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ƜƆ�*, �+Ǽʎ=Ǹ� ˱ 

4-HNE 4-hydroxy-2-nonenal 

Ab  antibody 

ACC acetyl-CoA carboxylase 

ALT alanine aminotransferase 

ANOVA analysis of variance 

AOX acyl-CoA oxidase 

AST aspartate aminotransferase 

ARE/EpRE antioxidant/electrophile responsive element 

CNC Cap'n'collar 

DKO double-knockout 

EU  endotoxin units 

Elovl 6 ELOVL fatty acid elongase 6 

FAS fatty acid synthase 

FITC fluorescein isothiocyanate 

GAPDH glyceraldehyde 3-phosphate dehydrogenase 

H&E hematoxylin-eosin 

HCC Hepatocellular carcinoma 

HOMA-IR homeostatic model assessment for insulin resistance 

Il  interleukin 

Keap1 Kelch-like ECH-associated protein1 

KO  knockout 
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LIR  LC3-interacting region 

LPS  lipopolysaccharide 

LXR liver X receptor 

MARCO macrophage receptor with collagenous structure 

Mcp-1 monocyte chemoattractant protein-1 

MRI magnetic resonance imaging 

MCD methionine-and choline- deficient 

NAFLD nonalcoholic fatty liver disease 

NASH nonalcoholic steatohepatitis 

NF-κB nuclear factor-kappa B 

NK  natural killer 

Nrf2 nuclear factor erythroid 2-related factor 2 

PB1  Phox and Bem1p 

Pten phosphatase and tensin homolog 

PPAR peroxisome proliferator activated receptor 

qRT-PCR quantitative real-time polymerase chain reaction 

ROS reactive oxygen species 

SCD stearoyl-CoA desaturase 

SPIO superparamagnetic iron oxide 

SQSTM1 sequestosome 1 

SR-A class A macrophage scavenger receptor 

SREBBP sterol regulatory element-binding protein 

TER transepithelial electrical resistance 

Tgf-β1 transforming Growth Factor-β1 
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TLR toll-like receptor 

Tnf-α tumor necrosis factor-α 

UBA ubiquitin-associated 

WT  wild-type 

Zo-1 zona occludens-1 
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� ʵˣɔǙ5ʴÖ�ʟ*69ǶǌɎŢȀ+Ɍřǰ+�Ə''4*ĎÓ+�ʭ=

 (9+�˚@�O��ŘɛɕŘɓǦˮNASH˯&�9˱NASH,˰ǶǌɎŢȀ

=ĉȚ*Ȇȁ�˰ɓȗĒ�7*,ɓȅ0&ʳɴ�9 3�ǻ�&Ň�öˠɾ�

:%�9 �˱��)�7˰ɻ ˣɔǙ=î�9ʸÉ)x_�tCT��7� Ȇ˰ȁ

ƲŁ+ʂƐ5ǅȄưȇ+êġ�ü˗')#%�9 �˱�&ƜȔȣ&,˰ɻ ˣɔǙ

=î�9 p62ƳŻtCT'Ǧȁ�ĎŚ�9 Nrf2ƳŻtCT=Ŷ�é<�˰Ɖ 

) NASHx_�'�% p62:Nrf2ʺ£Ě�˃ƳŻˮ DKO t˯CT=¨ɺ� D˱KO

tCT,˰ʵˣɔǙ˰B�T~�ŭūŘ=ʌ3 N˰ASH=ɦǨȆȁ� ˱0 ˰

50ʲˬ ˍ+DKOtCT+ȸ 12%*ɓɠȃ�ʌ37: D˱KOtCT+NASH

ȆȁƲŁ, N˰rf2ƳŻ*69ɡȯ+f~@Ʋɚ¦� K˰upfferȼə+ LPS*Ī�

9ʵÑ)Ǧȁßŕ˰�7* p˰62ƳŻ*69@_AsGB�+@�f}�T˰ɡ

Àȼɬã+ĒØ*69E�a`IR�ˮlipopolysaccharide˰LPS˯ǷǶ+Ďĕ�

êƒ*ʳɴ�9�'& NASH.'ʳĴ�9�'=ț� ˱�7*˰DKOtCT

+ƕĕ+ǭŒ&�9ʵˣɔǙ' NASH Ȇȁ+ˊʱ=ʑ/9 3*˰Pair-feeding

*69ż˧Íˎ=ɴ# '�; ȶ˰«�6-ɳǔ LPS+¦�*ˊʱ�% N˰ASH

+ɓɤǮŠ=Ƃ÷�9�'�ɼÇ�:  ˱�+�'�7 p˰62:Nrf2ʺ£Ě�˃

ƳŻtCT&,˰ʵˣɔǙ=��%ɓɤÀē&ʜ�9ɡ�7+ʵÑ) LPS +Ǎ

¼*69¸ĖŘºǾǌŘØ� NASH +ɓɤŻ´+ȆǶ+�ɻ)Þû&�9�'

�țô�: ˱DKOtCT,˰h` NASH+ȀÞŘ�6-ǅȄưȇ=êġ�9

 3+{c�K)ÖǬx_�&�9˱ 
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��$�'$F|yFw\ 

� ʧľ˰ɹ Ö�ʟ'ˣǶǌ+ƵȳØ*6#%ƌƜ+ɔǙ�ä�ĎÓ�%�8 w˰

Zr~]KR�a��v*Ɍř�9řɐƅ4ĎÓ�%�9˱�ˉa]K=âʈ

� 4 �* 1 �,ɔǙ=î�˰˩ɳĀ˰˩O�T^���˰ɑȵɚǽĻ4ĎÓ

� �˰7*ˡɯ)ĎÓ=ț�+�ɓƲɚǽĻ&�9 �˱+ĎÓ+ɗƓ*, ɓ˰ɤ

*ɛɕ�ɰȢ�9�'*6#%Ƕ�9ɛɕŘɓǿř+ĎÓ�ɏ�7:9˱ɛɕ

Řɓǿř+Ȁû,˰ɻ Ñˤʾ˰ɻ ˣɔǙ5ȵĲȀ)(+B�T~�ŭūŘ À˰È

ǆǿř ƫ˰Ń+¦ƣ˦ ɲ˰Ǭ)(���7: ĕ˰��@�O��Ř'˚@�O�

�ŘɛɕŘɓǿřˮNAFLD˯*Èˢ�:9 N˱AFLD,˰˚@�O��Řɛɕɓ

ˮNAFL˯'˚@�O��ŘɛɕŘɓǦˮNASH˯�7)9˱NASH ,ǶǌɎŢ

Ȁ=ĉȚ*Ȇȁ�9ʳɴŘ+ɓ˓Ĥ&�8˰ɓɤ*��9wZr~]KR�a

��v+ɷǲĄ'�%ɏ�7:%�9 N˱ASH,˰ʕ ʾƷ�)�ɛɕĒŘ Ǧ˰ȁ

ŘȼəǏǡ ɓ˰ȼə´Ĥ=ǭŒ'�9ɓǦ& ɓ˰ȗĒ�7*,ɓȅ0&ʳɴ�9

ċé��9�'�7Ň�öˠɾ�:%�9ˮ1˯ˮ þ A˯˱ �ō˰NASH,šŘɓ

ǿř*��9ƕĕ+öˠ')9�'��Ǘ�:9˱ 

� NASH+Ȇȁ, ɓ˰ɛɕǄȐ+ȀŠ*Ǧȁ=ʍĮ�9ûĚˮ ˁØT`�T5Ǧ

ȁŘQB`GB�Ȫ �˯Ó<9�'*68Ņ�ʜ��:9'�
	Two-hit theory


�Źõ�:%� ˮ 2˯˱ ��� ɓ˰ɛɕǄȐ'Ǧȁ�êƒ�9�,Ǧȁ�ɓɛɕ

Ø*¸ɴ�9�'4śġ�:9Ư*)8˰NASH +Ȇȁ'ʳĴ*��%�+

	Two-hit theory
&,ʐƐ��:)�ȀŠ��9�'�Ɛ7�*)#%� ˮ3, 

4˯˱ ��&ʧľ ɓ˰ɤ!�&,)�ɛɕȽɊ5ɡȯǹƞ+Ư�)ûĚˮ @_As

QB`GB�5ˁØT`�T˰ˣ�ûĚ˰E�a`IR�˰¸ĖŘºǾǽĻ˯�



 6 

�ɴ�%ɓɤ*¨Ǹ� NASH+ȀŠʳĴ*ˊ��%�9'�
	Multiple parallel 

hits hypothesis
�Źõ�:%�9ˮ 5˯ˮ þ B˯˱  	Multiple parallel hits hypothesis


&,˰ɡȯȼɬã+ɬ§ŤÈ&�9 lipopolysaccharideˮLPS˯�ɡȯȴɣf~@

=ʞ�ɓɤ*Ìʶ�˰ɓɤˢǋďȼə+ Kupfferȼə*¨Ǹ�9�'�ɓǦ˰ɓ

ɆɅØ.ʳɴ�9˃ɻ)ûĚ'1)�:%�9˱0 �ʵˣɔǙ, NASH +ĉ

ƜȇȀû'�:%�8 t˰CT�6-h`+¸ɴȔȣ*��%˰ɻ ˣɔǙ,ɡÀ

ȼɬã=ĒØ��9�'�Ċï�:%�9˱ �68ʵˣɔǙ�6-ɡɓʱˊ

,˰NASHʳĴ'ħŸ*ˊʱ�%�9'ɏ�7:9˱ 

 

Q@ NASH"�$��� 

� Ŏƞ˰NAFLD/NASH x_�ÖǬ'�%tCT5}]`=é<�˰ȸ 40 ȡˢ

Ȓ7:%�9˱�+ȆȁƲŁ�7˰1˱ɓɤ.+ɛɕˁʪʶ˅=ĎÓ�� x_

� 2˰ D˱e novo lipogenesis=ĎÓ�� x_� 3˰ β˱ˁØ=Ǖİ�� x_�˰

4˱ʝ¦ħŃ~sZ�gKʚˮVLDL˯+Èǆ=ũÍ�� x_�˰5˱ɓɤ+O

�T^���=ĎÓ�� x_�˰6˱LPSʍȆɓɤǦȁx_�+ 6ȡˢ*ĕË

�:9ˮ6˯˱ 1˱ɓɤ.+ɛɕˁʪʶ˅=ĎÓ�� x_�*,˰�*˩ɛɕˣ

=Ū�� x_�5�m\�ƳŻtCTˮob/obtCT˯�ì0:9�˰�:7

+tCT,˃ȱ)ɆɅØ˰5ɓȼəȅˮHCC˯,ǲ:)�'�
öˠǧ��9

ˮ6˯˱ 2 D˱e novo lipogenesis=ĎÓ�� x_�*,˰�*ɓǭǽȇ phosphatase 

and tensin homologˮ Pten Ƴ˯ŻtCT�ì0:9 ɓ˱ǭǽȇ PtenƳŻtCT,˰

h` NASH +ǭŒ&�9ĕǝŘɛɕɓ˰įɮǦȁŘȼəǏǡ˰ˢǋðý+ɆɅ

Ø˰HCC=ț�˱���˰ɓǭǽȇ PtenƳŻtCT,B�T~�ŭūŘ=ț�

*4��<7�˰ɔǙ'ɛɕˁ+�Ə=ț�)��'�öˠǧ'�%��7:

9ˮ7˯˱ 3˱β ˁØ=Ǖİ�� x_�*,˰�*ɓǭǽȇ�\eB�ˁâĥ§
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αƲɚˌĤ`}�TSDc]KtCT5@V\� CoAˁØˀȻ 1ƳŻtCT�

��7:9ˮ8, 9˯˱ ɓǭǽȇ RARα ƲɚˌĤ`}�TSDc]KtCT,˰Ǝ

ƙ*ɛɕŘɓǦ�ʜ�˰16 Ɩˬ&ɓɠȃ�Ƕ�9˱���˰ɆɅØ,ʜ�)�

ˮ8˯˱ �Ɗ˰acyl-CoA oxidase ˮAOX˯ƳŻtCT,˰Ǣ��ɓ+ɛɕĒŘ'p

�FIRX�v+Ďƹ���˰p�FIRX�v*��9ɛɕˁˁØ�ĎÓ�

9˱�7*˰ɓɤ+Ǧȁ˰ȼəĎƹ˰Ȇ�>�ʜ�9˱���˰ɓǭǽȇ RARα

ƲɚˌĤ`}�TSDc]KtCT'êƯ*ɆɅØ=ț�)�ˮ9˯˱ 4˱ʝ¦ħ

Ń~sZ�gKʚ+Èǆ=ũÍ�� x_�*,˰w\Fc��O~�Ƴ�

ˮMCD˯x Ū�*69ˣ˧ʍȆŘtCT���7:9 M˱CDˣʍȆŘ NASHx

_�tCT,˟ɉ*©Ǹ�:9x_�tCT&�9 �˱+x_�tCT, @˰}

c�`}�T@ub�WˮALT˯'@Tg}J�ˁ`}�T@ub�WˮAST˯

+�Ə˰ɛɕɓ˰ˎĳȇ)Ǧȁ˰ɆɅØ=ǭŒ'�9ȀǳĝȇĒØ=Ƕ�9˱�

��˰�+x_�,ɛɕˁ+ĎÓ˰ɔǙ˰B�T~�ŭūŘ=ț�)�ˮ10˯˱

5 ɓ˱ɤ+O�T^���=ĎÓ�� x_�*, B˰�Z��BI� 1ˮ IL-1˯

âĥ§@�ZPcT`ƳŻtCT���7:9˱IL-1 ,Ǧȁ&˃ɻ)ŋÒ=Ǟ

�9QB`GB�&�9� O˰�T^����ʓ*��<9ÀÈǆ=ʮ�% ƛ˰

Ƨ+Ed�J�qwFTZRT*4ˊ��%�9˱IL-1 âĥ§@�ZPcT`

, I˰L-1+Õơ=Ę�9ŋÒ��8 �˰+ƳŻtCT, @˰^��vǶŤˣ+ 20

ʲˉ+Ū�*68 Ǣ˰��ɛɕɓ ȼ˰əðý+ɆɅØ Ǧ˰ȁŘȼəǏǡ)(+Ȁ

Š=ț�ˮ11˯˱ 6 L˱PSʍȆɓɤǦȁx_�,˰˩ɛɕˣ=Ū�� tCT*˰

¦Ǹ˅ LPS =ɢɟÀ*ǉĭ�Ǧȁ=Ņ�ʜ��x_�&�9˱ɡȯǹƞ+ LPS

,˰ÜȹŘɛɕɓ�7ɛɕŘɓǦ.+Ȁǀ+ʳɴ*˃ɻ)ŋÒ=Ǟ�9'Ċï

�:%�9˱¦˅ LPSʍȆŘ NASHx_�tCT,˰ɛɕˁ+ĎÓ˰ɔǙ˰B

�T~�ŭūŘ˰Ǧȁ˰ɆɅØ=î�9�˰ɠȃ,Ƕ�)�˱ 
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� �ʆ+x_�ÖǬ, ɔ˰Ǚ5B�T~�ŭūŘ=ț�� �˰ɦǨ)§˃+Ǖİ

5ŗǢ)ȁǮ+ʳɴ=ʌ39x_�5 NASH +ȀŠŉŤ*˃ɻ)ɓ+ɆɅØ5

ɠȃŉŤ=¤<)�x_�)(��8 Ƕ˰ǌɎŢȀ=ĉȚ*Ȇȁ�9h` NASH

',�˖�%�9åɚŘ��9 0˱ N˰ASH+ȀŠŉŤ*˃ɻ)ʵˣɔǙ=î

�9x_�ÖǬ+Ċï,İ)�˰ɆɅØ�6-ɠȃŉŤ=¤
x_�+Ċï,

)� �˱ �#% h˰` NASH*��%ʁĩ�:9ĉƜȇȀŠ&�9ʵˣɔǙ˰

B�T~�ŭūŘ Ǧ˰ȁ Ɇ˰ɅØ�6-ɠȃŉŤ=¤
x_�tCT+ˈȆ�Ƙ

0:9˱��&ƜȔȣ&,˰ʵˣɔǙ�6-B�T~�ŭūŘ=î�9 p62 ʺ

£ĚƳŻˮp62-KO˯tCT*ǉȊ� ˱ 

 

��x[��� p62-KO 

p62/Sequestosome 1/A170/ZIPˮ p62 ,˯tCTɢɟtK�k?�S�7SE\�

t�B�ˁ g˰}O�`)(+ʀ˘ĚŘǬʚ5ǌŘˁȻȡˮ ROS *˯68ʍĮ�

:9ƲɚƚȒ+T`�TŕȭZ�gKʚ'�%Ȇɼ�:ˮ12˯˰ h`=ì2˩Ȫ

ǶǬ&Ŀ�®Ĝ�:%�9 p˱62Z�gKʚ, 442¯+@ueˁ�7)8 �˰+

Ʈʰ�*, Phox and Bem 1pˮ PB1 a˯wB� Z˰n-fingerawB� L˰C3-interacting 

regionˮLIR˯x\�k˰ubiquitin-associatedˮUBA˯awB�)(=Ɨ�˰ȼə

ÀRLb�£ʶȷ*ˊ��9''4*Z�gKʚÈʂȾʠ*ˊ��9ûĚ&�

9�'�țô�:%�9ˮ13, 14˯˱ 0 p˰62, CƛȨ²ʧ³*˚¿ƗȿéŘ+

{iI\�ȿéawB� UBA =Ɨ�%�8˰{iI\�-m�^@X�vȷ+

Z�gKʚÈʂȾʠ*ˊ��9 �˱7* p˰62,F�`k?PX�vɣ+ŉŤû

Ě&�9 LC3'Ȍ�¨Ǹ�9ûĚ&�8˰{iI\�5 LC3'+Ȍ�¨Ǹ=�

�%ʹŬȇF�`k?S�ˮ ɦˣ¨Ǹ *˯ˊ�� F˰�`k?S�ǌŘƳŻ*¤


ɓȼə˰ɞȝȾȼəÀ+Z�gKʚī¼§+ŉŤ*Ǒ�ˊ<#%�9ˮ14˯˱
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��� p˰62-KOtCT+ɷǲĄ+ƕĕ+ǭŒ,˰ɻ ˣɔǙ=î�9�'&�9˱

ňȔȣģ*��9ʂƠ&, p62-KOtCT,ʵˣ')8 Ó˰ˬ''4*ɔǙȁ=

î�9�'�Șʌ�:%�9˱p62-KOtCT+ɾŀ�ʻȝȾȼə*��%˰ż

ˣũÍ*�œȇ)ŋÒ=ơ �q�x�&�9�m\�+¨Ǹ*Ŕ˝&�9ʢ

ÂûĚ Stat3+ƥȟɴ+Õǰ�¦��%�9 3˰ɻ ˣɔǙ')9ˮ 15˯˱ 0 ˰

p62-KOtCT,B�T~�ŭūŘ�6- 2ĄȵĲȀ=Ȇȁ� h˰` NASH'ê

Ư*B�T~�ŭūŘ=ț�x_�tCT&�9˱TpB�+Ȕȣ\�v+ʂ

Ơ*��%4êƯ*Óˬ*¤
ɔǙȁ ɑ˰ȵɚǽĻ B˰�T~�ŭūŘ �˰m\

�ŭūŘ�Ċï�:%�9� ɔ˰Ǚȁ+Þû,ĉȚ�ʓ+¦� ɛ˰ɕȼə+ÈØ

�ʳ&�9'țô�:%�9ˮ 16˯˱ ��� p˰62-KOtCT,ʵˣɔǙ�6-ɛ

ɕɓ=î�9�˰ɓɤ+Ǣ��ɆɅØ�ʜ��˰NASH ')7)�öˠǧ��

9˱$08 p62 ƳŻ*Ó�˰�7*Ǧȁ�6-ɆɅØ=ĎŚ��9ûĚ�Ŕɻ

&�9'ɏ�7:9 �˱�&˰ˁ ØT`�T5Ǧȁ*ħŸ*ˊ<8+�9 Nuclear 

factor erythroid 2-related factor 2ˮNrf2˯*ȐȊ� ˱ 

 

�2<? Nrf2 

Nrf2 ,ūˁØÐ5ˁØT`�TÐ*68ǌŘØ�9ʢÂûĚ&�8˰Ĕ�+

ūˁØT`�TZ�gKʚ+Ȇǲ=ƶ*ÍŐ�%�9ˮ17˯˱ Nrf2,ČĉŘ˞ć

/�BR�S]g�Ʈʰ=Ų"˰ȆǶ�6-qwFTZRT�+˃ɻ)Ʋɚ=4

$ Cap'n'collarʢÂûĚɍ*ĵ�%�9ˮ 18˯˱˚T`�TǮŠ�*��9 Nrf2,

Kelch-like ECH-associated protein1ˮ Keap1˯'ȿé�%�8 K˰eap1*69ũÍ=

â� m˰�^@X�v*6#%Èʂ�:9 �˱+Nrf2Èʂ¨Ǹ,Keap1�Cullin3

Ą{iI\� E3}BN�T+@[mZ�'�%Ʋɚ� N˰rf2+{iI\�Ø=

­ʳ�9�'*69ˮ19˯˱ �Ɗ˰ȼə�ʀ˘ĚŘǬʚ˰ǌŘˁȻ˰įə§T`
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�T)(+ÎǢ=â�9'˰Nrf2, Keap1 +ũÍ�7ˈƃ�:%ǌŘØ�9˱

ǌŘØ�%ƥÀ.'ȟɴ� Nrf2 ,˰small Maf ɍûĚ'n^��˅§=ŉŤ

�˰ūˁØÐ/ʀ˘ĚŘǬʚŕȭʽÊˮARE/EpRE˯'ȿé�9�'&ūˁØ/ʂ

ƽ�ʓʺ£Ěɍ+Ȇǲ=ĎŇ�9ˮ17˯˱ Ɔǯ�˰Nrf2' p62+�ʺ£Ě*$�

%, p62ʺ£Ě+Ȇǲ� Nrf2*68ƶ*ÍŐ�:%�9ǧˮ 20˯˰ �6- p62Z

�gKʚ� Nrf2 +ƲɚũÍZ�gKʚ&�9 Keap1 'ȿé�9�'& Nrf2 +

ǌŘØʑȰûĚ')#%�9ǧ+ˊ¬Ř�Ċï�:%�9ˮ21˯˱ 0 ˰Nrf2,

�*Ǧȁ=ĎŚ��9QB`GB�&�9B�Z��BI� 6ˮ Il-6˯5 Il-1β+

ʺ£Ě+Ȇǲ=ˌĤ�9�'& Ǧ˰ȁ=ũ�%�9�'�Ċï�:%�9ˮ 22˯˱

Nrf2ʺ£ĚƳŻˮNrf2-KO˯tCT,ȡ�+ɲÐŪ�*Ī�ƑşâŘ&�8˰@

V`@uekD�Ū�*68ɯƐ)ŗŘɓ˓Ĥ�Ƕ�9ˮ23˯˱ 0 ˰ňȔȣģ

+ʂƠ&, MCDˣŪ�*6#% Nrf2-KOtCT, NASH�68Ǝƙ*˃ȱ)

ȀŠ')9�'=ɼÇ�%�9ˮ24˯˱ ���˰ʮĻˣ˥ɖ�&+ȀŠȆȁ,½

�17:)�˱�7* N˰rf2ʵÑȆǲtCTˮKeap1flox/-˯*MCDˣ=Ū�� 

ċé˰ɓɛɕØ˰Ǧȁ˰ɓɆɅØ'�# NASH ȀŠ�ũÍ�:9ˮ25˯˱   

�+�'�7˰Nrf2ƳŻ, NASHʳĴ*��9Ǧȁ�6-ɆɅØ=ĎŚ��9

'ɏ�7:9˱ 

 

O�� NASH"�$���	/� 

	Two-hit theory
5	Multiple parallel hits hypothesis
+ƭŖ�7ʵˣɔǙ�6

-ǦȁĎŚûĚˮǦȁŘQB`GB�˰ɡȯǹƞ+ LPS˰¸ĖŘºǾǽĻ˯�

NASH+Ȇȁ�6-ʳĴ*˃ɻ)ŋÒ=Ǟ�%�9�',Ɛ7�&�9 0˱ ˰

p62-KOtCT,˰ʵˣɔǙ')8ɛɕɓ=î�˰Nrf2-KOtCT,Ǧȁ�6-

ɆɅØ=ĎŚ�9˱ �+�'�7 p˰62-KOtCT' Nrf2-KOtCT=Ŷ�é
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<� p62:Nrf2 ʺ£Ě�˃ƳŻˮDKO˯tCT,˰NASH =ɦǨȆȁ�9+&

,)��'ɏ� ˱ 

ʵˣɔǙtCT*,�* ob/ob tCT5 db/db tCT�Ȓ7:%�9˱ob/ob

tCT,�m\�+ƳŻ*68˰db/db tCT,�m\�âĥ§+ƳŻ*68˰

ʵˣ*69ɯƐ)ɔǙ'˩ɳȵ=î�9'Ċï�:%�9ˮ 6˯˱ ��� �˰m\

�,żˣũÍ*Ħ��%�9�˰Ǧȁ+ĎŚ*4ˊ��%�9�Ȓ7:%�9˱

NASH *��%Ǧȁ,ƕ4˃ɻ)ûĚ+�$&�9 3˰�:7+tCT,ʸ

�%�)� Ǧ˱ȁ=ĎŚ��9x_�tCT'�% �˰* Heme oxygenase 1ˮ HO-

1˯ʺ£ĚƳŻtCT5 Il-10ʺ£ĚƳŻtCT���7:9ˮ26, 27˯˱ ���˰

HO-1 , Nrf2 +�Ǎʺ£Ě&�8˰Nrf2-KO tCT,ňȔȣģ+¸ɴȔȣ*%

NASH *��9Ǧȁ5ɆɅØ�ĎŚ�9'Ċï�%�9�'�7˰ƜȔȣ&,

Nrf2-KOtCT=ŷǸ� ˱ 

NASHȆȁʳĴ*��%ʵˣɔǙ,˃ɻ&�9'�<:%�9 �˱��˰ɻ ˣ

ɔǙ=î� NASH=Ȇȁ�9x_�ÖǬ,ƚ!Ċï,)� �˱�&ƜȔȣ&,˰

p62:Nrf2-DKOtCT=¨ɺ�6-ʂƠ�˰ɻ ˣɔǙ=î�9Ɖ ) NASHx_

�tCT'�%ʸ�%�9�=Ʃʄ� ˱0 ˰p62:Nrf2-DKO tCT�ʵˣɔ

Ǚ=î�9 NASH x_�tCT&�# ċé˰ʵˣɔǙ�6-ɡɓʱˊ=�œ

*ʂƠ� D˰KOtCT+ NASHȆȁƲŁ*��9�ɐ+ˊʱŘ*ʨ# ˮ þ C˯˱ 
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þ A˱NASH,ʳɴŘ+šŘɓǿř&�9 

ƌƜɓɤĝ¢ɇ˰NASH�NAFLD+ʈȄHBa˲26˰201568ƂĒ 

 

  

NAFLD

NAFL
NASH

10�20%

NASH

	��
5�20%

5��

2000��

200��
	��

	�
10%

5��
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þ B 	˱Two-hit theory
�6-	Multiple parallel hits hypothesis
 

 

  

	�� ������-NAFL. �����-NASH. �
�,���

Two-hit	theory

����
(�
)

��%'*%/ +('"$+-LPS./
���#�'!�+

1st hit 2nd hit

����

��

	�� ������-NAFL. �����-NASH. �
�,���

Multiple	parallel	hits	hypothesis

 +('"$+-LPS.
�&�)!�+
��%'*%
����

etc.
Tilg	H	et	al., Hepatology 2010

Day	et	al., Gastroenterology 1998
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þ C˱ƜȔȣ*��9~Q�\KET\|� 

��ɥŀȔȣ*68ʵˣ*69ɔǙ' NASH Ȇȁ'+ˊʱ�țô�:%�9�˰

ʵˣɔǙ� NASHȆȁ+Þû�ë�+ûơˊ¬,ț�:%�)�˱ 

��h` NASH*��% Kupfferȼə˰ɛɕȽɊ˰ɡȯ*69ɤùʱˊ�

	Multiple parallel hits hypothesis
*%õ�7:%�9�˰�:�:+ɤùʱ

ˊ=êƒ*ț�x_�,)�˱ 

��ɥŀȔȣ*68ʵˣɔǙ,@_AsGB�+@�f}�T'ɡÀȼɬã+

ǽĻ*ˊ��%�9'țô�:%�9˱���˰ʵˣɔǙ*6#%Ņ�ʜ

��:9�:�:+ǽĻ' NASHȆȁ'+ûơˊ¬,ț�:%�)�˱  
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l 2k� C�PX 

 

�� 

� ƜȔȣ&Ǹ� �)ʊɲ, �˰ʆ+¢Ȝ68ʛ¼� ǭ˱*ʆʥ+)�ʊɲ*

$�%,ǭȺʊɲ=Ǹ� Ģ˱˨*©Ǹ�9ǁ, ǭ˰*ʆʥ+)�ˎ8ʝȹǁɹ

ɋ Direct-Q UV 8ˮMerck MilliporeȜ˰USA˯�7ŏ ƾŭū 18.2 MΩ-cm �+

ʝȹǁ=Ǹ� ˱ 

Bio-RadȜˮUSA˯ 

• c`�V���Tɣ 

• ucm�^A@� TGXN� 

AgilentȜˮDakoȜ˰USA˯ 

• EnVisionI]`/HRP 

VSL PharmaceuticalsȜ 

• VSL#3 

R&DRT^vUȜ 

• tCT@_AsdK\�/Acrp30 ELISAI]` 

Sigma-AldrichȜ 

• k�F�VB�BX\FR@d�`ˮFITC˯-_IT`}� 

Thermo Fisher ScientificȜ 

• Fast SYBR® Green Master Mix 

• FluoSpheres® Carboxylate-Modified Microspheres, 0.1 µm, Yellow-Green 

Fluorescent 

• Hepatocyte wash medium 

• Liver perfusion medium 
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Worthington biochemicalȜ 

• O}Nb�W Type4 

bG}B^TKȜˮ�ʼ˯ 

• 0.25%`~mR�-EDTA 

• 100%EZe��wZe�� 

• 2-m�ge�� 

• 4%g}q�v@�_ha�8>ˁɈɵǐ 

• HistroVT One 

• N-2-ha�I�E\�jp}S�-N'-2-EZ�T�q�ˁˮHEPES˯ 

• ʵˁØǁȻ 

• IR�� 

• L�O�T 

• K��q�v 

• VgY�� RNA 	 Super G 

• [�o]OƂĒB�L�ǐ§Ĉ˦ǐˮDMEM˯ 

• pcR~�-T`�m`tBR�ǒéǜǐ 

• wZe�� 

ǶØĝķƪƤń¢Ȝ 

• LALʊ˨Ǹǁ 

• Pyrochrome® with Glucashield® Buffer 

ZG}fBFȜ 

• TaKaRa Prime Script ® RT reagent Kit 

c\�BfBFQBE�TȜ 

• CRɘ»ɳǔˮFBS˯ 



 17 

ĨđkB�v RIk?�tȜˮƟ�˯ 

• ~YiT`®ǉ 

ƨǂǶȞĝȔȣť 

• tCTB�T~�ǗġI]` 

• tCT/}]`�m\�ǗġI]` 

ò¹ȹɲķƪȜˮĕˋ˯ 

• L�O�T CII-^T`�O� 

• `~mR�B�hiZ� 

 

C�6] 

� ½%+ÖǬĢ˨,ȬǈĕĝÖǬĢ˨ęó¢+Ũʒ=ŏ˰ȬǈĕĝÖǬĢ˨á

ŧɽġ Ö˰Ǭ+Şʕ�6-ȯǳ*ˊ�9ǇŌˮ ǇŌȩ 68ç˯˰ Ģ˨ÖǬ+˥ɖ�

6-®ȯ)7-*ɩȂ+ʣǕ*ˊ�9ĉǛˮǴčȍïțȩ 88ç˯*ǛŰ�%ɴ

# ˱ưǛ˥Ƈ+ȽŤ, 5.1˭ɛɕ˰23.1˭Z�gKʚ˰360 kcal/100 g &�8˰

F~E�Z�ˀƼ68ʛ¼� t˱CT,ǘŃ 30-70˭ 2˰0-23�+ðýǖŃ ǁ˰

�6-ˣ˧,ɦǹżá�&˥ɖ� 3˰-4ʲˬ+ˉ*Ƽʀ�7˖��� ˱�/%

+tCT,˰ȬǈĕĝĢ˨ÖǬʘǚV�Z�+ǴčÍŐ�: K~����v

À&˰ǭġ+ȀÞ§+)�Ɲ¡�&˥ɖ� ˱˄ǶĄˮWT C˯57BL/6JtCT=

Charles River �7¼Ŧ�˰ȬǈĕĝĢ˨ÖǬʘǚV�Z�&˥ɖ� ˱p62-KO

�6- Nrf2-KO tCT=¨ɺ�˰ Ï*ʆʥ�: 6
*ʺ£ĚĄ=ǃġ� 

ˮ14, 17˯˱ p62:Nrf2�˃e]K@C`tCT, �˰:7+ȥǨĒǽtCT=�ʽ

�9�'*6#%ǷǶ�:˰ÁʂƠ�: ˱ÈƠÏ*˰�:7+tCT=

C57BL/6J tCT' 10 � ��ʽ��˰ƶĻ*Ƕɖ� ɉƹåɚ)ĚĞ=ǷǶ

� ½˱%+Ģ˨*��%˔+tCT=©Ǹ� Ƚ˱Ɋ�6-ɳǟ=ŷá�9 
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3*˰BXk�}�ˮò¹ȹɲķƪȜ˯=Ǹ�%tCT=ğƬƸ�� ˱ʊƇ=

ǐ§ȦȻ�&ŗʯÄÅ�˰-80�&®Ĝ� ˱ 

 

M�5� 

� DKOtCT*$�%˰˖�ƒ+ 4ʲˬ�7 30ʲˬ0&˰ˣ˧˅= 1ƌ 3.0 ± 

0.1 gˮWT � 1ƌ*żˣ�9˅˯*Íˎ�%˥ɖ� ˱ 

 

ProbioticsH+ 

� DKOtCT*$�%˰10ʲˬ�7 25ʲˬ0&˰Probiotics'�%Ǹ�7:%

�9 VSL#3=ǜʂ�ˮ4.5¶ colonies/mL �˯ɀǁǵ*69ɦǹżá&�� ˱ʲ

2úɀǁǵ=�ź� ˱ 

 

_7Af�S 

� L�O�T CIIʊ˨�O�I]`=Ǹ�%ɳǔL�O�T=ƩÇ� ˱ ɳǔ

B�T~�,˰tCTB�T~� ELISAI]`=Ǹ�%Ǘġ� ˱ ɳǔ�m

\�,˰tCT/}]`�m\� ELISAI]`=Ǹ�%Ǘġ� ˱ tCT@_

AsdK\�/Acrp30 Quantikine ELISAI]`=Ǹ�%ɳǔ�+@_AsdK\

�=Ǘġ� ˱ 

 

n���� 

� tCT=Ïƌ�7Ƀˣ=ɴ�˰L�O�T 2 g/kg =ɢɟŪ�� ˱Ū�Ï˰

Ū� 15 3˰0 6˰0 1˰20Èō*ı˙ɜ68ŷɳ� ˱L�O�TǤŃ,L�O�T

CII-^T`�O�I]`=Ǹ�%Ǘġ� ˱ 
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b^Af�S 

� ʮĻƝ¡�&˥ɖ� ˰WT˰Nrf2-KO˰p62-KO˰DKO+ 4ȷɂ+tCT�

7ɓɤ˰ɡȯ˰Àɤɛɕ=ŽÇ�˰4˭g}q�v@�_ha�~�ˁɈɵǐ

&ÿġ�˰g}kA�*%×ą� ˱ɱÉǫ=¨ɺ�˰nt`IR~�-EFS

�ˮH&E˯Ƣɧ' Sirius redƢɧ=ɴ�˰ȀǳưƜ=¨ɺ� ˱H&EƢɧ*%

ɓɤ+ɛɕǄȐ'ǦȁŘȼə+Ǐǡ˰Sirius redƢɧ*%ɓɤ+ɆɅØ+ʉª=

ɴ# ˱×ą�6-Ƣɧ,˰SDeTZ]kȜ*ęʅ� ˱NASH+ȽɊĝȇ

ʉª=ġ˅ȇ*ɴ
 3*˰SAFTO@=Ǹ� ˱ɛɕØˮS0�7 S3˯˰ ǌÖ

ŘˮA0�7 A4˯˰ ɆɅØˮF0�7 F4˯=TO@Ø� ˮ28˯˱ ɡȯ+ȽɊĝ

ȇĒØ= H&EƢɧ*%TO@Ø� ˱ˮ 0ˮƶĻ˯Ż´)�; 1ˮʣŃ˯˰ <��

)ȴɣ�ÿƗĶ+È˖; 2ˮ�ȪŃ˯˰ �ȪŃ+ȴɣ�ÿƗĶ+È˖�6-ȫĶ

*��9ǎɠ; 3ˮ˃ȁ˯˰ ˃Ń+ȴɣ�ÿƗĶ+È˖�6-Ɂƿ+ɝɭ=¤


ȫĶ*��9Ǣ��ǎɠ; 4ˮĐƸ˯˰ Ɂƿøė�6-ĐƸ˯ˮ 29˯˱  

� 0 ˰tK�k?�Sȷȼət�G�&�9 F4/80˰ˁØT`�T+ųư&

�9 4-ha�IRedb��ˮ4-HNE˯+ºǾƢɧ=ɴ# ˱�7*˰ɠȃʻ

*ˊ�%L�Z\F� S-`}�TkD}�W P1ˮGST-P1˯+ºǾƢɧ=ɴ#

 ˱g}kA�Éǫ=IR��' 100%EZe��˰50%EZe��*%ɝg}

kA��˰HistroVT One*%ūÞʙǌØ=ɴ# ˱�+ō˰0.3% H2O2/wZe

��ǜǐ* 30ÈˉǏ�˰ÀûŘp�FIR[�W=ˌĤ��˰EnVisionI]

`/HRP=Ǹ�% DABƢɧ=ɴ# ˱©Ǹ� ū§,˰ɷ*0'3 ˱ 

 

�Y,�o0, LPS:�	ZB 

� èȡtCT68ɳǔ=ŷá�˰70�& 10 ÈˉÓǖ� ō˰Pyrochrome with 

Glucashield BufferI]`˰m��`~�[� VarioskanˮThermo˯=Ǹ�%Ǘġ
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� ˱ĺ˂Ǹ+ LALʊ˨Ǹǁ˰tBK�jp]`Ǹ+\]m, LPSk~�+4

+=Ǹ� ˱tCT68Ɖ˪«=ŷá�˰ǐ§ȦȻ*68ȋ"*Åȿ� ˱1.5 

mL\z�l*Åȿȶ«' PBSˮ - 1˯ mL=¼:˰fBF}mZ UCW-201ˮ OT

x�fBF˯*68ʝ˜ǈȖȕ� ˱ȶ«ǜǐ 1 mL= PBSˮ-˯9 mL*Ó�˰

ʃ 10 mL'� ō˰400 × g˰15Èʷœ� ˱�ǔ 6 mL= 0.45 µmkA�Z�

ˮMerck MilliporeȜ˯&;ʵ� ō˰0.22 µmkA�Z�ˮMerck MilliporeȜ˯

&ÁŃ;ʵ� ˱70�& 10ÈˉÓǖ� ō˰Pyrochrome with Glucashield Buffer

I]`=Ǹ�%Ǘġ� ˱ 

 

~1q�9�S 

� «ʊƇ=tCT�7ŷá�˰ŗʯÄÅ�˰©Ǹ�90&-80�&®Ĝ� ˱ȶ

«ʊƇ�7+ DNAŮÇ�6- 16S~rX�v DNA}Bl}~��6-ƛȨÍ

ˎƈǫˆĔĄˮ T-RFLP =˯Ǹ� ȶ«őǶǬã+ÈƠ= TechnoSuruga Laboratory

Ȝ*ęʅ� ˱0 ˰16S rRNAʺ£Ě@�m~O�}Bl}~�=©Ǹ� 16S 

rRNAʺ£Ě@�m~O�R�KE�R�L+ÈƠ= FASMACȜ*ęʅ� ˱ 

 

~m��F�� 

� tCT= 16ƒˉ+Ƀˣō* 0.5 mg/g + 4kDa FITC-_IT`}�=ȾäŪ�

�  ˱Ū�ō 0 1˰ 2˰ 3˰ 6˰ƒˉ*ȏł�7 50 µLɳǔ=ŷá� i˱Markm�

�`~�[�ˮ Bio-RadȜ =˯Ǹ�%Ôʜǈˆ 488 nm& FITC+ɳǔŇŃ=Ǘġ

� Ǘ˱ġ±, FITC-_IT`}�+ƺˑĺ˂ǐ+ưǛƔɆ*Ī�%m�]`�

 ˱ 
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.rG4S 

� §ɛɕȽŤ+O�jz�ZƈĶſŊˮCT˯ÈƠ+ 3*˰tCT=BXk�

}�&˫ʿ� L˰athetaˮ LCT-200 H˰itachi Aloka MedicalȜ˯=Ǹ�%TIy��

 ˱ɓɤ'ıƦ'+ˉ+ʱɄ 5 mm T}BTǺµ=áŏ�˰Latheta Xk`CD

@=Ǹ� ġ˅ȇʉª*©Ǹ� À˱ɤɛɕ�6-Ȉ�ɛɕ=ÚË� ġ˰˅ȇ*

ʉª� ˱ 

 

Kupfferq{8� 

� ɓɤ68 Kupfferȼə=Ü˖�9 3˰˫ʿ�& Liver perfusion medium*%

4Èˉ˰O}Nb�W Type4˰`~mR�B�hiZ�˰HEPES=ì>!

DMEM*% 10ÈˉǥǍ� ˱Ƕ§�7ɓɤ=ŽÇ�˰Hepatocyte wash medium

&ȼə=ţǣ� ˱ɓĢʚȼə=á8ˏ� 3 30 × g˰2Èˉ+ʷœÈ˖= 2

úɴ# ˱ŏ7: �ǔ*Ī�%�7* 400 × g& 8Èˉ+ʷœÈ˖=ɴ�˰

Kupfferȼə�ì0:%�9ǄƻǬ=˚ɓĢʚȼə'� ˱�+ō˰Kupfferȼ

ə+ɷ˛t�G�&�9 F4/80= APC-conjugated anti-F4/80 ˮeBioscience˯&

ưʔ�˰Èá� ˱ 

 

�%'���!�#' 

� }^]KTi�U ˮFluoSpheres®, 1.0 µm beads diameter, Carboxylate-

modified˯= 0.57 µl/g body weight˅&ı˙ɜ�7Ū��˰5Èō* Kupfferȼə

+Ü˖=ɴ# ˱k��QB`w`~�*% F4/80ːŘȼə*��9}^]K

Ti�U=ʗˣ� Kupfferȼə+Òé=Ǘġ� ˱ 

� Kupfferȼə+ǽǬʗˣ*ˊ��9TGo�Sy�âĥ§&�9 macrophage 

receptor with collagenous structureˮMARCO˯' macrophage class A scavenger 
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receptorsˮSR-A˯+Ȇǲ�o�=k��QB`w`~�*%ʂƠ� ˱�7

*˰Kupfferȼə+ɷǲĄ+ʂƠ'�%˰M1ĄˮǦȁĄ˯�6-M2ĄˮūǦ

ȁĄ˯=ʉª� ˱ʂƠ*Ǹ� ū§,ɷ*ț�˱Ǘġ*, Galliosk��QB

`w�Z�ˮBeckman CoulterȜ˯=Ǹ� ˱_�ZʂƠ*, KaluzaʂƠXk

`ˮver 1.2, Beckman CoulterȜ˯=©Ǹ� ˱ 

 

SPIO-MRI 

� MRI, 1 T/90 mmșȓ+4+=©Ǹ�˰SPIOˮ~YiT`®ǉ˯3.33 µl/mL

=tCT 20 g*$� 0.1 mL=ı˙ɜ�7Ū��˰Ǘġ=ɴ# ˱Ǘġ�,ǀ

Ø˫ʿˮ0.5-3.0% BXk�}�˯&tCT=Ȏ7�˰f���ńñíƩÇɹɋ

&ñíêƙ=ɴ�)�7ſµ=ɴ# ˱ſµǧ,˰3D-L}SE�`EO�&

Ʊ˒ɣ68ı² 6 mmȠŃ+¥ɋ*ġ3˰�+ō 2D-t�\EO�& T2±=Ǘ

ġ� ˱WT˰Nrf2-KO˰p62-KO˰DKO+ 4ȷɂ+tCT�:�: 8ʲˬ˰30

ʲˬ& MRI =ɴ�˰SPIOŪ�Ïō&+ T2±+¦�˅= 4ȷɂ+tCTˉ&

ƾʤ� ˱ 

 

RNA	K3 

ɓɤ+ȽɊ˰0 ,ȼə*VgY�� 1 mL=Ó�%qxSbBU� ō˰K

��q�v 200 µL=Ó�ʢ°ǒò�˰12,000 rpm˰15Èʷœ� ˱3Ķ*È˖

� �Ķ=úà� 2˰-m�ge�� 500 µL=Ó�%ǒò� 1˱2,000 rpm 1˰0È

ʷœ� ō˰�ǔ=ŵ%˰ǄƻǬ* 75%ˮv/v˯EZe�� 1 mL=Ó�%ƀů˰

ţǣ� ˱12,000 rpm˰5Èʷœ�˰�ǔ=ŵ%%EZe��=�Ǫ�� ō˰

RNase free dH2O 50 µL*ǜÇ� ˱ő˅Q�m�È¹¹Ńʃ NanoVue PlusˮGE

n�TM@�Syg�Ȝ˯&ǤŃġ˅=ɴ# ˱ 
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B�f real-time PCR�qRT-PCR� 

Prime Script ® RT reagent Kit˰T100TM Q�t�QBK}�ˮBio-RadȜ˯=Ǹ

�%ʫʢÂ=ɴ# F˱ast SYBR® Green Master Mix C˰FX384 TouchTM~@�ZB

v PCRĎļRT^vˮ Bio-RadȜ =˯Ǹ�% qRT-PCR=ɴ# ©˱Ǹ� Primer

,ɷ 2*0'3 ˱0 g˰lyceraldehyde 3-phosphate dehydrogenaseˮ GAPDH˯=

ÀʻưǛ'� ˱ 

 

� ��%���S 

� ȽɊ�6-ȼə= SDSQ�m�Ɉɵǐˮ1˭L~V���˰0.2˭SDS˰50 

mM Tris-HCl˯�&qxSbBU�˰Bvel�]`ÈƠ*69Z�gKʚȆ

ǲ=ʂƠ� ˱ȽɊ=ǜʂɈɵǐˮ2.2 MTK��T˰5 mM Tris-HCl˰0.5 mM 

EDTA˯�&qxSbBU�˰40,000 × g& 60ÈˉʷœÈ˖� ō˰0.25 mM

TK��TɈɵǐ�&qxSbBU� ˱c`�V���Tɣ.+˘ǀǊÖȟ

Ö+ō˰l�]`=ǭġ+�ƴ Ab&m��l� ˱tCT+ p62�6- Nrf2

ʺ£ĚƳŻ+Șʌ*©Ǹ� ū§, Ï*ʆʥ�: ʮ8&�9ˮ20, 30˯˱ �

+Ȕȣ&©Ǹ�: �/%+ū§,ɷ 1*ÊŴ� ˱ 

 

In vitrorv>�ij ��q{p 

� 8-10ʲˬ+˔ŘWT˰Nrf2-KO˰p62-KO�6- DKOtCT+ Kupfferȼə

=˰ˇɜ�7+O}Nb�WÆǳ*6#%ţǣ�˰ʷœÈ˖�6-ȼəʹË=

ɴ# ˱KupfferȼəʹË+ 3*˰ȼə= APC-F4/80ū§ˮeBioscience˰

CA˰USA˯'¿* 30ÈˉB�Izo�`� ˱Beckman Coulter MoFlo XDPV

�X�Z�=Ǹ�%˰F4/80+ȼə=Èá� ˱tK�k?�Sȼəȷ

RAW264.7,˰ATCC�7¼Ŧ� ˱L�O�T 4.5 g/L˰pcR~�-T`�m
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`tBR� 1˭˰�6- FBS 10˭=ìƗ�9 DMEM=Ǹ�%˰37�˰5˭ CO2

�&Ĉ˦� ˱RAW264.7ȼə= 6CD�m��`*žȡ�˰10 EU/mL+ LPS

'¿*B�Izo�`� ˱h`ȿɡȅȼəƤ Caco-2,˰RIKEN BRCˮɪ

Ć˰ƌƜ˯�7ʛ¼� ˱10˭ FBS˰1˭pcR~�-T`�m`tBR�˰�

6- 1˭˚Ŕ˝@ueˁ=ì2˩L�O�T DMEM=Ǹ�%˰37�˰5˭ CO2

�&Ĉ˦� ˱ĈĂ, 10 , 2ƌ�'*�ź� ˱Caco-2ȼə=˰0.4 µm+

ěˮMerck MilliporeȜ˯=Ɨ�9 Transwell* 5 × 104/cm2+ħŃ&žȡ�˰Ģ

˨+Ï*ÜĶ'�%Ďƹ�� ˱ 

 

CRISPR-Cas9p�`�� p62 �� Nrf2�-?	UL 

� �+Ɓ¨,˰¾ɷ�: m�`O�+ʋȼ)ųț*Ŏ# ˮ31˯˱ ȲǠ*ʩ

/9'˰CRISPR DesignF�}B�Xk`CD@ˮhttp://crispr.mit.edu/˯=Ǹ�

% p62�6- Nrf2+ mRNAʽÊ�7TK~�c�L�9�'*68˰20bp+

HBa RNAʽÊ=ŏ ˮɷ 3˯˱ ʇʃ� HBa DNA=˰BbsIÍˎˀȻ&Æ

ǳ�˰pX330m}Tua'ʱȿ� ˱RAW264.7�6- Caco-2ȼə*Ī�%

NeonRT^v=Ǹ�%�:�:+ pX330 gDNA=Į¼� ˱ 

 

s(g�WJI�TER�	ZB 

� Caco-2ȼə=˰0.4 µm+ě=Ɨ�9s~E\��^�kZ��`ɣ*žȡ�

 ˱Ġ½*ÈØ�90&ĈĂ= 1ƌ��*�ź� ˱TER,˰Millicell-ERS˘

ǀŭūRT^vˮMerck MilliporeȜ˯=Ǹ�%Ǘġ� ˱TER±, Ω�cm2&

ɷ� ˱LPSǓÓĢ˨&,˰Ĉ˦� ȼəÜĶ= 100 EU/mL LPS& 3�6- 6

ƒˉÆǳ�˰TER=Ǘġ� ˱ 
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u��S 

� ½%+_�Z,Ľă±±ưǛʏĹˮmean ± SE˯&ț� ˱ƗŝĹƩġ*,ɂ

ʃXk` SPSS*% 1·ʽɋÈƄÈƠ=Ǹ�˰P < 0.05=Ɨŝ'� ˱ 

  



 26 

ɷ 1. ū§�ɿɷ 

 

  

Antibodies Manufacturer Cat No. 

Rabbit Polyclonal anti-p62 Ishii et al., 2000 N/A 

Rabbit Polyclonal anti-Nrf2 Proteintech 16396-1-AP 

Rabbit Polyclonal anti-Actin Sigma-Aldrich A5060 

Rabbit Polyclonal anti-LaminA/C Cell Signaling Technology 2032 

Rabbit Monoclonal anti-NF-KappaB p65 phospho Cell Signaling Technology 3033 

Rabbit Monoclonal anti-NF-KappaB p65 Cell Signaling Technology 4764 

Rabbit Polyclonal anti-Keap1 Cell Signaling Technology 4617S 

Rabbit Polyclonal anti-Zo-1 Thermo Fisher Scientific 61-7300 

Mouse Monoclonal anti-Claudin 1 Thermo Fisher Scientific 37-4900 

Mouse Monoclonal anti-Claudin 2 Thermo Fisher Scientific 32-5600 

Mouse Monoclonal anti-4-hydroxy-2-nonenal JaiCA MHN-100P 

Rabbit Polyclonal anti-glutathione S-transferase P1 MBL 311 

Sheep anti-Mouse IgG, HRP-Linked Whole Ab GE Healthcare NA931 

Donkey anti-Rabbit IgG, HRP-Linked Whole Ab GE Healthcare NA934 

Rat Monoclonal APC-conjugated anti-F4/80 eBioscience 17-4801-82 

PerCP/Cy5.5 anti-mouse CD206 BioLegend 141715 

PE anti-mouse CD11c BioLegend 117307 

Rat Monoclonal anti-Mouse MARCO BIORAD MCA1849 

Goat Polyclonal anti-Mouse SR-A1 R&D Systems AF1797 

Goat anti-Rat IgG, Alexa Fluor 488 Thermo Fisher Scientific A-11006 

Donkey anti-Goat IgG, Alexa Fluor 488 Thermo Fisher Scientific A-11055 
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ɷ 2. qRT-PCR*Ǹ� Primer�ɿɷ 

 

Genes Primer sequences �5’- 3’�  

 Forward Reverse 

Tnf-α AAGCCTGTAGCCCACGTCGTA  GGCACCACTAGTTGGTTGTCTTTG  

Il-1β TCCAGGATGAGGACATGAGCAC  GAACGTCACACACCAGCAGGTTA  

Il-6 GAGGATACCACTCCCAACAGACC  AAGTGCATCATCGTTGTTCATACA  

Tlr-4 GCAGCAGGTGGAATTGTATCG  TGTGCCTCCCCAGAGGATT  

Tgf-β1 GTGTGGAGCAACATGTGGAACTCTA  TTGGTTCAGCCACTGCCGTA  

Procollagen-α1 GCACGAGTCACACCGGAACT   AAGGGAGCCACATCGATGAT  

Mcp-1 TTCCTCCACCACCATGCAG  CCAGCCGGCAACTGTGA  

Cd14 CCTGCCCTCTCCACCTTAGAC  TCAGTCCTCTCTCGCCCAAT  

Lxr CCCCACAAGTTCTCTGGACACT TGACGTGGCGGAGGTACTG 

Srebp-1c CGGCGCGGAAGCTGT AGTCACTGTCTTGGTTGTTGATGAG 

Fas ATCCTGGAACGAGAACACGATCT AGAGACGTGTCACTCCTGGACTT 

Acc-1 TGTCCGCACTGACTGTAACCA TGCTCCGCACAGATTCTTCA 

Scd-1 TGCCCCTGCGGATCTTC GGCCCATTCGTACACGTCAT 

Elovl6 TGACTATGAACTATGGCGTGCAT CCGGGAGACTCGGAAACC 

Pparα TGGGGATGAAGAGGGCTGAG GGGGACTGCCGTTGTCTGT 

Pparγ TGTCGGTTTCAGAAGTGCCTTG TTCAGCTGGTCGATATCACTGGAG   

Zo-1 GCTAAGAGCACAGCAATGGA GCATGTTCAACGTTATCCAT 

Claudin1 CGGGCAGATACAGTGCAAAG ACTTCATGCCAATGGTGGAC 

Claudin2 CAACTGGTGGGCTACATCCTA CCCTTGGAAAAGCCAACCG 

Zo-1 
�Human� 

GAATGATGGTTGGTATGGTGCG TCAGAAGTGTGTCTACTGTCCG 

Claudin1 
�Human� 

GCACATACCTTCATGTGGCTCAG TGGAACAGAGCACAAACATGTCA 
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ɷ 3. CRISPR Cas9ȷ*%ʇʃ� gRNA 

 

Cells Genes Sequences �5’- 3’� 

RAW264.7 Nrf2 GATGTGCTGGGCCGGCTGAAT 

 p62 GTTGGGGTGCACCATGTTTCG 

Caco-2 Nrf2 GCGACGGAAAGAGTATGAGC 

 p62 GAGCCATCGCAGATCACATTG 
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l 3k� tT 

 

DKO ���
�D��z)���x[��
�&�#&JIF �����

���&	*=��;�� 

� NASH+ŉŤ*ĕ��ˊ��9ɻû'�%˰ʵƣ˦ǮŠ=ĉȉ'� ½ʡŘ

+ɔǙ���7:9˱ɛɕȽɊ*��9�Řɛɕ+ʵÑɰȢ,@_AsGB�

ÈǆǽĻ5B�T~�ŭūŘ�Ƕ�˰NASH*��9ɓɆɅØ+ʳĴ5ɓȆȅ

*4ˊ��%�9åɚŘ�țô�:9ˮ32, 33˯˱ ��&˰WT˰Nrf2-KO˰p62-

KO˰DKOtCT*��9ɔǙ5B�T~�ŭūŘ+ȀŠ=ƾʤ� ˱ 

� 0�˰DKOtCT*��9ʺ£ĚƳŻ+Șʌ=ɴ# ˱DKOtCT,ɓɤ

*��9 p62�6- Nrf2+Z�gKʚ+Ȇǲ=ė#%� ˮþ 1A˯˱ ƴ*˰è

ȡtCT*��9§˃ĒØ˰ż˧˅˰§ȽŤ+ƾʤ=ɴ# ˱WT˰Nrf2-KO˰

p62-KO˰DKOtCT,˰ʮĻˣ˥ɖ& 8-50ʲˬ+ 42ʲˉ˥ɖ� ˱ÇǶƒ

+ DKOtCT,˰WT'êƯ)§˃&�# ˱�+ō˰p62-KO' DKOtC

T,˰WT�6- Nrf2-KOtCT684,9�*ʯ�§˃�ĎÓ� ˮþ

1B˯˱ 30ʲˬ+èʺ£ĚĄtCT+§˃,˰WT� 37.8 ± 1.3 g˰Nrf2-KO�

37.6 ± 1.0 g˰p62-KO� 49.7 ± 1.3 g˰DKO� 46.5 ± 0.6 g&�# ˱WT' Nrf2-

KOtCT+ż˧˅,˰ľˬ''4*<��*��ĎÓ��˰8ʲˬ&+Ľă

żá˅, 3.0 g/d/mouse&�# ˱Īǩȇ*˰p62-KO�6- DKOtCT+ż˧

˅,˰8ʲˬ+ 3.3 g/day/mouse�7 30ʲˬ+ 4.0 g/d/mouse*ĎÓ� ˮþ

1C˯˱ CTÈƠ&,˰p62-KO�6- DKOtCT*��%˰§ɛɕǰ�6-Àɤ

ɛɕ˅�ĎÓ� ˮþ 1D˯˱  
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þ 1˱DKOtCT,ʮĻˣ˥ɖ�&ʵˣɔǙ')9  

ˮA˯8ʲˬ+WT˰Nrf2-KO p˰62-KO˰DKOtCT+ɓɤ*��9 Nrf2' p62

+CETZ�l�]`=ɴ�˰èʺ£Ě+ƳŻ=Șʌ� ˱ 

ˮB˯WT˰Nrf2-KO˰p62-KO˰DKOtCT+§˃ĒØ=ț�ˮn = 10-15˯˱  

ˮC˯8˰30ʲˬƒ*��9WT˰Nrf2-KO˰p62-KO˰DKOtCT+ż˧˅=ț

�ˮn = 8˯˱  

ˮD 3˯0ʲˬ*��9WT N˰rf2-KO p˰62-KO D˰KOtCT+O�jz�ZƈĶ

ſŊÈƠ=ɴ�˰§ɛɕǰ�6-ÀɤɛɕìƗ˅=Ǘġ� ˮn = 8˯˱  

�/%+ȿơ,Ľă ± ưǛʏĹ&ț� *˱P < 0.05 v˰s WT; †P < 0.05 v˰s Nrf2-KO˱ 
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� 0 ˰ɳǔǶØĝȇʂƠ=ɴ# '�;˰30ʲˬ+ DKOtCT,WTtC

T'ƾʤ�˰ɳȵ˰ɳǔ�B�T~��6- HOMA-IR�ĎÓ� ˱ǉȊ�/

��'*˰DKOtCT, 8ʲˉ*��%4B�T~�ŭūŘ=ț� ˮþ 2A-

C˯˱ 0 ˰p62-KO' DKOtCT,˰ɢɟÀL�O�TɑŘʊ˨*6#%ɑȵ

ɚǽĻ=ț� ˮþ 2D˯˱ �7*˰8ʲˬ�6- 30ʲˬ+ p62-KO' DKOt

CT+ɳǔ��m\�,˰WT' Nrf2-KOtCT*ƾ/Ɨŝ*ĎÓ� ˮþ

2E˯˱ �Ɗ˰@_AsdK\�ǤŃ, 30ʲˬ+ p62-KO˰DKOtCT*��%

¦��%� ˮþ 2F˯˱ �:7+ȿơ,˰DKOtCT,ʮĻˣ˥ɖ�&ʵˣɔ

Ǚ')8˩ɳȵ�6-B�T~�ŭūŘ˰@_AsGB�+�ăɶ=î�9�

'ț�%�9˱ 
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þ 2˱DKOtCT,B�T~�ŭūŘ�6-˩ɳȵ=î�9 

ˮA-C˯8˰30ʲˬƒ*��9WT˰Nrf2-KO˰p62-KO˰DKOtCT+Ȥɢƒɳ

ȵ±˰ȤɢƒɳǔB�T~�±˰HOMA-IR=ț�ˮn = 8˯˱  

ˮD ȵ˯ʖɫʊ˨, 8 3˰0ʲˬ+WT N˰rf2-KO p˰62-KO D˰KOtCT=Ǹ�%˰

13ƒˉɃˣō*ɴ# ˱tCT+§˃ 1 g � 8L�O�T 0.5 mg=Ū��  

ˮn = 7-9˯˱  

ˮE-F˯8˰30ʲˬ+WT˰Nrf2-KO˰p62-KO˰DKOtCT+Ȥɢƒɳǔ�m\

�±˰Ȥɢƒɳǔ@_AsdK\�±=ț�ˮn = 8˯˱  

�/%+ȿơ,Ľă ± ưǛʏĹ&ț� *˱P < 0.05 v˰s WT; †P < 0.05 v˰s Nrf2-KO; 

§P < 0.05˰vs p62-KO˱ 
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DKO���
|yFw\�w}d�ec�� 

� ƴ* WT˰Nrf2-KO˰p62-KO˰DKO +ɓɤ*��9Ⱦƒȇ)ȽɊĝȇĒØ=

þ 3A�6- 3B*ț� ˱tCT*��9 p62ƳŻ,˰Óˬ*¤
ɔǙ�ɛɕ

ɓ=ʍĮ� ˮþ 3C˯˱ 0 ˰WTtCT'ƾʤ� DKOtCT+ɓɤ*��9

ǦȁȼəǏǡ+ˡɯ)ĎÓ=ț� ˱Nrf2-KO �6- p62-KO tCT*��%

SAFˮ Activity T˯O@�ĎÓ� � D˰KOtCT&,�7*ĎÓ� ˮ þ 3D˯˱

ɓɤ+Ǧȁ*Ó�%˰ɓɆɅØ=R~CT�]aƢɧ&ʉª� '�;˰DKO

tCT*��%Ɨŝ*ĎÓ� ˮþ 3E˯˱ Īǩȇ*˰Nrf2-KO�6- p62-KOt

CT&,˰ɓɆɅØ+ɯ��űņ,ʁĩ�:)�# ˮþ 3E˯˱ ɆɅØ+ːŘ˛

Ȣ=Ǘġ�ƾʤ� '�;˰DKO tCT+Ɨŝ)ĎÓ=ț� ˮþ 3F˯˱ ʵˁ

Øɛʚ+Ĝā=ʁĩ�9 3* 4˰-HNE*69ºǾƢɧ=ɴ# 5˱0ʲˬ+DKO

tCT+ɓɤ&Ƣɧ�ĎŇ�: � N˰rf2-KO�6- p62-KOtCT+ɓɤ&,

ĎŇ�:)�# ˮþ 3G˯˱ �7*˰DKOtCT+ɓɤ*��9ɠȃŉŤ�ʁ

ĩ�: ˱ɒȏȇ)ɓɠȃ,˰50ʲˬ ˍ+ 12˭ˮ8 / 66Ù˯+ DKOtCT&

ʁĩ�: ˮ þ 3H˯˱ ȿȰŘȀĒ, Nrf2-KO�6- p62-KOtCT&,ʁĩ�:

)�# Ȁ˱ǳĝȇ)ʂƠ&, ɠ˰ȃʻ*,ƥǽĄ=¤
ȼə�ħ˕��ʻ*,

ɛɕǝ=ì>&�8˰̊ ɠȃʻ'+čǻ*,�ʻɆɅŘɸɣ=¤#%� ɠ˱ȃ

ʻ,˰ðý+˚ɠȃŘɓĢʚ=Āʨ�%�8˰GST-P1Ƣɧ*��%ĎŇ�: 

ˮþ 3H˯˱ �:7+ȿơ,˰DKOtCT,Óˬ''4*ɛɕŘɓǦ'ɓɠȃ=

Ȇȁ�9�'=ț�%�9˱ 

 

� Ǧȁ�6-ɆɅØ+ʉª'�%˰ȽɊ�7 mRNA=ŮÇ�˰Ȇǲ�o�=ƾ

ʤ� ˱ɓɤ Tumor necrosis factor-αˮTnf-α˯˰ Il-1β˰Il-6�6- Toll-like receptor 

4ˮTlr4˯+ mRNAȆǲ�o�,˰8ʲˬ+ DKOtCT*��% WT tCT6
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8Ɨŝ*ĎÓ�˰30 ʲˬ&,�7*ĎŚ� ˱ɓɆɅØ'ħŸ*ˊʱ�9

Transforming growth factor-β1ˮTgf-β1˯�6- Procollagen-α1+ mRNAȆǲ,˰

30ʲˬ+ DKOtCT*��%Ɨŝ*ĎÓ� ˮɷ 4˯˱ �:7+ȿơ,˰DKO

tCT+ɓɤ+Ǧȁ�Ǝ�ƒƙ�7Ņ�ʜ��:9�'=ț�%�9˱�7*�

ɓɤ+ɛʚ�ʓ*ˊ�% mRNA �o�=ʉª� '�;�ʵˣ')9 30 ʲˬ

+ p62-KO'DKOtCT&Sterol regulatory element binding protein-1cˮ Srebp-1c˯˰

Acetyl-CoA carboxylase-1ˮAcc-1˯˰ Stearoyl-CoA desaturase-1ˮScd-1˯˰ Peroxisome 

proliferator activated receptor γˮPparγ˯�Ɨŝ*ĎÓ� ˱DKOtCT,ɨˬƒ

*��%4 Srebp-1c+Ȇǲ�Ɨŝ*ĎÓ� ˮɷ 5˯˱  

 

� Àɤɛɕ*ˊ�%, p˰62ƳŻ*68ǦȁŘȼə+ǱÃƯƮʰ=ʌ3 D˰KOt

CT&,�7*Ǣ��ǦȁŘȼəǏǡ=ʌ3 ˮþ 3I˯˱ Àɤɛɕ+ Il-1β +

mRNA Ȇǲ�o�,˰8 ʲˬ+ DKO tCT*��%Ɨŝ*ĎÓ� ˱0 ˰

DKO tCT+ 30 ʲˬ+ Tnf-α˰Il-1β˰Tlr4˰Monocyte chemoattractant protein 1

ˮMcp-1˯˰ CD14˰Tgf-β1�o�,˰WTtCT68Ɨŝ*˩�# ˮɷ 4˯˱ �

:7+ȿơ,˰DKOtCT+Àɤɛɕ+Ǧȁ,ɓɤ68ō*Ņ�ʜ��: �

'=ț�%�9˱ 

�  �+ȿơ�7 D˰KOtCT,ʵˣɔǙ=î�9Ɖ ) NASHx_�tCT

&�9'ɏ�7:9˱ 
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þ 3˱DKOtCT,ɛɕŘɓǦ'ɓɠȃ=Ȇȁ�9 

ˮA˰B˯8 3˰0ʲˬ+WT˰Nrf2-KO p˰62-KO˰DKOtCT+ɓɤ+ H&EƢɧ

�6- Sirius redƢɧµ=ț�˱ȑÝ,˰ǦȁŘȼəǏǡ=ț�˱TM��f�

,˰100 µm&�9˱ 

ˮC-E˯ȀǳĬˇÛųĮ+4' SAFˮSteatosis˰Activity˰Fibrosis˯TO@=Ǹ�

%˰Ȁǳĝȇʉª=ɴ# ˱ˮ n = 8˯˱  

ˮF˯ɓɤ+ɆɅØ=68ʋȼ*ʉª�9 3˰ɆɅØːŘ˛Ȣ=ȮÇ�ʉª�

 ˮn = 8˯˱  

ˮG˯30 ʲˬ+ WT˰Nrf2-KO˰p62-KO˰DKO tCT+ɓɤ+ˁØT`�T=

ʉª�9 3˰4-HNEºǾƢɧ=ɴ# ˱ 

ˮH D˯KOtCT*��9�ɷȇ)ɓɠȃ=ț� ɒ˱ȏȇťɼˮ ĸ˯˰ H&EƢɧ

µˮ�ƺ˱T˲ɠȃʻ˰NT˲˚ɠȃʻ˯˰ GST-P1Ƣɧ=ț�ˮæ˯˱ TM��f
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�, 100 µm˰űĕþ, 10 µm&�9˱ 

ˮI˯WT˰Nrf2-KO p˰62-KO˰DKOtCT+Àɤɛɕ+ H&EƢɧµ=ț�˱T

M��f�,˰100 µm&�9˱ 

�/%+ȿơ,Ľă ± ưǛʏĹ&ț� *˱P < 0.05 v˰s WT; †P < 0.05 v˰s Nrf2-KO; 

§P < 0.05˰vs p62-KO˱ 
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( 43$'��'&%
 mRNA ���� 

 

 Age 8 weeks 30 weeks 

 Genes WT Nrf2-KO p62-KO DKO WT Nrf2-KO p62-KO DKO 

Liver Tnf-α 1.00 ± 0.10 1.11 ± 0.17 1.60 ± 0.07 a 3.09 ± 0.84 ab 2.47 ± 0.79 3.02 ± 0.70 4.25 ± 0.37 ab 5.43 ± 1.01 ab 

 Il-1β 1.00 ± 0.17 0.85 ± 0.08 2.69 ± 0.31 ab 3.52 ± 0.41 ab 1.68 ± 0.26 2.02 ± 0.15 3.19 ± 0.36 ab 4.18 ± 0.32 ab 

 Il-6 1.00 ± 0.25 1.27 ± 0.07 2.99 ± 0.32 ab 2.49 ± 0.28 ab 1.39 ± 0.57 0.97 ± 0.32 2.66 ± 0.77 ab 4.14 ± 0.96 ab 

 Tlr-4 1.00 ± 0.17 1.16 ± 0.06 1.09 ± 0.09 1.43 ± 0.12 abc 1.69 ± 0.23 1.82 ± 0.29 4.02 ± 0.35 ab 3.84 ± 0.43 ab 

 Tgf-β1 1.00 ± 0.15 1.07 ± 0.08 0.86 ± 0.05 1.35 ± 0.15 0.97 ± 0.71 0.98 ± 0.36 1.49 ± 0.61 1.82 ± 0.72 ab 

 Procollagen-a1 1.00 ± 0.16 1.26 ± 0.23 0.83 ± 0.13 1.24 ± 0.19 1.14 ± 0.73 1.30 ± 0.65 1.88 ± 0.39 2.27 ± 0.79 a 

Visceral fat Tnf-α 1.00 ± 0.10 1.17 ± 0.27 0.80 ± 0.10 1.30 ± 0.30 1.15 ± 0.26 1.23 ± 0.45 2.48 ± 0.22 5.72 ± 0.78 abc 

 Il-1β 1.00 ± 0.16 1.47 ± 0.61 1.60 ± 0.34 4.10 ± 0.86 abc 1.92 ± 0.52 6.92 ± 2.14 4.20 ± 1.22 32.26 ± 12.83 abc 

 Tlr-4 1.00 ± 0.06 0.93 ± 0.16 0.88 ± 0.11 0.81 ± 0.02 0.90 ± 0.08 0.98 ± 0.15 0.89 ± 0.08 1.66 ± 0.18 abc 

 Mcp-1 1.00 ± 0.11 2.26 ± 0.54 1.40 ± 0.20 1.75 ± 0.46 1.09 ± 0.12 1.31 ± 0.38 3.70 ± 1.11 15.55 ± 4.84 abc 

 Cd14 1.00 ± 0.18 0.64 ± 0.17 0.65 ± 0.13 0.48 ± 0.06 0.63 ± 0.04 0.70 ± 0.10 0.99 ± 0.27 3.29 ± 0.99 abc 

 Tgf-β1 1.00 ± 0.12 0.91 ± 0.13 0.85 ± 0.06 0.79 ± 0.07 0.65 ± 0.04 0.81 ± 0.14 0.82 ± 0.12 1.68 ± 0.15 abc 

 

mRNA �����28.1WT����
����)"��3 

���
#���� ± ��*��!�3aP < 0.052vs WT; bP < 0.052vs Nrf2-KO; cP < 0.052vs p62-KO3 
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( 53$'	��
&,�+0-/�� mRNA ���� 

 

Age 8 weeks 30 weeks 

Genes WT Nrf2-KO p62-KO DKO WT Nrf2-KO p62-KO DKO 

Lxr 1.00 ± 0.06 0.77 ± 0.04 a 0.83 ± 0.03 ab 0.75 ± 0.03 abc 1.10 ± 0.09 0.96 ± 0.07 a 0.94 ± 0.06 ab 0.88 ± 0.03 abc 

Srebp-1c 1.00 ± 0.09 2.91 ± 0.26 a 1.49 ± 0.20 ab 5.10 ± 0.68 acc 1.84 ± 0.51 1.51 ± 0.21 a 6.25 ± 0.36 ab 9.07 ± 0.92 abc 

Fas 1.00 ± 0.05 1.06 ± 0.05 a 1.10 ± 0.04 ab 1.30 ± 0.08 abc 1.30 ± 0.11 1.41 ± 0.09 a 1.78 ± 0.07 ab 2.02 ± 0.27 abc 

Acc-1 1.00 ± 0.20 1.73 ± 0.25 a 1.55 ± 0.06 ab 2.21 ± 0.10 acc 1.10 ± 0.22 1.70 ± 0.22 a 3.13 ± 0.15 ab 3.76 ± 0.94 abc 

Scd-1 1.00 ± 0.09 1.15 ± 0.18 a 0.89 ± 0.12 ab 0.93 ± 0.15 abc 1.21 ± 0.25 2.57 ± 0.27 a 3.79 ± 0.36 ab 3.09 ± 0.35 abc 

Elovl6 1.00 ± 0.18 1.78 ± 0.15 a 1.38 ± 0.08 ab 1.38 ± 0.08 abc 0.70 ± 0.06 0.71 ± 0.05 a 0.91 ± 0.06 ab 1.80 ± 0.18 abc 

Pparα 1.00 ± 0.18 1.19 ± 0.10 a 1.07 ± 0.07 ab 1.20 ± 0.06 abc 0.95 ± 0.07 0.93 ± 0.06 a 0.96 ± 0.10 ab 1.04 ± 0.08 abc 

Pparγ 1.00 ± 0.19 0.72 ± 0.10 a 1.24 ± 0.13 ba 1.23 ± 0.07 bbc 1.44 ± 0.16 0.83 ± 0.06 a 3.94 ± 0.24 ab 3.40 ± 0.35 abc 

 

mRNA �����28.1WT����
����)"��3 

���
#���� ± ��*��!�3aP < 0.052vs WT; bP < 0.052vs Nrf2-KO; cP < 0.052vs p62-KO3 
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DKO'���k8dm<�@:��nV3 LPSWF�?A���  

� Ǒå#Ƣ�Ƌƪ³#ŵŽ#ǚĹ"/1ȇ`J\eLAFiPhj_6¹+}

ǂûŧĂ�Ƣ�Ƌƪ�#ǧǘ�ŃŰ�3��2ȈƙōƖ�$Ƣ�Ƌƪ³#Td

iH�Ť!��
1ȇƢ�Ƌƪ#ǟ�ÐUJji�Íª���2���Ġ0�

�!���2ȈƢ�Ƌƪ#ƪ�ą�
/%�#}ǂûŠŘ"/2ƧŖ�ťƈ#

Ņûª.Ƣ�Ƌƪ#}ǂĵĲǁƄ! �ƙōǧǘ#ĳ	!ŧĂ"ǧo���2

�ƕ	03��2ȅ34ȆȈ���ȇWT
/% DKO^;H"
�� 30Ǚ"5�

1ǟ�Ð#Ķĕ�Ƈ�õşŘ#ƌą" #/�"ñǸ�2�6ǁĭ��ȈsƳ

ëĴ�ĪȅPCoAȆ"
��ȇNrf2� p62#vǢĶĕ�õşŘƌą"Î
!ñǸ

6o	���6Ġ0�"��ȅÂ 4AȆȈ)�ȇƽ��ƪ³ƶĪ6Ư����4ȇ

p62-KO
/% DKO^;H$ȇBd_ǭûƪ#¤·�Ë¦��ȅÂ 4BȆȈ)�ȇ

DKO^;H�$ Porphyromonadaceae
/% Paraprevotellaceae#¤·�Ë¦�ȇ

Lachnospiraceae
/% Ruminococcaceae#¤·��m��ȅÂ 4CȆȈ�30#Ǝ

ī$ȇDKO^;H$Ƣ�Ƌƪ³�Íª�ȇBd_ǭûƪ#¤·�ËÎ�2��

6Ÿ���2Ȉ 

 

� )�ȇNASH �$8fDjfûƘǱÖ�¸ĳ"Ƣ�ƋƪŢĩ#=iPO@F

iȅLPSȆ#ǤƠƮr&#ņ�"��ƘãÃ^AhX7jGȅKupfferƋƝȆ#Ņ

ûª�ş�ȇƘǱÖǚà"Øo���2µƞû��2ȅ35, 36ȆȈ���ȇDKO

^;H#Ƈ�r
/%ƮŊr LPSœê6ŌÓ��ȈƇ�r LPSœê$ȇp62-KO, 

DKO^;H�WT"Ļ'ĦĀ"Ȃ���ȅÂ 4DȆȈkĜȇƮŊ LPSœê$ DKO

^;H�#*ĦĀ"Ȃ���ȅÂ 4EȆȈ~l#���0ȇDKO ^;H$Ƣ�Ƌ

ƪ³�Íª�ȇƮŊr LPSœê�ËÎ�2���Ġ0��!��Ȉ 
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Â 4ȈDKO^;H$Ƣ�Ƌƪ³�Íª�ȇƮŊr LPSœê�ËÎ�2  

ȅAȆ30Ǚȃ#WTȇNrf2-KOȇp62-KOȇDKO^;H#Ƈ�6đ±�ȇķp}F

jCiEj6š��õşŘ#sƳëĴ�Ī6Ư��Ȉ 

ȅBȆķp}FjCiEj"/1Bd_ǭûƪ#¤·6ŌÓ��ȅn = 8ȆȈ 

ȅCȆķp}FjCiEj"/1Źg[f#Ƣ�Ƌƪ³ƶĪ6Ư��ȅn = 10ȆȈ 

ȅD-EȆ30Ǚȃ#WTȇNrf2-KOȇp62-KOȇDKO#Ƈ�r
/%ƮŊr LPSœ

ê6Ÿ�ȅn = 8ȆȈ 

�'�#Ǝī$äÄ ± ĴŎǀâ�Ÿ�Ȉ*P < 0.05ȇvs WT; †P < 0.05ȇvs Nrf2-KO; 

§P < 0.05ȇvs p62-KOȈ  
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kc1`� �� Nrf2 
TN���!�)/��*/�/#�r
 Zo-1 
^

Y�52�	�kcuwG�4v�	� 

� �Ư#ŵŽ�$ȇNAFLDüƖ�$Ƣ�ǕǛû#xǚ�Ȃ�Ǻê�ƴ03�


1ȇNAFLD#ŧÁ"
�2ò¤�Ÿ½�3��2ȅ37-39ȆȈ���ȇDKO^;

H"
�2ƢƃǕǛû6ǁ'�Ȉ)�ȇƢƃ#ƌƓÒŭćƴ6ƻ���ȈWTȇ

Nrf2-KOȇp62-KO
/% DKO^;H#Ƣ�ŗ6 H&EĬƨ�ȇĜŁ"ƹǏ��

/�"đŕ��ȈƢƃƌƓÒƶĪ�$ȇDKO^;H"
�2WT^;H�Ļǎ

��ȇƢ#ðĂ#ƫ��ĕ�6Ÿ��Ȉ)� 30Ǚ"
��ȇNrf2-KO
/% p62-

KO^;H�HD8�Ë¦�ȇDKO^;H�$�0"Ë¦��ȅÂ 5AȆȈFITC-

N@HOdi6ƍ´/1ĉo�ȇ�#º°ǣ6ŌÓ�ƢƃǕǛû6ƻ����

�4ȇ8Ǚȃ#WT"Ļ'ȇNrf2-KO, DKO^;H�ĦĀ"xǚ��ȈDKO^;

H#ǕǛû$ 30Ǚȃ��0"Ëý��ȅÂ 5BȆȈƢƃǕǛû$ȇƢlŮƋƝǦ

"ðą�3�J:OGbiAFci"/��ǁƄ�32ȈJ:OGbiAFc

i Zo-1 #Ŭŝ6ȇDKO ^;H�0#ƢŏƶŘ#:_SYhLO"/��ƻ�

��ȈZo-1#Ŭŝ� WT �Ļǎ�� Nrf2-KO
/% DKO^;H#Ƣ"
��

Ġ0�"ŋÞ��ȅÂ 5CȆȈ���ȇƢƃ Zo-1, Claudin1
/% Claudin2# mRNA

Ŭŝg[f$ĦĀ!â$ƾ,03!���ȅÂ 5DȆȈ 
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Â 5Ȉ ƢƃlŮ"
�2 Nrf2#Ķĕ$J:OGbiAFciJiUAǈ# Zo-

1#Ŭŝ��m�ȇƢƃǕǛû�xǚ�2 

ȅAȆ8ȇ30Ǚȃ# WTȇNrf2-KOȇp62-KOȇDKO^;H#žƢ# H&E Ĭƨ�

6Ÿ�ȈHCjfTj$ȇ200 µm��2Ȉ 

ȅBȆFITC-N@HOdi6ƍ´ĉo�ȇ�#Ʈrœê6ŌÓȇĥƒmǶż6Ƃ�

�ȇƢƃǕǛû6ƻ���ȅn = 8ȆȈ 
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ȅCȆ:_SYhLM9iB"�žƢ"
�2J:OGbiAFciJiUAǈ

Zo-1#Óǣ6Ư��ȅn = 5ȆȈWT^;H�#Ļ���ƷƂ��Ȉ 

ȅDȆžƢ"
�2J:OGbiAFciJiUAǈ Zo-1ȇClaudin1ȇClaudin2

# mRNA#ŲÛŬŝg[f6 qRT-PCR"�ŌÓ��ȅn = 5ȆȈmRNAŬŝg[

f$ȇWT^;H�#Ļ���ƷƂ��Ȉ 

�'�#Ǝī$äÄ ± ĴŎǀâ�Ÿ�Ȉ*P < 0.05ȇvs WT; †P < 0.05ȇvs Nrf2-KO; 

§P < 0.05ȇvs p62-KOȈ 
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� ķ" Nrf2 Ķĕ�ƢƃTe8ĵƞ"®(�ñǸ6ǁ'2�,"ȇCRISPR-Cas9

FHM_6š�ȇ¶ǟ�Ð6Ķĕ�� Caco-2ƋƝȅVOƎƢūŢĩ#ƋƝįȆ

6�Ʊ��Ȉ¶ǟ�ÐĶĕƋƝ# p62
/% Nrf2#JiUAǈ#Ŭŝ6Ŷƾ�

�ȅÂ 6AȆȈTER"�ƢƃTe8ĵƞ6ƻ�����4ȇNrf2Ķĕ"/1 TER

$WT"Ļ'ĦĀ"�m��ȅÂ 6BȆȈ)�ȇJ:OGbiAFciJiUAǈ

��2 Zo-1#Ŭŝǣ�ȇNrf2Ķĕ"/1ĦĀ"�m����ȅÂ 6CȆȈ�0"ȇ

Caco-2ƋƝ#Zo-1#mRNAŬŝg[f$WT"Ļ'ĦĀ"�m���ȇClaudin1

# mRNAŬŝg[f$ĦĀ!â$ƾ,03!���ȅÂ 6DȆȈ 

� )�ȇLPS�ƢǱÌǱÖ6ì
ǉ��ȇƢƃǕǛû�xǚ�2���Ŵ03�

�2Ȉ��� LPS ŉ¦ģ"
�2¶ĶĕƋƝ#ƢƃTe8ĵƞ6ƻ���Ȉ�

'�#ƋƝ"
���Ş¡ƋƝ�Ļǎ��ȇTER$ 3ģǦȇ6ģǦ� LPS ƿŬ

ƋƝ"
��kǇ��ŋÞ��Ȉ�0"ȇNrf2ĶĕƋƝ$ȇlƹ#�'�#ģŕ

� LPS�Ş"/2 TER#�m�Ëý��ȅÂ 6BȆȈ�30#Ǝī$ȇƢƃlŮ

"
�2 Nrf2 #Ķĕ$J:OGbiAFciJiUAǈ# Zo-1 #Ŭŝ6�m

��ȇƢƃǕǛû6xǚ��2��6Ÿ���2Ȉ 
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Â 6ȈCaco-2ƋƝ"
�2 Nrf2#Ķĕ$ƢƃǕǛû�xǚ�ȇLPSŉ¦"/1

�0"Ëý�2 

ȅAȆCRISPR-Cas9FHM_6š�� Nrf2-KOȇp62-KO Caco-2ƋƝ6�Ʊ��Ȉ

WTȇNrf2-KOȇp62-KO Caco-2ƋƝ"
�2 Nrf2� p62#;=HJiYhLO

6Ÿ�Ȉ 

ȅBȆWTȇNrf2-KOȇp62-KO Caco-2ƋƝ6OdiH;<f"� 21ĝǦÇǿ�ȇ

�ª���Ȉ�#óȇ100 EU/mL# LPS6ŉ¦�ȇ0ȇ3ȇ6ģǦó#ƍlŮǴļ

ČĊȅTERȆ6ŌÓ�ȇǕǛû6ƻ���ȅn = 5ȆȈ 

ȅCȆ:_SYhLM9iB"�WTȇNrf2-KOȇp62-KO Caco-2ƋƝ"
�2J

:OGbiAFciJiUAǈ Zo-1ȇClaudin1#Óǣ6Ư��ȅn = 5ȆȈWTƋ
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Ɲ�#Ļ���ƷƂ��Ȉ 

ȅDȆWTȇNrf2-KOȇp62-KO Caco-2ƋƝ"
�2J:OGbiAFciJiU

Aǈ Zo-1ȇClaudin1# mRNA#ŲÛŬŝg[f6 qRT-PCR"�ŌÓ��ȅn = 

5ȆȈmRNAŬŝg[f$ȇWTƋƝ�#Ļ���ƷƂ��Ȉ 

�'�#Ǝī$äÄ ± ĴŎǀâ�Ÿ�Ȉ*P < 0.05ȇvs WT; †P < 0.05ȇvs Nrf2-KO; 

§P < 0.05ȇvs p62-KOȈ 
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DKO'��
 Kupfferdh��l|R��X]�Hs���qzi�52�


�� 

� ķ"ȇNAFLD#ǚƯ"Øo���2���Ġ0�"�3��2ƘãÃ^Ah

X7jG��2 KupfferƋƝ#ðǈÍª6ǁ'�Ȉ̂ AhX7jG$ĵƞŭ!ư

ŝÅ��2 M1/M2 Å"�Ǽ�2����
2ȈCD11cȅM1 ^AhX7jG#

^j?jȆ
/% CD206ȅM2^AhX7jG#^j?jȆ#ưŝð6XhjE

:O`Oej"/��ƶĪ����4ȇM1ưŝÅ Kupffer ƋƝ#*�Ë¦�ȇ

M2ưŝÅ KupfferƋƝ$Ë¦�!���ȅÂ 7AȆȈKupfferƋƝ"
�2ŔŨ¯

ù6űĒƼȁ�2�,"ȇWTȇNrf2-KOȇp62-KOȇDKOŢĩ# KupfferƋƝ6

¬ǳ�ȇLPS��Œ��ȈTnf-α# mRNAg[f$ȇşŞǽÊĽ�Şó"Ë¦6

Ÿ�ȇLPS �Ş"/���0"Ë¦��ȅÂ 7BȆȈkĜȇLPS �Ş"/1 Il-1β

#g[f#â$ňÏ��Ȉ)�ȇKupffer ƋƝ#ưǶ^j?j��2 F4/80 Ǯû

ƋƝ#ę$ȇĦĀ!â$*03!���ȅÂ 7CȆȈ�30#Ǝī$ȇDKO^;

H# KupfferƋƝ$Ʃȃģ/1M1Å&FXO�ȇŔŨ�ÿǉ�3��2��6

Ÿ���2Ȉ 
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Â 7ȈDKO^;H# KupfferƋƝ$ȇƩȃģ/1ŔŨ�ÿǉ�3��2 

ȅAȆ8Ǚȃ#WTȇNrf2-KOȇp62-KOȇDKO^;H#Ƙƥ/1 KupfferƋƝȅF4/80

ǮûƋƝȆ6¬ǳ�ȇM1ÅȅCD11cȆȇM2ÅȅCD206Ȇ#ưŝÅ6ƶĪ��ȅn 

= 8ȆȈ 

ȅBȆƘƥ/1¬ǳ�� KupfferƋƝ"
�2 Tnf-αȇIl-1β# mRNA#ŲÛŬŝ

g[f6 qRT-PCR"�ŌÓ��ȅn = 5ȆȈmRNAŬŝg[f$ȇWT^;H�#

Ļ���ƷƂ��Ȉ 

ȅCȆF4/80 "Û�2�ťĬƨ6Ư��ȇKupffer ƋƝ#ÑÃ6�Ó��ȈWTȇ

Nrf2-KOȇp62-KOȇDKO^;H#Ƙƥ"
�2 F4/80ǮûǹÆ6Ÿ�ȅn = 8ȆȈ 

�'�#Ǝī$äÄ ± ĴŎǀâ�Ÿ�Ȉ*P < 0.05ȇvs WT; †P < 0.05ȇvs Nrf2-KO; 

§P < 0.05ȇvs p62-KOȈ 

 

  



 52 

� Ƙƥ# KupfferƋƝ#ǆǽĵƞ#�m$ȇNASH#ǚà"ǧo�2µƞû��

2Ȉ���ȇSPIO-MRI#ƘÔǈŲ"
�2Ǘñ§ī6ǁ'ȇKupfferƋƝ#ǆǽ

Ņû6ƻ���ȈNrf2-KOȇp62-KOȇDKO^;H# T2�#Íªǣ$ȇWT^;

H�Ļǎ�ȇĦĀ"Ȃ�����ȅÂ 8AȆȈ)�ȇXhjE:O`Oej"�

F4/80ǮûƋƝ#dMLAHWjI#±1ǐ*ƞ6ǁ'���4ȇNrf2-KO
/

% DKO^;H$WT� p62-KO"Ļ'ĦĀ"������ȅÂ 8BȆȈ�0"ȇ

Nrf2-KOȇDKO ^;H$H?[iGbj²×���2 macrophage receptor with 

collagenous structureȅMARCOȆǮû�ţ��m����ȅÂ 8CȆȈkĜȇclass A 

macrophage scavenger receptorȅSR-AȆ#Ǯû�ţ"$ĦĀ!â$ƾ,03!��

�ȅÂ 8CȆȈ�30#Ǝī$ȇDKO^;H# Kupffer ƋƝ$ MARCO#Ŭŝ�

Ĉ��3ȇǆǽƞ��m���2��6Ÿ���2Ȉ 
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Â 8ȈDKO^;H# KupfferƋƝ$ȇƩȃģ/1ǆǽƞ��m���2 

ȅAȆ8Ǚȃ#WTȇNrf2-KOȇp62-KOȇDKO^;H"Ǘñ¢��2 SPIO6ĉ

o�ȇMRI "�ĉo¡ó# T2 �6ŌÓ�ȇKupffer ƋƝ#ǆǽĵƞ6ƻ���

ȅn = 8ȆȈ 

ȅBȆ8Ǚȃ#WTȇNrf2-KOȇp62-KOȇDKO^;H"ƭ�Ĵǃ�3�dMLA

HWjI6ĉo�ȇXhjE:O`Oej"� Kupffer ƋƝȅF4/80 ǮûƋƝȆ

#dMLAHWjIǆǽǮûŜ6ŌÓ�ȇKupfferƋƝ#ǆǽĵƞ6ƻ���ȅn 

= 8ȆȈ 

ȅCȆXhjE:O`Oej"� KupfferƋƝȅF4/80ǮûƋƝȆ6¬ǳ�ȇH?

[iGbj²×�ȅMARCOȇSR-AȆǮûŜ6ŌÓ��ȅn = 8ȆȈ 

�'�#Ǝī$äÄ ± ĴŎǀâ�Ÿ�Ȉ*P < 0.05ȇvs WT; †P < 0.05ȇvs Nrf2-KO; 

§P < 0.05ȇvs p62-KOȈ 
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'�.%�0�� �� Nrf2
TN� LPS
I;G�?A�	� 

� Ʃȃģ�0 DKO^;H# KupfferƋƝ$ŔŨ�ÿǉ�3��2���0ȇǟ

�ŭƜĤ/1 LPS#ā²û�ËÎ���2���uþ�32Ȉ���ȇCRISPR-

Cas9FHM_6š�ȇ¶ǟ�Ð6Ķĕ�� RAW264.7ȅ^;H^AhX7jGƋ

ƝįȆ6�Ʊ�ȇLPS"/2ŔŨ¯ù6ƻ���Ȉ¶ǟ�ÐĶĕƋƝ# p62
/

% Nrf2#JiUAǈ#Ŭŝ6Ŷƾ��ȅÂ 9AȆȈRAW264.7ƋƝ" 10 EU/mL#

LPS6ŉ¦����4ȇNrf2Ķĕ�WT"Ļ' Nuclear factor-kappa B p65#ei

ǡª�Ë¦��ȅÂ 9BȆȈ)�ȇŔŨûE:O?:i��2 Tnf-αȇIl-1β# mRNA

g[f#Ëý�*03�ȅÂ 9CȆȈ�30#Ǝī$ȇ^AhX7jG"
�2

Nrf2#Ķĕ$ LPS#ā²û6ËÎ��2��6Ÿ���2Ȉ 
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Â 9Ȉ^AhX7jG"
�2 Nrf2#Ķĕ$ LPS#ā²û6ËÎ��2 

ȅAȆCRISPR-Cas9FHM_6š�� Nrf2-KOȇp62-KOȇDKO RAW264.7ƋƝ6

�Ʊ��ȈWTȇNrf2-KOȇp62-KOȇDKO RAW264.7ƋƝ"
�2 Nrf2� p62#

;=HJiYhLO6Ÿ�Ȉ  

ȅBȆWTȇNrf2-KOȇp62-KOȇDKO RAW264.7ƋƝ6 10 EU/ml # LPS ��Œ

�ȇ:_SYhLM9iB"�Ƒ NF-kB p65"Û�2eiǡª NF-kB p65ȅp-NF-

kB p65Ȇ#ŲÛŭÓǣ6Ư��ȅn = 5ȆȈWT^;H�#Ļ���ƷƂ��Ȉ 

ȅCȆLPS��Œ�� RAW264Ȉ7ƋƝ"
�2ŔŨûE:O?:i Tnf-αȇIl-1β

# mRNA#ŲÛŬŝg[f6 qRT-PCR"�ŌÓ��ȅn = 5ȆȈmRNAŬŝg[

f$ȇWTƋƝ�#Ļ���ƷƂ��Ȉ 

�'�#Ǝī$äÄ ± ĴŎǀâ�Ÿ�Ȉ*P < 0.05ȇvs WT; †P < 0.05ȇvs Nrf2-KO; 

§P < 0.05ȇvs p62-KOȈ 
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O{9y���6x�/!.0-�k8dm<
@:�K9��jgGfX�

P=�	� 

� ķ"ȇĆ	$ȇDKO^;H#ŧĂŬŨ"$Ǜǽ�ǢƳ��2�ƕ	ȇĖȀ�

ǫ6Ư��ȈĖȀǣ$ 3.0 ± 0.1 g/day/mouse "�ǫ����4ȇDKO ^;H$

WT �¸ſ!�ǢƍǛ6Ÿ��ȅÂ 10AȆȈƧŢĖǽ DKO ^;H$ȇƘ#Ɵƚ

ªȇŔŨȇƒƐª�*03��ȇĖȀ�ǫDKO^;H$¥ŭ"ė¿��ȅÂ 10Bȇ

CȆȈ)�ȇƢƃǕǛû"
��-ė¿6ƾ,�ȅÂ 10DȆȈ�0"ȇBd_ǭû

ƪ#¤·
/%Ƈ�r LPSœê��m�ȇƮŊr LPSœê�ė¿��ȅÂ 10D-

FȆȈ�0"ȇǛǽ"/2Ƣ�Ƌƪ³#Íª�­Á��2�ƕ	03��,ȇDKO

^;H" probiotics6ĉo����4ȇƇ�r
/%ƮŊr LPS œê��m�ȇ

NASH�ė¿��ȅÂ 10G, HȆȈ�30#Ǝī$ȇĖȀ�ǫ"/2�ǢDiOh

jf$Ƣ�Ƌƪ³#Íª6Ĉ��ȇƟƚûƘŔ6ė¿��2��6Ÿ���2Ȉ 
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Â 10ȈĖȀ�ǫ"/2�ǢDiOhjf$Ƣ�Ƌƪ³#Íª6Ĉ��ȇƟƚû

ƘŔ6ė¿��2 

ȅAȆWTȇad libitum DKOȇpair-feeding DKO^;H#�ǢÍª6Ÿ�ȅn = 10-

15ȆȈ 

ȅBȆ30Ǚȃ# ad libitum DKOȇpair-feeding DKO^;H#Ƙƥ# H&EĬƨ
/

% Sirius redĬƨ�6Ÿ�ȈHCjfTj$ȇ100µm��2Ȉ 

ȅCȆŧŞÜǤ«ďÝ#-� SAFȅSteatosisȇActivityȇFibrosisȆHD86š��ȇ

ŧŞÒŭƻ�6Ư��Ȉȅn = 8ȆȈ 

ȅDȆFITC-N@HOdi6ƍ´ĉo�ȇ�#Ʈrœê6ŌÓȇĥƒmǶż6Ƃ

��ȇƢƃǕǛû6ƻ���ȅn = 8ȆȈ 

ȅEȆ30Ǚȃ#WTȇad libitum DKOȇpair-feeding DKO^;H#Ƈ�6đ±�ȇ

ķp}FjCiEj"Bd_ǭûƪ#¤·6ŌÓ��ȅn = 8ȆȈ 

ȅFȆ30 Ǚȃ# WTȇad libitum DKOȇpair-feeding DKO #Ƈ�r
/%ƮŊr

LPSœê6Ÿ�ȅn = 8ȆȈ 

ȅGȆ25Ǚȃ#WTȇad libitum DKOȇprobiotics DKO#Ƈ�r
/%ƮŊr LPS

œê6Ÿ�ȅn = 8ȆȈ 

ȅHȆ25Ǚȃ# ad libitum DKOȇprobiotics DKO^;H#Ƙƥ# H&EĬƨ
/

% Sirius redĬƨ�6Ÿ�ȈHCjfTj$ȇ100µm��2Ȉ 

�'�#Ǝī$äÄ ± ĴŎǀâ�Ÿ�Ȉ*P < 0.05ȇvs ad libitum DKOȈ 
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b 4a� eD 

 

� ĨŵŽ�$ȇǛǽƙō6»�2ě�! NASH aNf#�Ʊ6Ư��Ȉ�Ʊ�

� p62:Nrf2ǟ�ÐvǢĶĕ^;H$ȇǛǽƙōȇ:iHeiČĊû6ƾ,ȇNASH

6ƧŖŬŨ��Ȉp62:Nrf2ǟ�ÐvǢĶĕ^;H$ȇNrf2Ķĕ"/2Ƣƃ#Te

8ĵƞ�mȇKupfferƋƝ# LPS"Û�2Ǜ£!ŔŨ¯ùȇ�0"ȇp62Ķĕ"

/28N9]?:i#8iTdiHȇƢ�Ƌƪ³#Íª"/2 LPS Šş#ËÎ

�¸ģ"ǚƯ�2��� NASH&�ǚà�2��6Ÿ��Ȉ 

 

\ZC_oS� qPCR��� NASH\J
p7}> 11~ 

� DKO^;H� NASHaNf^;H���ǝï��2�Ŷƾ�2�,"ȇ)

�$ NASHŧÍ�ƾ,032�6ıƸ��ȈNASH#ŶÓƺĚ"$ȇƘşıƌ

ƓƺĚ�øƳ��3��2ȈNASH#ŧŞÒŭćƴ$ȇƘƋƝ#ƟƚÍûȇŔ

ŨûƋƝŇőȇƘƒƐª�řö��2ȈĨŵŽ�$©Ďŭ"ƌƓŧŞƺĚ6Ư

��,"ȇŧŞÜǤ«ďÝ#-� SAFȅSteatosis, Activity, FibrosisȆHD86š

��ȅ28ȆȈDKO^;H$ǖãǽǾƛm"
��ȇ¦ȃ��-"Ƙƥ#Ɵƚ

ªȇŔŨûƋƝ#ŇőȇƒƐª6Ÿ��ȅÂ 3ȆȈkĜȇNrf2-KO
/% p62-

KO$Œ��ƒƐª$ƾ,03!���Ȉ~l#���0ȇNrf2
/% p62#

qǟ�Ð6Ķĕ��2� NASH6ŬŨ�2���Ġ0��!��Ȉ�)1ȇ

NASHaNf^;H��2������Ÿ�3�Ȉ�0"ȇDKO^;H#

12Ȅȅ8/66Ȇ"
�� 50Ǚȃ)�Ƙơũ�ƵÚ�3�ȅÂ 3ȆȈơũǠ"
�

� GST-P1Ĭƨ#œĬ6ƾ,2�,ȇūŧÍ��2�ƕ	032�ȇzó�0

!2ıƸ�øƳ��2Ȉ 
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� )�ȇƘƥ#ƟƚªȇŔŨȇƒƐª#ƻ����ȇƌƓ�0 mRNA6č�

�ȇŬŝg[f6Ļǎ��Ȉ30Ǚȃ# p62-KO� DKO^;H� Srebp-1cȇAcc-

1ȇScd-1ȇPparγ�ĦĀ"Ë¦��ȈDKO^;H$Ʃȃģ"
��- Srebp-1c

#Ŭŝ�ĦĀ"Ë¦��ȅư 5ȆȈ�30#Ǝī$ȇóǓ#Ǜǽƙō
/%:i

HeiČĊû"/��ì
ǉ��3��2�ƕ	032ȈƘƥ# Tnf-αȇIl-1βȇ

Il-6
/% Tlr4# mRNAŬŝg[f$ȇ8Ǚȃ# DKO^;H"
��WT^

;H/1ĦĀ"Ë¦�ȇ30Ǚȃ�$�0"Ëý��ȈƘƒƐŨ�ÙĒ"ǧǘ�

2 Tgf-β1
/% Procollagen-α1# mRNAŬŝ$ȇ30Ǚȃ# DKO^;H"
�

�ĦĀ"Ë¦��ȅư 4ȆȈ�ƥƟƚ"
��-ŔŨ�ƾ,03��ȇƘƥ#Ŕ

Ũ$/1Ğħ"ǉ
��2�ƕ	032Ȉ�30#Ǝī$ȇDKO^;H#Ƙƥ

#ŔŨ�Ğ�ģħ�0ì
ǉ��32��6Ÿ���2Ȉ 

� ŧŞÒŭƶĪ
/% qPCR#Ǝī�0ȇDKO^;H$ NASHaNf^;H

��2�Ÿ½�32Ȉ)�ȇDKO^;H$Ƙƥ#ƟƚÍû
/%ŔŨȇƒƐª

�¸ģ"ş�����,ȅÂ 3Ȇȇ�Multiple parallel hits hypothesis�" ��a

Nf^;H��2�ƕ	032Ȉ 

 

�/�,/MLG�� �&��/
�/"+/� 

� ķ" DKO^;H�Ǜǽƙō
/%:iHeiČĊû6»�2 NASHaNf

^;H��2�ıƸ��ȈNASH#ðą"Î
�ǧo�2ƳÁ���ȇǛĮǿ

ŚĂ6Èů����ǌû#ƙō���032Ȉƙō$ŮmƟƚÅ��ƥƟƚÅ

"Î��3ȇóƖ$`J\eLAFiPhj_�#ǧǘ�Ÿ½�3��2ȈǛ

£"Ė±�3�Ɔǈ$rûƟƚ"ÍĔ�3ȇs"ƟƚƌƓ"Ƭż�2ȈƟƚƌ

Ɠ"
�2rûƟƚ#Ǜ£Ƭż$8N9]?:i�ŀŤã.:iHeiČĊû

�ş�2ȅ32, 33ȆȈ:iHeiČĊû$ȇ2ÅƆßŧ)�$�#¡ĺǯ��2
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ƗƆƞŤã#İæ6ðą�2ŧĂ��1ȇȂƮƆ"Û�2:iHei#ƮƆǪ

m�š�ŋí���2ŚĂ��2ȈƘƥ"
�2:iHeiČĊû#ðą"

$ȇăûŔŨ"��^AhX7jGŅûª�ŔŨûE:O?:iŠş�Øo�

��2Ȉp62-KO^;H� DKO^;H$ȇǖãǽǾƛm"
��Ǜǽƙō6»

�ȇžƣģ"
�2ƮŊ:iHei�
/% HOMA-IR#lğ6ƾ,ȇ:iH

eiČĊû�ş����Ȉ)�ȇDKO^;H$ 8Ǚȃ�0ƮŊ:iHei�


/% HOMA-IR#lğ6ƾ,ȇƩȃģ�0:iHeiČĊû�ş���2�Ÿ

½�3�ȅÂ 1ȇ2ȆȈ�)1ȇDKO^;H$:iHeiČĊû�Ëý���2

�ƕ	032Ȉ�3$ȇDKO^;H�$Ʃȃģ�0ŔŨ�ÿǉ�3��2�,

��2�ƕ	032Ȉ 

� )�ȇƙōŨ#ŧĂ#k���28N9]?:i-ŌÓ��Ȉ8N9]?:

i$ƟƚƌƓ�0Šş�32şŞŅûŘǈ#Ƒź��1ȇgZKi.8N9]

RAKiȇŔŨûE:O?:i��2 TNF-α! ��2Ȉ�30#ÁÐ$¬ś

�#şŞŅû"¦	ȇƲę#ÁÐ#TdiH#Íª"/��ŧĂ"ñǸ6®(

���2�ƕ	03��2ȈƘƥ"
��gZKi$ KupfferƋƝ#ŅûªË

î.ƘƒƐª�ǚÁÐ�Ġ0�"�3��2kĜȇ8N9]RAKi$�Ǆŭ

"�š�2���É¼�3��2ȅ32, 33, 40ȆȈ)�ȇƙō"��gZKiŠ

şxǚ.8N9]RAKiŠş�m! #8N9]?:i#ŬŝTdiH#Ť

ã-:iHeiČĊû6Ëî�2ȅ41ȆȈp62-KO^;H� DKO^;H$ȇƩ

ȃģ�0#ƮŊgZKi�#Ë¦
/%ƙōģ"
�2ƮŊ8N9]RAKi

�#�m6ƾ,ȇ8N9]?:i#8iTdiH�ş���2�ƕ	032Ȉ

���ȇq^;H�â$ƾ,03!���ȅÂ 2ȆȈ 

� ~l#���0ȇDKO^;H$Ǜǽƙō
/%:iHeiČĊû6»�2

NASHaNf^;H��2�Ÿ�3�Ȉ 
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� ķ"ȇ�Ʊ��ě�!aNf^;H��2 DKO^;H#ŬŨĵé6ǔľ�

�Ȉ�Multiple parallel hits hypothesis��$ȇƢƃƋƪ³#ƪ�ą���2 LPS

�ƢƃƅƤTe86ǋ	Ƙƥ"�ǜ�ȇƘƥǼńÌƋƝ# KupfferƋƝ"�š

�2���ƘŔȇƘƒƐª&ǚƯ�2ǢƳ!ÁÐ�*!�3��2Ȉ���ȇ

DKO^;H#Ƣ�Ƌƪ³ȇƢƃTe8ĵƞȇKupfferƋƝ"ųŰ�ȇƶĪ�

�Ȉ)�ȇDKO^;H# NASHŬŨĵé"
�2Ǜǽƙō
/%ƢƘǘǧ#

ǧǘû"ǒ��Ȉ 

 

k8dm<
[E}> 12~ 

� Ǒå#Ƣ�ƋƪŵŽ#ǚĹ"/1ȇ`J\eLAFiPhj_6¹+}ǂû

Ŧü�Ƣ�Ƌƪ³�#ǧǘ�ŃŰ6ǲ,��2ȈƢ�Ƌƪ�ƢƃlŮ"�š�ȇ

Ƣƃ�0#Ɔ#º°6�ǚ��ȇƟƚƋƝ6ƙÎ��2�É¼�3��2ȅ42ȆȈ

)�ȇƙōüƖ#Ƣ�Ƌƪ³$řöŭ!ƈƏƌą#Íª�ƴ032��ȇ�0"

ƙōüƖ#ƢƃƅƤ$ăûŭ"�g[f#ŔŨŚĂ"�2��! �É¼�3

�
1ȇ}ǂûŦü�Ƣ�Ƌƪ³�#ÙĒ!Ųw�š#ƽƋ�Ġ0�"!��


��2ȅ43, 44ȆȈƢ�õşŘ³$ NASH#ŧÁ"-ǧo���2�ƕ	03

��2ȈNASHüƖ6Ûǅ��� 16S rRNA gene Pyrosequencing6š��Ʀèŵ

Ž�$ȇPorphyromonadaceae�Ë¦ȇLachnospiraceae, Ruminococcaceae��m�

���ȅ45, 46ȆȈ)�ȇƢŢĩ# LPS$ȇNASH#¬ƊƟƚŨ�0ƟƚûƘŔ

&#Ŧü#ǚƯ"ò¤6ī����2���Ÿ�3��2ȅ47, 48ȆȈÔǰȇp62-

KO^;H� DKO^;H"
��Bd_ǭûƪ#¤·�Ë¦����Ȉƪ³ƶ

ĪƯ����4ȇDKO^;H"
�� PorphyromonadaceaeȇParaprevotellaceae

�Ë¦�ȇLachnospiraceae, Ruminococcaceae��m����Ȉ)�ȇƇ�r LPS

œê$ȇp62-KO^;H� DKO^;H"
��Ë¦�����ȇƮŊr LPSœ
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ê$ DKO ^;H#*Ë¦����ȅÂ 4ȆȈ�)1ȇp62 Ķĕ"/��Ƈ�r

LPS œê�Ë¦�ȇNASH �ǚƯ�2vǢĶĕ�$�0"ƮŊr LPS œê�Ë

¦�2���5���Ȉô��ȇƢ�Ƌƪ³#Íª�ƮŊr LPS#Ë¦� DKO

# NASHŬŨ"ǢƳ!ò¤6Ő���2�ƕ	032Ȉ 

� ^;H
/%VO#�ƯŵŽ"
��ȇǛǽƙō$Ƣ�Ƌƪ³6Íª��2

���É¼�3��2���0ȇDKO^;H#Ƣ�Ƌƪ³#Ťã$Ǜǽ�­Á

�$!���ƕ	�Ȉ���ȇDKO^;H"ĖȀ�ǫ6Ư�ȇƘŧÍ
/%Ƣ

�Ƌƪ³6ǁ'�ȈĖȀ�ǫ6Ư�� DKO ^;H$ NASH ŧÍ�¥ŭ"ė¿

�ȇƢ�Ƌƪ³#Íª
/% LPSœê#Ë¦-ė¿��ȅÂ 10ȆȈ�0"ȇDKO

^;H" Probiotics 6ĉo����4 NASH ŧÍ�ė¿��ȅÂ 10ȆȈô��ȇ

DKO^;H$Ǜǽƙō"/��ȇƢ�Ƌƪ³�Íª�ȇƇ�r
/%ƮŊr LPS

œê�ËÎ�ȇNASH�ŬŨ���ƕ	032Ȉ 

� DKO^;H# NASHŬŨ$ȇǛǽƙō"/2Ƣ�Ƌƪ³#Íª�kÁ��2

�ƕ	03�Ȉ 

 

kcuwG
4v}> 13~ 

� NASHüƖ"
��ȇƢ�Ƌƪ³#Íª"¦	ȇƢƃǕǛû�xǚ���2�

��Ŵ03��2ȅ37ȆȈdLO6Ûǅ���ŵŽ"
��ȇJ:OGbiAF

ciJiUAǈ��2 Zo-1#Ŭŝǣ��m�ȇƢƃǕǛû�ĦĀ"xǚ���

2���Ġ0��!���2ȅ49ȆȈĆ	#NjJ�$ȇ̂ ;H
/% Caco-2Ƌ

Ɲ"
�� Nrf2 Ķĕ"/1J:OGbiAFciJiUAǈ��2 Zo-1 #Ŭ

ŝ��m�ȇǕǛû#xǚ�*03�ȅÂ 5ȆȈ)�ȇ^;H#Ƣƃ#ǕǛû#

xǚ$ȇƢƃƌƓ#ǱÖ�Ǎê# Nrf2-KO ^;H�-ƾ,03�Ȉ�30#Ǝ

ī$ȇNrf2 �ƢƃTe8ĵƞ�ÙĒ"ǧǘ���2��6Ÿ���2Ȉ)�ȇ
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LPS "/2 iNOS #Ņûª$J:OGbiAFciJiUAǈ#Ŭŝ6�m�

�ȇǕǛû6xǚ��2�É¼�3��2ȅ50ȆȈ)�ȇNrf2$ iNOS#Ŭŝ6

Ĉ����2���Ŵ03��2ȅ51ȆȈÔǰȇDKO ^;H$Ƈ�r LPS œê

�Ë¦���2 30 Ǚȃ�$�0"ƢƃǕǛû�xǚ�ȇĖȀ�ǫ"/1 Nrf2-

KO�¸ſ)�ė¿��ȅÂ 5ȇ10ȆȈCaco-2ƋƝ" LPSŉ¦�2�ƋƝƤ#Č

Ċ���0"�m��ȅÂ 6ȆȈô��ȇDKO^;H$ Nrf2Ķĕ"/1 LPSƿ

Ŭû# iNOS#Ņûª�ǉ
ȇƢƃǕǛû�xǚ���ƕ	032Ȉ 

� ~l#���0ȇDKO^;H# NASHŬŨ"$ȇp62Ķĕ#Ƈ�r LPSœê

#ËÎ
/% Nrf2Ķĕ#ƢƃǕǛû#xǚ"/2ƮŊr LPSœê#ËÎ�ǢƳ

!ò¤6Ő���2�ƕ	032Ȉ 

 

Kupfferdh
 LPSI;G
?A}> 14~ 

� NASH#ŧĂðą"
��KupfferƋƝ#Ņûª"/2ŔŨûE:O?:i#

Ǜ£Šş�ǢƳ��2���Ŵ03��2ȈKupfferƋƝ$ȇƧŖ�ť#r÷ŭ

ò¤6ī��ȇş��"����
�ĦÖŘǈ.ŧ­Řǈ6ƾǃ�ȇŅûª�2

ȅ22ȆȈŅûª�� Kupffer ƋƝ$ȇƘÔǈƋƝ.|#ƘƋƝ�#Ųw�š"/

1ȇE:O?:iȇCa?:i! 6¹+şŘÒŭ"Ņû!ĳ	!`N9=jJ

j6Ę��2Ȉȅ41, 52, 53ȆȈ)�ȇNASH"
�2 KupfferƋƝ#ŔŨ$Ƙ#Ɵ

ƚƬż�¸ģ"ǉ�2)�$�Ư�2��53��2ȅ5ȆȈÔǰȇĨŵŽ#Ǝī

$ȇƙōŨ6ŬŨ���!� 8Ǚȃ# DKO^;H"
��ȇKupfferƋƝ#M1

Å&#FXO
/%ŔŨûE:O?:i#Ŭŝ�Ë¦�ȇƩȃģ/1ŔŨ�ÿ

ǉ�3��2��6Ÿ�ȅÂ 7ȇư 4ȆȈô��ȇDKO^;H# NASH"
�2

Ƙƥ#ŔŨ$ȇƟƚƬż"�Ư��ǉ
��2�ƕ	032Ȉ)�ȇRAW264.7

"
�2 LPS#ùƁû$ȇNrf2Ķĕ"/1Ëî��ȅÂ 9ȆȈNrf2$ŔŨ6Ëý
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��2E:O?:i��2 Il-1β. Il-6#ǟ�Ð#Ŭŝ6ǨÖ�2���ȇŔŨ

6Ĉ	��2���É¼�3��2ȅ22ȆȈô��ȇNrf2Ķĕ$ȇDKO^;H#

Ʃȃģ#ŔŨÿǉ"ÙĒ"ǧ51��2�ƕ	032Ȉ¦	�ȇDKO^;H�

$Ʃȃģ�0 p62 Ķĕ"/2ȂgZKiƮŨ�ş����ȅÂ 2ȆȈƙō"�-

!�ȂgZKiƮŨ$Ƙƥ"
��Þǣ# LPS "Ǜ£!¯ù6
��ǵ8fD

jfûƟƚƘŔ#ǚà"ǧo�2���É¼�3��2ȅ32ȆȈ 

� DKO ^;H# NASH ŬŨ"$ȇNrf2 
/% p62 Ķĕ"/2 LPS "Û�2Ŕ

Ũ¯ù#Ëî�ǢƳ!ÁÐ��2�ƕ	032Ȉ 

 

Kupfferdh
qzi}> 15~ 

� )�ȇVO)�$dLO6Ûǅ���ŵŽ"
��ȇNASH�$ KupfferƋƝ

#ǆǽƞ��m���2���Ġ0��!���2ȅ54, 55ȆȈKupfferƋƝ#ǆ

ǽƞ��m�2� LPS ! #ŤŘ��Ş�
�ȇŔŨ#Ëý"�!�2��5

3��2ȈïŵŽÕ#�ƯŵŽ"�ȇƀłÎÒǩáŧǬňªÀ�Ź6²ƺ���

2 NASH üƖ"
��ǗñǊǷłıĭ6Ư����4ȇNASH #ǢŨê�ǆǽ

ƞ#�m�"ǧǘ�Ÿ½�3�ȅ55ȆȈ^AhX7jG#ǆǽ"ǧo�2H?[

iGbj²×� MARCO $ŧ­�"Û�2 TLR4 ùƁ6�ǫ�2��ȇLPS 6

ĉo�2�Ŭŝǣ�Ë¦�2���É¼�3��2ȅ56, 57ȆȈ)�ȇH?[iG

bj²×� SR-A
/% MARCO#Ŭŝ#�m� LPS # TLR4ùƁ6Ëî�2

�É¼�3��2ȅ56ȆȈĨŵŽ"
�� DKO^;H�$ȇKupfferƋƝ#ǆǽ

ƞ��m���2���Ġ0�"!��ȅÂ 8ȆȈǆǽƞ#�m#kÁ���ȇ

Nrf2Ķĕ"/1MARCO#Ŭŝǣ#�m�ƕ	03�Ȉ~l#���0ȇDKO

^;H�$ Nrf2 Ķĕ"/1 MARCO #Ŭŝǣ
/%ǆǽƞ��m��
1ȇ

LPS# TLR4ùƁ�Ëî���2�ƕ	032Ȉ���ȇǆǽƞ�m� NASHŬ
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Ũ�#Áīǧ�$Ÿ���!�Ȉzó�0!2ŵŽ�øƳ��2Ȉ 

 

QB
 NASH( -�
Ut}> 16~ 

� ~¡#ŵŽ�$ȇNASHaNf¨Ř���$MCDǽƿŬû^;HaNfȅ58Ȇ

.ƘƋƝřŤŭ PtenĶĕȅ7Ȇ! #^;H��53��2Ȉ���ȇ�30#

aNf¨Ř$Ǜ£!ȂƟƚǽ#ĉo6øƳ���1ȇnƧŖ!�Ǣ#ŋÞ.ú

Œ!ŨŚ#ǚƯ6ƾ,�1�şŅƔĄŧ6Èŷ"ŬŨ�2VO NASH �$tǳ

���2µƞû��2Ȉ)�ȇȂƟƚǽĉoaNf. ob/ob^;H$ȇƙō.:

iHeiČĊûȇƘƥ#ƟƚƬż6ƾ,2�ȇƘƥ#Œ��ƒƐª$Ÿ�!�!

 #¾ǻŕ��2ȅ6ȆȈƢ�Ƌƪ³"ǧ��$ȇMCD ǽƿŬû^;HaNfȇ

ȂƟƚǽĉoaNfȇob/ob^;H"
��WT^;H�Ļǎ�ȇÍª���2

�É¼�3��2ȅ59ȆȈƢƃǕǛû"ǧ��$ȇMCDǽƿŬû^;HaNf


/%ȂƟƚǽĉoaNf�$xǚ�2�É¼�3��2ȅ49, 60ȆȈ���ȇǛǽ

ƙō6»�2 ob/ob^;H$ƢƃǕǛû$xǚ�!�ȅ61ȆȈKupfferƋƝǆǽƞ

$ȇMCD ǽƿŬû^;HaNf"
���m���2�É¼�3��2ȅ62, 

63ȆȈob/ob^;H"ȂƟƚǽĉo��aNf"
�� KupfferƋƝǆǽƞ#�m

�É¼�3��2�ȇ�3�3¬śaNf#É¼$!�ȅ64ȆȈkĜȇĨŵŽ�

�š�� p62:Nrf2 ǟ�ÐvǢĶĕ^;H$ȇǖãǽǾƛm�Ǜǽ"/2ƙōȇ

:iHeiČĊûȇ2ÅƆßŧȇ8N9]?:i#8iTdiH6»�ȇ¦ȃ�

�-"Ƙƥ#ƟƚªȇŔŨûƋƝ#ŇőȇƒƐª6Ÿ�ȇƉ 12%"ơũ�ƾ,0

3�Ȉ�0"ȇƢ�Ƌƪ³#ŤãȇƢƃǕǛûxǚȇKupfferƋƝ#ĵƞŤã6

ƾ,�Ȉ�#Ǝī�0ȇDKO^;H$VO NASH�ǵã"Ǽ���aNf��

2�ƕ	032Ȉ 
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$! NASH� �� p62� Nrf2 

� VO NASH "
���p62 
/% Nrf2 "ǧ��ç��É¼�3��2Ȉp62

$ NASH "
�2ĕ�ƘƋƝ#ƋƝǈ"Ƭż�2JiUAǈ�ǲ���2

Mallory-Denk Bodies#ą���2ȅ65ȆȈNASH�ǚƯ�2�ƘƋƝ"
�� ER

HOgH"/2>jOX7GjǱÖ�ǉ
ȇp62#Ŭŝ��ãy"Ļ' NASHü
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