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࠙⥴ゝࠚ 
� ⛥㸪ࡀࡿ࠸࡚ࢀࡉ⏝࡚ࡋ⸆⒪ࡢᶵ⬟ஹ㐍⭢≦⏥ࡣ (MTZ) ࣮ࣝࢰ࣐ࢳ࣓

㸪BALB/cࡣࠎᡃࠋࡿ࠸࡚ࢀࡉሗ࿌ࡀࡇࡍࡇ㉳ࢆ㞀ᐖ⫢࡛ࢺࣄ ࢜ࢳࢱࣝࢢࢫ࣐࢘

ࣥ  (GSH) ྜᡂ㜼ᐖ࡛ࡿ࠶ L-buthionine-(S,R)-sulfoximine (BSO) ࢆᢞ࡛ࡇࡿࡍ

MTZ ㄏᑟᛶ⫢㞀ᐖࢆࣝࢹࣔࢫ࣐࢘సᡂࡋ㸪ࡢࡑ⫢㞀ᐖⓎࡣ interleukin-4 (IL-4) ࡸ

eotaxin ➼ T helper 2 (Th2) ⣽⬊㛵㐃ࡢචᅉᏊࡀ㛵ࢆࡇࡿ࠸࡚ࡋ௨๓ሗ࿌࡚ࡋ

࡚࠸⏝ࢆࢺࢵࣛࡿࢀࡉ⏝㠀⮫ᗋᏳᛶヨ㦂࡛ᵝྠࢫ࣐࢘ࡣ࡛✲◊ᮏࠋࡿ࠸ MTZ

ㄏᑟᛶ⫢㞀ᐖࣔࢆࣝࢹసᡂࡋ㸪ࡢࡑ⫢㞀ᐖⓎᶵᗎࡢ✀ᕪ᳨࡚࠸ࡘウࠋࡓࡋ 

 

࠙᪉ἲࠚ 
� 㞝ᛶ Fischer 344 㣗᮲௳ୗ࡛⤯ࢺࢵࣛ BSO 700 mg/kg ࡓࡋෆᢞ⭍⭡ࢆ 1 㛫ᚋ㸪

MTZ ࢆ 20 mg/kg ࡛⤒ཱྀᢞࡓࡲࠋࡓࡋ㸪SD ཬࡧ Wistar 㸪ࡋ᮲௳࡛ᢞྠࡶࢺࢵࣛ

⣔⤫ᕪࢆ☜ㄆࠋࡓࡋMTZ ᢞ๓㸪ᢞᚋ 1㸪3 ཬࡧ 6 㛫᥇⾑ࡓࡗ⾜ࢆᚋ⾑₢ཬ

㸪⾑₢୰ࡵࡓࡿࡍㄆ☜ࢆᗘ⛬ࡢࡑࡧ㞀ᐖⓎ⌧ཬ⫢ࠋࡓࡋ᥇ྲྀࢆ⮚⫢ࡧ AST㸪ALT㸪ࣅ

ࡧཬࣥࣅࣝࣜ high-mobility group box 1 (HMGB1)  ᐃ㸪⫢⮚୰ GSH ⃰ᗘ ᐃ㸪⌮⤌

⧊Ꮫⓗ᳨ᰝࡓࡲࠋࡓࡗ⾜ࢆ㸪ᢠ myeloperoxidase (MPO) ཬࡧᢠ CD68 ᢠయࡓ࠸⏝ࢆච

⤌⧊Ꮫⓗ᳨ᰝ㸪real-time RT-PCR ἲࡓ࠸⏝ࢆච㛵㐃ᅉᏊ➼ࡢ mRNA Ⓨ⌧ゎᯒࢆ

㸪Western blottingࡽࡉࠋࡓࡗ⾜ ἲ࡚࠸⏝ࢆ Toll-like receptor 4 (TLR4) ࡢⓎ⌧ኚື㸪

extracellular signal-regulated kinase (ERK) ཬࡧ c-Jun N-terminal kinase (JNK) ࣥࣜࡢ㓟

ࢆ☜ㄆࡓࡲࠋࡓࡋ㸪Kupffer ⣽⬊ࢆάࡿࡍ┠ⓗ࡛ሷ࣒࢘ࢽࣜࢻ࢞ (GdCl3) 10 

mg/kg ࢆ MTZ ᢞ 48 ཬࡧ 24 㛫๓㟼⬦ෆᢞࡋ㸪MTZ ㄏᑟᛶ⫢㞀ᐖࡿ࠼ᙳ

㡪ࢆ☜ㄆࠋࡓࡋ 
 

࠙⤖ᯝࠚ 
� SD㸪Wistar ཬࡧ Fischer 344 ࢺࢵࣛ MTZ  BSO ࡛⤫㸪⣔ࢁࡇࡓࡋᢞࢆ ALT

ࡣᗘ⛬ࡢࡑ㸪(Fig. 1) ࡀࡓࢀࡽࡳࡀ᪼ୖ Fischer 344 ࡓࡗ࠶㢧ⴭ࡛ࡶ࡚᭱࠸࠾ࢺࢵࣛ

ࡣウ᳨ࡢ㸪௨㝆ࡽࡇ Fischer 344 MTZࠋࡓࡋࡇࡿ࠸⏝ࢆࢺࢵࣛ ࡣࡓࡲ BSO ࡢ

ࡣᢞ࡛ࡢࡳ AST㸪ALT ཬ᪼ୖࡢ್ࣥࣅࣝࣜࣅࡧ㸪⫢⤌⧊ീኚࡓࡗ࡞ࢀࡽࡳࡣ

㸪MTZࡀ ཬࡧ BSO ࡛⏝ేࡢ AST㸪ALT㸪ࣥࣅࣝࣜࣅཬࡧ HMGB1 ୖ᪼㸪ᑠⴥ୰ᚰᛶ

ࡢ㸪⫢⮚୰ࡓࡲࠋ (Fig. 2) ࡓࢀࡽࡵㄆ࡚ࡗకࢆዲ୰⌫ᩘቑຍࡀ⣽⬊ቯṚ⫢ࡢ GSH ྵ

㔞ࡣ BSO ᢞ⩌㸪BSO ཬࡧ MTZ ే⏝⩌࡛పୗࡋ㸪㓟ࡿ࠶࡛࣮࣮࣐࢝ࢫࣞࢺࢫ㑏ඖ

ᆺ GSH/㓟ᆺ GSH (GSSG) ẚࡣ BSO ᢞ⩌ẚ㍑࡚ࡋ㸪BSO ཬࡧ MTZ ే⏝⩌࡛ప

ୗࡓࡋ (Fig. 3)ࠋ⫢⮚୰ࡢ㑇ఏᏊⓎ⌧ኚືࡣ㸪MTZ ᢞ⩌ẚ㍑࡚ࡋ MTZ ཬࡧ BSO

ࡓࡋ㛵㐃㸪⮬↛චࡣ࡛⩌⏝ే monocyte chemoattractant protein-1 (MCP-1)㸪

macrophage inflammatory protein 2 (MIP-2) ཬࡧ interleukin-6 (IL-6) ➼ࡢ mRNA Ⓨ⌧㔞

ࡸ 㸪GATA binding protein 3 (GATA3)ࡀࡓࢀࡽࡳࡀ᪼ୖࡢ eotaxin ࡢ➼ Th2 ⣽⬊㛵㐃ච

ᅉᏊࡢ mRNA Ⓨ⌧ኚືࡓࡗ࡞ࢀࡽࡳࡣ (Fig. 4) ࡓࡲࠋ㸪Danger signal ࢺࢫ㓟ࡸ

ࡿࡍ㛵㐃ࢫࣞ S100 calcium-binding protein A8 (S100A8)㸪S100A9 ࡸ heme oxygenase 1 
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(HO-1) ➼ࡢⓎ⌧㔞ୖ᪼ࡀㄆࡓࢀࡽࡵ (Fig. 4) ࠋ 

� ࢺࢵ㸪ࣛࡾࡼᯝ⤖ࡢࡽࢀࡇ MTZ ㄏᑟᛶ⫢㞀ᐖࡢቑᝏࡣ⮬↛ච⣔ࡀ㛵࠸࡚ࡋ

㸪Kupfferࡵࡓࡓࢀࡉ၀♧ࡀᛶ⬟ྍࡿ ⣽⬊ TLR4 signaling pathway ㏣ຍ᳨࡚ࡋ┠╔

ウࡿࡅ࠾⮚⫢ࠋࡓࡗ⾜ࢆ CD68 ཬࡧ CD163 mRNA Ⓨ⌧ࡣ MTZ ཬࡧ BSO ే⏝⩌࡛ୖ

㸪CD68ࡋ᪼ 㝧ᛶ Kupffer ⣽⬊ᩘࡶ⫢㞀ᐖక࠸ቑຍࡓࡋ (Fig. 5) ࡓࡲࠋ㸪HMGB1-TLR4 

signaling pathway ࡿࡍ㛵㐃 TLR4㸪ࣜࣥ㓟 ERK ཬࡧ JNK  ࡓࡋቑຍࡶ⌧Ⓨࢡࣃࣥࢱ

(Fig. 5) ࠋ௨ୖࡢ⤖ᯝࡾࡼ㸪ࣛࢺࢵ MTZ ㄏᑟᛶ⫢㞀ᐖࡣ Kupffer ⣽⬊ࡢάᛶࢆక

࠺ HMGB1-TLR4 signaling pathway Kupfferࠋࡓࢀࡉ♧ࡀᛶ⬟ྍࡿ࠸࡚ࡗࢃ㛵ࡀ ⣽⬊ࡀ

MTZ ㄏᑟᛶ⫢㞀ᐖ㛵ࢆࡇࡿ࠸࡚ࡋ⢭ᰝࡵࡓࡿࡍ㸪MTZ ᢞ๓ GdCl3 ࢆᢞ

㸪Kupfferࡋ ⣽⬊ࢆάࢁࡇࡓࡋ㸪GdCl3 ᢞ⩌ࡢ 4/6 ࡚࠸࠾ᑠⴥ୰ᚰᛶࡢ⫢

⣽⬊ቯṚࡢῶᙅཬࡧ⫢⮚୰ዲ୰⌫ᩘࡢῶᑡ㸪ALT  .Figs) ࡓࢀࡽࡵㄆࡀῶᑡ࡞᭷ពࡢ್

6 and 7) ࡓࡲࠋ㸪⫢⮚୰ࡢ⮬↛චཬࡧ Danger signal ᅉᏊࡢ mRNA Ⓨ⌧ㄏᑟࡢ᭷ព࡞

ᢚไࡀࡓࢀࡽࡳࡀ㸪㓟ࢫࣞࢺࢫ㛵ࡿࢃ HO-1 mRNA Ⓨ⌧ㄏᑟࡣᢚไࡓࡗ࡞ࢀࡉ 

(Fig. 8) ࡽࡉࠋ㸪GdCl3 ᢞ⩌࡛ࡣ㸪CD68 㝧ᛶ Kupffer ⣽⬊ᩘࡢῶᑡຍ࠼㸪⫢⮚

୰ࡢ TLR4㸪CD68ཬࡧ CD163 mRNAⓎ⌧ࡢ᭷ព࡞ᢚไ㸪HMGB1-TLR4 signaling pathway

 ࠋ (Fig. 9) ࡓࢀࡽࡵㄆࡀపୗࡢ⌧Ⓨࢡࣃࣥࢱࡿࡍ㛵㐃
 

࠙⪃ᐹࠚ 
� ⫢㞀ᐖ࡛ࣔࣝࢹỗ⏝ࡿࢀࡉ་⸆ရࡣ࢙ࣥࣇࣀ࣑ࢺࢭࡢ㸪ࢫ࣐࢘ẚ㍑ࢵ࡚ࣛࡋ

ࠋ୍ࡿ࠶࡛ࡁྥࡣᕪ᳨ウ✀ࡢ㸪⫢ẘᛶቑᝏᶵᗎࡃᙅࡀᗘ⛬ࡢ㞀ᐖ⫢ࡣ࡛ࢺ ᪉㸪MTZ

ࡣ BSO ࡇࡿࢀࡽࡳࡀ㞀ᐖ⫢ࡢᗘ⛬ྠ࡚࠸࠾ࢺࢵࣛࡧཬࢫ࣐࡛࢘ࡇࡿࡍ⏝ే

㸪MTZᐇ㝿ࠋࡓ࠼⪄ࡔ⏝᭷㸪✀ᕪ᳨ウࡽ ㄏᑟᛶ⫢㞀ᐖࡢቑᝏᶵᗎࡣ᫂ࡽ

ࢺࢵ㸪ࣛࢀࡽࡳࡀᕪ✀࡞ MTZ ㄏᑟᛶ⫢㞀ᐖࡢቑᝏࡣ Th2 ⣽⬊㛵㐃ࡢචᅉᏊࡣ㛵

ࡎࡏ㸪Kupffer ⣽⬊ࡀ㛵ࡀࡇࡿ࠸࡚ࡋ᫂ࡓࡲࠋࡓࡗ࡞ࡽ㸪GdCl3 ᢞ࡛⫢㞀

ᐖࡀῶᙅࡓࢀࡉ᮲௳࡛ࡣ⮬↛චཬࡧ Danger signal 㛵㐃ᅉᏊࡢⓎ⌧ࡣపୗࡀࡓࡋ㸪㓟

ࢫࣞࢺࢫ㛵ࡿࢃ HO-1 mRNA Ⓨ⌧ࡣపୗࡽࡇࡓࡗ࡞ࡋ㸪MTZ 㞀ᐖ⫢ࡿࡼ

ࡢ initiation ࢫࢭࣟࣉቑᝏࡢᚋࡢࡑ㸪ࡾ࠶࡛ࢫࣞࢺࢫ㓟ࡣ Kupffer ⣽⬊ࡿࡼ⮬↛

චࡢάᛶࡀ㛵ྍࡿ࠸࡚ࡋ⬟ᛶࠋࡓࢀࡉ♧ࡀ 

� MTZ ࡢᶵ⬟ஹ㐍⭢≦⏥ࡿࢀࡉ⸆ᢞࡀ Graves’ disease ࡿࡍᑐࢫࣞࢺࢫ㸪㓟ࡣ࡛

㜵ᚚᶵᵓࡀపୗࡀࡇࡿ࠸࡚ࡋሗ࿌ࡾ࠾࡚ࢀࡉ㸪BSO ᢞࡢ⮚⫢࡚ࡗࡼ GSH పࡀ

ୗࡣࣝࢹࣔ≀ືࡓࡋ Graves’ disease ࡿࡁㄝ࡛᫂ࢆⓎᶵᗎࡢ㞀ᐖ⫢ࡢ࡛ࢺࣄ㸪ࡃ㏆

ྍ⬟ᛶࠋ୍ࡿࢀࡽ࠼⪄ࡀ ᪉㸪ࡢࢺࣄ MTZ ㄏᑟᛶ⫢㞀ᐖࡢከࡣࡃ⫹Ồࡗ࠺ᆺ࡛ࡾ࠶㸪

㸪MTZࡶࡽࡇࡿ࠶ᑡᩘ࡛ࡣሗ࿌ࡢ⣽⬊ቯṚ⫢࡞࠺ࡼࡢṑ㢮ࡗࡆ ㄏᑟᛶ⫢㞀ᐖࣔ

ࡵࡓࡿࡍᐹ⪄ࢆእᤄᛶࡢࢺࣄ㸪ࡀ࠸࡞ࢀࡋࡶ⏝᭷ࡣ࡛ୖࡿࡍウ᳨ࢆ㸪✀ᕪࡣࣝࢹ

 ࠋࡿ࠶ᚲせ࡛ࡀウ᳨ࡿ࡞ᚋ᭦ࡣ

�  

࠙⤖ㄒࠚ 
� MTZ ㄏᑟᛶ⫢㞀ᐖࡢቑᝏᶵᗎࡣ᫂࡞ࡽ✀ᕪࡀㄆࢀࡽࡵ㸪ࡣ࡛ࢫ࣐࢘ Th2 ⣽⬊㛵
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㐃ࡢචᅉᏊࡀ㛵ࡀࡿ࠸࡚ࡋ㸪ࣛࡿࡅ࠾ࢺࢵቑᝏࡣ Th2 ⣽⬊㛵㐃ࡢචᅉᏊࡣ

㛵ࡎࡏ㸪⮬↛ච㸪≉ Kupffer ⣽⬊ࡢάᛶࢆక࠺ HMGB1-TLR4 signaling pathway

 ࠋࡓࢀࡉ၀♧ࡀᛶ⬟ྍࡿ࠸࡚ࡗࢃ㛵ࡀ
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