⓶ෆ
ᛂ᳨ᰝ㸦,'7㸧 ,J(WHVW ࢆᐇࡋࡓࠋ,'7 ࡣᅜ⏘ᢠཎᾮࡋ࡚㫽ᒃ⸆ရ㸦ᰴ㸧〇ࢆ 
㹼 ZY ࡢ⃰ᗘࠊ㍺ධᢠཎᾮࡋ࡚ *UHHU ♫〇ࢆ 㸦ZY㸧ࡢ⃰ᗘ࡛⏝࠸ࠊ⣚
ᩬࡢ࠶ࡿ⭾⑈ᙧᡂࢆ㝧ᛶࡋࡓࠋ,J(WHVW ࡣࣄࢺ㧗ぶᛶ ,J( ࣞࢭࣉࢱ࣮Ș㙐ࢆ⏝࠸ࡓ (/,6$
ἲࢆ⏝࠸࡚ /8 ௨ୖࢆ㝧ᛶࡋ࡚እ㒊ᶵ㛵࡛

ᐃࡋࡓࠋࡑࢀࡒࢀࡢ㛵㐃ᛶࢆ )LVKHU V

H[DFWWHVW ࢆ⏝࠸࡚⤫ィゎᯒࡋࡓࠋ
㯞ᕸᏛ㝃ᒓື≀㝔᮶㝔ࡋࡓ≟ࣞࣝࢠ࣮ᛶ⓶⅖ࡢ  ᑐࡋࠊ㐌  ᅇࡢࢩࣕࣥ
ࣉ࣮⒪ἲࢆᐇࡋࠊ࣓ࢳࢩࣜࣥ⪏ᛶࣈࢻ࢘⌫⳦ࡢᖖᅾࡢᨵၿࡘ࠸᳨࡚ドࡋࡓࠋࢥࢼࣄࣙ
࢘ࣄࢲࢽᑐࡍࡿࢺࣆ࣮ᛶ⓶⅖ࡀࢃࢀࡿ  㢌ࢆᑐ㇟ࡋࠊᅜ⏘ᢠཎᾮࢆ⏝࠸ࡓῶ
ឤస⒪ἲࢆᐇࡋࡓࠋ
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⤖ᯝ࠾ࡼࡧ⪃ᐹ
,J(WHVW ㍺ධᢠཎᾮࢆ⏝࠸ࡓ ,'7 ࡢ㛫᭷ពᕪࢆㄆࡵࡓ
㸦3㸧
ࠋ

㸦ZY㸧
 
㸦ZY㸧ࡢᅜ⏘ᢠཎᾮࡣࠊ,J(WHVW ࠾ࡼࡧ㍺ධᢠཎᾮࡢ㛫᭷ពᕪࡀㄆࡵࡽࢀࡓ㸦3㸧
ࠋ
௨ୖࡼࡾࠊᅜ⏘ᢠཎᾮࡢ≟ࢺࣆ࣮ᛶ⓶⅖ࡢデ᩿࠾ࡅࡿ᭷⏝ᛶࡀ᫂ࡽ࡞ࡗࡓ㸦⾲ 㸧
ࠋ
ࡳࡢࢫࢥࠊ࣓ࢳࢩࣜࣥ⪏ᛶࣈࢻ࢘⌫⳦ࡢᖖᅾ⟠ᡤࡀࢩࣕࣥࣉ࣮⒪ἲ๓ẚ㍑ࡋ࡚᭷ព
ῶᑡࡋࡓ㸦3㸧
㸦ᅗ㸯㸧
ࠋῶឤస⒪ἲࢆᐇᚋࠊ 㢌ࡢ⮫ᗋ≧ࡀᨵၿࡋࡓ㸦ᅗ㸰㸧
ࠋࡇ
ࢀࡽࡢ⤖ᯝࡽࢩࣕࣥࣉ࣮⒪ἲཬࡧῶឤస⒪ἲࡣ≟ࡢࣞࣝࢠ࣮ᛶ⓶⅖ࡢ⒪ἲࡋ࡚᭷
⏝࡛࠶ࡿࡇࡀ♧၀ࡉࢀࡓࠋ
⾲ 1 IDT  IgE test ࡢẚ㍑⤖ᯝ

ᅜ⏘ᢠཎᾮ㽢㻝㻜㻜
㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠
㼚㼑㼓㼍㼠㼕㼢㼑
㼣㼑㼍㼗㻌㼜㼛㼟㼕㼠㼕㼢㼑
㼜㼛㼟㼕㼠㼕㼢㼑
㼟㼠㼞㼛㼚㼓㻌㼜㼛㼟㼕㼠㼕㼢㼑
㻔㻨㻞㻡㻜㻕
㻔㻞㻡㻜ࠥ㻟㻥㻥㻕
㻔㻠㻜㻜ࠥ㻥㻥㻥㻕
㻔㻝㻜㻜㻜䍺㻕
㻵㻰㻿㼀㻌㼜㼛㼟㼕㼠㼕㼢㼑
㻥
㻝
㻞
㻡
㻵㻰㻿㼀㻌㼚㼑㼓㼍㼠㼕㼢㼑
㻝㻞
㻜
㻜
㻜
ᅜ⏘ᢠཎᾮ㼤㻝㻜㻜㻜㻜
㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠
㼚㼑㼓㼍㼠㼕㼢㼑
㼣㼑㼍㼗㻌㼜㼛㼟㼕㼠㼕㼢㼑
㼜㼛㼟㼕㼠㼕㼢㼑
㼟㼠㼞㼛㼚㼓㻌㼜㼛㼟㼕㼠㼕㼢㼑
㻔㻨㻞㻡㻜㻕
㻔㻞㻡㻜ࠥ㻟㻥㻥㻕
㻔㻠㻜㻜ࠥ㻥㻥㻥㻕
㻔㻝㻜㻜㻜䍺㻕
㻵㻰㻿㼀㻌㼜㼛㼟㼕㼠㼕㼢㼑
㻟
㻝
㻞
㻞
㻵㻰㻿㼀㻌㼚㼑㼓㼍㼠㼕㼢㼑
㻝㻢
㻜
㻜
㻝
㍺ධᢠཎᾮ㼤㻡㻜㻜㻜㻜
㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠 㻿㼑㼞㼡㼙㻌㻭㼘㼘㼑㼞㼓㼑㼚㻌㼠㼑㼟㼠
㼚㼑㼓㼍㼠㼕㼢㼑
㼣㼑㼍㼗㻌㼜㼛㼟㼕㼠㼕㼢㼑
㼜㼛㼟㼕㼠㼕㼢㼑
㼟㼠㼞㼛㼚㼓㻌㼜㼛㼟㼕㼠㼕㼢㼑
㻔㻨㻞㻡㻜㻕
㻔㻞㻡㻜ࠥ㻟㻥㻥㻕
㻔㻠㻜㻜ࠥ㻥㻥㻥㻕
㻔㻝㻜㻜㻜䍺㻕
㻵㻰㻿㼀㻌㼜㼛㼟㼕㼠㼕㼢㼑
㻜
㻝
㻞
㻠
㻵㻰㻿㼀㻌㼚㼑㼓㼍㼠㼕㼢㼑
㻝㻠
㻜
㻜
㻝
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ࢺࣆ࣮ᛶ⓶⅖ᝈཎᅉ㑇ఏᏊࡢྠᐃ
◊✲┠ⓗ
CD14 ࡣ༢⌫ࡢ⣽⬊⾲㠃Ⓨ⌧ࡍࡿࢢ࣒ࣛ㝜ᛶ⳦ࡢ⣽⬊ቨᵓᡂࢱࣥࣃࢡ࡛࣏࣏ࣜࣜࢧࢵ࢝
ࣛࢻ㸦LPS㸧ࡢㄆ㆑㛵ࢃࡿศᏊ࡛࠶ࡿࠋCD14 ࡢࣉ࣮ࣟࣔࢱ࣮㡿ᇦࡢኚ␗ࡣႍᜥࠊࢺࣆ࣮
ᛶ⓶⅖ࠊ㰯⭍࣏࣮ࣜࣉࡢ㛵ಀᛶࡀே࡛᫂ࡽ࡞ࡗ࡚࠸ࡿࠋ≟ࡢ CD14 ࡢ㑇ఏᏊࡣࡲࡔࢡࣟ
࣮ࢽࣥࢢࡉࢀ࡚࠸࡞࠸ࠋ≟ࡢࢺࣆ࣮ᛶ⓶⅖ᝈཎᅉ㑇ఏᏊࡢゎᯒࡢࡓࡵࡢᇶ♏ⓗ࡞◊✲ࡢ
㸯ࡘࡋ࡚≟ࡢ CD14 ࡢ㑇ఏᏊࡣࢡ࣮ࣟࢽࣥࢢࢆ⾜࠺ࡇࢆ┠ⓗࡋࡓࠋ
ᮦᩱ᪉ἲ
 ࣅ࣮ࢢࣝ≟ࡽ cDNA ࢆྜᡂࡋࠊCD14 ࡢࢡ࣮ࣟࢽࣥࢢࢆ 5’-race ࠾ࡼࡧ 3’-race ἲࢆ⏝࠸࡚ᐇ
ࡋࡓࠋ㯞ᕸᏛ⓶⛉᮶㝔ࡍࡿ⾑㣰᳨యࢆ㏙ 500 ᳨య௨ୖ㞟ࡋࡓࠋ
⤖ᯝ⪃ᐹ
CD14 ࡢ㑇ఏᏊ㓄ิࡣࠊPubmed ᥖ㍕ࡉࢀ࡚࠸ࡿሗ␗࡞ࡗ࡚࠸ࡓ㸦ᅗ㸱㸧
ࠋ≟ࡢ CD14
ࡣ 290 ಶࡢ࣑ࣀ㓟ࡽ࡞ࡾࠊ∵ 75%ࠊ⨺ 76%ࠊே 72%ࠊࣖࢠ 68%ࡢ┦ྠᛶ࡛࠶ࡗࡓࠋ
⾑㣰ࡼࡾ⢭〇ࡋࡓࢤࣀ࣒ DNA ࢆ⏝࠸࡚ᚋࠊ㑇ఏᏊከᆺࡢゎᯒࢆ㐍ࡵࡿࡇࡀྍ⬟࡞ࡗࡓࠋ
ᅗ㸱

◊✲Ⓨ⾲
 ㄽᩥⓎ⾲
1)

Kawarai S, Fujimoto A, Nozawa G, Kanemaki N, Madarame H, Shida T, Kiuchi A.: Evaluation
of weekly bathing in allergic dogs with methicillin-resistant Staphylococcal colonization. Jpn J
Vet Res in press.

2)

Kawarai S, Hisasue M, Matsuura S, Ito T, Inoue Y, Neo S, Fujii Y, Madarame H, Shirota, K,
Tsuchiya R.: Canine pemphigus foliaceus with concurrent immune mediated thrombocytopenia. J
Am Anim Hosp Assoc 51:56-63, 2015

3)

Kawarai S, Matsuura M, Yamamoto S, Kiuchi A, Kanemaki N, Madarame H, Sirota K.: A case of
cutaneous sterile pyogranuloma/granuloma syndrome in a Maltese. J Am Anim Hosp Assoc

585

50:278-283, 2014
4)

Kanemaki N, Tchedre KT, Imayasu M, Kawarai S, Sakaguchi M, Meguro A, Mizuki N.:
Identification of S1 RNA Binding Domain-1 SRBD1 as a Major Gene Determining Japanese
Shiba-Inu Dog Glaucoma. PLoS One 8:e74372, 2013

5)

Kaburaki Y, Fujimura T, Kurata K, Matsuda K, Toda M, Yasueda H, Chida K, Kawarai S,
Sakaguchi M.: Induction of Th1 immune responses to Japanese cedar pollen allergen in mice
immunized with Cry j 1 conjugated with CpG oligodeoxynucleotide. Comp Immunol Microbiol
Infect Dis 34,157-61, 2011

6)

Kawarai S, Sato K, Horiguchi A, Kurata K, Kiuchi A, Tsujimoto H, Sakaguchi M.: Potential
immunological adjuvant of ‘K’-type CpG-oligodeoxynucleotides enhanced the cell proliferation
and IL-6 mRNA expression in canine B cells. J Vet Med Sci 73,177-184, 2011


ᏛⓎ⾲


ᕝཎᖹ㸸⓶ឤᰁࡢ᳨ᰝゎ㔘࣭⥔ᣢࡢ᪉㸪᪥ᮏ⋇་ෆ⛉Ꮫ࢝ࢹ࣑࣮➨ 
ᅇグᛕᏛ⾡ࠊᶓࠊ ᭶  ᖺ

2)

Kawarai S, Fujimoto A, Nozawa G, Kanemaki N, Madarame H, Shida T, Kiuchi A.: Decreasing
methicillin-resistant Staphylococcal colonization in allergic dog skin by shampoo. The Asian
Meeting of Animal Medicine Specialties, Bogor, Indonesia, Dec, 2013

3)

ᮧୖᘯṇࠊ⣽ᕝ⪷▮ࠊᕝཎᖹࠊᩬ┠ᗈ㑻: ῶឤస⒪ἲࢆᐇࡋࡓ≟ࢺࣆ࣮ᛶ⓶
⅖ࡢ 2 . ᪥ᮏᑠື≀⋇་Ꮫᮾᆅ༊ࠊ㒆ᒣࠊ10 ᭶ 2013 ᖺ 1



㣤㔝⍞㈗ࠊすᮏඃᏊࠊ⸨ᮏ࠶ࡺࡳࠊ㔝⃝※ኴࠊᕝཎᖹࠊಙ⏣༟⏨ࠊᮌෆ᫂⏨㸸≟ࡢ
ࣞࣝࢠ࣮ᛶ⓶⅖ࡢ≧⥔ᣢ࠾ࡅࡿ࣐ࢡࣟࣂࣈࣝࢆ⏝࠸ࡓࢩࣕࣥࣉ࣮⒪ἲࡢ᭷ຠ
ᛶࡢ᳨ウ᪥ᮏື≀┳ㆤᏛ㛵すᆅ༊➨  ᅇ㜰ࠊ ᭶  ᖺ



⣽ᕝ⪷▮ࠊᕝཎᖹࠊὠஂᗈࠊஂᮎṇᬕࠊ༳∾ಙ⾜ࠊᩬ┠ᗈ㑻ࠊᅵᒇுࠊᑠ᪉᐀
ḟᅜ⏘ࢥࢼࣄࣙ࢘ࣄࢲࢽᢠཎᾮࡢ᭷⏝ᛶ㛵ࡍࡿ⪃➨  ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟
ࠊᒾᡭࠊ ᭶  ᖺ



ᯇᾆ♸ࠊ㧗ᶫுࠊᕝཎᖹࠊᒣཱྀᛅ⩏ࠊᩬ┠ᗈ㑻ࠊ௦⏣Ḡ㸸≟࠾ࡅࡿ↓⳦ᛶ
⫗ⱆ⭘ᛶ⓶⅖ࡢ୍㛵ᮾ࣭ᮾிྜྠᆅ༊⋇་ᖌࠊ⚄ዉᕝࠊ ᭶  ᖺ

7)

Kawarai S, Takahashi R, Madarame H, Shirota K.: A case of granulomatous dermatitis in a dog.
The Asian Meeting of Animal Medicine Specialties. Thailand, May, 2011

586

Japanese Journal of Veterinary Research 64(2): 000‑000, 2016

NOTE

Evaluation of weekly bathing in allergic dogs with
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Abstract
We evaluated the efficacy of weekly bathing in reducing methicillin-resistant Staphylococcus
(MRS) colonization in canine allergic dermatitis in a pilot clinical trial. Six dogs with
allergic dermatitis controlled by prescription medications were treated with weekly
bathing for 1 month. The Canine Atopic Dermatitis Extent and Severity Index version 3
(CADESI-03) and pruritus scores and frequency of mecA-positive Staphylococcus spp.
isolated from three body sites between weeks 0 and 4 were compared. There was no
significant difference in CADESI-03 scores with bathing, whereas the pruritus scores were
significantly reduced (p ＜ 0.05). Furthermore, MRS frequency was decreased in four of the
six dogs (p ＜ 0.05). In conclusion, weekly bathing should be considered for reducing MRS
colonization in canine allergic dermatitis.
Key Words: allergic dermatitis, bathing, mecA

acquire genes that provide resistance to
antimicrobial agents; one example is mecA found
in methicillin-resistant Staphylococcus spp.
(MRS)1). These resistance genes in pathogenic
Staphylococcus spp. constitute a risk for horizontal
gene transfer to commensals and transients2,4),
which is particularly problematic for methicillin-

Staphylococcus spp. are part of the
commensal flora of canine skin. In dogs with
allergic skin conditions, such as canine atopic
dermatitis (CAD) and adverse food reactions
(AFR), Staphylococcus spp. are common causative
pathogens isolated from skin lesion6,7,13). During
antibiotic therapy, Staphylococcus spp. frequently
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atopic dermatitis. At each site, an area of 5 cm2
was swabbed and cultured for bacteria on blood
agar. Five, morphologically similar colonies
representing the majority from each agar plate
were selected. The expression of mecA of grampositive cocci was detected by polymerase chain
reaction (PCR), as described by Sasaki et al12).
The bacterial species of mecA-positive grampositive cocci were identified by sequencing 16S
rRNA with species-specific primers using the
Microseq 500 PCR kit (Applied Biosystems; Foster
City, U.S.A.), according to the manufacturer’s
protocols12). The frequencies of mecA in isolated
Staphylococcus spp. from each body site at week 0
and 4 were compared. Changes in clinical scores
were not available to the microbiologists until
the end of the trial.
Changes in outcome measures between
weeks 0 and 4 were compared using statistical
analysis. Wilcoxon rank sum test was used for
clinical scores, and Mann-Whitney U test was
used for frequency of mecA-positive Staphylococcus
colonization using the Microsoft Excel program
with the Statcel software add-in (version 4; OMS
Publishing, Japan). Data were presented as
means ± standard deviation, and p values of
＜0.05 were considered statistically significant
for all analyses performed.
The changes in the frequency of mecApositive Staphylococcus colonization, CADESI-03
and pruritus scores are presented in Fig. 1.
Table 2 shows the PCR analysis for mecA. The
frequency of mecA-positive Staphylococcus spp.
isolated from all three body sites decreased in
four dogs (cases 2, 4, 5, and 6). Specifically, the
frequency at week 4 was significantly lower than
that at week 0 (0.8 ± 0.4 versus 2.0 ± 0.9,
respectively; p ＜ 0.05). At week 0, mecA-positive
Staphylococcus spp. were isolated from 12 out of a
total of 18 body sites (eleven S. pseudointermedius
and one S. aureus). In contrast, mecA-positive
Staphylococcus spp. were isolated from five body
sites (four S. pseudointermedius and one S.
epidermis) at the end of the trial at week 4. There
was no significant difference in the CADESI-03

resistant Staphylococcus pseudointermedius in
dogs because of the risk of colonization or mecA
gene transfer to owners3,6). In this clinical pilot
study, we evaluated the efficacy of weekly
bathing in decreasing MRS colonization in the
skin of allergic dogs.
Six dogs with chronic, recurrent, and pruritic
skin symptoms that were diagnosed with CAD
and/or concurrent AFR based on Favrot’s criteria
for canine atopic dermatitis, serum allergenspecific immunoglobulin E (IgE) test, and food
elimination and provocation trials were enrolled
(Table 1)5,9). The allergic skin conditions of all
dogs were under control by prescription
medications and food avoidance. All six dogs were
routinely bathed by their owners at a frequency
of once a week or once every other week. All dogs
had a history of superficial pyoderma due
to Staphylococcus spp., in which mecA-positive
Staphylococcus spp. was isolated from the skin
surface. After informed consent was obtained,
owners were instructed to declare any unusual
events regarding their dogs such as the living
environment and diet during the study period.
The trial was conducted between September 2010
and December 2011. This trial was approved by
the ethical committee for clinical trials at the
Veterinary Teaching Hospital of Azabu University
in Sagamihara, Kanagawa Prefecture, Japan.
The trial participants were bathed by
veterinary technicians (VTs) once a week for 1
month. VTs photographed the dogs before their
weekly baths. The Canine Atopic Dermatitis
Extent and Severity Index version 3 (CADESI03), which has a maximum score of 1,240, was
used to evaluate skin symptoms8). Pruritus was
assessed daily by the owners on a scale of 0‑10
(0 ＝ no pruritus; 10 ＝ severe pruritus), and weekly
average scores were calculated. To evaluate changes
in clinical scores, the scores at the start (week 0)
and end (week 4) of the trial were compared.
The swab samples were collected from the
skin surface before the baths. Three swab samples
were collected from three different affected body
sites that showed signs such as erythema and
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Shiba Inu

Yorkshire
Terrier

Toy
Manchester
Terrier

Shiba Inu

Brussels
Griffon

Labrador
Retriever

1

2

3

4

5

6

F

NM

NM

SF

SF

SF

Sex1)

8

8

10

9

6

10

Age
(year)

2

4

1

2

1

5

1st
onset
(year)

All year

All year

All year

Autumn,
Winter

All year

All year

Seasonality
of
symptoms

Erythema, Papule,
Lichenification,
Hyperpigmentation,
Alopecia, Fistula

Erythema,
Excoriation, Papule,
Scales,
Lichenification,
Hyperpigmentation,
Alopecia, Fistula

Scales,
Lichenification,
Hyperpigmentation,
Alopecia

Erythema, Scales,
Alopecia

Erythema,
Excoriation, Papule,
Scales,
Lichenification,
Hyperpigmentation,
Alopecia

Erythema, Scales,
Lichenification,
Hyperpigmentation,
Alopecia

Major Skin
symptoms

Muzzle, Face,
Ear, Axillae,
Ventral abdomen,
Interdigital skin

Muzzle, Face,
Dorsal trunk,
Ventral abdomen,
Interdigital skin

Muzzle,
Periocular, Feet,
Axillae, Ventral
abdomen

Axillae, Dorsal
trunk, Ventral
abdomen

Muzzle, Ear,
Periocular, Feet,
Axillae, Dorsal
trunk, Ventral
abdomen

Muzzle,
Periocular, Feet,
Axillae, Ventral
abdomen, Prianal

Major Skin
lesions

A. fumigatus

A. siro

D. pteronyssinus

A. siro

D. farinae,
D. pteronyssinus

D. farinae,
D. pteronyssinus

Results of serum
allergen specific
Immunoglobulin
E test

Chicken,
Potato

Japanese
sweets

Chicken,
Sardine,
Sprout,
Potato, Rice,
Wheat

Not
determined

Chicken

Not
determined

Results of
food
provocation
test

1) F, female; SF, Spayed female; NM, Neutered male
2) Ointment, Hand-mixed topical corticosteroid (0.12% betamethasone valeratel and 0.3% heparinoidm)
3) Chlorhexidine, Nolvasan, Fort dodge animal health, IA; Miconazole nitrate and Chlorhexidine, Malaseb, Fort dodge animal health, IA

Breeds

Case
No.

Prednisolone,
Thyroxin,
Ointment

Ointment

Prednisolone,
Clemastine
fumarate,
Glycyrrhizinate,
Ointment

Prednisolone,
Ointment

Clemastine
fumarate,
Ointment

Clemastine
fumarate,
Glycyrrhizinate,
Ointment

Prescribed
medications2)

Chlorhexidine

Chlorhexidine

Miconazole
nitrate and
Chlorhexidine

Chlorhexidine

Chlorhexidine

Chlorhexidine

Prescribed
shampoos3)

Table 1. Profile, skin symptoms, skin lesions, identified allergens, and prescribed medications and shampoos of six allergic dogs enrolled in
the trial
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Fig. 1. Changes in the clinical scores and frequency of mecA-positive Staphylococcus colonization in six
dogs enrolled in the trial.

genes are increased with this approach1‑3,6,10,14), as
demonstrated by the colonization of healthy dogs
by mecA-positive S. pseudointermedius10. In this
study, S. epidermis, a typically non-pathogenic
spp. that was isolated from case 3 at week 4 was
found to have mecA. The roles of S. epidermis as
a reservoir and transmitter of linezolid resistance
genes were previously described2. Restoration of
commensal skin flora and prevention of drug
resistance are considered as logical goals to
control allergies in dogs14). Thus, weekly bathing
following clinical cure with antibiotics should be
useful in preventing the risk for development of
multidrug resistance in not only skin microflora
but also in other organs.
In the present study, we performed weekly
bathing only for enrolled dogs that were being
bathed two to four times a month by their owners
before the trial. The environment and
housekeeping conditions differed between the
dogs. For example, the elderly owners may have
had trouble in efficiently bathing their dogs, and
one major reason for the success of this trial
could be because of the experienced VTs who

score between week 0 (178 ± 83) and week 4
(166 ± 95); however, two of the six participant
dogs (cases 1 and 5) exhibited decreases of 侒25%
in CADESI-03 scores compared with those at
week 0. The pruritus score was significantly
lower at week 4 than at week 0 (3.8 ± 2.5 versus
4.3 ± 2.5, respectively; p ＜ 0.05). Cases 4 and 5
showed decreases of 侒25% in pruritus scores at
week 4 compared with those at week 0.
In this trial, we were successful in maintaining
allergic dermatitis under control using weekly
bathing without antibiotics. Four weeks after the
trial, the pruritus scores and MRS colonization
on the skin surface decreased. Previous studies
showed that transient infectious as well as
resident non-infectious Staphylococcus spp. were
present in the skin of atopic canines6,11,14). While
aggressive antibiotic therapy can be useful for
the elimination of pathogenic Staphylococcus spp.
from skin lesions, long term antibiotic use are
likely to increase the risk for disruption of the
skin and other organ-resident floras14). In addition,
the risk of both pathogenic and non-pathogenic
Staphylococcus spp. to acquire antibiotic resistance
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Table 2. Summary of Staphylococcus spp. and their mecA status in six dogs enrolled in the trial
At week 0

At week 4

Case
No.

Body sites where
swab samples
were collected

The
results of
the culture

The
results of
mecA

Isolated
Staphylococcus spp.
by PCR

The
results of
the culture

The
results of
mecA

Isolated
Staphylococcus spp.
by PCR

1

Right axillae

Positive

Positive

S. peudointermedius

Positive

Positive

S. peudointermedius

Ventral abdomen

Negative

Positve

S. peudointermedius

2

3

4

5

6

Right feet

Negative

Right axillae

Positive

Negative
Negative
Positive

S. peudointermedius

Negative

Right ear

Positive

Positive

S. peudointermedius

Positive

Dorsal trunk

Positive

Positive

S. peudointermedius

Negative

Left Axillae

Negative

Dorsal trunk

Positive

Postitive

S. peudointermedius

Negative

Negative

Ventral abdomen

Negative

Positive

Positive

S. epidermidis

Muzzle

Positive

Postitive

S. peudointermedius

Positive

Postitive

S. peudointermedius

Right Axillae

Positive

Postitive

S. peudointermedius

Negative

S. peudointermedius

Negative
Negative
Postitive

S. peudointermedius

Ventral abdomen

Negative

Right
Interdigital skin

Positive

Postitive

Negative

Dorsal trunk

Positive

Postitive

S. peudointermedius

Ventral abdomen

Positive

Postitive

S. aureus

Positive

Right
Interdigital skin

Positive

Postitive

S. peudointermedius

Negative

Muzzle

Positive

Postitive

S. peudintermedius

Negative

Right Axillae

Negative

Negative
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bathed the dogs in not a specific but a certain
manner. Furthermore, worsening condition of
the ventral abdominal lesions and increased
CADESI-03 score were observed in case 3 at week
4. The ventral abdominal skin is comparatively
thin in the breed phenotype of case 3. Therefore,
it may be preferable to tailor the frequency of
bathing in each dog based on breed characteristics
to avoid excessive washing.
A limitation of the present trial was treatment
necessity, and it was not possible to obtain
permission from the owners for their animals to
be bathed with only tap water as a control group
participating in this trial. Further clinical trials
with this control group are needed based on this
pilot study. In conclusion, we propose weekly
bathing as useful in controlling canine allergic
dermatitis by preventing recurrent MRS skin
infections.
This study was partially supported by the
Young Scientist Research Training Award (2012)
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CASE REPORTS

Canine Pemphigus Foliaceus with Concurrent
Immune-Mediated Thrombocytopenia
Shinpei Kawarai, PhD, DVM, Masaharu Hisasue, PhD, DVM, Shinobu Matsuura, PhD, DVM, Tetsuro Ito, DVM,
Yukari Inoue, DVM, Sakurako Neo, PhD, DVM, DACVP, Yoko Fujii, PhD, DVM, DACVIM (Cardiology),
Hiroo Madarame, PhD, DVM, DJCVP, Kinji Shirota, PhD, DVM, DJCVP, Ryo Tsuchiya, PhD, DVM

ABSTRACT
A 3 yr old wirehaired fox terrier was presented to his primary care veterinarian with fever, thrombocytopenia, and
generalized crusting dermatitis. The skin lesion had progressed for at least 18 days, and thrombocytopenia had
developed 3 days before presentation. Histopathology and direct immunofluorescence studies of the skin were
consistent with pemphigus foliaceus (PF). Immunofluorescence revealed immunoglobulin G deposition around the
keratinocytes in the stratum spinosum. A diagnosis of immune-mediated thrombocytopenia (IMT) was confirmed by the
presence of platelet surface-associated immunoglobulin using flow cytometry. Systemic immunosuppressive therapy
with cyclosporine and azathioprine was effective, and the dog survived for .2 years from the initial presentation. IMT is
rarely associated with PF. This appears to be the first detailed report of a definitive diagnosis of concurrent PF and IMT
in a dog. The authors’ findings indicate that canine PF could be complicated by hematologic immune-mediated
diseases such as IMT. (J Am Anim Hosp Assoc 2015; 51:56–63. DOI 10.5326/JAAHA-MS-6044)

Introduction

different epidermal staining patterns were identified by indirect IF
using healthy canine footpad epithelium as a substrate.11 Compar-

Canine pemphigus foliaceus (PF) is the most common autoimmune

isons of IF staining patterns of desmosomal and nondesmosomal

pustular skin disease in dogs characterized by pustules, crusting,

adhesion molecules of keratinocytes with those of canine PF sera

erosions, and alopecia of the head, face, nasal planum, pinnae, and

showed that desmocolin-1 was the major autoantigen of canine

footpads.1–3 When generalized, skin lesions spread over the entire

PF.11,12 Although circulating antikeratinocyte autoantibodies are

body, and symptoms include fever, lethargy, and limb edema.

considered to cause acantholysis only on the epidermis, canine PF

Histopathologically, acantholytic keratinocytes are found within

reportedly occurs either concurrently with or following hypothy-

intraepidermal-to-subcorneal neutrophilic and eosinophilic pus-

roidism, leishmaniasis, and systemic lupus erythematosus

tules. Direct immunofluorescence (IF) has shown that antikerati-

(SLE).3,13–15 Dysregulated antibody production based on polyclonal

nocyte autoantibodies are deposited in vivo in the subcorneal layers,

B cell activation, cross-reacting antigens, and the innocent

especially the stratum spinosum and granulosum.1–9 Indirect IF

bystander reaction due to adsorption of circulating immune

using canine PF sera revealed the presence of circulating

complexes onto keratinocytes are thought to cause these autoim-

antikeratinocyte immunoglobulin (Ig) G in vitro.10 Recently, several

mune disorders.3,13–15
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Concurrent Pemphigus Foliaceus and IMT in a Dog

FIGURE 1

Appearance of the wirehaired fox terrier at the time of presentation. A, B: Note the generalized dermatitis with pustules, crusts,

erosions, and alopecia, on the face (A), ear (B), and trunk (C) at the primary care hospital. The dog’s hair was clipped by the primary care
veterinarian.
Thrombocytopenia in dogs is often immune mediated.16 The

before presentation. At the time of examination, the dog was

pathogenesis of canine immune-mediated thrombocytopenia

pyrexic (39.78C) and the skin lesions were bilateral, symmetrical,

(IMT) involves platelet surface-associated (PSA) Ig binding, which

and manifested as pustules, crusting, and erosions. The pustules

leads to the increased removal of antibody-coated platelets by

initially appeared on the ventral trunk, in the ear canal, and on the

macrophages through phagocytosis in the reticuloendothelial

pinnae. Multifocal crusting and erosion then progressed over the

16

Canine IMT is difficult to diagnose because it occurs

entire body to cover the nasal planum, top of the head, muzzle,

not only primarily without obvious underlying causes, but also

dorsal and ventral trunk, feet, and paw pads over the next 18 days

secondarily to various systemic diseases including infectious,

(Figures 1A, B, and C). Prior to referral, commercially-available

neoplasias, adverse reactions to drugs (e.g., sulfonamide, cephalo-

rapid drug sensitivity testing (Monoris Inc., Tokyo, Japan) was

sporin, cyclophosphamide, etc.), and systemic autoimmune

performed without bacterial identification from swabs collected

system.

16–20

Typically, IMT is diagnosed by excluding

from underneath a crust on the ventral trunk. Although the

other causes of thrombocytopenia, such as disseminated intravas-

crusting dermatitis did not respond to a systemic antibiotic

cular coagulation and deficient platelet production by bone

(cephalexina, 25 mg/kg per os [PO] q 12 h) selected by the drug

diseases such as SLE.

16–20

Kristensen et al. (1994) established a direct assay

sensitivity test, the fever was reduced with a single dose of

for measuring PSA-Ig using flow cytometry, which can be used to

diclofenac sodiumb (1.25 mg PO). Because leukocytosis, anemia,

marrow.

16,17,19

Tsuchiya et al. (2010) recently

and thrombocytopenia were diagnosed after the administration of

improved the accuracy of the assay using established artificial

cephalexin and diclofenac sodium, the dog was referred to the

diagnose canine IMT.

positive-control platelets.21 The authors of this study routinely use

study authors’ hospital for further examination, diagnosis, and

this assay when canine IMT is suspected in their hospital.

treatment.

The purpose of this article is to describe a rare association of

Twelve days after the initial presentation at the primary care

PF with concurrent IMT. Diagnosis was made based on

hospital (day 1), the dog had lost 10% of its body weight (new body

histopathological findings, immunohistochemical detection of

weight was 9 kg). Body temperature, pulse, and respiratory rates

IgG deposition around keratinocytes, and flow cytometric

were 37.98C, 120 beats/min, and 25 breaths/min, respectively. A

detection of PSA-Ig.

physical examination revealed lameness; swelling of all limbs in the
synovial joints of the carpus, stifle, and hock; conjunctivitis; and

Case Report

peripheral lymphadenopathies on the superficial cervical and

A 3 yr, 10 mo old male wirehaired fox terrier was presented to his

popliteal lymph nodes. A grade 2/6 systolic heart murmur, loudest

primary care veterinarian with pruritus and generalized dermatitis.

over the left thorax, was audible during cardiac auscultation. The

The owner noticed that the dog’s skin lesions had worsen 6 days

skin showed generalized erythema, pustules, crusting, and erosions.
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594

57

Those lesions were distributed symmetrically on the dog’s face
(including the muzzle, nasal planum from the top of the muzzle to

TABLE 1

the front of the glabella, the periocular region, ear canal and
pinnae), ventral and dorsal trunk, feet, and paw pads. The oral

Complete Blood Cell Count and Serum Biochemical Profile
Results at the Time of Initial Presentation

mucosa and mucocutaneous junctions, such as the eyelids and

Variable

anus, were free of lesions. Impression smears were obtained from

Value
9

WBC (3 10 /L)

1.76

the erosive skin lesions under the crusting. Cytology findings

Red blood cell count (3 10 /L)

showed eosinophilic, pyogranulomatous inflammation comprising

Hemoglobin (g/L)

numerous degenerate and nondegenerate neutrophils, many

Packed cell volume

eosinophils and macrophages, and a few small lymphocytes. A

Mean corpuscular volume (fL)

few oval and intensely basophilic acantholytic keratinocytes with a

Mean corpuscular hemoglobin (pg/cell)

centrally placed nucleus were individually surrounded by abundant

Mean corpuscular hemoglobin concentration (g/L)

neutrophils. Infectious organisms such as bacteria and Malassezia

12

4.3
96
0.29
67
22.3

Reference range
(0.6–1.7)
(5.5–8.5)
(120–180)
(0.37–0.55)
(66–77)
(19.9–24.5)

333

(320–360)

Platelet count (3 109/L)

70

(200–500)

spp. were unremarkable in smears. Swabs collected from pustules

Total protein (g/L)

47

(51–77)

in the axillary area were examined for bacterial and fungal cultures

Albumin (g/L)

18

(25–40)

at Hoken Kagaku Laboratory (Kanagawa, Japan) using sheep blood

Blood urea nitrogen (mmol/L)

agar and Sabouraud agar, respectively. Sarcoptic mange and

Creatinine (lmol/L)

Demodex canis were not detected in skin scrapings or plucked hairs.

7.43

(3.28–10.42)

35.36

(44.2–132.6)

Phosphorus (mmol/L)

1.39

(0.71–1.78)

Calcium, total (mmol/L)

2.2

(2.15–2.85)

primary care veterinarian and based on the physical exam findings

Alanine aminotransferase (lkat/L)

0.25

(0.3–1.19)

conducted at the authors’ hospital, immunologic tests, diagnostic

Alkaline phosphatase (lkat/L)

imaging, arthrocentesis, fine-needle aspiration of lymph nodes,

Total cholesterol (mmol/L)

skin biopsy, and a histopathological examination were performed.
Table 1 shows the hematologic and serum biochemical

Considering the diagnosis of hematologic abnormalities by the

68.17

(0.6–4.33)

5.26

(2.77–8.13)

Triglycerides (mmol/L)

1.34

(0.19–1.15)

Total bilirubin (lmol/L)

16.93

(0.0–5.13)

4.11

(3.83–6.77)

findings. Complete blood cell counts showed a slightly elevated

Glucose (mmol/L)

white blood cell count (1.76 3 109/L; reference range, 0.6–1.7 109/

Sodium (mmol/L)

L), a low red blood cell count (4.3 3 1012/L; reference range, 5.5–

Potassium (mmol/L)

8.5 1012/L), a packed cell volume of 0.29 (reference range, 0.37–

Chloride (mmol/L)

152.4
4.48
118.6

(142–152)
(3.7–5.3)
(105–117)

0.55), and a remarkably low platelet count (PLT; 70 3 109/L;
reference range, 200–500 109/L). The ratio and cell counts of
phosphatase (68.17 lkat/L; reference range, 0.6–4.33 lkat/L), and

reticulocytes were 0.0032 proportion of red blood cells and 13.76 3
10 /L, respectively (the range of reticulocyte counts in regenerative

bilirubin (16.93 lmol/L; reference range, ,5.13 lmol/L). C-

response to mild anemia (a packed cell volume of 0.26–0.38) are

reactive protein (CRP) was measured using a laser nephelometric

100–150 3 109/L). A slightly low serum iron concentration (16.11

immunoassayc to evaluate the degree of systemic inflammation.

lmol/L; reference range, 16.83–21.84 lmol/L) and low unsaturated

Examination of globulin protein fraction by serum protein

iron binding capacity (6.80 lmol/L, reference range; 22.73–60.86

electrophoresis was performed because hypoalbuminemia was

lmol/L) indicated that chronic inflammation caused the mild

observed. CRP was obviously elevated at 114.29 nmol/L (reference,

nonregenerative anemia. Blood coagulation tests showed an

,9.52 nmol/L) and serum protein electrophoresis revealed elevated

elevated plasma fibrinogen (13.35 lmol/L; reference range, 2.59–

a2-globulin level.22

9

9.88 lmol/L), a normal prothrombin time (8.1 s; reference range,

To determine the cause of the hypoalbuminemia, diagnostic

6.8–8.6 s), a slightly prolonged activated partial prothrombin time

imaging was performed, focusing on possible renal and hepatic

(28.1 s; reference range, 13.1–26.9 s), and a normal fibrinogen-

abnormalities. Thoracic and abdominal radiography revealed no

fibrin degradation product (,2.5 mg/L; reference range, 0–2.5 mg/

apparent abnormalities. An abdominal ultrasound showed hepatic

L). The blood coagulation test results excluded disseminated

venous congestion and mild hyperechogenicity of the liver

intravascular coagulation. The serum biochemical analysis showed

parenchyma and renal cortex. The dog underwent a cardiac

moderately low total protein (47 g/L; reference range, 51–77 g/L)

work-up to determine the cause of its heart murmur and hepatic

and albumin (18 g/L; reference range, 25–40 g/L) with high alkaline

venous congestion. Echocardiography revealed mild pulmonary
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FIGURE 2

Flow cytometric analysis of platelet surface-associated (PSA) immunoglobulin (Ig) M, -IgG, and complement 3 (-C3). Platelets

from sick (filled curve) and healthy control (open curve) dogs stained with anti-canine IgM, IgG, and C3 antibodies conjugated with fluorescein
isothiocyanate. Numbers in the graphs indicate binding percentage (%) of PSA-IgM, -IgG, and -C3 on platelets obtained from sick dog. Reference
lines for PSA-IgM, -IgG, and -C3 positive platelets from healthy control are set at 5%.
hypertension on the basis of increased tricuspid regurgitation

ma multiforme, cutaneous vasculitis, IMT, and SLE. An additional

velocity (3.41 m/s, reference range ,3.0 m/s; estimated pressure

skin biopsy and immunologic tests were conducted to reach a

gradient across the tricuspid valve, 46 mm Hg). The dog’s systolic

definitive diagnosis.

blood pressure was 120 mmHg, which was considered normal for

A commercial laboratory (Monoris Inc, Tokyo, Japan)

dogs. Urinalysis revealed a specific gravity of 1.045, a protein

performed a direct Coombs’ test and measured serum antinuclear

content of 1.8 g/L, and a protein/creatinine ratio of 1.5, indicated

antibodies and rheumatoid factor (RF) to determine the presence

mild proteinurea (reference ranges, 1.020–1.050, ,0.5 g/L, and

of SLE. The direct Coombs’ test (378C and 48C) and antinuclear

,0.5, respectively). The findings of proteinurea and a hyperechoic

antibodies were negative, but RF was positive (titer was 320;

renal cortex indicated protein-losing nephropathy. The leakage of

reference value; 0). Nine days after the initial presentation, flow

antithrombin III from the kidneys is considered a possible cause of

cytometry for PSA-IgM, -IgG, and -C3 was performed as described

pulmonary thromboembolism, which leads to pulmonary hyper-

by Tsuchiya et al (2010) for the diagnosis of canine IMT.21 The

tension; however, further work-up was not performed.

gates for positive events were set based on healthy control samples

To exclude lymphoma, a fine-needle aspirate of the lymph

at 0–5%. Values .10% were judged positive. The results showed

nodes was obtained, which showed mild-to-moderate reactive

apparently positive anti-canine IgM (89.3%) and anti-canine IgG

lymphoid hyperplasia with mild neutrophilic infiltration. the

(47.1%) antibodies, but negative anti-canine C3 (7%) antibody

authors performed arthrocentesis because idiopathic polyarthritis

compared with the healthy control (Figure 2).

was suspected on the basis of the history of fever, physical findings

Skin biopsies obtained using a 4 mm biopsy punch from the

of lameness, and increased serum CRP level. A gross examination

crusting skin lesions on the dog’s head, neck, and dorsal trunk were

of joint fluid showed turbidity and decreased viscosity. A cytologic

examined by routine histopathology. Those findings revealed severe

examination identified low-to-moderate cellularity and mild
inflammation consisting of large mononuclear cells (94%), small

crusting of the superficial epidermis and large intraepidermal to

mononuclear cells (5%), and neutrophils (1%). Those findings

subcorneal pustules (Figure 3A) that mainly comprised neutrophils

were consistent with polyarthropathy associated with chronic

and eosinophils, and some included acantholytic keratinocytes

inflammation.

(Figure 3B). The pustules involved the hair follicles and extended

At that point, a mild anemia, polyarthropathy (possibly due to

into the follicular infundibula. Neutrophilic and eosinophilic

chronic inflammation), thrombocytopenia, hypoalbuminemia

inflammation was seen in the pustules. Primarily neutrophils and

(probably due to protein-losing nephropathy), and pulmonary

then mononuclear cells infiltrated the superficial-to-middle dermis.

hypertension were identified. Based on those findings, the authors’

Direct IF using anti-canine IgG antibodiesd (1:800) identified IgG

differential diagnoses included PF, pemphigus erythematous,

deposition throughout the superficial-to-middle epidermis layer,

panepidermal pustular pemphigus, cutaneous lymphoma, erythe-

particularly in the stratum spinosum (Figure 3C). Canine PF and
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FIGURE 3

A: Histopathological features of the superficial pustules. B: High-power magnification of the area circled in A. The pustules are

comprised of neutrophils with some acantholytic keratinocytes (arrows). C: Direct immunofluorescence shows immunoglobulin G deposition from
the superficial to middle epidermal layers, especially the stratum spinosum. Hematoxylin and eosin stainining (A and B) and Immunofluorescence
staining with anti-dog IgG (green) and antinuclear stain, DAPI (blue) (C). Bar ¼ 400 lm (A), 100 lm (B), and 100 lm (C).
Follow-up examination on day 22 after initial therapy revealed

IMT were diagnosed based on those histopathological and

a 50% improvement in the skin lesions. The physical findings, PLT

immunologic findings.
The dog was hospitalized for 7 days and received fluid therapy

(359 3 109/L), and CRP (46.67 nmol/L) were also improved.

with acetate Ringer’s solution (3 mL/kg/hr) supplemented with low

Because of persistent erythema and pruritus on the skin lesion and

molecular weight heparin (dalteparin sodiume, 75 U/kg/day) and

hyperthermia (39.88C), azathioprineo (2 mg/kg PO q 24 hr) was

monoammonium glycyrrhizinatef (1 mg/kg intravenous injection

coadministered with cyclosporine. On day 36, the red blood cell

[IV] q 12 hr). Cefazolin sodium hydrateg (25 mg/kg IV q 8 hr) and

count and packed cell volume had recovered (5.14 3 1012/L and

enrofloxacinh (5 mg/kg BW q 24 hr) were administered to prevent

0.37, respectively) and CRP had decreased to 11.43 nmol/L.

bacterial growth, and ursodeoxycholic acidi (10 mg/kg PO q 12 hr)

Cyclosporine was discontinued immediately. On day 64, 90% of

was administered as liver function support. Hand-mixed topical

the skin lesions were improved and were completely resolved by

j

day 120 (Figure 4). The dog’s physical condition and complete

corticosteroid (0.12% betamethasone valerate and 0.3% heparink

l

oid ) and 0.5% vitamin A oil was applied to reduce the inflam-

blood cell count had also improved. The azathioprine dosage was

mation and as a moisturizer. After cutaneous lymphoma had been

gradually tapered to 0.8 mg/kg PO q 48 hr. On day 309 from the

excluded by frozen-section histopathology by day 3 from the first

time of referral, PSA-IgM, -IgG, and -C3 were re-evaluated by flow

m

presentation at the authors’ institution, cyclosporine (5.5 mg/kg

cytometry. The results were negative for IgM (7%), IgG (5.1%),

PO q 24 hr) was started. A bacterial culture and sensitivity tests were

and C3 (3.6%). The skin symptoms were controlled by azathio-

performed on day 7. Escherichia coli and Staphylococcus spp. with

prine monotherapy until day 785.

methicillin resistance (i.e., penicillin, oxacillin, cephalexin, cefazolin, imipenem, lincomycin, enrofloxacin, minocycline, gentamicin,

Discussion

and sulfamethoxazole-trimethoprim) were isolated on the basis of

To the author’s knowledge, this is the first report to describe a dog

23

the Clinical Laboratory Standard Institute guidelines. Based on the

definitively diagnosed with concurrent PF and IMT. Some forms of

culture, the previously prescribed antibiotics were substituted with

immune-mediated skin disease have been considered as possible

fosfomycin calcium hydraten (25 mg/kg PO q 12 hr). The results of

causes of IMT and an epidemiological survey by Grindem et al.

fungal cultures were negative on day 17.

(1991) found that IMT in pemphigus complex is very rare.16,18 The
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A diagnosis of canine IMT is difficult because it is usually only
concluded by excluding other potential causes of thrombocytopenia.16–20 Dogs with IMT develop an increased risk of spontaneous
hemorrhage when PLT fall below 10–30 3 109/L, whereas O’Marra
et al. (2011) reported that signs of bleeding were absent in 19% of
73 dogs showing platelet counts ,50 3 109/L.16–20,24 Those asymptomatic dogs with moderate thrombocytopenia are not thoroughly
evaluated in routine clinical practice because an invasive bone
marrow examination is needed to exclude nonimmune-mediated
thrombocytopenia. The authors of the current study diagnosed
IMT in a dog by measuring PSA-Ig using flow cytometry at the
time of the initial presentation at their hospital. Furthermore, the
positive PSA-IgM and -IgG findings became negative when the
FIGURE 4

Appearance of the wirehaired terrier following

thrombocytopenia was improved by immunosuppressive therapy

treatment with azathioprine 120 days after initially being presented

with azathioprine. The study authors thus considered that the PSA-

to the authors’ hospital.

Ig level correlated with disease status and was useful for the
diagnosis and evaluation of treatment in dogs with IMT.

following forms of histological types of pemphigus are recognized

Vaughan et al. (2010) reported that complicated cases of canine

in dogs and cats: PF, pemphigus erythematosus, panepidermal

PF concurrent with allergic skin disease and other systemic diseases

pustular pemphigus, pemphigus vulgaris, and paraneoplastic

are significantly associated with the presence of eosinophil

pemphigus.1–9 The most common form of pemphigus complex is

infiltration in intraepidermal pustules.8 In the present case,

PF, of which symptoms are commonly less severe than in other

eosinophil infiltration was detected in the pustules, and the dog

Although Grindem et al.

presented with pruritus at onset and a history of recurrent pyoderma.

(1991) did not specify the forms of pemphigus, recent retrospective

Concurrent IMT was also diagnosed. Those finding are consistent

studies have not reported those diseases to occur simultaneous-

with those of Vaughan et al. (2010).8 One case, positive for

ly.7,8,19,20 Therefore, the presence of PF and IMT seems to be rare.

eosinophil infiltration, was provisionally diagnosed with drug

The present findings of PSA-Ig analysis reflect immunological

hypersensitivity against ampicillin, amoxicillin, enrofloxacin, and

1–4

forms, such as pemphigus vulgaris.

metronidazole.8 Because PF and IMT, as observed in the present case,

signs of canine PF in addition to known physiological and

are clinical symptoms in drug hypersensitivity, it was possible that

hematological abnormalities. In canine PF, symptoms are generally

those symptoms persisted at the initial presentation to the authors’

localized to the skin. Although systemic symptoms, including

hospital.2,6,8,16 If canine PF is accompanied with eosinophilic

anorexia, depression, fever, and weight loss are rare, they become

infiltration, it may be necessary to examine underlying diseases.

obvious when erosive skin lesions progress over the entire body.3

Skin lesions had been evident in the case described herein

Various hematologic abnormalities, such as moderate to severe

since the first examination at the primary care veterinary hospital.

leukocytosis and neutrophilia, mild nonregenerative anemia,

However, the PLT (194 3 109/L; reference range, 200–500 3 109/L)

thrombocytopenia, mildly to moderately elevated a2-, b2-, and c-

at that time were essentially normal and gradually decreased

globulins, and mild hypoalbuminemia have also been report-

thereafter. The possible causes of secondary IMT include infectious

ed.7,8,14,15 Those features are usually associated with the severity of

diseases, neoplasia, adverse reactions to drugs, and systemic

skin symptoms; however, the results of routine blood tests,

autoimmune diseases such as SLE. In the current case, PF and

diagnostic imaging, and urinalysis have received relatively little

adverse drug reaction were considered as the possible etiologies.

focus because they are not considered to support a specific

IMT may also arise in association with circulating antikeratinocyte

diagnosis.3 Focusing on thrombocytopenia among systemic

autoantibodies.3 Secondary IMT develops following SLE in some

symptoms, IMT was diagnosed on the basis of PSA-Ig levels

dogs, suggesting that immune complexes bound to platelets by

measured using flow cytometry. Therefore, if dogs with PF have

complement-mediated immune adherence or nonspecific interac-

obvious systemic signs, systemic work-ups and immunological tests

tions cause IMT concurrent with SLE.16 The current case had IgG

should be conducted to identify complicating factors and

antibodies on the epidermis, had IgM and IgG antibodies on the

associated diseases.

platelet-cell surface, and was RF positive. Those findings indicate
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that in this case, PF may have been the cause of hematologic

g

Cefamezin a; Astellas, Tokyo, Japan

immune-mediated diseases such as IMT. The other possible cause

h

Baytril; Bayer Health Care, Tokyo, Japan

of IMT was an adverse drug reaction. Prior to referral, IMT

i

URSO; Mitsubishi Tanabe Pharma Co., Osaka, Japan

occurred after administration of cephalexin, which is a known

j

Rinderon-V Ointment; Shionogi Co. Ltd., Osaka, Japan

cause of secondary IMT. In the present case, cefazolin sodium

k

Hirudoid Soft Ointment; Maruho, Osaka, Japan

hydrate, which belongs to the same drug class as cephalexin, had

l

Sahne Oint; Eisai, Tokyo, Japan

been administered IV for 3 days before administration of

m

Atopica; Novartis Animal Health, Tokyo, Japan

cyclosporine. Because the symptoms did not worsen after cefazolin

n

FOSMICIN; Meiji Seika Pharma Co. Ltd., Tokyo, Japan

administration without any immunosuppressant drug, the possi-

o

Imuran, GlaxoSmithKline, Tokyo, Japan

bility of an adverse drug reaction was considered low. Epidemiological studies are warranted to determine the prevalence and
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CASE REPORTS

A Case of Cutaneous Sterile Pyogranuloma/
Granuloma Syndrome in a Maltese
Shinpei Kawarai, PhD, DVM, Shinobu Matsuura, PhD, DVM, Saburo Yamamoto, PhD, Akio Kiuchi, PhD, DVM,
Nobuyuki Kanemaki, PhD, DVM, DAiCVO, Hiroo Madarame, PhD, DVM, DJCVP, Kinji Shirota, PhD, DVM, DJCVP

ABSTRACT
Cutaneous sterile pyogranuloma/granuloma syndrome (SPGS) is a locally restricted multinodular dermatitis. Affected dogs are
typically healthy, but a few show systemic signs. Herein, a case of a dog presenting with generalized ulcerative dermatitis with
systemic signs of mild anemia and an increased C-reactive protein level is described. Cutaneous SPGS was diagnosed by
histopathology, negative staining causative organisms, and polymerase chain reaction for Mycobacterium spp. Successful
treatment was achieved by immunosuppressive drugs, including prednisolone and azathioprine, administered for at least 20
mo. Recurrences of skin lesions were observed when prednisolone and/or azathioprine were discontinued. Long-term management with immunosuppressive agents may be required if the affected dog exhibits severe symptoms of cutaneous SPGS.
(J Am Anim Hosp Assoc 2014; 50:278–283. DOI 10.5326/JAAHA-MS-6009)

Introduction

The diagnosis of cutaneous SPGS is challenging and can be

Cutaneous sterile pyogranuloma/granuloma syndrome (SPGS) is

made only after ruling out other granulomatous and pyogranu-

a skin disease that is uncommon in dogs and extremely rare in

lomatous skin diseases.1–4 According to Santoro et al. (2008), the

cats.

1–4

In the literature, SPGS is also termed idiopathic peri-

etiology of granulomatous and pyogranulomatous skin diseases

adnexal multinodular granulomatous dermatitis.2 No age or gender

can be divided into two major groups. The ﬁrst group is infectious

predisposition is reported; however, boxers, golden retrievers, col-

diseases caused by protozoans, mycobacteria, pathologic dimor-

lies, Great Danes, and Weimaraners may be predisposed, and male

phic fungi, etc. and noninfectious diseases with a known etiology

1–5

Characteristic

such as a foreign body, hair, sebum, etc. The second group

skin lesions are usually observed on the bridge of the nose, muzzle,

includes unknown etiologies, such as idiopathic “sterile” derma-

dogs seem to be affected at a higher frequency.
1–5

These lesions comprise

titis.4 Histopathologically, those criteria were also based on visible

dermal papules and nodules, which are multiple, well demarcated,

infectious and known etiological agents and etiologic agents not

ﬁrm, painless, and nonpruritic.

periocular region, pinnae, and paws.
1–5

They may become alopecic and

detectable by analytical methods and possible immune-mediated

ulcerated and may get secondarily infected, particularly on the

(idiopathic) mechanisms. Some organisms such as Mycobacterium

paws.1–5 Although systemic signs such as lymphadenopathy and

spp. and Leishmania spp. are not easily detected by histopa-

hypercalcemia have been reported in dogs and cats, the affected

thology; therefore, polymerase chain reaction (PCR) analysis is

animals are typically healthy.1–7

required.4,7,8 A diagnosis of cutaneous SPGS can be made after

From the Veterinary Teaching Hospital Laboratory of Small Animal
Clinics (S.K., N.K., H.M.), Department of Veterinary Medicine Laboratory of Veterinary Pathology (K.S.), and Laboratory of Microbiology I (A.K.), Azabu University, Sagamihara, Kanagawa, Japan;
Whitaker Cardiovascular Institute, Boston University School of
Medicine, Boston, MA (S.M.); and Central Laboratory, Japan BCG
Laboratory, Kiyose, Tokyo, Japan (S.Y.).

CRP, C-reactive protein; Ig, immunoglobulin; PCR, polymerase chain reaction;
PO, per os; SPGS, sterile pyogranuloma/granuloma syndrome
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ruling out noninfectious granulomas of unknown etiologies,

Hematologic analysis revealed results within reference ranges,

such as reactive histiocytosis, juvenile sterile granulomatous

except for a slight decrease in the red blood cell count (3.92 3 1012/L;

dermatitis and lymphadenitis, cutaneous xanthoma, and canine

reference range, 5.5–8.5 3 1012/L) and packed cell volume (0.31%;

sarcoidosis.1–4

reference range,) and a remarkable increase in CRP level (142.86

Herein, the successful long-term treatment of a dog pre-

nmol/L; reference range 0.37–0.55, , 9.52 nmol/L) as described in

senting with cutaneous SPGS characterized by generalized ulcer-

Table 1. After severe inﬂammation was suspected in the dog, CRP

ative dermatitis, systemic signs of mild anemia, and an increased

level was monitored using a laser nephelometric immunoassay

C-reactive protein (CRP) level is described. Cutaneous SPGS

systema for dogs.9 Serum protein electrophoresis revealed an in-

was diagnosed by histopathology, negative staining, and PCR for

creased a2-globulin fraction level, but did not indicate gammopathy.
Differential diagnoses from the ﬁndings at the ﬁrst visit were

Mycobacterium spp.

both aerobic and anaerobic bacteria, including Nocardia and

Case Report

Actinomyces spp.; deep and intermediate fungi; dermatophytosis;

An indoor 3 yr old castrated male Maltese weighing 4.2 kg was

pemphigus foliaceus; pemphigus vulgaris; erythematosus para-

referred to the Veterinary Teaching Hospital, Azabu University,

neoplastic pemphigus; discoid lupus erythematosus; systemic lu-

with generalized ulcerative dermatitis. Initially, the skin lesions

pus erythematosus; cutaneous lymphoma; erythema multiforme;

occurred on the dog’s head, identiﬁed by mild scales. The lesions

cutaneous vasculitis; toxic epidermal necrolysis; hepatocutaneous

progressed to crusting and multifocal ulcers, which spread to the

syndrome; and idiopathic ulcerative dermatosis.

head, dorsal and ventral trunk, and limbs over a period of 8 mo.

Antimicrobial susceptibility testing was conducted at Hoken

Prior to being referred, the dog was administered systemic anti-

Kagaku Laboratory (Kanagawa, Japan) using the Clinical Labo-

bacterial and antifungal drugs [30 mg/kg cephalexin per os (PO) q

ratory Standards Institute method. Aerobic bacterial culture from

12 hr and 6 mg/kg ketoconazole PO q 12 hr, respectively] for

a swab of a dorsal ulcerative skin lesion using sheep blood agar was

4 wk; however, the dog was unresponsive. Physical and derma-

negative. Although the association of anaerobic bacteria could not

tological examinations, bacterial culture with antimicrobial sus-

be ruled out, anaerobic culture was not performed because the

ceptibility testing, fungal culture, blood tests, diagnostic imaging,

ulcerative lesion was aerobically exposed on the superﬁcial epi-

urinalysis, arthrocentesis, skin biopsy, and histopathological exami-

dermis. Fungal culture performed and analyzed at Hoken Kagaku

nations were subsequently performed at the time of referral.

Laboratory from the same skin lesion was negative. Sabouraud

On physical examination, the dog presented with severe pain,

agar, which is used for detection of dermatophytes, yeast-like

mild pruritus of the skin, and a body temperature of 398C. Bilateral

organisms, and Cryptococcus spp., was used for the culture. Be-

lymphadenopathy of the superﬁcial cervical and popliteal lymph

cause speciﬁc bacterial and fungal features were not identiﬁed by

nodes was observed. Skin lesions comprised alopecia and ery-

the impression smears, macerated tissue culture and specialized

thema with epidermal detachment and multifocal ulcers with

culture were not performed.

crusting. Although haired skin on the top of the muzzle remained,

Thoracic and abdominal radiographs and ultrasonography

demarcated alopecic skin lesions were observed on the dog’s face,

did not reveal any apparent abnormalities. Dermatoses associated

including the periocular, periauricular regions, and the planum

with systemic diseases such as paraneoplastic pemphigus and

nasale from the top of the muzzle to the head. Other affected areas

hepatocutaneous syndrome was ruled out because none of ﬁndings

were the dorsal trunk, extending from the neck to the front of the

indicated either a tumor mass or a remarkable abnormality of the

tail; the ventral trunk extending from the anterior chest; and the

liver parenchyma. To examine the possibility of systemic lupus

axilla to the inguinal region, limbs, paws, and perianal region

erythematosus, urinalysis (Table 1), and arthrocentesis of synovial

(Figure 1). Impression smears were obtained from the ulcerative

ﬂuid from the left knee joint were performed. Urine test strips

skin lesions of the dorsal and ventral regions and stained by the

were positive for protein (21) and negative to occasionally pos-

Wright’s-Giemsa method. Cytology revealed a pyogranulomatous

itive leukocytes, nitrate, urobilinogen, blood, ketones, bilirubin,

inﬂammation comprising macrophages and nondegenerate neu-

and glucose. Zero to occasional red blood cells, white blood cells,

trophils; however, acantholytic keratinocytes, bacteria such as

and transitional cells were seen, but no crystals or casts were

cocci and bacilli, and Malassezia spp. were not apparent. Infection

detected by urinary sediment examination. The synovial ﬂuid was

with Demodex canis was ruled out by skin scraping and hair

clear, colorless, and extremely viscous. Cytology revealed a few

plucking, and sarcoptic mange was ruled out by only mild pru-

large and small mononuclear inﬂammatory cells, which was not

ritus of the skin.

suggestive of arthropathy.
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FIGURE 1

Photographs of the dog’s head (A), right paw (B), dorsal region (C), and ventral region (D) on day 1 showing alopecia and

erythematous dermatitis with ulcerative plaques.
59-CATGTCTTGTGGTGGAAAGCG-39; RI16S, 59-TACCGTC

Specimens were collected using a 4 mm punch biopsy from
skin lesions on the dog’s head and dorsal trunk. Histopathology

AATCCGAGAGAACCC-39) were used to amplify a 288-base pair

revealed a nodular to diffuse dermatitis characterized by intense

fragment. The ﬁrst and second PCR ampliﬁcation consisted of

lymphohistiocytic inﬁltration and ﬁbrosis involving the superﬁcial

one cycle at 988C for 3 min, followed by 35 cycles of denatur-

dermis and subcutis (Figure 2). The adnexa, such as the hair

ation (988C for 30 sec), annealing (65.78C for 30 sec), and ex-

follicles and sebaceous glands, were obscured by ﬁbrosis. Depo-

tension (728C for 30 sec). The PCR products were separated by

sition of autoantibodies in the tissue was not detected by immu-

2% agarose gel electrophoresis, stained with ethidium bromide,

noﬂuorescence using ﬂuorescein isothiocyanate-labeled anti-dog

and visualized using an UV transilluminatorf. DNA was extracted

b

immunoglobulin (Ig) G antibodies (diluted 1:800). Based on the

from a BCG vaccine straing and used as a positive control. The

histopathological evaluation, pemphigus foliaceus, pemphigus

PCR results were negative, and mycobacteriosis was ruled out in

vulgaris, and systemic and discoid lupus erythematosus, cutaneous

the present case.

lymphoma, erythema multiforme, cutaneous vasculitis, toxic epi-

Clinical ﬁndings (age of onset and breed), histopathological

dermal necrolysis, and idiopathic ulcerative dermatosis were ruled

ﬁndings, and diagnostic imaging results ruled out the other

out. Histopathological analysis revealed the presence of nodular

noninfectious granulomas of unknown etiologies; therefore, a di-

granuloma, which suggested a deep pyoderma and fungal infection

agnosis of cutaneous SPGS was considered most suitable for the

by an antibiotic-resistant microorganism, atypical mycobacteriosis

present case. Consequently, prednisoloneh (1 mg/kg PO q 12 hr)

(canine leproid granuloma syndrome), and cutaneous SPGS. Cu-

and fosfomycin Ca hydratei (25 mg/kg PO q 12 hr) therapy

taneous leishmaniasis was ruled out because it is not endogenous

was initiated. In addition, as a supportive therapy, famotidine j

to Japan and the dog has never been outside Japan. Periodic acid-

(1 mg/kg PO q 12 hr) and ursodeoxycholic acidk (10 mg/kg PO q

Schiff, Ziehl-Neelsen, Grocott’s methenamine silver, and gram

12 hr) was administered for protection against the adverse effects

staining were used, but failed to detect any etiologic agent in the

of prednisolone. The treatment of skin barrier restoration in-

tissue specimens.

cluded 0.5% vitamin A oill and a topical corticosteroid prepara-

Using the primers described by Cornegliani et al. (2005), PCR

tion comprising 0.12% betamethasone valeratem and 0.3%

was performed to detect Mycobacterium spp.8 DNA extraction

heparinoidn. One wk after the initiation of therapy (day 7), the

from parafﬁn-embedded tissues was conducted using a commer-

ulcerative dermatitis improved and CRP level decreased (4.76

c

cial kit . Five microliters of the extracted DNA solution were used

nmol/L). After 1 mo (28 days), the dog was free of grossly visible

for the nested PCR ampliﬁcation of a 16S rRNA fragment with

ulcerative skin lesions (Figures 3A–C) and the packed cell volume

a DNA polymerased using a gradient thermal cyclere. The external

increased to 43%. Subsequently, the dose of prednisolone was

primers (FO16S, 59-GATAAGCCTGGGAAACTGGGTC-39; RO16S,

tapered by 0.5 mg/kg BW at 2 wk intervals and administration of

59-TTCTCCACCTACCGTCAATCCG-39) were used to amplify

azathioprineo (1 mg/kg PO q 24 hr) was initiated. After decreasing

a 344-base pair fragment and the internal primers (F116S,

the dose of prednisolone to 0.5 mg/kg q 48 hr (day 82), it was
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TABLE 1
Complete Blood Cell Count, Serum Biochemical Proﬁle, and
Urinalysis Results on the Day of Referral
Analyte

Value
9

Reference range

WBC (3 10 /L)

1.66

(0.6–1.7)

Red blood cell count (3 1012/L)

3.92

(5.5–8.5)

Hemoglobin (g/L)

99

Packed cell volume

0.31

(120–180)
(0.37–0.55)

Mean corpuscular volume (ﬂ)

77.8

(66–77)

Mean corpuscular hemoglobin (pg/cell)

25.3

(19.9–24.5)

Mean corpuscular hemoglobin
concentration (g/L)

325

(320–360)

FIGURE 2

A: Nodular to diffuse dermatitis characterized by

388

(200–500)

intense lymphohistiocytic inﬁltration and ﬁbrosis throughout the

Total protein (g/L)

61

(51–77)

superﬁcial dermis and subcutis. B: A nodular lesion mainly com-

Albumin (g/L)

27

(25–40)

Blood urea nitrogen (mmol/L)

18.6

(6.57–20.9)

prised of macrophages and neutrophils in the subcutis. Hematoxylin

Creatinine (mmol/L)
Phosphorus (mmol/L)

26.5
1.2

(44.2–132.6)
(0.7–1.8)

2.4

(2.2–2.9)

reported an apparent recurrence of pruritus and crusting on the

9

Platelet count (310 /L)

Ca, total (mmol/L)

and eosin stain, bar represents 500 mm (A) and 100 mm (B).

Alanine aminotransferase (mkat/L)

0.2

(0.3–1.2)

dog’s face and back within 2 wk after discontinuing prednisolone

Alkaline phosphatase (mkat/L)

4.3

(0.6–4.3)

and azathioprine. The recurrent lesions were treated with pred-

Total cholesterol (mmol/L)

5.1

(2.8–8.1)

nisolone and azathioprine that were prescribed by the referring

Triglycerides (mmol/L)

0.6

(0.2–1.2)

Total bilirubin (mmol/L)

0

(0.0–5.1)

5.7
142

(3.8–6.8)
(142–152)

Glucose (mmol/L)
Na (mmol/L)
Potassium (mmol/L)
Chloride (mmol/L)

4.49
106.8

veterinarian. No hair regrowth was observed during the course of
the treatment (day 624).

Discussion

(3.7–5.3)
(105–117)

At the time of referral, the study authors considered a diagnosis of

(1.020–1.050)

pustular skin disease; however, based on the histopathological
ﬁndings of granulomatous dermatitis, that diagnosis was changed

Urine speciﬁc gravity

1.074

Urine pH

7.0

(5.5–7.5)

Urine protein/creatinine ratio

0.22

(, 0.5)

to granulomatous and pyogranulomatous skin disease. Based on
the criteria described by Santoro et al. (2008), a diagnosis of
cutaneous SPGS was made.4

further decreased to q 72 hr for 2 mo (day 110). Following the

The etiology and pathogenesis of cutaneous SPGS is un-

cessation of prednisolone on day 138, mild skin lesions with

known.1–8 The absence of infectious agents and foreign materials

crusting and erosion were observed on the dorsum of the neck on

together with a good response to systemic glucocorticoids sug-

day 166 (Figures 3D, E). Those relapses were treated with pred-

gested the involvement of immune-mediated mechanisms.1–7 In

nisolone, and the dosage of azathioprine was decreased to 1 mg/kg

the present case, neither causative organisms nor foreign bodies

q 48 hr. Maintenance doses of prednisolone (0.5 mg/kg q 48 hr)

were detected by culture, impression smears, special histopatho-

and azathioprine (1 mg/kg q 48 hr) were selected on day 197;

logical staining, or PCR for Mycobacterium spp. Because Leish-

however, the owner had administered a single dose of predniso-

mania spp. is not endogenous to Japan, diagnoses were only made

lone (0.5 mg/kg) 1–2 times/wk according to the owner’s judg-

for Mycobacterium spp.4,8 Although potentially infectious bacteria,

ment, although the dog received azathioprine as scheduled. At a 3

such as antimicrobial-resistant bacteria, anaerobic bacteria, and

mo routine follow-up examination (day 278), the dog exhibited

bacteria requiring special culture methods, were not ruled out, the

mild skin lesions of erythema and crusting on the limbs and

authors attempted to limit the possibility of infection using fos-

dorsal and ventral trunk. A fungal culture using a dermatophyte

fomycin. Fosfomycin is a broad-spectrum antibiotic for gram-

test agar medium was negative. The owner was reminded to

positive and gram-negative bacteria and is well distributed in

continue prednisolone. The skin symptoms did not become ag-

tissues with clinically relevant concentrations in the serum, kid-

gravated and remained unchanged for at least 9 mo. However, on

neys, bladder wall, prostate, lungs, inﬂamed tissues, bone, cere-

day 537 during a routine follow-up examination, the owner

brospinal ﬂuid, abscess ﬂuid, and heart valves.10 The efﬁcacy of
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FIGURE 3 Photographs of the head (A), right paw (B), dorsal region (C), ventral neck (D), and ventral abdomen (E) indicating that the

erythematous dermatitis and ulcerative plaques improved by day 28; however, no hair regrowth was observed (A, B, and C). A recurrence of
skin lesions was observed on day 166 after discontinuation of prednisolone (D, E).

fosfomycin against cephalexin-resistant Staphylococcus spp. iso-

in the present case. The examination of surface cluster of differ-

lated from a patient with pyoderma and otitis externa has been

entiation antigens and major histocompatibility complex mole-

reported in Japan.

11

cules on inﬁltrated cells could provide clues to elucidate the

In the present case, systemic inﬂammation

immune mechanisms involved in cutaneous SPGS.

was indicated by fever, an increased CRP level, and lymphadenopathy. The dog was also treated with immunosuppressive
drugs, including prednisolone and azathioprine, although recur-

Conclusion

rences of skin lesions were observed when both drugs were dis-

Cutaneous SPGS is an uncommon skin disease in dogs.1–4 The

continued. Those ﬁndings suggested that systemic inﬂammation,

affected animals are typically healthy, but a few exhibit systemic

which was treated with prednisolone and azathioprine, was as-

signs.1–7 This report documented a case of SPGS diagnosed by
histopathological ﬁndings of a nodular to diffuse granulomatous

sociated with the pathogenesis in the present case.
Hair regrowth was not observed even after successful treat-

dermatitis with intense lymphohistiocytic inﬁltration, negative

ment with prednisolone and azathioprine, possibly due to the

staining for causative organisms, and PCR for Mycobacterium spp.

presence of extensive ﬁbrosis involving the superﬁcial dermis and

The dog presented with generalized ulcerative dermatitis and

subcutis at the site of adnexa. The dermal papilla and the bulge

systemic signs of mild anemia and an increased CRP level. Suc-

region, where arrector pili muscles insert into hair follicles, are

cessful treatment was achieved by administration of immuno-

considered to contain stem cells capable of hair and skin regen-

suppressive drugs (prednisolone and azathioprine) for at least

The presence of ﬁbrosis suggested severe inﬂamma-

20 mo. Recurrence of skin lesions after cessation of prednisolone

tion that possibly destroyed the hair follicles and sebaceous glands

and/or azathioprine was observed, suggesting that long-term

at the affected sites.

management using immunosuppressive drugs may be required

eration.

12,13

if the dog exhibits severe systemic signs of cutaneous SPGS.

In the present case, lymphohistiocytic inﬁltrations were observed by histopathology; however, deposition of the IgG antibody
was not detected using immunoﬂuorescence. It has been proposed
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that cutaneous SPGS is associated with immune dysfunction in

Hospital) for providing the initial information, Yoko Kakinuma (Re-

response to chronic antigenic stimulation.1 The absence of IgG
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autoantibodies suggested that the pathogenesis of the diseases was

sistance with the histologic sections, Takahiro Hamada (Kurume
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Takahashi and Dr. Yusuke Matsuura (Veterinary Teaching Hospital,
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FOOTNOTES
a
Canine CRP measurement system CRP-2; Arrows Co. Ltd., Osaka,
Japan
b
Fluorescein-conjugated goat afﬁnity puriﬁed antibody to dog IgG
(whole molecule); MP Bio Japan K.K., Tokyo, Japan
c
DEXPAT; Takara Bio Inc., Siga, Japan
d
MightyAmp DNA Polymerase Ver. 2; Takara Bio Inc., Siga, Japan
e
MJ Mini; Bio-Rad Laboratories, Hercules, CA
f
DigDoc-It Imaging System; UVP, CA
g
BCG vaccine strain; Japan BCG Laboratory, Tokyo, Japan
h
Prednisolone; Sanwa Kagaku Kenkyusho Co. Ltd., Aichi, Japan
i
FOSMICIN; Meiji Seika Pharma Co. Ltd., Tokyo, Japan
j
Gaster; Astellas, Tokyo, Japan
k
URSO; Mitsubishi Tanabe Pharma Co., Osaka, Japan
l
Sahne Oint; Eisai, Tokyo, Japan
m
Rinderon-V Ointment; Shionogi Co. Ltd., Osaka, Japan
n
Hirudoid Soft Ointment; Maruho, Osaka, Japan
o
Imuran; Glaxo Smith Kline, Tokyo, Japan
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Decreasing methicillin-resistant Staphylococcal colonization in
allergic dog skin by shampoo

Ꮫྡ

The Asian Meeting of Animal Medicine Specialties

ሙᡤࠊ㛤ദ᪥

Bogor,Indonesia, Dec, 2013

We evaluated the effects of shampoo against methicillin-resistant Staphylococcus
(MRS) colonization in dogs with allergic dermatitis in a pilot clinical trial. Six allergic
dogs were referred to our hospital for weekly shampoo for 1 month. Diagnosis of canine
atopic dermatitis (CAD) and adverse food reactions were made based on Favrot’s
criteria for CAD, serum allergen-specific immunoglobulin E (IgE) tests and food
elimination and/or provocation trials. The Canine Atopic Dermatitis Extent and Severity
Index (CADESI-03) by veterinarians, pruritus score by owners, and isolation
frequencies of mecA-positive Staphylococcus spp. from skin surface of the three body
site between weeks 0 and 4 were compared. Polymerase chain reaction was used for
evaluation of mecA gene. There was no significant difference in CADESI-03; however,
the pruritus scores showed the significance (p < 0.05, Wilcoxon signed-rank test). The
frequencies of MRS isolated from the skin surface also decreased in 4 of the 6 dogs (p <
0.05, Mann-Whitney U test). MRS is usually colonized and associated with recurrent
pyoderma in allergic dog skin. Decrease of MRS by the shampoo presents useful for
control of allergic dog skin.
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࠙┠ⓗࠚῶឤస⒪ἲࡣ≟ࢺࣆ࣮ᛶ⓶⅖ᑐࡍࡿ᰿ᮏⓗ⒪ἲࡢࡦࡘ࡛࠶ࡿࠋẁ㝵ⓗ
⃰ᗘࢆ⃰ࡃㄪᩚࡋࡓᢠཎᾮࢆᐃᮇⓗ⓶ୗᢞࡍࡿࡇ࡛ࠊᢠཎᑐࡍࡿ㐣ᩄᛂࢆῶ
ᑡࡉࡏࡿࠋ୍⯡ⓗึᅇᢠཎᾮࡢ⃰ᗘࡣࠊឤసᢠཎẖ Protein Nitrogen Unit㸦PNU㸧ࢆ
⏝࠸ࡓ୍ᐃࡢᕼ㔘ಸ⋡ࡼࡾᐃࡵࡽࢀ࡚࠸ࡿࡀࠊᢠཎᑐࡍࡿឤసࡣಶࠎࡢ࠾࠸࡚
␗࡞ࡿࡇࡀ⪃࠼ࡽࢀࡿࠋᅇࠊึᅇᢞࡍࡿᢠཎ⃰ᗘࢆ⓶ෆᛂࡼࡗ࡚Ỵᐃࡋࠊ㔜
⠜࡞స⏝ࡀ࡞ࡃῶឤస⒪ἲࢆᐇ࡛ࡁࡓ≟ࡢ 2 ࡘ࠸࡚ሗ࿌ࡍࡿࠋ
࠙ᮦᩱ᪉ἲࠚ 1 ࡣ 10 ṓ 1 ࢝᭶㱋ࡢ㞤ࡢᰘ≟࡛ࠊ⒍㢦㠃㸦ཱྀ၁࣭║࿘ᅖ㸧
ࠊୗ⭡
㒊ࠊᅄ⫥➃ࠊ㝜㒊ࡽ⫠㛛ࠊᑿ᰿㒊ࡅ࡚⣚ᩬࠊⰍ⣲ỿ╔ࠊⱏⓄࢆ࿊ࡋ࡚࠸ࡓࠋFavrot
㸦2010㸧ࡢデ᩿ᇶ‽ࢆࡶ≟ࢺࣆ࣮ᛶ⓶⅖デ᩿ࡋࡓࠋ⓶ෆᛂ᳨ᰝࡼࡾࢥࢼࣄ
ࣙ࢘ࣄࢲࢽᑐࡋ࡚㝧ᛶᛂࢆ♧ࡋࡓࡇࡽࠊ᳨ᰝ㝜ᛶ࡞ࡿᢠཎᾮࡢ⃰ᗘࡽῶឤస
⒪ἲࢆᐇࡋࡓࠋ 2 ࡣ 3 ṓ 9 ࢝᭶㱋ࡢཤໃ㞝ࡢ࣌࢟ࢽ࣮ࢬ࡛ࠊయᖿ⒍ࢆㄆࡵࠊ㢕
㒊ࠊ⭆ୗࠊ⭡㒊ࠊ⫼㒊యᖿࠊᅄ⫥➃⬡₃ୣ⑈ࢆㄆࡵ࡚࠸ࡓࠋ㝖ཤ㣗ヨ㦂ᛂࡋ࡚⮫
ᗋ≧ࡢᨵၿࡀㄆࡵࡽࢀࠊFavrot㸦2010㸧ࡢデ᩿ᇶ‽ࢆࡶ≟ࢺࣆ࣮ᛶ⓶⅖㣗≀
᭷ᐖᛂࡢేⓎデ᩿ࡋࡓࠋ⓶ෆᛂ᳨ᰝࢆᐇࡋ࡚ࢥࢼࣄࣙ࢘ࣄࢲࢽᑐࡍࡿ≟ࢺࣆ
࣮ᛶ⓶⅖デ᩿ࡋࠊ᳨ᰝ㝜ᛶ࡞ࡿᢠཎᾮࡢ⃰ᗘࡽῶឤస⒪ἲࢆᐇࡋࡓࠋ
࠙⤖ᯝ࠾ࡼࡧ⪃ᐹࠚ㸯ࡣᐇ 2 ࢝᭶ᚋࠊ2 ᪥ 1 ᅇฎ᪉ࢆ⾜ࡗ࡚࠸ࡓࣉࣞࢻࢽࢰࣟ
ࣥ㸦0.5 /㸧ࡢఇ⸆ࡀྍ⬟࡞ࡗࡓࠋᐇ 4 ࢝᭶༙ᚋᢠཎᾮࡢ⥔ᣢ㔞㐩ࡋࠊ௨㝆 1
ᖺ㛫ࠊ1 ࢝᭶ 1 ᅇࡢᢞ⸆ࡋࡓࠋ⌧ᅾࠊእ⏝⭈⓶㉁࣍ࣝࣔࣥ㸦ࢥࣝࢱࣂࣥࢫࠊVirbacࠊ
㜰㸧ࢆ≧ᝏࡢࡳᑡ㔞⏝ࡍࡿࡔࡅ࡛Ⰻዲ≧ࡀ⥔ᣢ࡛ࡁ࡚࠸ࡿࠋ 2 ࡣࠊ
ῶឤస⒪ἲࢆࣇ࣐ࣝ㓟ࢡ࣐ࣞࢫࢳࣥ㸦ࢱ࣋ࢪ࣮ࣝ㘄ࠊࣀࣂࣝࢸࢫࣇ࣮࣐ࠊᮾி㸧ే
⏝ࡋ࡚ᐇࡋࡓࠋᐇ 6 ࢝᭶ᚋᢠཎᾮࡀ⥔ᣢ㔞㐩ࡋࠊ௨㝆 8 ࢝᭶ࠊ1 ࢝᭶ 1 ᅇࡢᢞ
⸆ࢆ⾜ࡗࡓࠋ⌧ᅾࠊ㣗≀᭷ᐖᛂࡢⓎὀពࡋ࡞ࡀࡽࠊᢠࣄࢫࢱ࣑ࣥࡢෆ᭹࠾ࡼࡧእ
⏝⭈⓶㉁࣍ࣝࣔࣥ㸦ࢥࣝࢱࣂࣥࢫ㸧ࢆᑡ㔞⏝ࡍࡿࡔࡅ࡛≧ࡀⰋዲ⥔ᣢ࡛ࡁ࡚࠸
ࡿࠋ⓶ෆ᳨ᰝࢆᣦᶆࠊึᅇᢠཎ⃰ᗘࢆྜࢃࡏ࡚Ỵᐃࡋࠊῶឤస⒪ἲࢆᐇ࡛ࡁࡓࠋ
ᚋࠊᩘࢆቑࡸࡋ࡚ࠊస⏝ࡢᑡ࡞࠸ຠ⋡ⓗ࡞⒪᪉ἲࢆ᳨ウࡋ࡚࠸ࡃᚲせࡀ࠶ࡿࠋ
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ᏛⓎ⾲せ᪨
₇⪅ྡ

㣤㔝⍞㈗ࠊすᮏඃᏊࠊ⸨ᮏ࠶ࡺࡳࠊ㔝⃝※ኴࠊᕝཎᖹࠊಙ⏣༟⏨ࠊ
ᮌෆ᫂⏨

₇㢟ྡ

≟ࡢࣞࣝࢠ࣮ᛶ⓶⅖ࡢ≧⥔ᣢ࠾ࡅࡿ࣐ࢡࣟࣂࣈࣝࢆ⏝࠸ࡓ
ࢩࣕࣥࣉ࣮⒪ἲࡢ᭷ຠᛶࡢ᳨ウ

Ꮫྡ

᪥ᮏື≀┳ㆤᏛ㛵すᆅ༊➨ 5 ᅇ

ሙᡤࠊ㛤ദ᪥

㜰ࠊ2012 ᖺ 3 ᭶

࠙┠ⓗࠚ≟ࡢࣞࣝࢠ࣮ᛶ⓶⅖ࡣࠊ᰿ᅔ㞴࡞ᝈ࡛࠶ࡾ᪥ᖖⓗ࡞≧ࡢ⥔ᣢࡀ㔜せ࡛
࠶ࡿࠋࡑࡢቑᝏᅉᏊࡋ࡚⸆ឤཷᛶࣈࢻ࢘⌫⳦ࡢᏑᅾࡀ▱ࡽࢀ࡚࠸ࡿࠋࢩࣕࣥࣉ࣮⒪ἲ
ࡣ⿕ẟ╔ࡋࡓࣞࣝࢤࣥࡢ㝖ཤ࠾ࡼࡧឤᰁࡢண㜵᭷ຠ࡛࠶ࡿࠋ࣐ࢡࣟࣂࣈࣝࢆ
⏝࠸ࡓࢩࣕࣥࣉ࣮⒪ἲࡼࡗ࡚⮫ᗋ≧ࡢ⥔ᣢࡀྍ⬟࡛࠶ࡿࠊ᭷ຠᛶࢆ᳨ウࡋࡓࠋ
࠙ᮦᩱ᪉ἲࠚ㯞ᕸᏛ㝃ᒓື≀㝔᮶㝔ࡋࡓࣞࣝࢠ࣮ᛶ⓶⅖デ᩿ࡉࢀࡓ≟ 3 㢌ࠋ
㐌 1 ᅇࠊࢩ࣮ࣕ࣡࣊ࢵࢻᆺ࣐ࢡࣟࣂࣈࣝࢆ⏝࠸࡚ࢩࣕࣥࣉ࣮⒪ἲࢆᐇࡋࡓࠋヨ㦂๓
ヨ㦂 4 㐌ᚋ⋇་ᖌࡼࡿ⓶㔜ᗘࢫࢥࠊ㣫࠸ࡼࡿࡳࡢࢫࢥࠊ⓶ࡽᇵ㣴
ࡋࡓ⳦✀ࡢྠᐃ࠾ࡼࡧ⸆ឤཷᛶࠊ┳ㆤᖌࡼࡿ⿕ẟࡢほᐹࢆ⾜ࡗࡓࠋ
࠙⤖ᯝ࠾ࡼࡧ⪃ᐹࠚ⋇་ᖌࡼࡿ⓶㔜ᗘࢫࢥኚࡣㄆࡵࡽࢀ࡞ࡗࡓࡀࠊ㣫࠸
ࡼࡿࡳࡢࢫࢥࡣ 3 ୰ 2 ࠾࠸࡚ᨵၿࡋࡓࠋ⣽⳦ᇵ㣴᳨ᰝ࡛ࡣࠊ3 ୰ 2 
࠾࠸࡚ヨ㦂 4 㐌ᚋࡢ᳨ᰝ⤖ᯝࡀ㝜ᛶ࡞ࡗࡓࠋ┳ㆤᖌࡀࡳࡓ⓶⿕ẟࡢ≧ែࡘ࠸࡚ࡣࠊ
ヨ㦂๓ẚ࡚ࠊ࡛⓶ࡢⓎ㉥ࡀῶᑡࡋࠊⓎẟࡀㄆࡵࡽࢀࡓࠋ௨ୖࡽ≟ࡢࣞࣝ
ࢠ࣮ᛶ⓶⅖࠾ࡅࡿ⮫ᗋ≧ࡢ⥔ᣢ࣐ࢡࣟࣂࣈࣝࢆ⏝࠸ࡓࢩࣕࣥࣉ࣮⒪ἲࡣ᭷ຠ࡛
࠶ࡿ⪃࠼ࡽࢀࡓࠋᅇࡣᑐ㇟ࡀ 3 㢌ࡔࡗࡓࡓࡵࠊᚋᑐ㇟ࢆቑࡸࡋ᳨࡚ウࡋ࡚
࠸ࡃࡇࡀᚲせ࡛࠶ࡿࠋ
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ᏛⓎ⾲せ᪨
₇⪅ྡ

⣽ᕝ⪷▮ࠊᕝཎᖹࠊὠஂᗈࠊஂᮎṇᬕࠊ༳∾ಙ⾜ࠊᩬ┠ᗈ㑻ࠊ
ᅵᒇுࠊᑠ᪉᐀ḟ

₇㢟ྡ

ᅜ⏘ࢥࢼࣄࣙ࢘ࣄࢲࢽᢠཎᾮࡢ᭷⏝ᛶ㛵ࡍࡿ⪃.

Ꮫྡ

➨ 154 ᅇ᪥ᮏ⋇་ᏛᏛ⾡㞟.

ሙᡤࠊ㛤ദ᪥

ᒾᡭࠊ2012 ᖺ 9 ᭶

࠙┠ⓗࠚ≟ࡢࢺࣆ࣮ᛶ⓶⅖ࡢཎᅉࣞࣝࢤࣥࢆྠᐃࡍࡿࡓࡵࡢࣞࣝࢠ᳨࣮ᰝࡣ
⓶ෆᛂ᳨ᰝ⾑Ύᢠཎ≉␗ⓗ IgE ᳨ᰝࡀᐇࡉࢀ࡚࠸ࡿࠋ⾑ᾮ᳨ᰝࢆእὀࡍࡿ⾑Ύᢠཎ
≉␗ⓗ IgE ᳨ᰝࡣ⡆౽࡛࠶ࡿࡀࠊཷクᶵ㛵࠾࠸࡚ከᵝ࡞᪉ἲ࡛ᐇࡉࢀ࡚࠾ࡾࠊ᳨ᰝᶵ
㛵࠾࠸࡚⤖ᯝࡀ␗࡞ࡿࡇࡀㄢ㢟࡞ࡗ࡚࠸ࡿࠋࡑࡇ࡛ࠊ㉁ࡢ㧗࠸≟ࡢࢺࣆ࣮ᛶ⓶
⅖⨯ᝈࡢࢤࣀ࣒ DNA ࢆ᥇ྲྀࡍࡿࡓࡵࠊ⓶ෆᛂ᳨ᰝࢆ㯞ᕸᏛ࡚❧ࡕୖࡆࢆ⾜ࡗ
ࡓࠋ
࠙ᮦᩱ᪉ἲࠚ 㯞ᕸᏛ㝃ᒓື≀㝔᮶㝔ࡋࡓ CAD ࡀࢃࢀࡿ 29 㢌ࢆᑐ㇟ࡋࠊ
IDT  IgE test ࢆᐇࡋࡓࠋIDT ࡣᅜ⏘ᢠཎᾮࡋ࡚㫽ᒃ⸆ရ㸦ᰴ㸧〇ࢆ 1:100㹼
1:10000(w/v)ࡢ⃰ᗘࠊ㍺ධᢠཎᾮࡋ࡚ Greer ♫〇ࢆ 1:50000㸦w/v㸧ࡢ⃰ᗘ࡛⏝࠸ࠊ⣚
ᩬࡢ࠶ࡿ⭾⑈ᙧᡂࢆ㝧ᛶࡋࡓࠋIgE test ࡣࣄࢺ㧗ぶᛶ IgE ࣞࢭࣉࢱ࣮Ș㙐ࢆ⏝࠸ࡓ
ELISA ἲࢆ⏝࠸࡚ 150LU ௨ୖࢆ㝧ᛶࡋ࡚እ㒊ᶵ㛵࡛

ᐃࡋࡓࠋࡑࢀࡒࢀࡢ㛵㐃ᛶࢆ

Fisher's exact test ࢆ⏝࠸࡚⤫ィゎᯒࡋࡓࠋ
࠙⤖ᯝ࠾ࡼࡧ⪃ᐹࠚ IgE test ㍺ධᢠཎᾮࢆ⏝࠸ࡓ IDT ࡢ㛫᭷ពᕪࢆㄆࡵࡓ㸦P<0.01㸧
ࠋ
1:100㸦w/v㸧 1:10000㸦w/v㸧ࡢᅜ⏘ᢠཎᾮࡣࠊIgE test ࠾ࡼࡧ㍺ධᢠཎᾮࡢ㛫᭷ព
ࠋ௨ୖࡼࡾࠊᅜ⏘ᢠཎᾮࡢ≟ࢺࣆ࣮ᛶ⓶⅖ࡢデ᩿࠾ࡅࡿ᭷
ᕪࡀㄆࡵࡽࢀࡓ㸦P<0.05㸧
⏝ᛶࡀ᫂ࡽ࡞ࡗࡓࠋ
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ᏛⓎ⾲せ᪨
₇⪅ྡ

Kawarai S, Takahashi R, Madarame H, Shirota K.

₇㢟ྡ

A case of granulomatous dermatitis in a dog.

Ꮫྡ

The Asian Meeting of Animal Medicine Specialties.

ሙᡤࠊ㛤ദ᪥

Thailand , May, 2011.

Cutaneous sterile pyogranuloma /granuloma syndrome (SPGS) is a locally restricted
multinodular dermatitis. Affected dogs are typically healthy, but a few show systemic
signs. Herein, a case of a dog presenting with generalized ulcerative dermatitis with
systemic signs of mild anemia and an increased C-reactive protein level is described.
Cutaneous SPGS was diagnosed by histopathology, negative staining causative
organisms, and polymerase chain reaction for Mycobacterium spp. Successful treatment
was achieved by immunosuppressive drugs, including prednisolone and azathioprine,
administered for at least 20 mo. Recurrences of skin lesions were observed when
prednisolone and/or azathioprine were discontinued. Long-term management with
immunosuppressive agents may be required if the affected dog exhibits severe
symptoms of cutaneous SPGS.

619

≟ࡢࢺࣆ࣮ᛶ⓶⅖ࡢ㑇ఏᏊゎᯒ

ᮧୖ⿱ಙ (㯞ᕸᏛ⾨⏕Ꮫ➨ 2)ࠊబࠎᮌៅ(♫ᅋἲே␆⏘ᢏ⾡༠㝃ᒓື≀㑇ఏ◊✲
ᡤ)ࠊᒸᮏ᠇᫂ࠊᓥ⚽ࠊ㜰ཱྀ㞞ᘯ (㯞ᕸᏛᚤ⏕≀Ꮫ➨ 1)
◊✲せ᪨
≟ࡢࢺࣆ࣮ᛶ⓶⅖㻔㼏㻭㻰㻕ࡣ⎔ቃࡸ㣗≀୰ྵࡲࢀࡿᢠཎࡢ㐣ᩄᛂ࡛࠶ࡾࠊே
ࡢࢺࣆ࣮ᛶ⓶⅖ែࡀ㢮ఝࡋ࡚࠸ࡿࡔࡅ࡛࡞ࡃࠊ㑇ఏⓗ⫼ᬒࡀᐦ᥋㛵
ࡋ࡚࠸ࡿࡇࡀࢃࢀ࡚࠸ࡿࠋࡑࡇ࡛ࠊ㼏㻭㻰 㛵㐃ࡍࡿ㑇ఏᏊࢆ⥙⨶ⓗ᥈⣴ࡍࡿࡓࡵ
ࠊ㼏㻭㻰 ࢆⓎࡋࡓ≟ࡢ⾑ᾮࢧࣥࣉࣝࢆ㞟ࡋࠊࡉࡽ㞟ࡋࡓࢧࣥࣉࣝࡢ⾑Ύࡽࢲ
ࢽᑐࡍࡿ≉␗ⓗ 㻵㼓㻱 ࢆ᳨ฟࡋࡓࠋࡑࡢ⤖ᯝࠊ㼏㻭㻰 ࡛࠶ࡾࠊ㻵㼓㻱 㝧ᛶࡢᰘ≟ 㻞㻥 㢌ࠊ㼏㻭㻰
ᮍⓎ࡛ 㻵㼓㻱 ࡀ᳨ฟࡉࢀ࡞ࡗࡓᰘ≟ 㻝㻥 㢌ࢆ㞟࡛ࡁࡓࡓࡵࠊࡇࢀࡽࡢ 㻰㻺㻭 ࢧࣥࣉࣝ
ࢆ⏝࠸࡚ 㻰㻺㻭 ࣞࢆ⾜࠸ࠊ㼏㻭㻰 㛵㐃ࡍࡿ㑇ఏᏊࡀ࠶ࡿࡢࢆゎᯒࡋࡓࠋ㼏㻭㻰 Ⓨ
≟࡛ࡣ➨ 㻞㻥 ␒࠾ࡼࡧ 㻤 ␒ᰁⰍయࡢ㝈ᒁࡋࡓ㡿ᇦ୍ሷᇶከᆺ㻔㻿㻺㻼㻕ࡀㄆࡵࡽࢀࠊࡑࡢ࠺
ࡕࡦࡘࡣ➨ 㻞㻥 ␒ᰁⰍయࢥ࣮ࢻࡉࢀ࡚࠸ࡿᶵ⬟᫂࡞ 㻾㻮㻹㻝㻞㻮 㑇ఏᏊࡢ࢚ࢡࢯࣥୖ
ࡢ 㻿㻺㻼 ࡛࠶ࡿࡇࡀ᫂ࡽ࡞ࡗࡓࠋᮏ◊✲࡛ࡣࣞࣝࢠ࣮㛵㐃ࡍࡿ㑇ఏᏊୖࡲࡓ
ࡣ㏆ഐࡢ 㻿㻺㻼 ࡣㄆࡵࡽࢀ࡞ࡗࡓࡀࠊ➨ 㻞㻥 ␒ᰁⰍయୖ 㼏㻭㻰 㛵㐃ࡍࡿ㑇ఏᏊ㡿ᇦࡀ
᭷ࡿࡇࡀ♧၀ࡉࢀࡓࠋ㻌
㻌
┠ⓗ㻌
≟ࡢࢺࣆ࣮ᛶ⓶⅖㻔㼏㻭㻰㻕ࡣ⎔ቃࡸ㣗≀୰ྵࡲࢀࡿᢠཎࡢ㐣ᩄᛂ࡛࠶ࡾࠊே
ࡢࢺࣆ࣮ᛶ⓶⅖ែࡀ㢮ఝࡋ࡚࠸ࡿࠋࡲࡓࠊ㼏㻭㻰 ࡣᐙ᪘ᛶ⣲ᅉࡔࡅ࡛࡞ࡃ≟✀
ࡼࡾⓎ⏕⋡ࡀ␗࡞ࡿࡇࡽࠊேྠᵝࠊ㑇ఏⓗ⫼ᬒࡀᐦ᥋㛵ࡋ࡚࠸ࡿࡇ
ࡀࢃࢀࡿࠋࡇࡢࡇࡽࠊ㼏㻭㻰 Ⓨᐤࡍࡿ㑇ఏᏊࢆྠᐃࡍࡿࡇࡼࡾࠊ㼏㻭㻰 ࡢ
⒪ᐤࡍࡿࡔࡅ࡛࡞ࡃேࡢࢺࣆ࣮ᛶ⓶⅖㛵㐃ࡍࡿ㑇ఏᏊ࡛࠶ࡿྍ⬟ᛶࡀ⪃
࠼ࡽࢀࠊ⒪ࡢᇶ♏ⓗ࡞▱ぢ࡞ࡿࡓࡵࠊ㼏㻭㻰 㛵㐃ࡍࡿ㑇ఏᏊ㡿ᇦࢆ⥙⨶ⓗゎᯒࡋ
ࡓࠋ
ᮦᩱ᪉ἲ
ᰘ≟ࠊࣇࣞࣥࢳࣈࣝࢻࢵࢡࠊ࣑ࢽࢳࣗࢲࢵࢡࢫࣇࣥࢺࠊࢺࣉ࣮ࢻࣝࡢ࠸ࡎࢀࡢ
≟✀࡛࠶ࡾࠊྠࡌᆅᇦ࡛ᐊෆ㣫⫱ࡉࢀ࡚࠸ࡿ≟㝈ᐃࡋ࡚⾑ᾮࢧࣥࣉࣝࡢ㞟ࢆ⾜ࡗࡓࠋ
㼏㻭㻰 ࡢデ᩿ࡘ࠸࡚ࡣࠊ㻲㼍㼢㼞㼛㼠 ࡢデ᩿ᇶ‽㻔㼂㼑㼠㼑㼞㼕㼚㼍㼞㼥㻌㻰㼑㼞㼙㼍㼠㼛㼘㼛㼓㼥㻘㻌㻞㻜㻜㻥㻕‽ࡌࡓ 㻣 㡯┠
㻔㻟 ṓ௨ୗ࡛Ⓨࠊࢫࢸࣟࢻᢞ⸆࡛ࡳࡀࡲࡿࠊᦆയࡢకࢃ࡞࠸ࡳࠊ๓⫥ኚࡀ
࠶ࡿࠊ⪥ኚࡀ࠶ࡿࠊ⪥ࡢ㎶⦕ࡣኚࡀ࡞࠸ࠊ⭜⫼㒊ኚࡀ࡞࠸㻕ࡢ࠺ࡕ 㻡 㡯
┠ࡀᙜ࡚ࡣࡲࡗࡓሙྜ 㼏㻭㻰 デ᩿ࡋࡓࠋࡲࡓࠊ㼏㻭㻰 ࢆⓎࡋ࡚࠸࡞࠸ᖖ≟ࡣ 㻣 ṓ
௨ୖ࡛ 㼏㻭㻰 ࢆ࠺≧ࡀ࡞ࡃࠊ㐣ཤ࠾࠸࡚ࡶ≧ࡀ࡞࠸ಶయࡋࡓࠋࡇࢀࡽࡢデ᩿
ࡣྠࡌ⋇་ᖌࡼࡗ࡚⾜࠺ࡇࡼࡾࠊデ᩿ᇶ‽ࢆ⤫୍ࡋࡓࠋࡇࢀࡽࡢ 㼏㻭㻰 Ⓨ≟࠾
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ࡼࡧᮍⓎ≟ࡽ᥇⾑ࢆ⾜࠸ࠊ⾑ᾮࢧࣥࣉࣝࡽ⾑Ύศ㞳࠾ࡼࡧ 㻰㻺㻭 ᢳฟࢆ⾜ࡗࡓࠋ
ࡇࢀࡽࡢࢧࣥࣉࣝࡣࠊ
⾑Ύࢆ⏝࠸ࡓ 㻱㻸㻵㻿㻭 ࡼࡾࢲࢽࣞࣝࢤࣥ≉␗ⓗ 㻵㼓㻱 ࡢ᳨ฟࠊ
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Control

1

29

41126533 1.45282E-06

0.7931

0.2941

2

29

41618514 3.78361E-06

0.5000

0.02941

3

29

41300904 3.80005E-06

0.7931

0.3235

4

29

41640547 4.03532E-06

0.7414

0.2647

5

29

41703308 1.39326E-05

0.6552

0.1765

6

8

4926998

6.58203E-05

0.1379

0.4706

7

8

4939363

6.58203E-05

0.1379

0.4706

8

8

4940129

6.58203E-05

0.1379

0.4706

9

8

4954751

6.58203E-05

0.1379

0.4706

10

8

4976006

6.58203E-05

0.1379

0.4706

11

8

4989539

6.58203E-05

0.1379

0.4706

12

8

4990277

6.58203E-05

0.1379

0.4706

13

8

4992651

6.58203E-05

0.1379

0.4706

14

8

5007184

6.58203E-05

0.1379

0.4706

15

8

5021922

6.58203E-05

0.1379

0.4706

16

8

5041692

6.58203E-05

0.1379

0.4706

17

8

5066269

6.58203E-05

0.1379

0.4706

18

8

5072825

6.58203E-05

0.1379

0.4706

19

8

5083229

6.58203E-05

0.1379

0.4706

20

8

5099699

6.58203E-05

0.1379

0.4706
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Bovine leukemia virus (BLV) and human T-cell leukemia virus type 1 (HTLV-1) make up a
unique retrovirus family. Both viruses induce chronic lymphoproliferative diseases with
BLV affecting the B-cell lineage and HTLV-1 affecting the T-cell lineage. The pathologies of
BLV- and HTLV-induced infections are notably similar, with an absence of chronic viraemia
and a long latency period. These viruses encode at least two regulatory proteins, namely,
Tax and Rex, in the pX region located between the env gene and the 3 long terminal
repeat. The Tax protein is a key contributor to the oncogenic potential of the virus, and is
also the key protein involved in viral replication. However, BLV infection is not sufﬁcient for
leukemogenesis, and additional events such as gene mutations must take place. In this
review, we ﬁrst summarize the similarities between the two viruses in terms of genomic
organization, virology, and pathology. We then describe the current knowledge of the BLV
model, which may also be relevant for the understanding of leukemogenesis caused by
HTLV-1. In addition, we address our improved understanding of Tax functions through the
newly identiﬁed BLV Tax mutants, which have a substitution between amino acids 240 and
265.
Keywords: BLV, HTLV-1, EBL, B-cell lymphoma, Tax, leukemogensis, transactivation, apoptosis

INTRODUCTION
Bovine leukosis was ﬁrst reported in 1871 as the presence
of slightly yellow nodules in the enlarged spleen of cattle
(Leisering, 1871). Spleen disruption consecutive to tumor formation is one of the most important clinical manifestations of
bovine leukemia. Bovine leukosis is classiﬁed into two types,
sporadic bovine leukosis (SBL) and enzootic bovine leukosis (EBL), which are characterized by T- and B-cell leukosis,
respectively (Gillet et al., 2007). The occurrence of EBL in cattle is much higher than that of SBL (Theilen and Dungworth,
1965; Onuma et al., 1979). Bovine leukemia virus (BLV), which
belongs to the Retroviridae family and Deltaretrovirus genus,
is the etiologic agent of EBL, although it remains unknown
what causes SBL (Gillet et al., 2007). The natural hosts of
BLV are domestic cattle and water buffaloes; however, experimental infection with BLV in sheep can lead to the development of lymphoma (Djilali and Parodi, 1989). Interestingly,
BLV is consistently associated with leukemia only in cattle and
sheep, even though it can infect many cell lines (Graves and
Ferrer, 1976) and can be experimentally transmitted to rabbits (Wyatt et al., 1989; Onuma et al., 1990), rats (Altanerova
et al., 1989), chickens (Altanerova et al., 1990), pigs, goats, and
sheep (Mammerickx et al., 1981). Most BLV-infected cattle are
asymptomatic, but approximately one-third of them suffer from
persistent lymphocytosis (PL) characterized by non-malignant
polyclonal B-cell expansion and 1–5% of them develop B-cell
leukemia/lymphoma after a long latency period (Gillet et al., 2007).
On the other hand, sheep that are experimentally inoculated
with BLV develop B-cell tumors at a higher frequency and

with a shorter latency period than those observed in naturally
infected cattle (Ferrer et al., 1978; Burny et al., 1979; Kenyon
et al., 1981; Aida et al., 1989). Interestingly, the transformed
B-lymphocytes in cattle are CD5+ IgM+ B-cells (Aida et al.,
1993), whereas in sheep they are CD5− IgM+ B-cells (Murakami
et al., 1994a,b), suggesting that the mechanisms of leukemogenesis induced by BLV may differ (Graves and Ferrer, 1976;
Djilali and Parodi, 1989).
BLV is closely related to human T-cell leukemia virus type 1
(HTLV-1), which is the causative agent of adult T-cell leukemia
(ATL) and a chronic neurological disorder known as tropical
spastic paraparesis or HTLV-1-associated myelopathy HAM/TSP
(Gessain et al., 1985; Osame et al., 1986; Gillet et al., 2007). Therefore, studies on BLV may facilitate our understanding of the
mechanism of leukemogenesis induced by HTLV-1.

BLV AND HTLV-1
All retroviruses are encoded by gag, pro, pol, and env essential
genes, which are necessary for the production of infectious virions, and are ﬂanked by two identical long terminal repeats (LTRs;
Figure 1). The gag, pro, pol, and env genes encode the internal
structural proteins of the virion, the viral protease, the reverse
transcriptase, and the envelope glycoproteins of the virion, respectively. The genome sequences of BLV and HTLV-1 are different,
but have a unique sequence called the pX situated between the env
gene and the 3 LTR and encoded by the regulatory gene (Figure 1).
The pX sequence is not of host cell origin; that is, it is not an
oncogene. It has been reported that both viruses have an ability to
immortalize primary cells in vitro (Grassmann et al., 1989; Willems
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FIGURE 1 | Schematic representation of genome organization of retroviruses. HTLV-1 and BLV encode unique regulatory and accessory proteins in the pX
region. RSV, Rous sarcoma virus; MuLV, murine leukemia virus.

et al., 1990). Because their structure and properties differ from any
other class of retroviruses, BLV and HTLV-1 viruses were classiﬁed into a new group of retroviruses (Gillet et al., 2007). In both
viruses the regulatory proteins Tax and Rex are encoded in the pX
region. The R3 and G4 proteins are encoded in the BLV pX region,
while p12I , p13II , and p30II are encoded in the HTLV-1 pX region
(Sagata et al., 1984b; Franchini et al., 2003; Figure 1). Interestingly,
the HTLV-1 genome codes for HBZ, a unique gene encoded by the
minus strand chain (Gaudray et al., 2002; Figure 1). The major
functions of the viral proteins encoded in the BLV and HTLV-1
pX regions are summarized in Table 1. The Tax protein has been
extensively studied, and it is believed to play a critical role in leukemogenesis induced by BLV and HTLV-1 (Katoh et al., 1989; Tanaka
et al., 1990; Willems et al., 1990). The Rex protein is responsible
for nuclear export of viral RNA and promotes cytoplasmic accumulation and translation of viral messenger mRNA in BLV- and
HTLV-1-infected cells (Felber et al., 1989). BLV R3 and G4 proteins contribute to the maintenance of high viral load (Willems
et al., 1994; Florins et al., 2007). The G4 protein is particularly
relevant to leukemogenesis, since it can immortalize primary rat
embryo ﬁbroblasts (REFs; Lefebvre et al., 2002). HTLV-1 p12I is
similar to the R3 protein, in that it contributes to the maintenance
of infectivity (Collins et al., 1998), and both proteins are located
in the nucleus and cellular membranes (Gillet et al., 2007). On the
other hand, HTLV-1 p13II protein resembles the G4 protein, since
both proteins bind to farnesyl pyrophosphate synthetase, which

farnesylates Ras (Lefebvre et al., 2002), and the p13II protein promotes Ras-dependent apoptosis (Hiraragi et al., 2005). HTLV-1
p30II protein regulates gene transcription through its interaction with the cAMP responsive element (CRE) binding protein
(CREB)/p300 (Zhang et al., 2001). The HBZ protein plays a critical role in the leukemogenesis of HTLV-1, and HBZ knockdown
inhibits the proliferation of ATL cells (Satou et al., 2006). However, since the BLV genome does not code for HBZ, it is assumed
that the Tax protein plays a central role in the leukemogenesis
of BLV.
The infection route of BLV and HTLV is by horizontal and
vertical transmission. BLV is transmitted via direct contact (Kono
et al., 1983), milk, and insect bites (Ferrer and Piper, 1978), while
HTLV-1 is transmitted via milk and sexual intercourse (Bangham, 2003). Moreover, the artiﬁcial transmission of BLV is caused
by iatrogenic procedures such as dehorning, ear tattooing, and
reuse of needles (Hopkins and DiGiacomo, 1997), whereas the
artiﬁcial transmission of HTLV-1 is caused by blood transfusion
and needle sharing among drug abusers (Robert-Guroff et al.,
1986). Since cell contact is required for the efﬁcient transmission
of both BLV and HTLV-1, cell-free infection by these viruses is
believed to be very inefﬁcient, most probably due to virion instability (Voneche et al., 1992; Johnston et al., 1996; Igakura et al.,
2003).
As shown in Figure 2, an infection with BLV is characterized
by three progressive stages of disease, including an asymptomatic
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Table 1 | Viral proteins are encoded in BLV and HTLV-1 pX regions.
Virus

Viral protein

Major reported functions

Reference

BLV

Tax

Transcriptional activator of viral expression

Derse (1987), Willems et al. (1987), Katoh et al. (1989)

Oncogenic potential

Willems et al. (1990)

Activation of NF-kappa B (NF-κB) pathway

Szynal et al. (2003), Klener et al. (2006)

HTLV-1

Rex

Nuclear export of viral mRNAs

Felber et al. (1989)

G4

The maintenance of high viral load

Willems et al. (1994), Florins et al. (2007)

Oncogenic potential

Kerkhofs et al. (1998), Lefebvre et al. (2002)

R3

The maintenance of high viral load

Willems et al. (1994), Florins et al. (2007)

Tax

Transcriptional activator of viral expression

Kashanchi and Brady (2005)

Oncogenic potential

Matsuoka and Jeang (2011)

Induction of DNA damage, cellular senescence and apoptosis

Chlichlia and Khazaie (2010)

Functional regulation of many cellular proteins by direct binding

Boxus et al. (2008)

Inhibition of HTLV-1 transcription

Lemasson et al. (2007)

Suppression of the classical pathway of NF-κB

Zhao et al. (2009)

Enhancement of TGF-β signaling

Zhao et al. (2011)

HBZ

Oncogenic potential

Satou et al. (2006, 2011)

Rex

Nuclear export of viral mRNAs

Felber et al. (1989)

p12I

Maintenance of viral infectivity

Collins et al. (1998)

p13II

p30II

Activation of nuclear factor of activated T-cells (NFAT) pathway

Ding et al. (2002)

Suppression of viral replication

Andresen et al. (2011)

Interaction with farnesyl pyrophosphate synthetase

Lefebvre et al. (2002)

Activation of Ras-mediated apoptosis

Hiraragi et al. (2005)

Suppression of viral replication

Nicot et al. (2004)

Regulation of gene transcription by binding with p300

Zhang et al. (2001)

Enhancement of Myc transforming potential

Zhang et al. (2001)

stage, PL, and lymphoma. Most BLV-infected cattle are asymptomatic, but approximately one-third of them suffer from PL
characterized by a permanent and relatively stable increase in the
number of B-lymphocytes in the peripheral blood. PL is considered to be a benign form of the disease resulting from the
accumulation of untransformed B-lymphocytes. Finally, 1–5% of
BLV-infected cattle develop B-lymphoma in various lymph nodes
after a long latency period (Schwartz and Levy, 1994; Florins et al.,
2008). Although BLV can also infect CD4+ T-cells, CD8+ T-cells,
γ/δ T-cells, monocytes, and granulocytes in cattle (Williams et al.,
1988; Stott et al., 1991; Schwartz et al., 1994; Mirsky et al., 1996; Wu
et al., 1996; Panei et al., 2013), a large number of the tumor cells are
derived from CD5+ IgM+ B-cell subpopulations (Schwartz and
Levy, 1994). Interestingly, the full-length BLV proviral genome
is maintained in each animal throughout the course of the disease (Tajima et al., 1998a). In addition, previous studies have
shown that both large and small deletions of proviral genomes
may be very rare events in BLV-infected cattle. Thus, the proviral
loads were signiﬁcantly increased at the PL stage compared with
the aleukemic stage and were further increased at the lymphoma
stage (Jimba et al., 2010, 2012; Figure 2B). These ﬁndings clearly
demonstrated that the BLV proviral copy number increases with
increasing severity of the disease. On the other hand, unlike BLV,

HTLV-1 is associated with ATL and with the chronic neurological
disorder, HAM/TSP, and induces not only a malignant tumor but
also an inﬂammatory disease (Gessain et al., 1985; Osame et al.,
1986). Although the pathogenesis of HTLV-1 is slightly different
from BLV, HTLV-1, like BLV, can infect many cells in addition to
T-cells, including B-cells and monocytes (Koyanagi et al., 1993;
Schwartz and Levy, 1994). In contrast to BLV, defective HTLV-1
proviral genomes have been found in more than half of all examined patients with ATL (Konishi et al., 1984; Korber et al., 1991;
Ohshima et al., 1991; Tsukasaki et al., 1997).

MECHANISM OF LEUKEMOGENESIS BY BLV
Animal retroviruses, which belong to the Alpharetrovirus and
Gammaretrovirus genera, induce tumors by one of two mechanisms: either by activation of the “viral oncogene” or by “insertional activation” of a cellular gene such as a proto-oncogene
(Weiss et al., 1985; Figure 1). By contrast, BLV lacks a known oncogene (Sagata et al., 1984a,b) and does not integrate into preferred
sites in their host cell genomes, which related to the disruption of
the host gene but not to the suppression of viral gene expression
(Murakami et al., 2011b).
Most studies of BLV-induced leukemogenesis have focused on
the Tax protein because it is believed to be a potent transcriptional
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FIGURE 2 | BLV-induced leukemogenesis is a multistep process. (A) An
infection with BLV is characterized by three progressive stages of disease:
asymptomatic stage, persistent lymphocytosis (PL), and lymphoma. BLV
infects to cells non-speciﬁcally. Among them, BLV Tax protein immortalizes a
part of BLV-infected cells, probably only CD5+ IgM+ B-cells, and induces

polyclonal proliferation of the cells. However, the Tax protein does not have
the ability to transform the cells. For lymphoma to develop, a malignant
transformation needs to occur with the help of host factors, such as p53
mutation, TNF-α activities or bovine leukocyte antigen (BoLA) class II
phosphorylation. (B) The provirus load increases with disease progression.

activator of viral gene expression. In addition to its function as a
transcriptional activator, Tax induces immortalization of primary
REFs (Willems et al., 1990, 1998). Furthermore, Tax cooperates
with the Harvey rat sarcoma viral oncoprotein (Ha-ras) for the
induction of full transformation of primary REF (Willems et al.,
1990). Importantly, the Tax transformed cells induce tumors in
nude mice. The ability of the Tax protein to induce immortalization may be the ﬁrst step in the BLV-mediated transformation
process. Moreover, after the infection of cattle and during the
latency period, the expression of BLV becomes blocked at the
transcriptional level (Kettmann et al., 1982; Lagarias and Radke,
1989). Such repression appears to be very important for the escape
of BLV from the host’s immunosurveillance system, and later only
a certain small proportion of infected animals rapidly develop a
terminal disease (Gillet et al., 2007). Indeed, transcription of the

BLV genome in fresh tumor cells or in fresh peripheral blood
mononuclear cells (PBMCs) from infected individuals is almost
undetectable by conventional techniques (Kettmann et al., 1982;
Tajima et al., 2003b; Tajima and Aida, 2005). In situ hybridization
has revealed the expression of viral RNA at low levels in many
cells, and at a high level in only a few cells within PBMCs freshly
isolated from BLV-infected asymptomatic animals (Lagarias and
Radke, 1989). Thus, BLV infection is probably not sufﬁcient for
leukemogenesis and some additional events such as gene mutations might be involved in the leukemogenic process (Figure 2A).
Taken together, Tax may induce immortalization of only CD5+
IgM+ B-cells among BLV-infected B-cells, CD4+ T-cells, CD8+
T-cells, γ/δ T-cells, monocytes, and granulocytes in cattle, thereby
conferring a selective transformation advantage to the infected
CD5+ IgM+ B-cells by a second event.
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A mutation in the p53 tumor suppressor gene is one of several genetic changes known to be involved in the development
of lymphoma (Figure 2A). The protein encoded by the p53
tumor suppressor gene plays a critical role in transducing a signal from the damaged DNA to genes that control cell cycle and
apoptosis. Approximately half of the solid tumors induced by
BLV in cattle (Dequiedt et al., 1995; Ishiguro et al., 1997; Zhuang
et al., 1997; Tajima et al., 1998b) and three of four bovine B-cell
lymphoma lines (Komori et al., 1996) were shown to harbor missense mutations in p53. By contrast, very few mutations were
found in B-cells from cows with PL and none of the uninfected
cattle harbored a mutated p53 gene. These observations indicate that p53 mutations frequently occur at the ﬁnal stage of
lymphoma in cattle. A previous study of the molecular mechanism of mutations at codons 206, 207, 241, and 242, which
were identiﬁed in lymphoma, showed that these mutations may
potentially alter the wild-type function of the bovine p53 protein, including the conformation and transactivator and growth
suppressor activities, and then cause lymphoma (Tajima et al.,
1998b). These four mutations were clearly divided into two functionally distinct groups: (i) the mutant forms with substitutions
at codons 241 and 242, which were mapped within an evolutionarily conserved region and corresponded to the human
“hot-spot” mutations, and had completely lost the capacity for
transactivation and growth suppression while gaining transdominant repression activity in p53-null SAOS-2 cells; and (ii) the
mutations at codons 206 and 207, which were located outside
the evolutionarily conserved regions and partially retained the
capacity for transactivation and growth suppression. Collectively,
these naturally occurring mutations may potentially alter the
wild-type function, and in addition, out of the four missense
mutations, at least two mutations may be sufﬁcient to cause
lymphoma. However, since the other two mutations may be
insufﬁcient to induce lymphoma, it is possible that other cancerrelated genes may contribute to lymphoma in concert with the p53
mutations.
A major factor involved in the clinical progression of
BLV-infected animals is the bovine leukocyte antigen (BoLA;
Figure 2A), which plays a crucial role in determining immune
responsiveness (Lewin and Bernoco, 1986; Lewin et al., 1988;
Zanotti et al., 1996; Takeshima and Aida, 2006). Several studies have shown that genetic variations in BoLA-DRB3, which is
a functionally important and the most polymorphic BoLA class
II locus in cattle, inﬂuence resistance and susceptibility to a wide
variety of infectious diseases, including lymphoma (Aida, 2001)
and PL (Xu et al., 1993; Sulimova et al., 1995; Starkenburg et al.,
1997; Juliarena et al., 2008), and affect BLV proviral load (Miyasaka
et al., 2013). For example, the presence of the amino acids Glu–
Arg (ER) at positions 70–71 of the BoLA-DRβ chain was associated
with resistance to PL in BLV-infected cattle (Xu et al., 1993). Furthermore, the BoLA-DRB3 alleles encoding Glu, Arg, and Val at
positions 74, 77, and 78, respectively, of the BoLA-DRβ chain
might be associated with resistance to tumor development (Aida,
2001). In a related study, Nagaoka et al. (1999) and Konnai et al.
(2003) found that the ovine leukocyte antigen (OLA)-DRB1 alleles
encoding the Arg–Lys (RK) and the Ser–Arg (SR) motifs at positions 70–71 of the OLA-DRβ chain are associated with resistance

(RK motif) and susceptibility (SR motif) to the development of
lymphoma after experimental infection of sheep with BLV. The
sheep with alleles encoding the RK motif produced neutralizing
antibodies against BLV and interferon-γ, eliminated BLV completely, and did not develop lymphoma (Konnai et al., 2003).
The susceptibility to the monoclonal expansion of BLV-infected
B-lymphocytes is thus associated with speciﬁc alleles of BoLA
system.
A polymorphism in the promoter region of the tumor necrosis factor (TNF)-α gene is one of several genetic changes involved
in the development of lymphoma (Figure 2A). A previous study
found that, in sheep experimentally infected with BLV, the frequency of the TNF-α-824G allele, which has been associated with
low transcription activity of the promoter/predicted enhancer
region of the bovine TNF-α gene, was higher in animals with
lymphoma than in asymptomatic carrier animals. In addition, a
tendency was observed for increased BLV-provirus load in cattle homozygous for the TNF-α-824G/G allele compared to cattle
homozygous for the TNF-α-824A/A or TNF-α-824A/G alleles.
These data suggest that the observed polymorphism in the promoter region of the TNF-α gene could at least in part contribute
to the progression of lymphoma in BLV infection (Konnai et al.,
2006).
The BLV studies have also focused on understanding the
process of signal transduction such as B-cell receptor (BCR)
signaling (Alber et al., 1993), since many signal transduction
factors have been implicated in leukemogenesis of B-cells in
humans (Murakami et al., 2011a). For example, the immunoreceptor tyrosine-based activation (ITAM) motifs present in the
transmembrane gp30 proteins of the BLV envelope are important for the incorporation of envelope proteins into the virion
(Inabe et al., 1999) and are required for infectivity in vivo
(Willems et al., 1995). In addition to the viral signaling motif,
the spleen tyrosine kinase (Syk) mRNA expression was significantly increased in PL samples, whereas it was decreased in
tumor samples, suggesting that Syk mRNA expression dynamics is closely related to the progression of BLV-induced disease
(Murakami et al., 2011a).

BLV Tax FUNCTION
As mentioned above, the Tax gene is a key contributor to the
oncogenic potential, as well as a key protein involved in the replication of the virus. Table 1 summarizes the functions of the Tax
protein. The Tax open reading frame is mainly encoded in the
pX region, and its translation occurs upstream of the pol stop
codon. The Tax protein is modiﬁed by phosphorylation of two
serine residues and is detected as a 34–38 kDa product (Chen
et al., 1989; Willems et al., 1998). In addition, the Tax protein has
T- and B-cell epitopes corresponding to regions 110–130/131–
150 and 261–280, respectively (Sakakibara et al., 1998). One of
the best characterized functions of Tax is the activation of viral
transcription. The Tax protein acts on a triplicate 21 bp enhancer
motif known as the Tax-responsive element (TxRE) in the U3
region of the 5 LTR, and it stimulates transactivation of the viral
genome (Derse, 1987; Willems et al., 1987; Katoh et al., 1989).
The TxRE consists of a cyclic AMP-response element (CRE)-like
sequence, and it has been suggested that Tax binds to this element
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indirectly through cellular factors, such as the members of the
CREB/activating transcription factor (ATF) family of basic leucine
zipper proteins that have been shown to bind to the CRE-like
sequence (Adam et al., 1994, 1996; Boros et al., 1995). Furthermore, the Tax protein modulates the expression of cellular genes
that are involved in the regulation of cell growth (Tajima and Aida,
2002). In addition to its function in the regulation of cellular
and viral transcription, the Tax protein can induce immortalization of primary REF and cooperates with Ha-Ras oncogene
to fully transform the primary cells (Willems et al., 1990). On
the other hand, the transactivation and transformation of Tax
may be independently induced by each mechanism, since phosphorylation of Tax is required for its transformation but not
for its activation (Willems et al., 1998). Moreover, the expression of Tax in primary ovine B-cells, which depends on CD154
and interleukin-4, affects B-cell proliferation, cell cycle phase distribution, and survival, leading to cytokine-independent growth
(Szynal et al., 2003). This immortalization process is also associated with increased B cell leukemia/lymphoma 2 (Bcl-2) protein
levels, nuclear factor kappa B (NF-κB) accumulation, and a series
of intracellular pathways that remain to be characterized (Klener
et al., 2006). In addition, Tax inhibits base-excision DNA repair of
oxidative damage, thereby potentially increasing the accumulation
of ambient mutations in cellular DNA (Philpott and Buehring,
1999).

FIGURE 3 | Schematic representations of BLV Tax protein mutants and
function. (A) Missense mutations between amino acids 240 and 265
containing D247G and S240P inﬂuence the transactivation activity of the BLV

NEGATIVE REGULATION OF BLV Tax BY THE REGION
BETWEEN RESIDUES 240–265
Our studies (Tajima and Aida, 2000) demonstrated new functions
of the region between amino acids 240 and 265 of BLV Tax. As
shown in Figure 3, a series of mutants with at least one amino acid
substitution between amino acids 240 and 265 of BLV Tax were
identiﬁed, including TaxD247G and TaxS240P, which exhibit an
enhanced ability to stimulate and reduce viral LTR-directed transcription respectively, compared to the wild-type protein (Tajima
and Aida, 2000). Transient expression analysis revealed that the
TaxD247G mutant increased the production of viral protein and
particles from a defective recombinant proviral BLV clone to a
greater extent than the wild-type Tax (TaxWT). Conversely, the
TaxS240P mutant was unable to induce the release of viral particles. The microarray data in human HeLa cells and its validation
of differentially expressed genes at the RNA and protein levels in
bovine 23CLN cells revealed several alterations in genes involved in
many cellular functions such as transcription, signal transduction,
cell growth, apoptosis, and the immune response (Arainga et al.,
2012). In both of human HeLa cells and bovine 23CLN cells, the
TaxD247G mutant induced higher gene expression compared with
TaxWT and TaxS240P and many of these genes were expressed at
the lowest level in the TaxS240P-transfected cells. In particular, our
results showed that Tax activates the proteins which are involved
in activator protein 1 (AP-1) signaling pathway [FBJ osteosarcoma

Tax protein. A putative zinc ﬁnger structure (amino acids 30–53) and a
leucine-rich activation domain (amino acids 157–197) are also indicated.
(B) Multiple functions of the region between amino acids 240 and 265.
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oncogene (FOS), jun proto-oncogene (JUN), etc.] via interactions
with other transcriptional pathways (G-protein, GTP-binding
proteins, etc.). Likewise, the TaxD247G mutant induced apoptosis
in transfected cells more effectively than the TaxWT (Takahashi
et al., 2005). These results suggest that the region between amino
acids 240 and 265 of the Tax protein might act as a negative regulatory domain, and missense mutations in this region might lead
to enhanced transactivation activity of Tax, expression of many
cellular genes and induction of apoptosis. Our results raise the possibility that the target sequence speciﬁcity of retroviral enhancers
of Tax might be limited by this region because TaxD247G, but not
TaxS240P, was found to activate other retroviral enhancers such
as HTLV-1, HIV-1, and mouse mammary tumor virus (MMTV)
and Moloney murine leukemia virus (M-MuLV), and c-fos, which
are not activated by TaxWT (Tajima and Aida, 2000; Figure 3B).
The microarray data also raised the possibility that BLV Tax regulates the innate immune response (Figure 3B): the largest group
of downregulated genes was related to the immune response,
and the majority of these genes belonged to the interferon family of antiviral factors, such as interferon-induced protein with
tetratricopeptide repeats 1 (IFIT1; Arainga et al., 2012). Interferons are major components of the innate immune system, and
are recognized for their antiviral function in addition to their
antiproliferative and immunomodulatory effects on cells (Hu
et al., 1993). It is likely that BLV Tax downregulates the innate
immune response, thereby increasing the production of viral
protein.
An infectious molecular clone of BLV encoding the TaxD247G
was examined for the viral expression and propagation, as well
as for the induction of apoptosis in a sheep model (Tajima et al.,
2003a; Takahashi et al., 2004, 2005). Interestingly, the infectious
molecular clone of BLV encoding the TaxD247G produced more
viral particles and was transmitted at an elevated rate in vitro,
but with no signiﬁcant differences in the proviral load and the
expression of viral RNA between sheep experimentally injected
with BLVs encoding the TaxWT or the mutant TaxD247G proteins (Tajima et al., 2003a). These ﬁndings suggest the presence of
a dominant host defense mechanism regulating BLV–LTR-directed
transcription by Tax that may play an important role in viral
silencing in vivo (Figure 4). Likewise, although the transient

FIGURE 4 | Proposed mechanism for the regulation of BLV expression
and apoptosis induction in TaxD247G-encoded BLV-infected sheep.

expression of TaxD247G induced apoptosis in transfected cells
in vitro more effectively than TaxWT, higher level of protection against apoptosis was observed in PBMCs isolated from
sheep infected with TaxD247G-encoded BLV compared to TaxWTencoded BLV (Takahashi et al., 2005; Figure 4). These ﬁndings
demonstrate that TaxD247G has an increased potential to induce
apoptosis, which could be beneﬁcial for BLV propagation like other
viruses (Wurzer et al., 2003; Richard and Tulasne, 2012). One possible explanation for our results might be that TaxD247G-induced
apoptosis is modulated by a dominant mechanism ex vivo, so the
function might be suppressed.

CONCLUSION
BLV is the etiologic agent of EBL, which is the most common
neoplastic disease in cattle. It infects cattle worldwide, thereby
imposing a severe economic burden on the dairy cattle industry.
In this review, we evaluated existing information on the mechanism of BLV-induced leukemogenesis. We propose that, since
BLV Tax induces immortalization of only CD5+ IgM+ B-cells
within BLV-infected B-cells, CD4+ T-cells, CD8+ T-cells, γ/δ
T-cells, monocytes, and granulocytes in cattle, it may confer a
selective transformation advantage to the infected CD5+ IgM+
B-cells by a second event, such as p53 mutation, polymorphisms
of BoLA, or the promoter region of the TNF-α gene. We also propose new functions of the region between amino acids 240 and
265 of BLV Tax (Figure 3). Namely, the transactivation activity
and target sequence speciﬁcity of BLV Tax might be limited or
negatively regulated by this region. The most interesting point
regarding the ability of TaxD247G to enhance BLV expression and
apoptotic induction in vitro is that it might be suppressed in vivo
or ex vivo. Thus, we hypothesize that there could be dominant
mechanisms controlling the functions of TaxD247G ex vivo and in
vivo, as shown in Figure 4. For HTLV-1, it has been reported
that CD8+ cell-mediated cytotoxic T-lymphocytes (CTLs) target Tax-expressing cells, thereby reducing the number of infected
cells (Hanon et al., 2000). Likewise, BLV-infected cells expressing
Tax may be exposed to the host defense system, and BLV may
evolve in a manner that promotes the shielding of their potential
abilities. Therefore, a strong transactivation activity of BLV Tax
might not be advantageous for the propagation of BLV in vivo.
Taken together, the ﬁndings discussed in this review suggest that
there might be a dominant mechanism involved in the induction
of apoptosis and expression of HTLV-1 in vivo. To address our
hypothesis, it seems necessary to evaluate whether possible host
responses against BLV infection, such as the induction of CTLs,
genetic, and epigenetic alterations in apoptosis-regulatory genes,
and DNA and chromatin modiﬁcations of BLV promoter for the
suppression of viral expression, could be enhanced in animals
infected with TaxD247G-encoded BLV. Thus, future investigations
of the relationship between apoptosis and viral expression using
BLV containing the mutant D247G Tax as a model will broaden
our understanding of the replication and propagation of HTLV-1,
and leukemia progression.
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≟ࡢ ,/ 㑇ఏᏊࡢゎᯒ

㸯≟ ,/ 㑇ఏᏊࡢ㑇ఏᏊከᆺ᥈⣴
㸰≟ ,/ 㑇ఏᏊୖࡢ㑇ఏᏊከᆺࡢ㢖ᗘㄪᰝ
㸱≟ ,/ 㑇ఏᏊࡢከᆺࢺࣆ࣮ᛶ⓶⅖ࡢ┦㛵ゎᯒ

ἑ㐩ஓ㸦㯞ᕸᏛື≀ᕤᏛ㸧
ࠊ⏣୰᫂㸦㯞ᕸᏛື≀ᕤᏛ㸧

㸯≟ ,/ 㑇ఏᏊࡢ㑇ఏᏊከᆺ᥈⣴
◊✲せ᪨
,/ ࡣࠊ 7K⣽⬊ࡼࡗ࡚⏘⏕ࡉࢀࡿࢧࢺ࡛࢝ࣥࠊࣞࣝࢠ࣮ᛶᝈࡸ⮬
ᕫචᝈࡢ㛵㐃ᅉᏊࡋ࡚ὀ┠ࡉࢀ࡚࠸ࡿࠋᮏ◊✲࡛ࡣࠊࢾ ,/ 㑇ఏᏊᏑᅾࡍ
ࡿከᆺࢆぢࡘࡅࡿࡓࡵࠊ࢚ࢡࢯ࣭ࣥࣥࢺࣟࣥࢆྵࡴ⣙ 㹩㹠ࡢሷᇶ㓄ิࢆ 
≟✀ྜィ  ಶయ࡛Ỵᐃࡋࡓࠋ㓄ิࢆ┦ẚ㍑ࡋࡓ⤖ᯝࠊ ࢝ᡤࡢ୍ሷᇶከᆺ㸦613㸧
ࠊ㸯ࡘࡢ⦪ิከᆺࢆ᳨ฟࡋࡓࠋࡇࡢ࠺ࡕ  ࡘࡢከᆺࡣࠊGE613 Ⓩ㘓ࡉࢀ࡚࠸࡞
࠸᪂つࡢࡶࡢ࡛࠶ࡗࡓࠋ᳨ฟࡋࡓከᆺࡢ࠺ࡕ UV ࡣࠊ,/ ࡢ  ␒┠ࡢ࣑ࣀ
㓟ࢆࢺࣞ࢜ࢽࣥࡽࣛࢽࣥኚ᭦ࡍࡿࠋ࣐࢘ࠊࣄࢺࠊࢳࣥࣃࣥࢪ࣮ࠊ࢝ࢽࢡࢨࣝࠊ
࢘ࢩࠊࣈࢱࠊࣛࢵࢺ࠾ࡼࡧ࣐࢘ࢫࡢ࣑ࣀ㓟㓄ิࢆẚ㍑ࡍࡿ  ␒┠ࡣ࡚ࡢ✀࡛ࢺ
ࣞ࢜ࢽ࡛ࣥ࠶ࡾࠊࣛࢽࣥࡢ⨨ࡣ㐍Ꮫⓗእ࡛࠶ࡿࡇࡀ♧ࡉࢀࡓࠋࡉࡽࠊ
3RO\SKHQ ࢆ⏝࠸ࡓࢩ࣑࣮ࣗࣞࢩ࡛ࣙࣥࡶࢱࣥࣃࢡ㉁ࡢ㧗ḟᵓ㐀ࡁ࡞ࢲ࣓࣮ࢪࢆ
࠼ࡿࡇࡀ♧၀ࡉࢀࡓࠋࡺ࠼ UV ከᆺࡣࠊࢾ࠾࠸࡚ ,/ ࡀ㛵ࡍࡿ
ᙳ㡪ࢆ࠾ࡼࡰࡍኚ␗ࡢ㔜せ࡞ೃ⿵࡛࠶ࡿࡇࡀ♧ࡉࢀࡓࠋࡲࡓࠊv㞄᥋㡿ᇦ
 ࢝ᡤࡢከᆺࡀ᳨ฟࡉࢀࡓࡇࡽࠊ,/ ࡢⓎ⌧ᙳ㡪ࡍࡿከᆺࡢೃ⿵ࢆぢࡘࡅࡿࡇ
ࡀ࡛ࡁࡓࠋ


◊✲┠ⓗ
,/ ࡣࠊ 7K⣽⬊ࡼࡗ࡚⏘⏕ࡉࢀࡿࢧࢺ࡛࢝ࣥࠊ㹀⣽⬊ࡼࡿ ,J(⏕
⏘ࢆಁ㐍ࡋࠊ,/ ࡸ ,/ ࠸ࡗࡓ⅖ㄏⓎᛶࢧࢺ࢝ࣥࡢ⏕⏘ࢆᢚไࡍࡿࡇ࡛
࣐ࢡࣟࣇ࣮ࢪࡢάᛶࢆపୗࡉࡏࡿࠋ,/ ࡣႍᜥ࡞ࡢࣞࣝࢠ࣮ᛶᝈࡸ₽⒆ᛶ
⭠⅖࡞ࡢ⮬ᕫචᝈࡢ㛵㐃ᅉᏊࡋ࡚ὀ┠ࡉࢀ࡚࠸ࡿࠋࡉࡽ ,/ ࢆḞᦆࡋ
ࡓ࣐࢘ࢫࣔࢹ࡛ࣝࡣࠊ'0%$73$ ㄏⓎ⓶⭘⒆ࡢⓎ⏕⋡ࡀ㧗ࡲࡿࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ
ࣄࢺ࡛ࡣࠊ,/ ࡢ ̓㞄᥋㡿ᇦ&!7 ከᆺ UV ࠾ࡼࡧࠊࢥ࣮ࢹࣥࢢ㡿ᇦ
ࡢ 10B ,/ F$!* ከᆺ㸦UV㸧ࡀࠊႍᜥࡲࡓࡣࢺࣆ࣮ᛶ⓶⅖ࡢ
ࣜࢫࢡᅉᏊࡋ࡚ሗ࿌ࡉࢀ࡚࠸ࡿࠋUV ከᆺࡣࣄࢺ ,/ ๓㥑యࢱࣥࣃࢡ㉁ࡢ 
␒┠㸦,/ ࡛ࡣ  ␒┠㸧ࡢṧᇶࢆࣝࢠࢽࣥࡽࢢࣝࢱ࣑ࣥ⨨ࡉࡏࡿࠋࢢࣝ
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ࢱ࣑ࣥ⨨ࡋ࡚࠸ࡿࢱࣉ࡛ࡣ 7K ᶵ⬟ࡀ㔝⏕ᆺࡼࡾࡶቑᙉࡉࢀࡿሗ࿌ࡀ࠶ࡿࠋ
ࡇࡢࡼ࠺࡞⫼ᬒࡽࠊࢾ࠾࠸࡚ࡶ ,/ 㑇ఏᏊୖࠊ,/ ࡢไᚚኚ᭦ࢆຍ࠼
ࡿኚ␗ࡀぢࡘࡿྍ⬟ᛶࡀ࠶ࡿࠋࡑࡇ࡛ࠊ᪥ᮏ≟ࢆྵࡴ  ≟✀ࢆ⏝࠸࡚ ,/ 㑇ఏᏊ
ࡢ㓄ิࢆỴᐃࡋከᆺࢆ᳨⣴ࡋࡓࠋ

ᮦᩱ᪉ἲ

,/ 㑇ఏᏊࡢ㓄ิỴᐃࡣࠊࢥ࣮ࣜ  ಶయ ࠊ࣮࣎ࢲ࣮ࢥ࣮ࣜ㸦 ಶయ㸧ࠊࢩ࢙ࢵࢺࣛࣥ
ࢻࢩ࣮ࣉࢻࢵࢢ  ಶయ ࠊࣛࣈࣛࢻ࣮ࣝࣞࢺ࣮ࣜࣂ࣮㸦 ಶయ㸧
ࠊࢦ࣮ࣝࢹࣥࣞࢺ࣮ࣜ
ࣂ࣮㸦 ಶయ㸧
ࠊࢭࢵࢱ࣮㸦 ಶయ㸧
ࠊࢪ࣮࣐ࣕࣥࢩ࢙ࣃ࣮ࢻ㸦 ಶయ㸧
ࠊ࣑ࢽࢳࣗࢲࢵ
ࢡࢫࣇࣥࢺ㸦 ಶయ㸧
ࠊࣅ࣮ࢢࣝ㸦 ಶయ㸧
ࠊ࣏࣓ࣛࢽࣥ  ಶయ ࠊࢩ࣮ࢬ࣮㸦 ಶయ㸧
ࠊ
ࢩ࣋ࣜࣥࣁࢫ࣮࢟㸦 ಶయ㸧
ࠊᰘ≟㸦 ಶయ㸧
ࠊ⛅⏣≟㸦 ಶయ㸧
ࠊ⏥ᩫ≟㸦 ಶయ㸧ࡢ
 ≟✀  ಶయࢆ⏝࠸ࡓࠋࢾ  ␒ᰁⰍయࡢࣜࣇࣞࣥࢫࢤࣀ࣒ 1&B ࠾࠸
࡚ࠊJ ࡽ J ࡲ࡛ࡢ⣙ NE ࡢ㓄ิࢆᑐ㇟ࠊ⾲㸯♧ࡋࡓ  ⤌ࡢ
ࣉ࣐࣮ࣛࢭࢵࢺࢆ⏝࠸࡚ ,/ 㑇ఏᏊࡢ '1$ ᩿∦ࢆቑᖜࡋࡓࠋ
ࡇࡢ༊㛫ࡣࠊ
ࢾ ,/
㑇ఏᏊࡢ࡚ࡢ࢚ࢡࢯࣥࣥࢺࣟࣥ࠾ࡼࡧࠊ᥎ᐃ㌿㛤ጞⅬࡽ vഃ NE ୖὶ
Ṇࢥࢻࣥࡽ vഃୗὶ 㹩㹠ࢆྵࢇ࡛࠸ࡿࠋࡇࢀࡽࡢ '1$ ᩿∦ࢆ⢭〇ࡋࡓᚋࠊ
%LJ'\H7HUPLQDWRUY&\FOH6HTXHQFLQJ.LW ࠾ࡼࡧ $%,ࢩ࣮ࢡ࢚ࣥࢧ࣮ 7KHUPR
)LVKHU6FLHQWLILF:DOWKDP0DVVDFKXVHWWV86$ ࢆ⏝࠸࡚ሷᇶ㓄ิࢆỴᐃࡋࡓࠋᚓ
ࡽࢀࡓ㓄ิࡣࠊࣜࣇࣞࣥࢫࢤࣀ࣒㓄ิ㸦≟✀ࡣ࣎ࢡࢧ࣮㸧┦ẚ㍑ࡋከᆺࢆ᳨ฟ
ࡋࡓࠋ

⤖ᯝ࠾ࡼࡧ⪃ᐹ
 ಶయࡢ㓄ิ࠾ࡼࡧࣜࣇࣞࣥࢫࢤࣀ࣒㓄ิࢆẚ㍑ࡋࡓ⤖ᯝࠊ⾲㸰♧ࡋࡓ  ᡤࡢ
 ሷᇶከᆺ㸦613㸧ࠊ$**7***&$ ࡢ  ሷᇶࢆ༢ࡍࡿ⦪ิከᆺࡀ  ᡤ࡛ぢࡘ
ࡗࡓࠋࡇࡢ࠺ࡕ  ࡘࡢከᆺࡣࠊGE613 Ⓩ㘓ࡉࢀ࡚࠸࡞࠸᪂つࡢࡶࡢ࡛࠶ࡗࡓࠋࡇࢀࡽ
ࡢከᆺࡢ୰࡛ࠊUV ࡣࠊ,/ ๓㥑యࢱࣥࣃࢡ㉁ࡢ  ␒┠ࡢ࣑ࣀ㓟ࢆࢺࣞ࢜
ࢽࣥࡽࣛࢽࣥኚ᭦ࡍࡿ㠀ྠ⩏⨨࡛࠶ࡗࡓࠋࡇࡢ⨨ࡣࠊ ಶࡢ࣑ࣀ㓟ࡽ
࡞ࡿࢩࢢࢼࣝ࣌ࣉࢳࢻࢆ㝖ཤࡋࡓ ,/ ࡛ࡣࠊ ␒┠ࡢṧᇶ⨨࡙ࡅࡽࢀࡿࠋࡇࡢ
࣑ࣀ㓟⨨㸦௨ᚋ ,/ S7KU!$OD ⾲グ㸧ࡢ㐍Ꮫⓗ⨨࡙ࡅࢆ⾜࠺ࡓࡵࠊ
࣐࢘ࠊࣄࢺࠊࢳࣥࣃࣥࢪ࣮ࠊ࢝ࢽࢡࢨࣝࠊ࢘ࢩࠊࣈࢱࠊࣛࢵࢺ࠾ࡼࡧ࣐࢘ࢫࡢ ,/
ࡢ࣑ࣀ㓟㓄ิẚ㍑ࡋࡓ㸦ᅗ㸯㸧
ࠋS7KU!$OD ከᆺࡣࠊ,/ ࡢᵓ㐀ୖ㔜せ࡞Ș
ࣜࢵࢡࢫ & ࡢ୰ኸ⨨ࡍࡿࡀ᫂ࡽ࡞ࡗࡓࠋࡲࡓࠊẚ㍑⏝࠸ࡓ࡚ࡢ✀࠾࠸
࡚ࢺࣞ࢜ࢽࣥᅛᐃࡉࢀ࡚࠸ࡓࠋࡺ࠼ࠊ,/ ␒┠ࡢ࣑ࣀ㓟ṧᇶࡀࢺࣞ࢜ࢽ࡛ࣥ࠶
ࡿࡀ ,/ ࡢᶵ⬟㔜せ࡛࠶ࡿ⪃࠼ࡽࢀࡓࠋࡉࡽࠊ3RO\SKHQ
㸦KWWSJHQHWLFVEZKKDUYDUGHGXSSK㸧ࢆ⏝࠸ࡓࢩ࣑࣮ࣗࣞࢩࣙࣥࡽ S
7KU!$OD ከᆺࡣࠊࢱࣥࣃࢡ㉁ࡢ㧗ḟᵓ㐀ࡁ࡞ࢲ࣓࣮ࢪࢆ࠼ࡿࡇࡀண
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ࡉࢀࡓࠋ

௨ୖࡢࡽࠊUV ከᆺࡣࠊ,/ ࡢᶵ⬟ࡁ࡞ኚ᭦ࢆຍ࠼ࡿࡀᙉࡃ♧၀ࡉ
ࢀࡓࠋࡺ࠼ࡇࡢከᆺࡣࠊࢾ࠾࠸࡚ ,/ ࢩࢢࢼࣝࡢ␗ᖖࡀ㛵ࡍࡿᝈᑐࡍࡿ
㔜せ࡞ೃ⿵ኚ␗࡛࠶ࡿࡀ♧ࡉࢀࡓࠋࡲࡓࠊᮏ◊✲࡛Ⓨぢࡋࡓ ,/ 㑇ఏᏊࡢ v㞄᥋
㡿ᇦ࠾ࡅࡿ⦪ิከᆺࡢ୰ࡣࠊ1)$7 ࡸ 63 ࢆྵࡴ」ᩘࡢ㌿ᅉᏊ₯ᅾⓗ
⤖ྜࡍࡿࣔࢳ࣮ࣇࡀྵࡲࢀ࡚࠸ࡓࠋࣉ࣮ࣟࣔࢱෆ࡛ࡢ㓄ิከᆺࡀࠊ㑇ఏᏊࡢ㌿ά
ᛶᙳ㡪ࢆཬࡰࡍࡀከࡃ▱ࡽࢀ࡚࠸ࡿࡇࡽࠊv㞄᥋㡿ᇦෆࡢከᆺࡶྠㄪᰝ
ࡍࡿᚲせࡀ࠶ࡿࠋ
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ᅗ㸯,/ ࡢ࣑ࣀ㓟㓄ิࡢẚ㍑㸬࣑ࣀ㓟ṧᇶࡢ࣏ࢪࢪࣙࣥࡣࢩࢢࢼࣝ࣌ࣉࢳࢻࡀ㝖ཤ
ࡉࢀ࡚࠸ࡿࠋ











㸰㸬≟ ,/ 㑇ఏᏊୖࡢ㑇ఏᏊከᆺࡢ㢖ᗘㄪᰝ
◊✲せ᪨
ࢾ ,/ 㑇ఏᏊ࠾࠸࡚ࠊ㌿ㄪᩚᙳ㡪ࢆ࠼ࡿྍ⬟ᛶࡢ࠶ࡿ v㞄᥋㡿ᇦᏑᅾ
ࡍࡿ㹥$**7***&$㸸
㹙㹛!㹙㹛
ࠊJ$!&ࠊUV ࠾ࡼࡧࠊUV
ࡢ  ࢝ᡤ ,/ ࡢ㠀ྠ⩏⨨ UV ࡢᑐ❧㑇ఏ㢖ᗘࢆࠊ ≟✀ࢆᑐ㇟ㄪᰝࡋ

ࡓࠋㄪᰝ⤖ᯝࡣࠊ⾲㸰♧ࡋࡓࠋ㸳ࡘࡢᗙࡣࠊ ≟✀ࡽ  ≟✀࠾࠸࡚ᑐ❧㑇ఏ
Ꮚࡢከᆺࡀㄆࡵࡽࢀࡓࠋ୍㒊ࡢရ✀࡛ࣞࣝࡢᅛᐃࡀㄆࡵࡽࢀࡓࡶࡢࡢࠊᮏ◊✲ࡢᑐ㇟
ࡋࡓ㸳ࡘࡢᗙࡣࠊ࠸ࡎࢀࡶᗈ⠊ᅖࡢ≟✀࡛ᑐ❧㑇ఏᏊࡢከᵝᛶࡀᏑᅾࡋࡓࡇࡽࠊᐙ
␆≟ᗈࡃศᕸࡍࡿࢥࣔࣥከᆺ࡛࠶ࡿࡇࡀ᫂ࡽ࡞ࡗࡓࠋ
5 ࡘࡢᗙࡢ࠺ࡕ J
$!& ࢆ㝖ࡃ㸲ࡘࡢከᆺ㒊࡛ࡣࠊရ✀㛫࡛ᑐ❧㑇ఏᏊ㢖ᗘࡁ࡞ᕪࡀㄆࡵࡽࢀࠊ࣓ࢪ࣮ࣕ
࣐ࣞࣝࢼ࣮ࣞࣝࡢ㛵ಀࡀ㏫㌿ࡍࡿ⌧㇟ࡶㄆࡵࡽࢀࡓࠋ20 ≟✀࠾ࡅࡿᑐ❧㑇ఏ㢖
ᗘࡢഴྥࢆ᫂ࡽࡋࡓࡇ࡛ࠊࢾ IL-13 㑇ఏᏊከᆺࢆᑐ㇟ࡍࡿ┦㛵ゎᯒࢆᐇࡍࡿ
ࡓࡵࡢᇶ♏ሗࢆᚓࡿࡇࡀ࡛ࡁࡓࠋ
◊✲┠ⓗ
๓㡯ࡢ◊✲࡛ࢾ ,/ 㑇ఏᏊ࠾࠸࡚  ࢝ᡤࡢከᆺࢆ᳨ฟࡋࡓࠋࡇࡢ୰࡛ࠊv㞄᥋㡿
ᇦᏑᅾࡍࡿ㹥$**7***&$㸸㹙㹛!㹙㹛ࠊJ$!&ࠊUV ࠾ࡼࡧࠊ
UV ࡢ  ࢝ᡤࡢከᆺࡣࠊ,/ ࡢ㌿ㄪ⠇㛵ࡍࡿྍ⬟ᛶࡢ࠶ࡿ」ᩘࡢ㌿ᅉᏊࡢ
⤖ྜࣔࢳ࣮ࣇࢆྵࢇ࡛࠸ࡓࠋࡲࡓࠊUV ࡣࠊ,/ ࡢᵓ㐀ୖ㔜せ⪃࠼ࡽࢀࡿ

⨨࡛ࡢ࣑ࣀ㓟㓄ิࢆ⏕ࡌࡉࡏࡿࠋࡺ࠼ࠊ,/ ࡀᐤࡍࡿᝈࡢ┦㛵ࡍࡿྍ⬟ᛶ
ࡀ࠶ࡿࠋࡋࡋࠊࡇࢀࡽࡢከᆺ࠾ࡅࡿᑐ❧㑇ఏᏊ㢖ᗘ㛵ࡍࡿሗࡣࠊࡇࢀࡲ࡛ࡃ
▱ࡽࢀ࡚࠸࡞࠸ࠋ୍⯡ࠊࢾࡢ⦾Ṫࡣရ✀ࡈ⊂❧ࡋ࡚⾜ࢃࢀ࡚࠸ࡿࡇࡽࠊ㑇
ఏᏊᾋືࡢᙳ㡪ࢆཷࡅࡸࡍࡃࠊရ✀ࡈᑐ❧㑇ఏᏊ㢖ᗘࡀࡁࡃ␗࡞ࡿࡀணࡉࢀ
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ࡿࠋᮏ◊✲࡛ࡣࠊ,/ 㑇ఏከᆺᝈࡢ㛵㐃ࢆㄪᰝࡍࡿ๓ẁ㝵ࡋ࡚ࠊ≟✀ูࡢᑐ
❧㑇ఏᏊ㢖ᗘࢆ᫂ࡽࡍࡿࡇࢆ┠ⓗࡋࡓࠋ

ᮦᩱ᪉ἲ
ࢦ࣮ࣝࢹࣥࣞࢺ࣮ࣜࣂ࣮ࠊࣛࣈࣛࢻ࣮ࣝࣞࢺ࣮ࣜࣂ࣮ࠊࣅ࣮ࢢࣝࠊࢩ࢙ࢵࢺࣛࣥࢻࢩ࣮ࣉ
ࢻࢵࢢࠊ࣐ࣝࢳ࣮ࢬࠊ࣭ࢥ࣮ࢠ࣮࣮ࣚࢡࢩ࣮ࣕࢸࣜࠊࢺࣉ࣮ࢻࣝࠊ࣑ࢽࢳࣗࢲࢵࢡࢫ
ࣇࣥࢺࠊࢳ࣡࣡ࠊࢪ࣮࣐ࣕࣥࢩ࢙ࣃ࣮ࢻࠊࢩ࣮ࢬ࣮ࠊ࣏࣓ࣛࣜࣥࠊࣃࣆࣚࣥࠊ࢙࢘ࣝࢵ
ࢩ࣭ࣗࢥ࣮ࢠ࣮ࠊࣃࢢࠊ࣑ࢽࢳࣗࣆࣥࢩ࣮ࣕࠊࢩ࣋ࣜࣥࣁࢫ࣮࢟ࠊᰘ≟ࠊ⏥ᩫ≟࠾ࡼ
ࡧ⛅⏣≟ࡢ 20 ≟✀࠾࠸࡚ࠊぢࡅୖᗣ࡞ᡂ≟ࢆ㑅ᢥࡋࠊ1 ≟✀࠶ࡓࡾ 8 ࡽ 35 ಶయ
ࡢ DNA ヨᩱࢆゎᯒࡋࡓࠋ㹥20957075 AGGTGGGCA㸸
㹙1㹛>㹙2㹛
ࠊg.20957831 A>Cࠊ
rs8973298ࠊrs8973300 ࠾ࡼࡧࠊrs22147008 ࡢከᆺ㒊ࢆྵࡴ DNA ᩿∦ࢆ⾲㸯♧ࡋࡓ
5 ⤌ࡢࣉ࣐࣮ࣛࢭࢵࢺࢆ⏝࠸࡚ PCR ቑᖜࡋࡓࠋ
ࡇࡢ࠺ࡕ㹥20957075 AGGTGGGCA㸸
㹙1㹛
>㹙2㹛ከᆺࡣࠊPCR ⏘≀ࢆ࣮࢞ࣟࢫࢤࣝ㟁ẼὋືࡍࡿ࡛ࠊቑᖜ᩿∦㛗ከᆺࡋ࡚㑇ఏ
Ꮚᆺࢆุᐃࡋࡓࠋṧࡾࡢ 4 ࢝ᡤ SNP ᑐࡋ࡚ࡣࠊ⾲㸯♧ࡋࡓไ㝈㓝⣲ࢆ⏝࠸࡚ DNA
᩿∦ࢆฎ⌮ࡋࡓᚋࠊ࣮࢞ࣟࢫࢤࣝ㟁ẼὋືࢆ⾜࠸ࠊไ㝈㓝⣲ษ᩿᩿∦㛗ከᆺࡋ࡚㑇
ఏᏊᆺࢆุᐃࡋࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
ࢾ IL-13 㑇ఏᏊᏑᅾࡍࡿ 5 ࡘࡢከᆺᗙᑐࡍࡿᑐ❧㑇ఏᏊ㢖ᗘࢆ⾲ 2 ♧ࡋࡓࠋ
rs8973300 ࡛ࡣࠊㄪᰝࡋࡓ 20 ≟✀࡚ࡽከᆺࡀ᳨ฟࡉࢀࡓࠋࡲࡓࠊ㹥20957075
AGGTGGGCA㸸
㹙1㹛>㹙2㹛 rs8973298 ࡛ࡶࠊࢩ࣋ࣜࣥࣁࢫ࣮࢟ࢆ㝖ࡃ 19 ≟✀࡛ከᆺ
ࡀㄆࡵࡽࢀࡓࠋࡇࢀᑐࡋ࡚ࠊrs22147008  g.20957831 A>C ࡛ࡣࠊከᆺㄆࡵࡽࢀࡓ≟✀
ࡣࠊࡑࢀࡒࢀ 14 ≟✀ 9 ≟✀࡛࠶ࡾࠊṧࡾࡢ≟✀࡛ࡣ࣐ࢼ࣮ࣞࣝࡀࡃ᳨ฟࡉࢀ࡞
ࡗࡓࠋg.20957831 A>C ࡛ࡣࠊㄪᰝࡋࡓ 20 ≟✀࠾࠸࡚ᖖ A ᆺࡀ࣓ࢪ࣮࡛ࣕࣞࣝ࠶ࡗ
ࡓࠋࡇࢀᑐࡋ࡚ࠊṧࡾࡢ㸲ࡘࡢከᆺ࡛ࡣࠊ≟✀ࡼࡗ࡚࣓ࢪ࣮࣐ࣕࣞࣝࢼ࣮ࣞ
ࣝࡢ㛵ಀࡀ㏫㌿ࡍࡿࡇࡀ࠶ࡗࡓࠋ
୍㒊ࡢရ✀࡛ࣞࣝࡢᅛᐃࡀㄆࡵࡽࢀࡓࡶࡢࡢᮏ◊✲ࡢㄪᰝᑐ㇟ࡋࡓ 5 ࡘࡢከᆺࡣࠊ
࠸ࡎࢀࡶᗈ⠊ᅖࡢ≟✀ศᕸࡋ࡚࠸ࡿࡇࡽࠊಶࠎࡢရ✀ࡀ☜❧ࡋࡓᚋ᪂ࡋࡃ⏕ࡌࡓ
ኚ␗࡛ࡣ࡞ࡃࠊᐙ␆≟ᗈࡃศᕸࡍࡿࢥࣔࣥከᆺ࡛࠶ࡿࡇࡀ᫂ࡽ࡞ࡗࡓࠋࡲࡓࠊ
ࣞࣝࡀᅛᐃࡉࢀ࡚࠸ࡓရ✀㛫᫂☜࡞㛵㐃ᛶࡣㄆࡵࡽࢀ࡞࠸ࡇࡽ㑇ఏᏊᾋືࡼࡗ࡚
⏕ࡌࡓ⌧㇟࡛࠶ࡿ⪃࠼ࡽࢀࡓࠋ
๓ 㡯 ࡢ ◊ ✲ ࡛ ࠊ IL-13 ࢱ ࣥ ࣃ ࢡ ㉁ ࡢ ᵓ 㐀   ࡁ ࡞ ᙳ 㡪 ࢆ ࠾ ࡼ ࡰ ࡍ  ⪃ ࠼ ࡽ ࢀ ࡓ
rs22147008 ࡢ G ᆺࡘ࠸࡚ࠊ㢖ᗘ 10㸣ᮍ‶ࡢရ✀ࡀ 20 ≟✀୰ 10 ≟✀᭱ࡶከࡃࠊ⤖ᯝ
ࡋ࡚࣍ࣔ᥋ྜయࡣᴟࡵ࡚ᑡᩘ࡛࠶ࡗࡓࠋࡇࡢࡓࡵࠊࡢ┦㛵ゎᯒࢆ㐍ࡵࡿ࠶ࡓࡾࠊ
rs22147008 ࡢ G ᆺ࣍ࣔ᥋ྜࡢಶయࢆぢࡘࡅࡿࡇࡀᅔ㞴࡞ရ✀ࡀከࡃᏑᅾࡍࡿࡀ♧ࡉ
ࢀࡓࠋࡋࡋࠊ࣑ࢽࣗࢳࣗࢲࢵࢡࢫࣇࣥࢺࠊࢳ࣡࣡ࠊ࣏࣓ࣛࢽࣥ࠾ࡼࡧࠊࣃࢢ࡛ࡣࠊG
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ᆺࡢ㢖ᗘࡀ⣙ 50㸣๓ᚋࡢ㧗࠸್ࢆ♧ࡋࠊࣁ࣮ࢹ࣡ࣥ࣋ࣝࢢᖹ⾮ࡢᮇᚅ್㏆࠸ྜ࡛
G ᆺ࣍ࣔ᥋ྜయࡀㄆࡵࡽࢀࡓࠋࡺ࠼ rs22147008 ࡢ G ᆺ࣍ࣔ᥋ྜࡀඛኳⓗ᫂☜࡞␗ᖖ
⾲⌧ᆺࡶࡘࡇࡣ࡞࠸⪃࠼ࡽࢀࡓࠋrs22147008 ࡢ G ᆺࡢ㛵ಀࢆ┦㛵ゎᯒࡣࠊ
㞟ᅋෆ࡛࣍ࣔ᥋ྜࡢಶయࡀ࠼ࡸࡍ࠸ࡇࢀࡽࡢရ✀ࢆ⏝࠸ࡿຠ⋡ⓗ࡛࠶ࡿࡇࡀ♧ࡉࢀࡓࠋ
௨ୖࡢࡼ࠺ࠊ᪥ᮏᅜෆ࡛㣫⫱ࡉࢀ࡚࠸ࡿ 20 ≟✀࠾ࡅࡿᑐ❧㑇ఏ㢖ᗘࡢഴྥࢆ᫂ࡽ
ࡋࡓࡇ࡛ࠊࢾ IL-13 㑇ఏᏊከᆺࢆᑐ㇟ࡍࡿ┦㛵ゎᯒࢆᐇࡍࡿࡓࡵࡢᇶ♏ሗ
ࢆᚓࡿࡇࡀ࡛ࡁࡓࠋ
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㸱. ≟ ,/ 㑇ఏᏊࡢከᆺࢺࣆ࣮ᛶ⓶⅖ࡢ┦㛵ゎᯒ
◊✲せ᪨
ࢺࣆ࣮ᛶ⓶⅖ࢆⓎࡋࡓᰘ≟ 10 ಶయࠊࢺࣆ࣮ᛶ⓶⅖ࡢೃࡀㄆࡵࡽࢀ࡞࠸ᰘ≟
33 ಶయᑐࡋ࡚๓㡯♧ࡋࡓ㸳ࡘࡢከᆺᗙࡢ㑇ఏᏊᆺุᐃࢆ⾜ࡗࡓࠋᝈ␆⩌㠀ᝈ␆⩌
࠾ࡅࡿ㑇ఏᏊᆺ㢖ᗘᇶ࡙࠸࡚ࠊMantel-Haenszel ἲࡼࡿ᳨࢝ᐃࢆ⏝࠸࡚ࠊ
ᑐ↷◊✲ࢆ⾜ࡗࡓࠋ㸳ᗙࡢ࠺ࡕ rs8973298 ࡢ࣐ࢼ࣮࡛ࣞࣝ࠶ࡿ C ᆺ࣍ࣔ᥋ྜ㸦CC
ᆺ㸧ࡢฟ⌧㢖ᗘࡀࠊᝈ␆⩌࠾࠸࡚㠀ᝈ␆⩌ẚ࡚᭷ព㧗ࡗࡓࠋࡇࡢࠊCC ᆺࢆ
ࢺ ࣆ ࣮ ᛶ ⓶  ⅖  ᑐ ࡍ ࡿ ࣜ ࢫ ࢡ ᆺ   ᐃ ࡋ ࡓ ࢜ ࢵ ࢬ ẚ ࡣ ࠊ 4.833 㸦 95 㸣 ಙ 㢗 ༊ 㛫
1.018-23.455㸪Fisher ࡢṇ☜☜⋡᳨ᐃࡼࡿ p ್㸻0.070㸧࡛࠶ࡗࡓࠋࡺ࠼ࠊrs8973298
ࡢ CC 㑇ఏᏊᆺࡣࠊᰘ≟࠾࠸࡚ࢺࣆ࣮ᛶ⓶⅖ࡢⓎࣜࢫࢡࢆ㧗ࡵࡿࡀ♧၀ࡉࢀࡓࠋ
◊✲┠ⓗ

IL-13 㑇ఏᏊࡢ 5̓㞄᥋㡿ᇦ SNP(rs1800925)ࢥ࣮ࢹࣥࢢ㡿ᇦࡢ SNP(rs20541㸧
ࣄࢺ࡛ࡣࠊ
ࡀࠊࢺࣆ࣮ᛶ⓶⅖ࡢࣜࢫࢡᅉᏊࡋ࡚ሗ࿌ࡉࢀ࡚࠸ࡿࠋ๓㡯ࡢ㸰ࡘࡢ◊✲ࡼࡗ࡚ࠊ
ࢾ IL-13 㑇ఏᏊࠊࡇࢀࡽࣄࢺ SNP 㢮ఝࡍࡿከᆺࡀᏑᅾࡍࡿࡀ♧ࡉࢀࡓࠋࡑࡇ࡛ࠊ
≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿཎᅉ㑇ఏᏊゎᯒࡢࡓࡵࡢ㑇ఏᏊ㸦DNA㸧ࣂࣥࢡᣐⅬᙧᡂࣉࣟࢪ࢙
ࢡࢺ࡛㞟ࡉࢀࡓࢺࣆ࣮ᛶ⓶⅖ࢆⓎ≟ࡢ DNA ヨᩱࢆ⏝࠸࡚ࠊᑐ↷◊✲ࢆ⾜࠸ࠊ

IL-13 㑇ఏᏊከᆺࡢᐤࢆゎᯒࡋࡓࠋ
ᮦᩱ᪉ἲ
ᮏࣉࣟࢪ࢙ࢡࢺ◊✲࡛㞟ࡉࢀࡓࢺࣆ࣮ᛶ⓶⅖ࢆⓎࡋࡓᰘ≟ 10 ಶయࠊࢺࣆ࣮ᛶ
⓶⅖ࡢೃࡀㄆࡵࡽࢀ࡞࠸ᰘ≟ 33 ಶయᑐࡋ࡚๓㡯♧ࡋࡓ㸳ࡘࡢከᆺᗙࡢ㑇ఏᏊᆺ
ุᐃࢆ⾜ࡗࡓࠋᝈ␆⩌㠀ᝈ␆⩌ࡢ㑇ఏᏊᆺ㢖ᗘẚ㍑ࡣ Mantel-Haenszel ἲࡼࡿ࢝
᳨ᐃ࠾ࡼࡧ Fisher ࡢṇ☜☜⋡᳨ᐃࢆ⏝࠸ࡓࠋ
⤖ᯝ࠾ࡼࡧ⪃ᐹ
ࢺࣆ࣮ᛶ⓶⅖ࡢᝈ␆㠀ᝈ␆࠾ࡅࡿ  ᗙࡢ㑇ఏᏊᆺ㢖ᗘࢆ⾲㸯ࡲࡵࡓࠋ㹥
$**7***&$㸸>@!>@ࠊJ$!&ࠊUV ࡛ࡣࠊࡑࢀࡒࢀࡢᗙࡢ࣐
ࢼ࣮࡛ࣞࣝ࠶ࡿࠊ>@ᆺࠊ& ᆺࠊ* ᆺ࣍ࣔ᥋ྜయࡀ∦᪉ࡶࡋࡃࡣ୧᪉ࡢ⩌ྵࡲࢀ࡚࠸࡞
ࡗࡓࠋࡇࡢࡓࡵࠊࡇࢀࡽ  ᗙ࡛ࡣࠊ࣐ࢼ࣮ࣞࣝࡢ࣍ࣔ᥋ྜᑐࡍࡿ┦㛵ࡣゎᯒ࡛
ࡁ࡞ࡗࡓࠋࡇࢀᑐࡋ࡚ UV  UV ࡛ࡣࠊ࣐ࢼ࣮ࣞࣝࡢ࣍ࣔ᥋ྜయࡶ
ㄆࡵࡽࢀࡓࠋࡇࢀࡽࡢᗙࡢ࠺ࡕࠊUV ࡢ࣐ࢼ࣮࡛ࣞࣝ࠶ࡿ & ᆺ࣍ࣔ᥋ྜ㸦&&
ᆺ㸧ࡢฟ⌧㢖ᗘࡀࠊᝈ␆⩌࠾࠸࡚㠀ᝈ␆⩌ẚ࡚᭷ព㧗ࡗࡓ㸦0DQWHO+DHQV]HO ἲ
ࠋࡇࡢࠊ&& ᆺࢆࢺࣆ࣮ᛶ⓶⅖Ⓨࡢࣜࢫࢡᆺ
ࡼࡿ᳨࢝ᐃ࡛ࡢ S ್㸻㸧
ᐃࡋࡓ࢜ࢵࢬẚࡣ 㸦㸣ಙ㢗༊㛫 㸪)LVKHU ࡢṇ☜☜⋡᳨ᐃࡼࡿ S
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್㸻㸧࡛࠶ࡗࡓࠋࡺ࠼ࠊUV ࡢ && 㑇ఏᏊᆺࡣࠊᰘ≟࠾࠸࡚ࢺࣆ࣮ᛶ⓶
⅖ࡢⓎࣜࢫࢡࢆ㧗ࡵࡿࡀ♧၀ࡉࢀࡓࠋᚋࠊࡢ≟✀࡛ࡶࠊྠᵝࡢ┦㛵ࡀㄆࡵࡽࢀࡿ
࠺ࢆゎᯒࡍࡿᚲせࡀ࠶ࡿࠋࡲࡓࠊᶵ⬟ⓗ࡞᥎ᐃ࡛ࡣࠊ,/ ᑐࡋ࡚ࠊ᭱ࡶࡁ࡞ኚ
ࢆࡶࡓࡽࡍ⪃࠼ࡽࢀࡿ UV ࡘ࠸࡚ * ᆺ࣍ࣔ᥋ྜࡀᏑᅾࡍࡿရ✀࡛┦㛵ゎᯒࢆ
⾜࠺ࡀᚋࡢㄢ㢟ࡋ࡚ṧࡉࢀࡓࠋ
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Abstract: Valproic acid (VPA) is a widely used antiepileptic drug, which has recently been reported
to modulate the neuronal differentiation of adipose tissue-derived stem cells (ASCs) in humans and
dogs. However, controversy exists as to whether VPA really acts as an inducer of neuronal differentiation
of ASCs. The present study aimed to elucidate the effect of VPA in neuronal differentiation of rat
ASCs. One or three days of pretreatment with VPA (2 mM) followed by neuronal induction enhanced
WKHUDWLRRILPPDWXUHQHXURQPDUNHUȕ,,,WXEXOLQSRVLWLYHFHOOVLQDWLPHGHSHQGHQWPDQQHUZKHUH
WKHPDMRULW\RIFHOOVDOVRKDGDSRVLWLYHVLJQDOIRUQHXUR¿ODPHQWPHGLXPSRO\SHSWLGH 1()0 DPDWXUH
QHXURQ PDUNHU 573&5 DQDO\VLV UHYHDOHG LQFUHDVHV LQ WKH P51$ H[SUHVVLRQ RI PLFURWXEXOH
associated protein 2 (MAP2) and NEFM mature neuron markers, even without neuronal induction.
Three-days pretreatment of VPA increased acetylation of histone H3 of ASCs as revealed by
LPPXQRÀXRUHVFHQFHVWDLQLQJ&KURPDWLQLPPXQRSUHFLSLWDWLRQDVVD\DOVRVKRZHGWKDWWKHVWDWXVRI
histone acetylation at H3K9 correlated with the gene expression of TUBB3 in ASCs by VPA. These
UHVXOWVLQGLFDWHWKDW93$VLJQL¿FDQWO\SURPRWHVWKHGLIIHUHQWLDWLRQRIUDW$6&VLQWRQHXURQOLNHFHOOV
through acetylation of histone H3, which suggests that VPA may serve as a useful tool for producing
transplantable cells for future applications in clinical treatments.
Key words: adipose tissue-derived stem cells, histone deacetylase inhibitor, neuronal differentiation,
neuron marker, rats

Introduction

rogenic lineage cells [16, 18]. However, unlike BMSCs,
ASCs can easily be obtained in large quantities and with
minimum risk from invasive surgery [5]. Therefore, it is
reasonable to conclude that ASCs will be the preferred
adult stem cells for future clinical applications [14].
Valproic acid (VPA), well known as an antiepileptic
and anticonvulsant drug, is an inhibitor of class I histone
deacetylase (HDACs) [2, 15]. The acetylation of histone

Adipose tissue-derived stem cells (ASCs) are mesenchymal stem cells that are isolated from the stromal
vascular fraction of adipose tissues [3, 14, 19]. In a
similar way to bone marrow-derived mesenchymal stem
cells (BMSCs), ASCs can differentiate into not only
mesenchymal lineage cells [17, 18], but also into neu-
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N-terminal tails is thought not only to alter the interaction between histone and DNA, but also to bind acetylated histone to bromodomain proteins and transcription
activators [8], thus inducing the expression of genes on
the loci [4, 6, 7, 10]. We have previously shown that VPA
induces neuronal differentiation of canine ASCs [11], a
result that suggests a safer and more direct method for
preparing the cell source for future applications. However, Lee et al. [12] showed that the pretreatment of VPA
GLPLQLVKHGHI¿FLHQF\RIQHXURQDOGLIIHUHQWLDWLRQRIKXman ASCs. Thus there is debate over the role of VPA as
an inducer of neuronal differentiation of ASCs. To address this, we examined the effect of VPA on neuronal
differentiation of ASCs isolated from adipose tissue in
rats in the present study. The results indicate that VPA
induced differentiation of rat ASCs into neuron-like cells
through acetylation of histone H3.
Materials and Methods
Isolation and culture of rat ASCs
ASCs were isolated as previously described [11].
%ULHÀ\  WR ZHHNROG PDOH:LVWDU UDWV &KDUOHV
River Japan, Yokohama, Japan) were euthanatized by
decapitation under light anesthesia. Subcutaneous adipose tissue was excised from the inguinal regions and
extensively washed with a washing buffer of sterile
phosphate-buffered saline (PBS) containing penicillin
(100 U/ml) and streptomycin (100 ȝg/ml) to remove
contaminating blood cells and local anesthetics. The tissue was minced into small pieces and then incubated in
washing buffer with added 0.05% collagenase type 1A
(Sigma-Aldrich, St. Louis, MO, USA) at 37°C for 1 h
with vigorous shaking. The top lipid layer was removed,
and the remaining liquid portion was centrifuged at
200 × g for 10 min. The pellet was resuspended in a
JURZWKPHGLXPRI'XOEHFFR¶VPRGL¿HG(DJOH¶VPHGLXP
(DMEM, Nissui, Tokyo, Japan) supplemented with 10%
newborn bovine serum (NBS, Invitrogen, Carlsbad, CA,
USA) and antibiotics above described, and then spread
in 100-mm collagen type 1-coated dishes (Iwaki, Tokyo,
Japan) at a density of 1 × 106 cells per dish. Cells were
maintained in growth medium at 37°C and 5% CO2.
After 24 h, the unattached cells were removed by rinsing
ZLWKZDVKLQJEXIIHU$6&VZHUHLGHQWL¿HGE\FRQ¿UPLQJ
multilineage potentials to adipogenic, osteogenic and
neurogenic cells (data not shown). Twice-passaged ASCs
were used in the present study. All animal experiments
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in the present study were carried out according to the
guidelines of the Committee for Animal Experimentation
at Azabu University.
In vitro neuronal differentiation assay
In vitro assay of neuronal differentiation was carried
RXWDVSUHYLRXVO\GHVFULEHG>@ZLWKDPLQRUPRGL¿FDWLRQ %ULHÀ\$6&V ZHUH VHHGHG RQ QRQFRDWLQJ JODVV
coverslips in 35-mm dishes at a density of 1 × 104 cells
per dish. ASCs were incubated for one or three days in
growth medium containing 2 mM of VPA. After pretreatment with and without VPA, vehicle dimethylsulfoxide
(DMSO), the medium was changed to a neuronal induction medium (NIM) of DMEM supplemented with
100 ȝM dibutyryl cyclic adenosine monophosphate
(dbcAMP, Wako Pure Chemical Ind., Osaka, Japan) and
125 ȝM isobutylmethylxanthine (IBMX, Wako Pure
Chemical Ind.) for 2 h [1, 11]. Control for NIM was NIM
minus dbcAMP and IBMX. After pretreatment of VPA
IROORZHGE\1,0WKHFHOOVZHUH¿[HGLQ3%6FRQWDLQLQJ
3.7% formaldehyde for 15 min at room temperature.
Similarly incubated ASCs on non-coating 35-mm dishes were removed by a cell-scraper and the removed-cells
were immersed in ISOGEN (Nippon Gene, Tokyo, Japan) and stored at –80°C until further analysis. Neuronal
GLIIHUHQWLDWLRQZDVGHWHUPLQHGE\LPPXQRÀXRUHVFHQFH
VWDLQLQJIRUȕ,,,WXEXOLQDQGQHXUR¿ODPHQWPHGLXPSRO\peptide (NEFM) and by RT-PCR analysis for expression
RI JHQHV ȕ,,,WXEXOLQ TUBB3), NEFM, microtubuleassociated protein 2 (MAP2 JOLDO¿EULOODU\DFLGLFSURtein (GFAP) and housekeeping gene hypoxanthineguanine phosphoribosyl-transferase (HPRT).
,PPXQRÀXRUHVFHQFHVWDLQLQJ
,PPXQRF\WRFKHPLFDODQDO\VHVIRUȕ,,,WXEXOLQ1()0
and acetylation of histone H3 were performed. FormalGHK\GH¿[HG$6&VZHUHULQVHGZLWK3%6WKUHHWLPHV
The cells were then permeated with 0.2% Triton X-100
in PBS for 10 min at room temperature, and then incuEDWHGZLWKDQDQWLȕ,,,WXEXOLQDQWLERG\ $EFDP
ab74978, Cambridge, UK), an anti-NEFM antibody
 3URWHXV %LR6FLHQFHV ,QF  5DPRQD
CA, USA) and an anti-acetylated histone H3 (K9) antiERG\ 1RYXV%LRORJLFDOV1%66/LWWOHton, CO, USA) for 1 h at room temperature. After being
washed with PBS, the cells were incubated with secondary antibody (Cy3-conjugated goat anti-rabbit IgG,
RU),7&FRQMXJDWHGJRDWDQWLPRXVH,J*
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Jackson ImmunoResearch, West Grove, PA) for 30 min
at room temperature. The cells were then rinsed with
PBS and counterstained with 4’, 6-diamidino-2-phenylLQGROH '$3, IRUQXFOHDUVWDLQLQJEHIRUHÀXRUHVFHQFH
PLFURVFRSLFREVHUYDWLRQ7KHSHUFHQWDJHRIȕ,,,WXEXOLQ
positive cells was determined based on the total number
of counting cells. At least 300 cells were evaluated per
culture.
Reverse transcription-PCR
Total RNA was extracted using ISOGEN and reversetranscribed for single-strand cDNA, using oligo (dT)
primer and Superscript III reverse transcriptase (Invitrogen) according to the manufacture’s instruction. PCR
was performed using Taq DNA polymerase (KAPA BioV\VWHPV:REXUQ0$86$ DQGVSHFL¿FSULPHUVDQG
HDFKF\FOHFRQVLVWHGRIWKHIROORZLQJVWHSVGHQDWXUDWLRQ
at 98°C for 10 s, annealing at 57°C to 65°C for 30 s, and
elongation at 72°C for 30 s (Table 1). Reaction products
were electrophoresed on a 2.0% agarose gel and visualized with ethidium bromide.
Effect of VPA on the acetylation of histone H3
7R FRQ¿UP WKH HIIHFW RI93$ RQ WKH DFHW\ODWLRQ RI
histone H3, ASCs were incubated for three days using a
similar method to that described above, in growth medium containing 2 mM VPA or valpromide (VPM), an
analogue of VPA without HDAC inhibitory activity.
$IWHUWUHDWPHQWZLWKWKHVHUHDJHQWVWKHFHOOVZHUH¿[HG
with formaldehyde in a similar method to that described
above. The effect of VPA on the acetylation of histone
+ZDVH[DPLQHGE\LPPXQRÀXRUHVFHQFHVWDLQLQJIRU
acetylated-histone H3.
Chromatin Immunoprecipitation assay
Tissue samples were treated with chromatin immuno-
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precipitation (ChIP) reagents (Nippon Gene), following
WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV ZLWK PLQRU PRGL¿FDtions. Cells were harvested and mixed with formaldehyde
DWD¿QDOFRQFHQWUDWLRQRIIRUPLQDWURRPWHPperature to cross-link protein to DNA. Cells were then
suspended in lysis buffer (Protease Inhibitors, Pierce,
Rockford, IL, USA) and incubated on ice for 10 min.
DNA cross-linked with protein was sonicated into fragments of 200–1,000 bp by an Ultrasonic Homogenizer
(Taitec, Koshigaya, Japan). Samples were subsequently
incubated at 4°C with Dynabeads (Invitrogen) to obtain
the soluble chromatin fraction. Dynabeads were previously incubated with 4 ȝg rabbit anti-histone H3 (acetyl
K9) antibody (Novus Biologicals, Littleton) or ChIP
rabbit IgG control antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) for 16 h overnight at 4°C. The
chromatin-antibody complexes were eluted with ChIP
direct elution buffer. Protein-DNA cross-links were reversed with 5 M NaCl for 12 h incubation at 65°C. Proteinase K treatment and phenol-chloroform extraction
were carried out, and the DNA was then precipitated in
HWKDQRODQGXVHGDVDWHPSODWHIRU3&53&5DPSOL¿FDWLRQZDVFDUULHGRXWZLWKSULPHUVVSHFL¿FIRUSURPRWHU
region of TUBB3. Primer sequences were shown as folORZVIRUZDUG¶$&7&&$7$&&&&&7&777*&¶
UHYHUVH¶$*7&&$7**&7&&$&$$$$*¶,QSXW
DNA and DNA immunoprecipitated by anti-IgG served
as positive and negative control, respectively.
Statistical analysis
Results are expressed as means ± standard error. Multiple comparisons were performed with the TurkeyKramer test after one-way analysis of variance (ANOVA).
A P value of less than 0.05 was considered statistically
VLJQL¿FDQW

Table 1. Primer sequences used in RT-PCR
Gene
TUBB3
NEFM
MAP2
GFAP
HPRT

Primer sequence (5’-3’)
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

5’-GGCCTCCTCTCACAAGTATGT-3’
5’-CGCCCTCTGTATAGTGC-3’
5’-AGGCTGAGTCCCCAGTGAAA-3’
5’-TCCACCTCCCCATTGATAGC-3’
5’-ACCTTCCTCCATCCTCCCTC-3’
5’-AGTAGGTGTTGAGGTGCCGC-3’
5’-ACATCGAGATCGCCACCTAC-3’
5’-GCACACCTCACATCACATCC-3’
5’-AATGTCTGTTGCTGCGTC-3’
5’-TGTCTGTCTACAAGGGAAG-3’
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Anealing temperature Product length (bp)
58°C

167

58°C

220

57°C

151

58°C

228

55°C

92
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Results
VPA promotes neuronal differentiation in a timedependent manner
Using immunocytochemistry and RT-PCR analysis,
neuronal differentiation was determined in ASCs with
and without VPA pretreatment for 1 or 3 days, followed
by treatment with and without NIM for 2 h. Regardless
of the duration of VPA treatment, differentiated ASCs
showed neuron-like morphology with several branching
neurite-like cell processes, in which most of the cells
KDGSRVLWLYHVLJQDOVRIDQLPPDWXUHQHXURQPDUNHUȕ,,,
tubulin and a mature neuron marker NEFM. Three-days
WUHDWPHQWZLWK93$VLJQL¿FDQWO\HQKDQFHGWKHSRVLWLYH
VLJQDORIȕ,,,WXEXOLQDQG1()0ZLWKDQGHYHQZLWKRXW
1,0 WUHDWPHQW7KH PDMRULW\ RI ȕ,,,WXEXOLQ SRVLWLYH
FHOOVDOVRH[SUHVVHG1()0DQGERWKLPPXQRÀXRUHVcence intensities were reduced without VPA pretreatment
(Fig. 1A 1HXURQDOLQGXFWLRQVLJQL¿FDQWO\LQFUHDVHGWKH
UDWLR RI ȕ,,,WXEXOLQSRVLWLYH FHOOV IURP   
without VPA to 85.6 ± 1.9% with three-days treatment
of VPA (Fig. 1B). Three-days treatment of VPA also
VLJQL¿FDQWO\LQFUHDVHGWKHUDWLRRIȕ,,,WXEXOLQSRVLWLYH
cells from 35.4 ± 1.2% without NIM to 85.6 ± 1.9% with
1,0:LWKRXW1,0JURXSV93$VLJQL¿FDQWO\LQFUHDVHG
WKHUDWLRRIȕ,,,WXEXOLQSRVLWLYHFHOOVLQDWLPHGHSHQdent manner (Fig. 1B).
mRNA expressions of immature neuron marker
TUBB3 were observed in all groups with and without
pretreatment of VPA, but mRNA expression of the glial
cell marker GFAP was not detected in any groups
(Fig. 1C). Furthermore, three-days treatment of VPA
markedly elevated not only the mRNA expression levels
of immature neuron marker TUBB3, but also mature
neuron markers MAP2 and NEFM in ASCs with and
without NIM. One-day treatment of VPA also induced
the expression of these mature neuron markers (data not
shown). In addition, NIM treatment without VPA did not
VLJQL¿FDQWO\ HQKDQFH WKH H[SUHVVLRQV RI WKHVH QHXURQ
markers when compared to those observed in the groups
with VPA.
VPA induces acetylation of histone H3
7RFRQ¿UPWKHHIIHFWRI93$RQDFHW\ODWLRQRIKLVWRQH
H3, we examined the acetylated histone H3 by immuQRÀXRUHVFHQFHVWDLQLQJ0LQLPDODFHW\ODWLRQRIKLVWRQH
H3 were observed in the control ASCs. Three-days pretreatment of VPA gave morphological changes of the
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$6&VVXFKDVÀDWWHQHGDQGH[SDQGHGVKDSHVDQGLQcreased their acetylation of histone H3 (Fig. 2A). In
contrast, VPM, an analogue of VPA without HDAC inhibitory activity, did not cause any morphological
FKDQJHV RU VLJQL¿FDQW FKDQJHV LQ DFHW\ODWLRQSRVLWLYH
signal of histone H3 in ASCs.
VPA increases H3K9 acetylation levels at the proximal
promoter region of TUBB3
The state of the histone tails of ASCs pretreated with
VPA for three days was analyzed by ChIP assay using
antibody to acetylated lysine 9 on histone H3 (antiAcH3K9). The acetylated state of histone H3 tails associated with the proximal region of TUBB3 increased
in ASCs pretreated by VPA compared to those in the
ASCs without VPA (Fig. 2B), indicating that the increase
of histone acetylation of H3K9 correlated with the expression of the TUBB3 gene of ASCs pretreated with
VPA.
Discussion
In this study we demonstrated that VPA promoted the
GLIIHUHQWLDWLRQRIDSSUR[LPDWHO\RI$6&VLQWRȕ,,,
tubulin-positive neuron-like cells after three-days treatment followed by neuronal induction. The differentiated
cells showed neuron-like morphology with branching
QHXULWHOLNHFHOOSURWUXVLRQVDQGZHUHVLJQL¿FDQWO\LPPXQRVWDLQHGWRDQLPPDWXUHQHXURQPDUNHUȕ,,,WXEXOLQ
and a mature neuron marker NEFM. Pretreatment with
93$IROORZHGE\QHXURQDOLQGXFWLRQDOVRVLJQL¿FDQWO\
enhanced mRNA expressions of TUBB3, MAP2 and
NEFM, compared to the groups without VPA. We also
demonstrated that VPA induced differentiation of ASCs
into neuron-like cells in a time-dependent manner. The
present study is in agreement with our previous study
demonstrating that VPA promotes neuronal differentiation of canine ASCs [11], and further indicates that VPA
not only promotes neuronal differentiation but can also
promote more mature neuron-like cells. The present data
also show that VPA enhances expression of neuron markers, whereas no effect was observed for glial marker.
This suggests that VPA induces the differentiation of
ASCs into neuron-like cells by neuronal induction, alWKRXJKIXUWKHUFRQ¿UPDWLRQE\PHDQVRIDGHWDLOHGVWXG\
is required.
In the present study, we used a well-known neuronal
differentiation medium including IBMX and dbcAMP.
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Fig. 1. Valproic acid promotes neuronal differentiation. Adipose tissue-derived stem cells (ASCs) were pretreated
with valproic acid (VPA) for 1 or 3 days followed by neuronal induction medium (NIM) for 2 h. (A) NeuroQDOGLIIHUHQWLDWLRQZDVDVVHVVHGE\LPPXQRF\WRFKHPLVWU\XVLQJDQWLȕ,,,WXEXOLQDQWLERG\ JUHHQ DQGDQWL
1()0DQWLERG\ 5HG DIWHU¿[LQJDWWKHHQGRILQFXEDWLRQLQGD\V93$WUHDWPHQWJURXS1XFOHLZHUH
counterstained with DAPI (blue). Scale bar, 100 ȝP % 7KHSHUFHQWDJHRIȕ,,,WXEXOLQSRVLWLYHFHOOVZDV
determined based on the total number of counting cells in 1 or 3 days VPA treatment. At least 300 cells were
evaluated per culture. Data are the means ± S.E. of 4 independent experiments. Open and solid bars represent
RUGD\V93$WUHDWPHQWUHVSHFWLYHO\DEFGEDUVZLWKGLIIHUHQWOHWWHUVDWWKHWRSGLIIHUVLJQL¿FDQWO\
DPRQJVDPHGXUDWLRQJURXSDVWHULVNLQGLFDWHVVLJQL¿FDQWO\GLIIHUHQWFRPSDUHGWRRQHGD\WUHDWPHQWJURXS
P<0.05. (C) RT-PCR analysis of neuronal markers TUBB3, MAP2 and NEFM, the glial marker GFAP and
house keeping gene HPRT was performed using total RNA extracted from ASCs after 3-days VPA treatment
followed by 2 h of neuronal induction.

occurs through inducing the acetylation of histone H3.
7KHLQYHVWLJDWLRQGHPRQVWUDWHGWKDW93$ÀDWWHQHGDQG
expanded the shape of rat ASCs and markedly induced
their acetylation of histone H3. These observations are
LQDFFRUGDQFHZLWKWKH¿QGLQJVRI/HHet al. [12] and
Kurihara et al. [11]. Lee et al. [12], however, showed
WKDW93$GLPLQLVKHGWKHHI¿FLHQF\RIQHXURQDOGLIIHUentiation of human ASCs. The study showed that one-day
pretreatment of VPA (1, 10 mM) followed by neuronal

We showed that VPA increased the neuronal morphological changes and neuron markers expression even
without neuronal induction treatment, thus indicating
that VPA can induce neuronal differentiation in the absence of neuronal induction. We also demonstrated that
VPA increased the acetylation of histone H3K9 on the
proximal region of TUBB3 in rat ASCs, leading to the
neuronal differentiation. Present results suggest that the
promotional effect of VPA on neuronal differentiation
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Fig. 2. Effects of valproic acid on histone H3 acetylation. (A)
Adipose tissue-derived stem cells (ASCs) from rats were
incubated with valproic acid (VPA) or valpromide (VPM),
an analogue of VPA without histone deacetylase inhibitory activity, for 3 days. Control group was treated with
solvent, DMSO. ASCs were immunostained with an antiacetylated histone H3 (K9) antibody (Red). Acetylated
histone H3 (K9) antibody was visualized with Cy3-conMXJDWHGJRDWDQWLUDEELW,J*6FDOHEDUȝP % 93$
increased acetylation levels at the proximal region of
TUBB3. The state of the histone tails of ASCs pretreated
with VPA for 3 days was analyzed by ChIP assay using
antibody to acetylated lysine 9 on histone H3 (antiAcH3K9). Typical electrophoresis of PCR analysis of
TUBB3 was shown.

induction decreased neurite formation and expression of
ȕ,,,WXEXOLQLQKXPDQ$6&V>@2QWKHRWKHUKDQGWKH
study of Kurihara et al. [11] showed that VPA induced
neuronal differentiation of canine ASCs with three-days
pretreatment of VPA (4 mM) followed by neuronal induction [11]. Differing treatment regimens of VPA were
implemented in these studies and this can partially ex-
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plain the different effect on neuronal differentiation of
ASCs. In the present study, we examined the time-course
effects of VPA on the neuronal differentiation of ASCs
by immunocytochemistry and RT-PCR analysis. This
investigation clearly demonstrated that VPA induced
differentiation of ASCs into neuron-like cells, not only
as a result of three-days treatment, but also from a oneday course of treatment. Together with the previous study
[11], the present results demonstrate that VPA is highly
effective in neuronal differentiation of ASCs at least for
rats and dogs, when VPA treatment is applied over one
and three days. Taken together with the present study,
an appropriate treatment of VPA promotes the differentiation of rat ASCs into neuron-like cells, although species difference should be examined in future.
It is well known that the differential potential of neural stem cells (NSCs) into neurons depends on the
VWDJHVRFFXUULQJGXULQJEUDLQGHYHORSPHQWHDUO\VWDJH
NSCs prefer to differentiate into neurons, whereas late
stage NSCs into astrocytes [13]. VPA has also been
shown to promote the differentiation of adult hippocampal neural progenitors into neurons, but inhibited their
glial differentiation in adult neural progenitor cells [6, 9].
These reports offer another explanation that the different
effect of VPA on neuronal differentiation depends on the
stages of ASCs similarly observed in NSCs during brain
development.
In conclusion, the results have shown that, through
WKH DFHW\ODWLRQ RI KLVWRQH +93$ VLJQL¿FDQWO\ SURmotes the differentiation of rat ASCs into neuron-like
cells, with expression of mature neuron markers. The
¿QGLQJVVXJJHVWWKDW93$PD\SURYHWREHDXVHIXOWRRO
for producing transplantable cells for future applications
in clinical treatments.
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Valproic Acid, a Histone Deacetylase Inhibitor, Decreases Proliferation of and Induces
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Adipose tissue-derived stem cells (ADSCs) isolated from adult tissue have pluripotent differentiation and self-renewal capability.
The tissue source of ADSCs can be obtained in large quantities and with low risks, thus highlighting the advantages of ADSCs in clinical
applications. Valproic acid (VPA) is a widely used antiepileptic drug, which has recently been reported to affect ADSC differentiation in
mice and rats; however, few studies have been performed on dogs. We aimed to examine the in vitro effect of VPA on canine ADSCs.
Three days of pretreatment with VPA decreased the proliferation of ADSCs in a dose-dependent manner; VPA concentrations of 4 mM and
above inhibited the proliferation of ADSCs. In parallel, VPA increased p16 and p21 mRNA expression, suggesting that VPA attenuated
the proliferative activity of ADSCs by activating p16 and p21. Furthermore, the effects of VPA on adipogenic, osteogenic or neurogenic
differentiation were investigated morphologically. VPA pretreatment markedly promoted neurogenic differentiation, but suppressed the

ABSTRACT.

NSE, TUBB3 and MAP2, a decrease in the adipogenic marker, LPL, but no
of neurogenic differentiation of canine ADSCs and is a useful tool for studying the interaction between chromatin structure and cell fate
determination.
KEY WORDS: adipose tissue-derived stem cell, cell proliferation, histone deacetylase inhibitor, pluripotency, valproic acid.
doi: 10.1292/jvms.13-0219; J. Vet. Med. Sci. 76(1): 15–23, 2014

Spinal cord injury (SCI) often occurs in dogs, due to motor vehicle accidents or intervertebral disease (IVDD). Most
canine patients suffer from sustained incontinence and loss
of walking ability, and the prognosis of severe SCI cases is
poor. Unfortunately, no effective drug or surgical therapy has
been established for severe SCI cases, and there is a need
for new therapeutic approaches. One possibility is stem cell
transplantation therapy, which is used as a radical cure treatment for refractory SCI [2, 14, 25, 26].
Adipose tissue-derived stem cells (ADSCs) are isolated
from the stromal vascular fraction of adipose tissues [8, 24,
39]. ADSCs, similar to pluripotent adult mesenchymal stem
cells, can differentiate into mesenchymal lineage cells, such
as adipocytes, osteocytes, chondrocytes and myocytes [36,
38]. ADSCs have characteristics similar to those of bone
marrow-derived mesenchymal stem cells (BMSCs), including gene expression and differentiation potential [1, 3, 5, 17,
19, 22, 33, 35, 37, 39]. Unlike BMSCs, however, the tissue

source of ADSCs can be obtained in large quantities and with
low risks [11]. Therefore, it is reasonable that ADSCs will be
the preferred adult stem cells for future clinical applications
[24]. Moreover, the dog has been found to be a good animal
model of human disease [32], and thus, the study of canine
ADSCs is particularly useful. Stem cells derived from bone
marrow and from olfactory ensheathing glia (OEG) have
been studied for spinal cord regenerative therapy in dogs [6,
14, 16, 25, 26, 31]. However, only a few studies have been
performed on the differentiation of canine ADSCs, except
for a comparative study showing that BMSCs and ADSCs
could be differentiated into neurospheres and neuron-like
cells in dogs [2].
Valproic acid (VPA), a widely used antiepileptic and anticonvulsant drug, is an inhibitor of class 1 histone deacetylases (HDACs) [7, 27]. Histone acetylation correlates with
terminal tails through acetylation or deacetylation can alter
the interaction between histones and DNA, affecting the
regulation of gene expression [9, 12, 13, 18, 34]. Therefore,
HDAC inhibitors have been a useful tool for studying the
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252–5201, Japan.
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of hippocampal neural progenitors into neurons, but inhibit
their glial differentiation in adult rats [12].
In the present study, we have investigated the effects
of VPA on the proliferation and differentiation of canine
ADSCs isolated from subcutaneous adipose tissue in the

659

16

Y. KURIHAR A ET AL.
Table 1.

Primers used in RT-PCR and real-time PCR
Product
length (bp)

Gene
p16
p21

FABP4
LPL
BMP2
Dlx5
COL1A1
NSE
TUBB3
MAP2
NEFH
GFAP
GAPDH

Forward

CGATCCAGGTCATGATGATGG

Reverse

ACCACCAGCGTGTCCAGGAA

Forward

CATCCCTCATGGCAGCAAG

Reverse

AGGCAGGGAGACCTTGGACA

Forward

ACACGATGCTGGCGTCCTTGATG

Reverse

TGGCTCCATGAAGTCACCAAAGG

Forward

ATCAGTGTAAACGGGGATGTG

Reverse

GACTTTTCTGTCATCCGCAGTA

Forward

ACACATTCACAAGAGGGTCACC

Reverse

CTCTGCAATCACACGGATGGC

Forward

CACTAACCACGCCATTGTTCA

Reverse

ACAACCCTCCACAACCATGTC

Forward

TGCTCTCCTACCTCGGCTTC

Reverse

TTGCCATTCACCATCCTCAC

Forward

GTAGACACCACCCTCAAGAGC

Reverse

TTCCAGTCGGAGTGGCACATC

Forward

GACCAACCCAAAGCGTATTGA

Reverse

GCAATGAACGTGTCCTCAGTC

Forward

AGCCAAGTTCTGGGAAGTCA

Reverse

CCCACTCTGACCAAAGATGAA

Forward

AGAGGAGGTGTCTGCAAGGA

Reverse

GTGATGGAGGTGGAGAAGGA

Forward

CTCAAAGGCACCAAGGACTC

Reverse

CAAAGCCAATCCGACATTCT

Forward

AGATCCACGATGAGGAGGTG

Reverse

TCTTAGGGCTGCTGTGAGGT

Forward

GCTGAACGGGAAGCTCACTG

Reverse

CGTCGAAGGTGGAAGAGTGG

145
208
119
117
134
163
224
119
180
238
161
244
104
221

contaminating blood cells and local anesthetics. The tissue
was minced into small pieces and then incubated in a solution containing 0.05% collagenase type IA (Sigma-Aldrich,
St. Louis, MO, U.S.A.) at 37°C for 1 hr with vigorous
shaking. The top lipid layer was removed, and the remaining liquid portion was centrifuged at 200 × g for 10 min.

inguinal region.
MATERIALS AND METHODS
Animals: Subcutaneous adipose tissue was obtained from
the inguinal region of 8 healthy laboratory beagles (age, 1–2
years) (Kitayama Labes, Ina, Japan). All animals were anesthetized with propofol, before tissue samples were obtained.
rane (2.0%) in oxygen. At the end of each experiment, the
animals were euthanized by additional doses of anesthesia
(pentobarbital, 100 mg/kg). The protocol of this study was
approved by the Committee for Animal Experimentation at
Azabu University.
Isolation and culture of canine ADSCs: Adipose tissue
samples were processed for ADSC isolation as described

medium (DMEM, Nissui, Tokyo, Japan) supplemented with
10% newborn bovine serum (NBS, Invitrogen, Carlsbad,
CA, U.S.A.) and spread in 100-mm collagen type I-coated
dishes (Iwaki, Tokyo, Japan) at a density of 1 × 106 cells
per dish. Cells were maintained in growth medium (DMEM
supplemented with 10% NBS, penicillin [100 U/ml] and
streptomycin [0.25 μg/ml]) at 37°C and 5% CO2. After 24
hr, the unattached cells were removed by washing with PBS.
Canine ADSCs from passages 1–3 were used, and no difference was observed in ADSCs between these passages.
Measurement of proliferation potential: The effects of
VPA or valpromide (VPM; Wako Pure Chemical Ind.,
Osaka, Japan), an analogue of VPA with no HDAC inhibi-

adipose tissue removed was extensively washed with sterile
phosphate-buffered saline (PBS) containing penicillin (100
U/ml) and streptomycin (0.25 μg/ml) in order to remove
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tory activity, on ADSC proliferation were measured using
a 3-(4, 5-dimethyl-thiazol-2-yl)-2, 3-diphenyltetrazolium
bromide (MTT) assay kit (Roche Applied Science, Basel,
Switzerland) according to the manufacturer’s instructions.
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Reverse transcription-PCR and real-time PCR: Total
RNA was extracted using ISOGEN (NIPPON GENE, Tokyo,
Japan) and reverse-transcribed to single-strand cDNA using
oligo-dT primer and Superscript III reverse transcriptase (Invitrogen) according to the manufacturer’s instructions. PCR
was performed using Taq DNA polymerase (KAPA Biosys-

density of 1 × 104 per well and cultured in growth medium
for 48 hr. VPA or VPM (0–8 mM) was then added to the
medium, and cultures were incubated for 3 days. Subsequently, 10 μl of MTT stock solution was added, and the
plates were further incubated for 4 hr at 37°C. Diluted HCl
(100 μl) was then added to solubilize the formazan crystals,
and the absorbance of each well at 570 nm was measured
with a microplate reader LS-PLATE manager 2004 (Wako
Pure Chemical Ind.); the average of measurements of 6 wells
per sample has been presented.
In vitro differentiation assay: In vitro assay of cell differentiation into adipogenic, osteogenic and neurogenic
lineages was performed as described previously [4, 29, 39]

each cycle consisted of the following steps: denaturation for
10 sec at 98°C, annealing for 30 sec at 53–65°C and a 30sec elongation at 72°C (Table 1). Reaction products were
electrophoresed on a 2.0% agarose gel and visualized with
ethidium bromide. Real-time PCR of the mRNAs for p16,
p21 and GAPDH was performed using an ABI PRISM 7500
Sequence Detection System (Applied Biosystems Japan,
Tokyo, Japan) according to the manufacturer’s instructions.
Analysis of the results was carried out using ABI PRISM
7500 Dissociation Curve Software v 1.0 (Applied Biosystems Japan). The relative amount of mRNA was normalized
to that of GAPDH.
Statistical analysis: Results are expressed as the mean
± standard error. Multiple comparisons were done with the
Turkey–Kramer test after one-way analysis of variance. A
p

35-mm dishes at a density of 1 × 105 cells per dish. The
cells were incubated on glass coverslips in growth medium
containing 4 mM VPA for 3 days and then transferred to
adipogenic induction medium (DMEM supplemented with
10% FBS, 1 μM dexamethasone, 10 μM insulin and 0.5 mM
isobutylmethylxanthine) or to osteogenic induction medium
(DMEM supplemented with 10% FBS, 0.1 μM dexamethasone, 50 μM L-ascorbate-2-phosphte and 10 mM glycerophosphate) for 14 days [39] and then to neurogenic induction
medium (DMEM supplemented with100 μM dibutyryl cyclic
adenosine monophosphate and 125 μM isobutylmethylxanthine) for 2 hr [23, 24]. Intracellular lipid accumulation, as
an indicator of adipogenic differentiation, was visualized by

RESULTS
VPA induces acetylation of histone H3 and decreased cell
proliferation
acetylation of histone H3, we examined the expression of
cence staining. Minimal HDAC1 and acetylation of histone

calcium deposition. Neurogenic differentiation was assessed

the morphology of ADSCs and increased the expression of
HDAC1 and the acetylation of histone H3 in ADSCs after 3
days of treatment (Fig. 1A and 1B). In contrast, VPM did not

were purchased from Wako Pure Chemical Ind.
: Immunocytochemical
analyses of HDAC1, acetylation of histone H3 (ace H3),
cubated in growth medium for 3 days as described above.
Some cultures were processed for neurogenic induction. At

HDAC1 and histone H3 staining in ADSCs.
liferation of ADSCs in a dose-dependent manner: about 20%
(2 mM VPA), 40% (4 mM VPA) and 80% (8 mM VPA) of
the control group (Fig. 1C). However, VPM treatment did
not substantially affect ADSC proliferation. No dead cells
were observed in any VPA-treated groups by phase-contrast
microscopy.
VPA induces upregulation of cyclin-dependent kinase
inhibitors: To assess the effect of VPA on the expression of
cyclin-dependent kinase (CDK) inhibitors, we examined the
expression of these genes by real time-PCR. The expression
levels of p16
treated with 4 mM VPA (4.6 fold vs. control); however, p16
mRNA expression levels did not change in the cells treated
with 8 mM VPA (2.1 fold vs. control; Fig. 2A). p21 mRNA

3.7% formaldehyde for 15 min at 4°C. After PBS washes,
the cells were permeabilized with 0.2% Triton X-100 for 10
min at room temperature. The cells were then incubated with
an anti-HDAC1 antibody (sc-7872, Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.), an anti-histone H3 (acetyl
K9) antibody (Novus Biologicals, Littleton, CO, U.S.A.),
U.K.) or an anti-NSE antibody (PA1-46203, Thermo ScienAfter further PBS washes, cells were incubated with secondary antibody (Cy3-conjugated goat anti-rabbit IgG or FITCconjugated goat anti-mouse IgG, Jackson ImmunoResearch,
West Grove, PA, U.S.A.) for 30 min at room temperature.
The cells were then washed with PBS and counterstained

with 8 mM VPA (Fig. 2B). The expression levels of p21
mRNA were approximately 2.6 fold (4 mM VPA) and 3.0
fold (8 mM VPA) of that of the control group.
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Fig. 1. Effects of valproic acid on histone deacetylase 1 expression, histone H3 acetylation and cell proliferation. Canine adipose tissue-derived stem cells (ADSCs) were treated with valproic acid (VPA) or valpromide (VPM). (A) ADSCs were then

HDAC1 (A) and acetylation of histone H3 (B). Scale bar, 50 μm. (C) Cell proliferation was measured by MTT assay and
expressed as percentage of the negative control (DMSO). Data represent the means ± S.E. (% of control) of 4 independent
experiments; each measurement was the average for 6 wells. *P

VPA suppresses adipogenic and osteogenic differentiation: To assess the effect of VPA on the pluripotency of
ADSCs, we investigated whether VPA treatment alters the
differentiation of ADSCs into adipogenic and osteogenic
lineages using an in vitro differentiation assay. Oil red O
staining revealed that ADSCs that differentiated into the
adipogenic lineage accumulated lipid droplets in the cytosol, as compared to undifferentiated cells, which did not
accumulate lipid droplets (Fig. 3A). VPA pretreatment fol-

affected by VPA pretreatment (Fig. 4B).
VPA promotes neurogenic differentiation: We further
examined the effect of VPA on the neurogenic lineage ining revealed that ADSCs that differentiated into neurogenic
cells had typical neuron-like cell protrusions and higher

accumulation of lipid droplets. RT-PCR analysis showed that
the mRNA expression levels of adipogenic markers, peroxi), fatty acid
binding protein 4 (FABP4) and lipoprotein lipase (LPL) were
elevated by adipogenic induction (Fig. 3B). On the other
hand, VPA pretreatment followed by adipogenic induction
LPL mRNA expression level, in
parallel with the decreased accumulation of lipid droplets.
Alizarin red S staining revealed that ADSCs differentiated
into osteogenic lineage cells with accumulated calcium deposition, as compared with the undifferentiated cells, which
demonstrated no calcium deposition (Fig. 4). VPA pretreat-

).
mRNA levels of neurogenic markers, viz., NSE, TUBB3
and microtubule-associated protein 2 (MAP2), were also
elevated by neurogenic induction, but mRNA expression of
the glial cell marker, GFAP, was not observed in any groups
(Fig. 5B). Pretreatment with VPA followed by neurogenic
induction increased the expression of NSE, TUBB3 and
NEFH), as
MAP2
compared to that in the neurogenic induction group. VPA

positive cells also stained for NSE. VPA pretreatment fol-

cells, even without neurogenic induction. Furthermore, VPA
elevated the mRNA expression levels of neurogenic markers
in ADSCs with and without neurogenic induction.

calcium deposition (Fig. 4A). mRNA expression levels of
osteogenic markers, viz., bone morphogenetic protein 2
(BMP2) and distal-less homeobox 5 (DLX5), were also el-

DISCUSSION
-
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ogy of canine ADSCs and markedly induced their expression
of HDAC1 and acetylation of histone H3. In contrast, VPM,
an analogue of VPA with no HDAC inhibitory activity, did
effects on HDAC1 and histone H3, indicating that the H3
acetylation was increased by VPA. These observations supet al. [20]. Thus, our results clearly
indicated that VPA induced H3 acetylation by reducing
HDAC1 activity in canine ADSCs.
pendent decrease in the proliferation of ADSCs, suggesting
that VPA suppresses ADSC proliferation through acetylation
of histone H3. p21 and p16, well-known CDK inhibitors,
regulate cell cycle arrest. VPA induces expression of these
CDK inhibitors in human ADSCs and mesenchymal stem
mRNA expression levels of p16 at 4 mM and of p21 at 8
mM without inducing cell death. p21 is also a well-known
HDAC-inhibitor responsive gene that is upregulated by
hyperacetylation of histones H3 and H4 [10, 20, 28]. In
acetylation was markedly increased by VPA and that p21
viability was further reduced by 8 mM VPA treatment, again
et al. [20] who reported that
VPA causes cell cycle arrest through increased p21 expression in the absence of p16 mRNA expression in human ADSCs. Therefore, the inhibitory effect of VPA on proliferation
of canine ADSCs was due to cell cycle arrest, although the
underlying mechanism needs to be further examined.
Furthermore, VPA promoted differentiation of approximately 90% of ADSCs into a neuronal cell lineage after 3
days of treatment. The differentiated cells have neuron-like
Pretreatment with VPA followed by neurogenic induction
also promoted mRNA expression of the neuronal markers
NSE, TUBB3, MAP2 and NEFH as compared to the pretreatment without VPA, suggesting that promotional effects of
VPA on neuronal differentiation of ADSCs were induced by
upregulation of these genes. Previous reports have shown
that VPA promotes differentiation of neural stem cells into
neurons in adult rats [12, 15]. To our knowledge, the present
tiation of ADSCs.
Interestingly, VPA pretreatment in the absence of neurogenic induction caused moderate differentiation into neuronlike cells and also increased mRNA expression levels of
neurogenic markers in ADSCs. Thus, our data indicated that
VPA could induce neurogenic differentiation in the absence
of neurogenic induction. We also demonstrated that VPA
increased the acetylation of histone H3 that has been correlated with gene activation [12, 13]; thus, VPA caused gene
expression in part through H3 acetylation. In addition, we
showed that the neuron-like differentiated cells all stained
et al.
[21] recently reported that neuronal differentiation could
modulate gene transcription, translation and post-translational modulation of Ca2+ channels to change the Ca2+ ion

Fig. 2. Effects of valproic acid on cyclin-dependent kinase inhibitor expression. Adipose tissue-derived stem cells (ADSCs) were
treated with valproic acid (VPA) or valpromide (VPM). Total
RNA was extracted from ADSCs after 3 days of treatment with
VPA (4 or 8 mM) or VPM (8 mM). The relative expression of the
cyclin-dependent kinase (CDK) inhibitors p16(A) and p21(B)
dehydrogenase (GAPDH) was used as an internal standard.
Data are the means ± S.E. of 4–7 independent experiments. a, b:
P<0.05.
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Fig. 3. Valproic acid suppresses accumulation of lipid droplets. Adipose tissue-derived stem cells (ADSCs) were
pretreated with valproic acid (VPA) for 3 days followed by adipogenic induction for 14 days. (A) Adipogenic differentiation was visualized by oil red O staining after 14 days of induction with adipogenic medium. Arrowheads
show cells that accumulated lipid droplets. Scale bar, 50 μm. (B) RT-PCR analysis of adipogenic markers,
,
FABP4 and LPL, was performed using total RNA extracted from ADSCs after 14 days of adipogenic induction. AIM,
adipogenic induction medium.

Fig. 4. Valproic acid suppresses calcium deposition. Adipose tissue-derived stem cells (ADSCs) were pretreated with
valproic acid (VPA) for 3 days followed by osteogenic induction for 14 days. (A) Osteogenic differentiation was
evaluated by alizarin red S staining after 14 days of induction with osteogenic medium. Arrowheads show cells that
accumulated calcium in the cytosol. Scale bar, 200 μm. (B) RT-PCR analysis of osteogenic markers, BMP2, Dlx5
and COL1A1, was performed using total RNA extracted from ADSCs after 14 days of osteogenic induction. OIM,
osteogenic induction medium.

currents; our results suggested that neuronal differentiation
could modulate TUBB3 transcription and translation. In the
present study, VPA promoted ADSCs differentiation into
neuronal cells in the absence of neurogenic induction factors
and induced acetylation of histone H3, indicating that VPA
is a useful tool for studying the interaction between chromatin structure and cell fate determination. Further studies
are needed to examine the molecular mechanism underlying
the neurogenic differentiation induced by VPA using canine
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ADSCs.
In contrast, VPA suppressed the late stage of differentiation into adipogenic and osteogenic lineage cells. Two of the
3 adipogenic marker genes examined showed no reduction
after VPA pretreatment; however, lipid accumulation appeared to be suppressed, suggesting that the VPA inhibits
accumulation of lipid droplets rather than an inhibiting the
whole adipogenic differentiation process.
Similarly, osteogenic marker genes showed no changes
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Fig. 5. Valproic acid promotes neurogenic differentiation. Adipose tissue-derived stem cells (ADSCs) were pretreated
with valproic acid (VPA) for 3 days followed by neurogenic induction. (A) Neurogenic differentiation was assessed

Scale bar, 50 μm. (B) RT-PCR analysis of the neurogenic markers, NSE, TUBB3, MAP2 and NEFH and the glial
marker, GFAP, was performed using total RNA extracted from ADSCs after 2 hr of neurogenic induction. NIM, neurogenic induction medium.

after VPA treatment, but accumulation of calcium deposition
ing that VPA inhibits calcium deposition rather than inhibiting the osteogenic differentiation process as a whole. The
mechanism underlying the differential effects of VPA on the
pluripotent capacity of ADSCs remains unclear. A previous
report has shown that VPA decreases adipogenic and neurogenic differentiation, but increases osteogenic differentiation in human ADSCs [20]. The reason for VPA acting as a
stimulator for differentiation of canine ADSCs and as a suppressor for that of human ADSCs is not immediately clear.
Therefore, chromatin structure and cell fate determination
need to be further examined in relation to the pluripotency of
ADSCs, including this difference between humans and dogs.
In conclusion, pretreatment with VPA dose-dependently
decreased proliferation of canine ADSCs. In parallel with
its inhibitory effects, VPA increased p16 and p21 mRNA
expression, implying induction of cell cycle arrest through
activation of p16 and p21. In addition, pretreatment with
VPA followed by adipogenic, osteogenic or neurogenic
induction markedly promoted in vitro neurogenic differentiation, but suppressed accumulation of lipid droplets and
calcium deposition. These in vitro
by pretreatment with VPA were associated with changes in
expression of relevant markers. These results suggested that
canine ADSCs and is a useful tool for studying the interaction between chromatin structure and cell fate determination.
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₇㢟ྡ

ࢾ IL-13 㑇ఏࡢከᆺᰘ≟࠾ࡅࡿࢺࣆ࣮ᛶ⓶⅖ࡢ㛵㐃ㄪᰝ.

Ꮫྡ

᪥ᮏ␆⏘Ꮫ➨ 121 ᅇ

ሙᡤࠊ㛤ദ᪥

ᮾி㒔Ṋⶶ㔝ᕷ 3 ᭶ 2016 ᖺ

࠙┠ⓗࠚ
IL13 ࡣࠊIgE ⏕⏘ㄪ⠇㔜せ࡞ࢧࢺ࡛࢝ࣥ࠶ࡿ㸬ᮏ◊✲࡛ࡣࠊࢾ IL13 㑇ఏᏊࡢከ
ᆺ᳨⣴ࡢ┦㛵ゎᯒࢆ⾜ࡗࡓ㸬
࠙ᐇ㦂᪉ἲࠚ
15 ≟ ✀ 34 ಶ య ࡢ IL13 㑇 ఏ Ꮚ ࡢ ሷ ᇶ 㓄 ิ ࢆ Ỵ ᐃ ࡋ ࡓ 㸬 ࡲ ࡓ IL13 㑇 ఏ Ꮚ ୖ ࡢ
rs22147008(p.63 Thr>Ala) rs8973298(5v㞄᥋㡿ᇦ)ࡘ࠸࡚ࠊࢺࣆ࣮ᛶ⓶⅖ࢆⓎ
ࡋࡓᰘ≟ 10 ಶయࠊ⓶⅖ࡀㄆࡵࡽࢀ࡞࠸ᰘ≟ 33 ಶయࢆ⏝࠸ࡓᑐ↷ゎᯒࢆ⾜ࡗࡓ㸬
࠙⤖ᯝࠚ
NC_006593 ࢆᇶ‽ࡋ࡚ࠊg.20957075 AGGTGGGCA:[1]>[2]⦪ิከᆺ 15 ࢝ᡤࡢ
SNP ࢆ᳨ฟࡋࡓ㸬ᰘ≟ࢆ⏝࠸ࡓᑐ↷ゎᯒ࡛ࡣࠊrs22147008 ࡛ࡣ G ᆺᑐ❧㑇ఏᏊ㢖ᗘ
ࡣࠊ⩌࡛ 0.05ࠊᑐ↷⩌࡛ 0.11 ࡛࠶ࡾ᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞ࡗࡓ㸬ࡲࡓ G ᆺᑐ❧㑇ఏ
Ꮚࢆᣢࡘಶయࡣ࡚࣊ࢸࣟ᥋ྜయ࡛࠶ࡗࡓ㸬rs8973298 ࡢ㑇ఏᏊᆺࡣࠊᝈ␆⩌࡛ࡣ CC ᆺ 4
ಶయࠊCT ᆺ 3 ಶయࠊTT ᆺ 3 ಶయ࡛࠶ࡗࡓࡢᑐࡋ࡚ࠊ㠀ᝈ␆⩌࡛ࡣ CC ᆺ 4 ಶయࠊCT
ᆺ 21 ಶయࠊTT ᆺ 8 ಶయ࡛࠶ࡗࡓ㸬ᝈ␆⩌㠀ᝈ␆⩌ࡢ㑇ఏᏊᆺ㢖ᗘࡣࠊࣆࢯࣥ᪉ἲ
ࡼࡿ್࢝ࡀ 3.939㸦p=0.047㸧࡛᭷ព␗࡞ࡗ࡚࠸ࡓ㸬ࡇࡢࠊC ᆺᑐ❧㑇ఏᏊࡢ࣍
ࣔ᥋ྜ㸦CC ᆺ㸧ࢆࠊࢺࣆ࣮ᛶ⓶⅖ࡢࣜࢫࢡᆺᐃࡍࡿ࢜ࢵࢬẚࡀ 4.833㸦95㸣ಙ
㢗༊㛫 1.018㹼23.455㸧࡛࠶ࡗࡓ㸬ࡇࢀࡼࡾࠊᰘ≟࡛ࡣ rs8973298 ࡢ C ࡢ࣍ࣔ᥋ྜᆺࡣࠊ
ࢺࣆ࣮ᛶ⓶⅖ࡢⓎࣜࢫࢡࢆ㧗ࡵࡿࡇࡀ♧၀ࡉࢀࡓ㸬
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㯞ᕸᏛ ◊✲䝥䝻䝆䜵䜽䝖㐍ᤖ≧ἣホ౯᭩

ᮾிᏛᏛ㝔㎰Ꮫ⏕⛉Ꮫ◊✲⛉
㎷ᮏ

ඖ

⚾❧Ꮫᡓ␎ⓗ◊✲ᇶ┙ᙧᡂᨭᴗࡼࡿ◊✲ࣉࣟࢪ࢙ࢡࢺࠕ≟ࡢ㑇ఏᛶᝈ࠾
ࡅࡿཎᅉ㑇ఏᏊゎᯒࡢࡓࡵࡢ㑇ఏᏊ(DNA)ࣂࣥࢡᣐⅬᙧᡂࠖࡢ㐍ᤖ≧ἣ㛵ࡋ࡚ࠊ◊✲
㐍ᤖ≧ἣሗ࿌᭩࠾ࡼࡧ 2014 ᖺ 6 ᭶ 28 ᪥㛤ദࡉࢀࡓ◊✲⪅ࡼࡿࣉࣞࢮࣥࢸ࣮ࢩࣙ
ࣥࢆ㏻ࡋ࡚ࠊࡑࡢෆᐜࢆホ౯ࡍࡿᶵࢆᚓࡓࡢ࡛ሗ࿌ࡉࡏ࡚࠸ࡓࡔࡃࠋ
㻔㻝㻕 ◊✲䝥䝻䝆䜵䜽䝖䛾ᇶᮏⓗ⌮ᛕ䛻䛴䛔䛶
⮫ᗋ⋇་Ꮫ࠾࠸࡚ࡣࠊ2000 ᖺ௨㝆࡞ࡗ࡚ᛴ㏿㐍Ṍࡋࡓศ㔝ࡢ୍ࡘࡋ࡚ࠊ
⌮Ⓨ⏕㛵ࡍࡿศᏊ⏕≀Ꮫⓗ◊✲ࡀ࠶ࡿࠋ2003 ᖺࢾࡢࢤࣀ࣒ࡀⓎ⾲ࡉࢀࡓࡇ
ࡀᙜヱศ㔝◊✲ࡢⓎᒎࢆᙉຊ᥎㐍ࡍࡿࡇ࡞ࡗࡓࠋ⡿ᅜࡸḢᕞࡢᩘ࢝ᅜ࠾࠸࡚
ࢾࡢ DNA ࣂࣥࢡసࡾࡀጞࡵࡽࢀ࡚࠸ࡿࡼ࠺ࠊࣄࢺྠᵝࡢ࡛ࣞ࣋ࣝࢤࣀ࣒ゎᯒࡀྍ
⬟࡞ࡗࡓࢾࡢ DNA ࢧࣥࣉࣝࡣࠊẼࡢデ᩿ࠊ⒪ࠊ࠾ࡼࡧண㜵㛵ࡍࡿ◊✲
ࡗ࡚ࡁࢃࡵ࡚㈗㔜࡞◊✲㈨※࡞ࡿࠋ
ࢾ DNA ࣂࣥࢡసࡾ㛵ࡋ࡚ࡣࠊ᪥ᮏࡢᅜᐙⓗࣉࣟࢪ࢙ࢡࢺࡋ࡚㐍ࡵࡿࡁࡶࡢ
ᛮࢃࢀࡿࡀࠊ⌧Ⅼ࠾࠸࡚ࡣᮏ◊✲ࣉࣟࢪ࢙ࢡࢺࡀࡑࡢᣐⅬ࡞ࡗ࡚ᑗ᮶ࡢࡼࡾ
ᆺࡢࣂࣥࢡࡢ᰾࡞ࡿࡇࢆᮇᚅࡍࡿࠋࡇࡢࡼ࠺࡞ほⅬࡽࠊᮏ◊✲ࣉࣟࢪ࢙ࢡࢺࡢᖺ
㝈㸦ᖹᡂ 23~27 ᖺᗘ㸧ࡢᚋࡢᒎ㛤ࡘ࠸࡚ࠊ࠶ࡽࡌࡵࣉࣛࢽࣥࢢࡋ࡚࠾ࡃᚲせࡀ࠶
ࡿࠋ
㻔㻞㻕 ◊✲䝥䝻䝆䜵䜽䝖䛾యไᵓ⠏䛻䛴䛔䛶
ࢧࣥࣉࣝ㞟ࠊಶయሗ㞟ࠊ࠾ࡼࡧࡑࡢ⟶⌮ࡘ࠸࡚ࠊ⡆᫆ᛶ࠾ࡼࡧỗ⏝ᛶࢆ
වࡡഛ࠼ࡓࢩࢫࢸ࣒ࢆᵓ⠏ࡋ࡚࠾ࡽࢀࠊࡇࢀࡲ࡛ࡢດຊࢆ㧗ࡃホ౯ࡍࡿࡇࡀ࡛ࡁࡿࠋ
ࣄࢺࡢ㑇ఏᏊ(DNA)ࣂࣥࢡᙧᡂࡢࣀ࢘ࣁ࢘ࢆ✚ᴟⓗᑟධࡋ࡚࠸ࡿࡇࡶࠊከᩘࢧࣥࣉ
ࣝࡢಖᏑ⟶⌮ࡢຠ⋡ᙺ❧ࡗ࡚࠸ࡿࡶࡢ⪃࠼ࡽࢀࡿࠋ
ᖹᡂ 23 ᖺᗘࡽ⌧ᅾࡲ࡛ࡢయไᵓ⠏ࡼࡾࠊࢾ㑇ఏᏊ(DNA)ࣂࣥࢡࡢᇶᮏⓗ࡞య
ไࡣࡍ࡛ᩚࡗ࡚࠸ࡿࠋᚋࡢࢧࣥࣉࣝᩘቑຍࢆ⪃៖ࡋࠊタࠊタഛࠊேဨࠊ࠾ࡼࡧಖ
Ꮡ⟶⌮ࢩࢫࢸ࣒ࡢᐇࢆᅗࡿࡁ࡛࠶ࡿࠋ
㻔㻟㻕 㑇ఏᏊ㻔㻰㻺㻭㻕䝞䞁䜽䜈䛾䝃䞁䝥䝹㞟䛻䛴䛔䛶
ࢧࣥࣉࣝ㞟㛵ࡋ࡚ࡣࠊ㯞ᕸᏛ㝃ᒓື≀㝔ཷデࡋࡓࡽᚓࡽࢀࡓࡶࡢࡀ
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୰ᚰ࡞ࡗ࡚࠸ࡿࡀࠊ㐃ᦠࡢᏛࡢ༠ຊࢆࡉࡽ㐍ࡵࡿࡇࡀᮏࣉࣟࢪ࢙ࢡࢺᡂຌ
ࡢ㘽࡞ࡿࠋࡲࡓࠊ᭱㏆࡛ࡣᏛ㝃ᒓື≀㝔ྠ➼࠶ࡿ࠸ࡣࡑࢀࡼࡾࡶᩘࡢከ࠸
ḟ⋇་⒪ᶵ㛵ࡸ⥲ྜⓗ㛤ᴗື≀㝔ࡀቑ࠼࡚࠾ࡾࠊࡑࢀࡽデ⒪ᶵ㛵ࡽࡢࢧࣥࣉࣝ
㞟㛵ࡍࡿ᳨ウࡶᮃࡲࢀࡿࠋ
㻔㻠㻕 㑇ఏᏊ㻔㻰㻺㻭㻕䝞䞁䜽䛻㞟䛥䜜䛯䝃䞁䝥䝹䜢⏝䛧䛯◊✲䛻䛴䛔䛶
㻢 ᭶ 㻞㻤 ᪥㛤ദ䛾◊✲⪅䛻䜘䜛䝥䝺䝊䞁䝔䞊䝅䝵䞁䛷䛿䚸ྛศ㔝䛻䜟䛯䛳䛶 㻰㻺㻭 䝞䞁䜽䛻
㞟䛥䜜䛯䝃䞁䝥䝹䜢⏝䛧䛯◊✲ᡂᯝ䛜Ⓨ⾲䛥䜜䛯䚹ㄢ㢟䛻䜘䛳䛶䛭䛾㐍ᤖ≧ἣ䛿䛥䜎䛦䜎
䛷䛒䛳䛯䛜䚸䛂≟䛾♫ᛶ䜢ྖ䜛㑇ఏᏊ䛾᥈⣴䛃䠄⳥Ỉྐඛ⏕䠅䛻㛵䛩䜛◊✲Ⓨ⾲䛷䛿䚸䛸䛟
䛻ඃ䜜䛯ᡂᯝ䛜ሗ࿌䛥䜜䛶䛔䛯䚹ᮏ㑇ఏᏊ㻔㻰㻺㻭㻕䝞䞁䜽䜈䛾䝃䞁䝥䝹㞟䜢ಁ㐍䛩䜛䛯䜑䛻
䛿䚸䛭䜜䛻䜘䛳䛶ᚓ䜙䜜䛯◊✲ᡂᯝ䛸ᮏ䝞䞁䜽䛸䛾䛴䛺䛜䜚䜢᫂☜䛻䛧䚸䝩䞊䝮䝨䞊䝆➼䛷䜰
䝘䜴䞁䝇䛩䜛䛣䛸䛜ᮃ䜎䜜䜛䚹
ᮏ◊✲ࣉࣟࢪ࢙ࢡࢺ࡛ࡣࠊ◊✲௦⾲⪅ࡢ㜰ཱྀ㞞ᘯඛ⏕ࡢ࣮ࣜࢲ࣮ࢩࢵࣉࡢࡶ⢭ຊ
ⓗ◊✲ࡀ㐍ࡵࡽࢀ࡚࠾ࡾࠊᙜึィ⏬ࡢࣉࣟࢪ࢙ࢡࢺࡼࡿᡂᯝࡢከࡃࡀࡍ࡛ሗ࿌ࡉ
ࢀ࡚࠸ࡿࠋᚋࠊᑗ᮶ྥࡅࡓ㛗ᮇⓗ࡞ࣅࢪࣙࣥࢆᣢࡗ࡚ᮏࣉࣟࢪ࢙ࢡࢺࡀ㐙⾜ࡉࢀࡿ
ࡇࢆᙉࡃᮃࡴࠋ
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ᾏ㐨ᏛᏛ㝔⋇་Ꮫ◊✲⛉
✄ ⴥ 
╬

㸯㸬ࡣࡌࡵ
ࠕ≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿཎᅉ㑇ఏᏊゎᯒࡢࡓࡵࡢ㑇ఏᏊ '1$ ࣂࣥࢡᣐⅬᙧᡂࠖ
ࡘ࠸࡚ࠊࠕ◊✲㐍ᤖ≧ἣሗ࿌᭩ࠖ࡞ࡽࡧ◊✲ᡂᯝⓎ⾲㸦㸴᭶㸰㸶᪥㛤ദ㸧࠾ࡅࡿ
ཱྀ㢌Ⓨ⾲࣭㉁ᛂ⟅ࢆࡶࠊ㸯㸧㐍ᤖ≧ἣ࣭◊✲ᡂᯝ➼ࠊ㸰㸧◊✲㈝ࡢຠ⋡ᛶ࣭ጇᙜ
ᛶࠊ㸱㸧┠ⓗ㐩ᡂࡢྍ⬟ᛶࠊ㸲㸧◊✲ࡢⓎᒎᛶࡢほⅬࡽホ౯ࢆ⾜࠸ࠊ௨ୗࡢ࠾ࡾሗ
࿌ࡍࡿࠋ
㸰㸬㐍ᤖ≧ἣ࣭◊✲ᡂᯝ➼
㸯㸧'1$ ヨᩱࡢ㞟✚㸸ࡰィ⏬㏻ࡾヨᩱࡢ㞟࣭ಖᏑࡀ㐍ࢇ࡛࠸ࡿࠋࡓࡔࡋࠊ≟ࡢ
ᝈ㸦≉ᐃ㑇ఏᛶᝈࢆྵࡵ࡚㸧ࡢ㑇ఏⓗ⫼ᬒࢆᚋ⥙⨶ⓗゎᯒࡍࡿሙྜࠊ≉ᐃ
ᝈࡢゎᯒ㔜Ⅼࢆ⨨ࡃሙྜ࡛ࡣ㸦࠶ࡿ࠸ࡣ୧⪅㸧ࠊヨᩱࡢ㞟ᑐ㇟㸭᪉ἲࡀ⮬ࡎ
␗࡞ࡿࡽࠊࡇࡢⅬࢆ᫂☜ࡋࡓᕤኵࡀᚲせࡶࡋࢀ࡞࠸ࠋィ⏬ࡢᝈヨᩱࡀ㊊
ࡋ࡚㐍⾜ࡀ㐜ࢀ࡚࠸ࡿࡶࡢࡘ࠸࡚ࡣ≉ఱࡽࡢᑐฎࡀᚲせ࡛࠶ࢁ࠺ࠋ
㸰㸧ᑐ㇟ᝈ㸸⣙㸯㸮ࡢ≉ᐃᝈࢆᑐ㇟ࠊࡑࢀࡒࢀࡰᕤ⛬⾲ἢࡗࡓ '1$ ࡢゎᯒࡀ
㐍ࡵࡽࢀ࡚࠸ࡿࠋ'1$ 㞟࠶ࡓࡗ࡚ࡣࠊ㐺ษ࣭ศ࡛ಙ㢗ᛶࡢ㧗࠸⮫ᗋࢹ࣮ࢱ㸭᳨
ᰝࢹ࣮ࢱࡢ㞟✚࣭↷ྜࡀྍḞ࡛࠶ࡿࡀࠊࡇࡢⅬࡘ࠸࡚ࡸࡸ㩭࡛᫂࠶ࡗࡓࠋศ
⪃៖ࡢࡇࡣᛮ࠺ࡀࠊᮏࣉࣟࢪ࢙ࢡࢺ࠾ࡅࡿ᭱ࡶ㔜せ࡞せ⣲ゝࡗ࡚㐣ゝ࡛ࡣ
࡞ࡃࠊྍ⬟࡞㝈ࡾ୍ᐃෆᐜ㸭ᇶ‽࡛ࡢࢹ࣮ࢱ࣮࣋ࢫࡢᵓ⠏⏝ࡀᮃࡲࢀࡿࠋ
 ࡲࡓࠊࡇࢀࡽᑐ㇟ᝈࡢ㑇ఏᵝᘧࡸ༢୍㑇ఏᏊᝈ㸭ከᅉᏊᝈࡢูࡀᚲࡎࡋࡶ᫂
☜࡛࡞࠸ᝈࡀ࠶ࡗࡓࡼ࠺ᛮࢃࢀࡿࠋࡘࡲࡾࢱ࣮ࢤࢵࢺࡀᝈࡢࠕཎᅉ㑇ఏᏊࠖ࡞
ࡢࠊ
ࠕࣜࢫࢡࣇࢡࢱ࣮㸦ឤཷᛶ㑇ఏᏊ㸧ࠖ࡞ࡢࠊ࠶ࡿ࠸ࡣ᫂࡞ࡢࠊࡇࢀࢆࢡ
ࣜᢕᥱࡋ࡚◊✲࠶ࡓࡿࡁ࡛࠶ࢁ࠺ࠋ
㸱㸧ཎᅉ㑇ఏᏊ␗ᖖࡢゎᯒ㸸⥳ෆ㞀ࠊⓑෆ㞀ࠊࣟ࣌ࢩ ; ➼ࠊ࠸ࡃࡘࡢᝈࡘ࠸
࡚ཎᅉ㑇ఏᏊ␗ᖖࡢೃ⿵࡞ࡿኚ␗ࡀぢฟࡉࢀࠊᡂᯝࡣㄽᩥ㸰⦅㸴௳ࡢᏛⓎ⾲➼
࡚බ⾲ࡉࢀ࡚࠾ࡾࠊ⌧ẁ㝵࡛ࡣࡰ㡰ㄪ⤒㐣ࡋ࡚࠸ࡿ࠸࠼ࡿࠋࡓࡔࡋࠊ⌧≧࡛
ࡣఱࢀࡢሙྜࡶ㑇ఏᏊኚ␗Ⓨ࣭ែࡢᅉᯝ㛵ಀࡣᚲࡎࡋࡶ᫂☜࡛ࡣ࡞࠸ࠋᚋࠊ
ࠕ㑇ఏᏊᆺпែ⾲⌧ᆺ㛵㐃ࡢ᫂☜ࠖࠕ㑇ఏᏊ⏘≀ᶵ⬟ࡢゎ᫂ЍⓎᶵᵓゎ᫂ࠖ
ࡀ㐍ᒎࡍࡿࡇࢆᮇᚅࡋࡓ࠸ࠋ࠼ࡤᨷᧁᛶ㸭♫ㄆ▱࡞ࡘ࠸࡚ࡣࠊ㞧✀⣔⤫ࡢ
ゎᯒࡀ◊✲ࡢຠ⋡᭷⏝ᛮࢃࢀࠊࣂࣥࢡᵓ⠏ࡢయィ⏬ࡶ୍⪃ࢆせࡍࡶࡋࢀ
࡞࠸ࠋᚋࠊཧຍ◊✲⪅㛫ࠊ≉ᇶ♏⣔⮫ᗋ⣔◊✲⪅㛫ࡢ㆟ㄽࠊ㐃ᦠࢆ୍ᒙᙉࡋ
࡚ᚋࡢゎᯒ࠶ࡓࡿࡇࡀᮃࡲࢀࡿࠋ
㸱㸬◊✲㈝ࡢຠ⋡ᛶ࣭ጇᙜᛶ
࣭ࡇࡢ✀ࡢ◊✲࡛ࡣࠊヨᩱࢹ࣮ࢱ࣮࣋ࢫࡢ㞟㸭⥔ᣢ⟶⌮ࠊ'1$ ゎᯒ┦ᙜ࡞⤒㈝ࢆ
せࡍࡿࠋᖺ㛫  ༓ࡢ⤒㈝ෆヂࡣጇᙜ࡛࠶ࡾࠊ⣙㸯㸮ᝈࢆᑐ㇟ࡋࡓゎᯒ
ࢆᐇࡋ࡚࠸ࡿࡇ㚷ࡳࢀࡤຠ⋡ᛶࡣⰋ࠸ホ౯࡛ࡁࡼ࠺ࠋࡴࡋࢁࠊᚋࠊᶵ⬟ゎ
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ᯒࢆ୪⾜ࡋ࡚ศᐇࡍࡿࡓࡵࡢ㈨㔠⋓ᚓࡀせồࡉࢀࡿ࡛࠶ࢁ࠺ࠋ
㸲㸬◊✲ࡢⓎᒎᛶ
࣭ᮏࣉࣟࢪ࢙ࢡࢺࡣࠊ⮫ᗋ⋇་ᏛṆࡲࡽࡎࠊᇶ♏⋇་Ꮫ࣭ື≀་⛉Ꮫࠊ⏕⛉Ꮫࠊ་
Ꮫࠊ♫⛉Ꮫ➼ࠊከᵝ࡞ศ㔝ࡢᙳ㡪ࡀ࡛࠶ࡿࠋࡍ࡞ࢃࡕࠊ≟ᝈⓎࡢデ᩿ἲ㛤
Ⓨࡸண㜵࣭ไᚚࡣࡶࡕࢁࢇࠊཎᅉ㑇ఏᏊ㸭㛵㐃㑇ఏᏊࡢᶵ⬟ゎ᫂ࢆ㏻ࡋ࡚ࡢᇶ♏⏕
⛉Ꮫࡢ㈉⊩ࠊࣄࢺᝈࣔࢹࣝື≀ࡢ㛤Ⓨ㸭⒪ἲࡢ㛤Ⓨ࡞ࠊከᵝ࡞Ⓨᒎᛶ⛉Ꮫ
ࡋ࡚ࡢࡁ࡞౯್ࢆ᭷ࡍࡿࠋࡑࢀࡔࡅࠊࣂࣥࢡࡢᵓ⠏ࡽᙜ㠃ࡢࢱ࣮ࢤࢵࢺᝈ
ཎᅉ㑇ఏᏊࡢ᫂☜࡞ྠᐃ⮳ࡿィ⏬ࡀ☜ᐇ࡞ಙ㢗ᛶࢆࡶࡗ࡚㐩ᡂࡉࢀࡿࡇࢆᮇᚅ
ࡍࡿࡶࡢ࡛࠶ࡿࠋ
㸳㸬⥲ホ
࣭ᮏࣉࣟࢪ࢙ࢡࢺࡣࠊ᪥ᮏ࡛ࡣ᭱ึࡢẚ㍑ⓗつᶍ࡞≟ࡢࣂ࢜ࣂࣥࢡィ⏬࡛࠶ࡾࠊࡑ
ࡢព⩏ࡣࡁ࠸ࠋ⌧Ⅼࡢ㐍ᤖ≧ἣࡣࠊ'1$ ヨᩱࡢ㞟࣭ಖᏑࠊࡑࢀࢆ⏝࠸࡚ࡢ≉ᐃ
ᝈཎᅉ㑇ఏᏊࡢゎᯒࡶࠊࡰᖺᗘィ⏬ᕤ⛬⾲‽ࡌ࡚࠸ࡿࠋୖグᣦࢆྵࡵࠊ
ᚲせᛂࡌ࡚᪂ࡓ࡞ཧຍ࣭㐃ᦠ◊✲⪅ࢆືဨࡍࡿ࡞ࡼࡾᡤᐃࡢ┠ⓗࢆ㐩ᡂ࡛ࡁࠊ
ࡲࡓ⋇་Ꮫࠊ་Ꮫࠊ⏕⛉Ꮫ➼ࡁ࡞Ἴཬຠᯝࢆࡶࡓࡽࡍࡇࡀᮇᚅ࡛ࡁࡿࠋ
࣭ᮏࣉࣟࢪ࢙ࢡࢺࡢ⥅⥆࠶ࡓࡗ࡚ࡣࠊ㑇ఏᏊゎᯒ◊✲ࡢ☜ᐇ࡞㐍ᒎࡣࡶࡼࡾࠊ'1$
ࣂࣥࢡࡢຠᯝⓗ࣭㐺ṇ࡞⏝➼ࡘ࠸࡚ࡶศ࡞⪃៖ࡀ⾜ࢃࢀࡿࡇࡀᮃࡲࡋ࠸ࠋ
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                   㓗㎰ᏛᅬᏛᩍᤵ
                   ᮧ ᾈ
⚾❧Ꮫᡓ␎ⓗ◊✲ᇶ┙ᙧᡂᨭᴗࠕ≟ࡢ㑇ఏᛶᝈ࠾ࡅࡿཎᅉ㑇ఏᏊゎᯒࡢࡓࡵ
ࡢ㑇ఏᏊ㸦DNA㸧ࣂࣥࢡࡢᣐⅬᙧᡂࠖ◊✲ࣉࣟࢪ࢙ࢡࢺࡢ㐍ᤖ≧ἣࢆ௨ୗࡢࡼ࠺ホ
౯ࡍࡿࠋ
㸯㸧ࢾ DNA ࣂࣥࢡ㛵ࡋ࡚
ᮏࣉࣟࢪ࢙ࢡࢺࡢ᭱ࡢ┠ᶆࡣ᭷⏝࡞ࢾ DNA ࣂࣥࢡࡢᡂ࡛࠶ࡿࠋᮏࣉࣟࢪ࢙ࢡ
ࢺ࡛ࡣࡇࢀࡲ࡛ 9,000 ᳨య⛬ᗘࡢ DNA ࡀ᥇ྲྀࡉࢀࡓࠋᙜึணᐃࡉࢀࡓ᳨యࡢ⣙༙ᩘ
Ṇࡲࡗࡓࡀࠊᅜෆ࡛ึࡵ࡚ࢾ DNA ⮫ᗋࢧࣥࣉࣝࡢ DNA ࣂࣥࢡ╔ᡭࡋࠊ1 
᳨య㏆ࡃࡢࢧࣥࣉࣝሗࢆ✚࡛ࡁࡓࡇࡣホ౯್ࡍࡿࠋࡲࡓࠊࣉࣟࢪ࢙ࢡࢺ㐙⾜
ᙜࡓࡾࠊᏛࢧࣥࣉࣝࡸሗࢆඹ᭷ࡍࡿィ⏬ࡀ㐍ࢇ࡛࠸ࡿࡇࡶホ౯࡛ࡁࡿࠋ
୍᪉࡛ࠊᮏࣉࣟࢪ࢙ࢡࢺᡂᯝࡢ౯್ࡣ㞟✚࡛ࡁࡓ᳨యᩘࡁࡃ౫Ꮡࡋ࡚࠸ࡿࡇ
ࡽࠊࡼࡾ୍ᒙࠊ㞟ࢧࣥࣉࣝᩘࢆቑࡸࡍດຊࡀᚲせ࡛࠶ࡿࠋᅇࠊࢧࣥࣉࣝࡢෆヂࢆࡳ
ࡿࠊᅽಽⓗ║ᝈ೫ࡗ࡚࠸ࡓࠋࡇࡢࡇࡣཧ⏬ࡋࡓ◊✲⪅㛫ࡢ

ᗘᕪࢆᫎࡋ࡚

࠸ࡿࠋ║ᝈࢧࣥࣉࣝࡢᐇࢆࣂࣥࢡࡢ≉Ⰽࡋ࡚⏕ࡍࠊࡼࡾᗈ⠊ᅖ࡞ሗࢆ㞟✚
ࡍࡿࡣุ᩿ࡢศࢀࡿࡇࢁ࡛࠶ࢁ࠺ࠋࡓࡔࠊᅜᐙⓗᒎᮃ❧ࡗࡓᣐⅬᙧᡂ࠸࠺Ⅼ
ࢆ㚷ࡳࡿࠊ⌧ᅾ༠ຊᰯྵࡲࢀ࡚࠸࡞࠸ᏛࡶྵࡵࠊᏛࡽࡢࢧࣥࣉࣝཷࡅධࢀ
ࢆᙉࡍࡿඹࠊࣥࣇ࢛࣮࣒ࢻࢥࣥࢭࣥࢺࢆὙ⦎ࡍࡿ࡞ࢧࣥࣉࣝ㞟ࡢᕤኵࡀ
ᚲせࡶࡋࢀ࡞࠸ࠋ
DNA ࣂࣥࢡ࠾࠸࡚ࠊDNA ࢧࣥࣉࣝ㝶ࡍࡿሗ㈨※ࡢᐇࡣࠊࢧࣥࣉࣝ⮬యࡢ
ᐇ୧㍯ࢆ࡞ࡍࠋDNA ࣂࣥࢡࡢࢧࣥࣉࣝሗࡣヲ⣽࡞⮫ᗋࢹ࣮ࢱຍ࠼ࠊᬑ㐢ᛶ࣭
ᐈほᛶࡀồࡵࡽࢀࡿࠋⓏ㘓⏝ࡢ㟁Ꮚࣇࣝࢆసᡂࡋࠊࡑࢀࢆᇶࢹ࣮ࢱ࣮࣋ࢫࡢሗ
ࢆ᭦᪂ࡍࡿ⤌ࡳࡀฟ᮶ୖࡀࡗࡓࡇࡣホ౯࡛ࡁࡿࠋ୍᪉࡛ DNA ࣂࣥࢡࡢᬑཬࢆど㔝
ධࢀࡿሗࢆࣈࣛ࢘ࢬࡍࡿᶵ⬟ࡶᕤኵࡍࡿᚲせࡀ࠶ࡿࠋࡲࡓᾏእࡢ᪤බ㛤ࡉࢀ࡚
࠸ࡿࣉࣟࢪ࢙ࢡࢺࢹ࣮ࢱዴఱሗᛶࢆᣢࡓࡏࡿࠊࡑࡋ࡚⮫ᗋ⋇་ᖌࡀ┿ồ
ࡵࡿሗࡋ࡚බ㛤࡛ࡁࡿࡀᚋࡢࡁ࡞ㄢ㢟ゝ࠼ࡼ࠺ࠋ
ሗࢩ࣮ࢬࢆ౯್ࡢ㧗࠸㈨※ᡂ㛗ࡉࡏࡿࡣࠊ͆᪪࡞ᮇ͇ሗࢆ୍⯡බ㛤ࡍࡿ
ࡇࡶษ⪃࠼ࡿࠋྠᵝࡢࣉࣟࢪ࢙ࢡࢺࡀࡲࡔᑡ࡞࠸⌧ẁ㝵࡛ࠊẁ㝵ⓗ࡛ࡶᡂᯝࢆ
බ㛤ࡋࠊࢹ࣮ࢱ࣮࣋ࢫ⏝⪅ࢆቑࡸࡍࡇࡀࠊᮏ DNA ࣂࣥࢡࡢㄆ▱ᗘࢆ㧗ࡵࠊᡂᯝࡢ
Ἴཬᛶࢆ㧗ࡵࡿࡇ⧅ࡀࡿ⪃࠼ࡿࠋ
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