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Background: Interleukin-1 receptor-associated kinases (IRAKs) are crucial mediators in the signaling pathways of Toll-like re-
ceptors (TLRs)/IL1Rs. Targeting the IRAK4/IRAK1/TRAF6 axis and its associated pathway has therapeutic bene-
fits in liver fibrosis. However, the function of IRAK1 itself in the development of liver fibrosis remains unknown.

Material/Methods: Irak1 global knockout (KO) mice were generated to study the functional role of /rak1 in liver fibrosis. Male /rak1
knockout and control mice were challenged with chronic carbon tetrachloride (CCl,) or fed a methionine- and
choline-deficient diet (MCDD) to generate models of nonalcoholic steatohepatitis (NASH). Liver inflammation
and collagen deposition were assessed by histological examination, quantitative real-time PCR (qRT-PCR), and
western blotting of hepatic tissues.

Results: The mRNA expression of the downstream inflammatory gene /1 was significantly lower in Irak1-KO than
in control mice. Irak1 ablation had little effect on inflammatory cell infiltration into livers of mice with NASH.
Collagen deposition and the expression of genes related to fibrogenesis were similar in the livers of /rak1-KO
and control mice exposed to CCl, and MCDD. The loss of Irak1 did not affect lipid or glucose metabolism in
these experimental models of steatohepatitis.

Conclusions: Irak1 knockout reduced the expression of inflammatory genes but had no effect on hepatic fibrogenesis. The
Irak1-related pathway may regulate liver fibrosis via other pathways or be compensated for by other factors.

MeSH Keywords: Carbon Tetrachloride Poisoning ¢ Inflammation ¢ Interleukin-1 Receptor-Associated Kinases ¢
Liver Cirrhosis
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Background

Liver fibrosis is thought to result from a chronic wound heal-
ing response to continuous hepatocellular injury, which results
in an inflammatory response and the subsequent activation of
hepatic stellate cells (HSCs) [1-3]. HSCs express smooth mus-
cle actin (a-SMA) and produce an excess of extracellular ma-
trix proteins. HSCs are activated by the inflammatory activity
of liver immunocytes [4]. The inflammatory response during
chronic liver injury is a dynamic process, characterized by the
intrahepatic accumulation of various types of immune cells,
including macrophages. During the course of development of
nonalcoholic steatohepatitis (NASH), these cells produce and
release cytokines and inflammatory mediators, such as tumor
necrosis factor (TNF), interleukin 1B (IL1B), and IL6 [5]. Toll-like
receptors (TLRs) are pattern recognition receptors that are ex-
pressed by cells of the innate immune system and by paren-
chymal cells in the liver. Following activation by their respec-
tive ligands, TLRs recruit various adapter proteins to initiate
intracellular pro-inflammatory/anti-inflammatory signaling
cascades [6]. Inflammation induced by TLR4 can activate the
IRAK4/IRAK1/TRAF6 axis, inducing the secretion of downstream
profibrotic cytokines [7].

Interleukin-1 receptor (IL1R)-associated kinases (IRAKs) are key
mediators in the TLR/IL1R signaling pathways [8]. The IRAK fam-
ily consists of 4 members, IRAK1, IRAK2, IRAK-M (also known
as IRAK3), and IRAK4. IRAK1 was the first member of the IRAKs
to be discovered [6,9,10]. Following the stimulation of TLR/IL1R,
MyD88 is recruited to the cytoplasmic Toll/IL1R (TIR) domain,
which promotes the binding of IRAK4 to the receptor com-
plex. The combination of MyD88 and IRAK4 can induce IRAK4-
mediated phosphorylation, followed by the activation of IRAK1.
IRAK1 subsequently interacts with TNF receptor-associated fac-
tor 6 (TRAF6) and either activates AP1 or forms the TAK1/TAB
complex. The activation of mitogen-activated protein kinase
(MAPK) can activate AP1. Activation of the TAK1/TAB complex
induces the degradation of 1xB, which activates NF-xB and
helps coordinate with immune responses [6,11]. Hepatic fibro-
sis was shown to be attenuated in Myd88-deficient mice [12],
and IRAK1 ablation was reported to attenuate IL1B/IRAK1 in-
flammatory signaling and further diminish polymicrobial sepsis
and the progression of hepatocellular carcinoma (HCC) [13,14].

The IRAK1-associated TLR/IL1R pathway was found to relieve
fibrosis following liver injury. Some microRNAs and inhibi-
tors targeting this pathway, including miR-146a-5p and pac-
ritinib [15-18], had beneficial effect on liver fibrosis. However,
these microRNAs and inhibitors are multi-targeted, and the
functions of IRAK1 itself in liver fibrogenesis have never
been investigated. The present study was designed to assess
the effects of /rak1 on hepatic inflammation and fibrosis in
mouse models of NASH. /rak1 global knockout (KO) mice were
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generated, and these Irak1 KO and control mice were chron-
ically treated with carbon tetrachloride (CCl,) or fed a methi-
onine- and choline-deficient diet (MCDD) to generate mouse
models of NASH.

Material and Methods

Animals and induction of NASH

All animal experiments conformed to the Guide for the Care
and Use of Laboratory Animals issued by the United States
National Institutes of Health. All protocols were approved by
the Animal Care and Use Committee of Shanghai Jiao Tong
University School of Medicine. Using CRISPR/Cas-mediated
genome engineering, Cas9 and gRNA were co-injected into
fertilized eggs of C57BL/6 mice to generate /rakl KO mice
on a C57BL/6 background. The mice were genotyped using
the primers

5’-GTCCACATATAGCTCTTGAGGAATG-3,
5’-TTCACTGCATTCTAGTTGTG-3,
5’-CAGTGAATAAGGCAATGGGCTGC-3’, and
5’-CAGGGCACTTCGCTTGCTAAG-3'.

All mice were maintained under temperature-controlled con-
ditions with a 12-h light/dark cycle and free access to drink-
ing water and food. At age 8-10 weeks /rak1 KO and control
mice were randomly divided into 2 groups. In the first group,
Irak1 KO and control mice were intraperitoneally (i.p.) admin-
istered 0.5 ml-kg-1 CCl, (Aladdin, China, C112044) or vehi-
cle (Aladdin, China, C116023) twice per week for 8 weeks. In
the second group, the Irak1 KO and control mice were fed an
MCDD (Research Diets, USA, A02082002B) or a control diet
(Research Diets, USA, A02082003B) for 6 weeks. The control
diet contained 3 g L-methionine and 2 g choline bitartrate,
whereas the MCDD contained no L-methionine or choline bi-
tartrate. All mice were allowed free access to water through-
out. The tissues were harvested 3 days after the last treat-
ment, the mice were fasted for 12 hours and sacrificed, and
tissue samples were harvested. Unless otherwise stated, all
mice used for these experiments were male.

Histological analysis of liver

Dissected hepatic tissues were fixed, dehydrated, and embed-
ded in paraffin according to standard procedures. The paraffin-
embedded tissue samples were sliced into 5-pym thick sections,
which were stained with hematoxylin and eosin (H&E) to as-
sess liver morphology. Sections were also stained with Sirius
red and Masson stain to assess collagen deposition. Areas pos-
itive for Sirius red and Masson stain were quantified by digital
image analysis. Tissue samples were also immunohistochem-
ically stained with antibodies to CD45 (Abcam, UK, AB10558)
and F4/80 (Santa Cruz Biotechnology, USA, SC-377009) as
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markers for immunocytes and macrophages, respectively, ac-
cording to standard protocols. Digital images were acquired by
an Olympus microscope system and quantified by Photoshop.

Biochemical analysis

Concentrations of triglycerides (TG) (Kehua, China, 113), total
cholesterol (TC) (Kehua, China, 130-1), alanine aminotransfer-
ase (ALT) (Nanjing Jiancheng, China, C009-2-1), and aspartate
aminotransferase (AST) (Nanjing Jiancheng, China, C0010-2-
1) in serum and liver tissue were measured using commercial
kits, according to the manufacturers’ instructions. Glucose con-
centrations in tail blood were measured with One-Touch Ultra
glucometers (LifeScan, USA).

Quantitative real-time PCR

Total RNA was extracted from tissue samples using Trizol re-
agent (Ambion, USA, 15596-018) and reverse transcribed to
cDNA using a reverse transcription kit (Takara, Japan, RR036A),
according to the manufacturers’ instructions. Quantitative re-
al-time PCR (qRT-PCR) was performed on a Quant Studio Dx
Real-Time thermal cycler (Thermo Fisher, USA) with SYBR qPCR
Master Mix (Vazyme, USA, Q711), and the primers listed in the
Supplemental Experimental Materials. The expression of each
gene was normalized to that of Gapdh.

Western blotting

Protein samples were prepared and western blotting was per-
formed as described previously [19]. Briefly, liver tissues were
lysed with RIPA buffer (Biocolor BioScience, China, R0O095) con-
taining a Protease and Phosphatase Inhibitor Cocktail (Thermo
Fisher, USA, 78444). Protein concentrations were determined us-
ing a BCA protein assay kit (Thermo Fisher, USA, 23225). Samples
containing 15 pg of total protein were separated by 10% SDS-
PAGE and transferred to PVDF membranes (Merck Millipore, USA,
IPVH00010). The membranes were blocked with 10% bovine se-
rum albumin (BSA; Gibco, USA, 10099-141) in Tris-buffered sa-
line containing Tween (EpiZyme, USA, PS103) and then incubated
with primary antibodies to IRAK1 (Cell Signaling Technology, USA,
4504S) and GAPDH (Kangcheng, China, KC-5G5). Proteins of inter-
est were visualized using Immobilon Western Chemiluminescent
HRP Substrate (Merck Millipore, USA, WBKLS0500).

Statistical analysis

Results are reported as meantstandard error of the mean
(SEM). The error bars in the graphs represent SEM. Differences
between 2 groups were compared by 2-tailed unpaired t tests,
whereas differences among 3 or more groups were compared
by 1-way ANOVA with post-hoc LSD tests. Differences were
considered significant if p values were less than 0.05.

ANIMAL STUDY

Results

Construction of conventional Irak1 knockout mice

To investigate whether Irak1 plays significant roles in hepa-
tosteatosis, genetic /rakl knockout (KO) mice were generat-
ed with CRISPR/Cas9 technology (Figure 1A). The efficiency of
Irak1 KO was confirmed at both the mRNA and protein levels
(Figure 1B, 1C). The expression levels of /rakI mRNA in multi-
ple organs were significantly lower in /rak1 KO than in control
mice (Figure 1B), and IRAK1 protein was undetectable in liver
tissue of Irak1 KO mice (Figure 1C). Expression of mRNAs en-
coding downstream inflammatory cytokines was lower in the
livers of Irak1 KO mice, with Tnfa and /113 mRNAs being signif-
icantly lower (Figure 1D). In contrast, the levels of mRNAs en-
coding the main components of /raks and the /rak1-associated
pathway were similar in frak1 KO and control mice, except that
Irak3 mRNA was reduced in Irak1 KO mice (Figure 1E).

Construction of NASH mouse models

To explore the effects of /rakl expression in NASH, experi-
mental NASH was induced in /rak1 KO and control mice by
chronic treatment with CCl, or feeding MCDD. As expect-
ed, the livers of CCl,-treated and MCDD-fed control mice
were badly injured. The liver surfaces of CCl,-treated mice
were rough (Supplementary Figure 1A), whereas the livers of
MCDD-fed mice were grayish-yellow in color and reduced in
size (Supplementary Figure 1B). Liver weight was increased in
CCl,-treated mice (Supplementary Figure 1C), but reduced in
MCDD-fed mice (Supplementary Figure 1D). Serum ALT and AST
concentrations were notably elevated in both NASH models
(Figure 2A, 2B), whereas H&E staining showed that clusters of
lymphocytes and neutrophils were more dispersed in the livers
of CCl,-treated than of vehicle-treated mice (Supplementary
Figure 2A). Massive steatosis and ballooned hepatocytes, to-
gether with inflammatory foci, were observed in hepatic sec-
tions of MCDD-fed mice (Supplementary Figure 2B). The lev-
els of Tnfa, Tgfb1, and Adgrel mRNAs were increased in both
NASH models, whereas /l6 mRNA was elevated only in CCl,-
treated mice (Figure 2C, 2D). In addition, the numbers of cells
positive for the immunocyte marker CD45 and for the mac-
rophage marker F4/80 in liver tissues were increased in both
NASH models (Supplementary Figure 2A-2D).

Sirius red and Masson’s staining showed that treatment
with CCl, or MCDD induced fibrogenic changes in the liver
(Figure 2E-2H). The levels of expression of the fibrosis-asso-
ciated genes Sma, Collal, Colla2, and Timp1 in the liver were
enhanced by CCl, treatment, whereas only Timp1 mRNA was
greatly increased in MCDD-fed mice (Figure 2I, 2J). Taken to-
gether, these findings indicate that NASH mouse models had
been successfully established.
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Figure 1. Generation of /rak1 KO mice. (A) Schematic representation of the generation of /rak1 KO mice. (B) Levels of /rak1 mRNA in
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various tissues of /rak1 KO and control mice (n=6 each). (C) Levels of IRAK1 protein in the livers of /rak1 KO and control mice
(n=5 each). (D) Hepatic levels of Tnfo., /11, 116, Tgfb1, and Adgre1 mRNAs in /rak1 KO and control mice (n=6 each). (E) Hepatic
levels of Irak1, Irak2, Irak3, Irak4, Trafé, Ikko., IkkB, and p65 mRNAs in Irak1 KO and control mice (n=6 each). Data represent
mean+SEM. * p<0.05, ** p<0.01, *** p< 0.001, by t tests.
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Figure 2. Generation of NASH in mice. (A, B) Serum (A) ALT and (B) AST levels of control mice treated for 8 weeks with CCl, or vehicle
(n=4-6) or fed MCDD or a control diet for 6 weeks (n=5). (C, D) Hepatic Tnfo, /l1B, Il6, Tgfb1, and Adgrel mRNA levels
in control mice (C) treated for 8 weeks with CCl, or vehicle (n=4-6) or (D) fed MCDD or a control diet for 6 weeks (n=5).
(E, F)4Representative images of Sirius red (upper part) and Masson staining (bottom part) of hepatic tissues of control
mice (E) treated for 8 weeks with CCl, or vehicle (n=4-6) or (F) fed MCDD or a control diet for 6 weeks (n=3-4). Scale bars,
100 pm. (G, H) Digital quantification of (G) Sirius red-positive and (H) Masson stain-positive areas in control mice treated for
8 weeks with CCl, or vehicle (n=4-6) or fed MCDD or a control diet for 6 weeks (n=3-4). (I, J) Hepatic Sma, Collal, Colla2,
Timp1, Timp2, and Timp3 mRNA levels in control mice (I) treated for 8 weeks with CCl, or vehicle (n=4-6) or (J) fed MCDD or
a control diet for 6 weeks (n=5). Data represent mean+SEM. * p<0.05, ** p<0.01, *** p< 0.001, by t test.
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Figure 3. Effects of /rak1 KO on key pro-inflammatory factors and inflammatory cell infiltration in the livers in mouse models of NASH.

N

(A, B) Representative H&E-stained liver sections of /rak1 KO and control mice following (A) treatment with CCl, for 8 weeks
or (B) MCDD feeding for 6 weeks. Scale bars, 100 pm. (C, D) Hepatic Irak1, Irak2, Irak3, Irak4, Traf6, and p65 mRNA levels

in Irak1 KO and control mice following (C) treatment with CC, for 8 weeks (n=>5) or (D) MCDD feeding for 6 weeks (n=5-6).
(E, F) Hepatic Tnfa, 111, 116, Tgfb1, and Adgre1 mRNA levels in /rak1 KO and control mice following (E) treatment with CCl,
for 8 weeks (n=5) or (F) MCDD feeding for 6 weeks (n=5-6). (G, H) Representative CD45 (upper part) and F4/80 (bottom
part) positively-stained liver sections of /rak1 KO and control mice following (G) treatment with CCl, for 8 weeks or (H) MCDD
feeding for 6 weeks. Scale bars, 100 pm. (1, J) Numbers of (I) CD45-positive and (J) F4/80-positive cells per field from /rak1
KO and control mice following CCl, treatment for 8 weeks (n=3-4, 5 fields per mouse) or MCDD feeding for 6 weeks (n=3-4,
5 fields per mouse). Data represent mean+SEM. * p<0.05, ** p<0.01, *** p<0.001, by t test.
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Figure 4. Effects of /rak1 KO on collagen deposition in mouse models of NASH. (A, B) Representative Sirius red (upper part) and
Masson (bottom part) stained liver sections of /rak1 KO and control mice following (A) CCl, treatment for 8 weeks (n=5-6)
or (B) MCDD feeding for 6 weeks (n=3-4). Scale bars, 100 um. (C, D) Digital quantification of (C) Sirius red-positive and
(D) Masson stain-positive areas of livers of Irak1 KO and control mice following CCl, treatment for 8 weeks (n=5-6) or MCDD
feeding for 6 weeks (n=3-4). (E, F) Hepatic levels of Sma, Collal, Colla2, Timp1, Timp2, and Timp3 mRNAs in Irak1 KO

and control mice following (E) CCl, treatment for 8 weeks (n=5-6) or (F) MCDD feeding for 6 weeks (n=5). Data represent
mean+SEM. * p<0.05 by t test.
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Irak1 ablation mildly ameliorated inflammatory cell
infiltration

To determine the role of /rak1 in hepatic steatosis, Irak1 KO
and control mice were challenged with CCl, or MCDD. Liver
morphology did not differ in [rak1 KO and control mice treated
with CCl, or fed MCDD (Supplementary Figure 3A, 3B). Although
treatment with CCl, or MCDD enhanced serum ALT and AST
concentrations, there were no differences between [rakl KO
and control mice (Supplementary Figure 4A, 4B). H&E stain-
ing of liver sections of both NASH models showed no differ-
ences between /rak1 KO and control mice (Figure 3A, 3B). Liver
expression of the main components of /raks and the Irak1-
associated pathway did not differ in Irak1 KO and control mice,
except that the expression of /rak3 mRNA was markedly low-
er in Irak1 KO mice after treatment with CCl, (Figure 3, 3D).

To determine whether Irak1 KO affects levels of inflamma-
tion in mice challenged with CCl, or MCDD, the expression of
mRNAs encoding downstream inflammatory cytokines was
determined. The expression of /l13 mRNA was markedly low-
er in the livers of Irak1 KO than of control mice treated with
CCl, or MCDD (Figure 3E, 3F), whereas the expression of /l6
mRNA was significantly lower in Irak1 KO than in control mice
treated with CCl,, but not with MCDD (Figure 3E). The num-
bers of cells positive for the immunocyte marker CD45 were
similar in Irak1 KO and control mice after treatment with CC,
or MCDD, whereas the number of cells positive for the mac-
rophage marker F4/80 was lower in /rak1 KO than in control
mice only after treatment with MCDD (Figure 3G-3J). Taken to-
gether, these findings showed that /rak1 deletion had a mildly
ameliorative effect on inflammatory cell infiltration in mouse
models of NASH.

Irak1 knockout did not attenuate liver fibrosis

To determine whether loss of Irak1 affected liver injury and fi-
brogenesis, hepatic collagen deposition was analyzed in /rak1
KO and control mice. Although Sirius red and Masson stain-
ing showed marked deposition of collagen in livers follow-
ing the administration of CCl, or MCDD (Figure 2E, 2F), colla-
gen deposition was comparable in /rak1 KO and control mice
(Figure 4A-4D). The hepatic levels of mRNAs encoding profi-
brogenic genes in Irak1 KO mice were unchanged by treatment
with CCl, or MCDD, except that Timp3 mRNA level was lower
in Irak1 KO mice treated with CCl, (Figure 4E, 4F). These find-
ings showed that /rak1 deficiency did not affect hepatic col-
lagen deposition.

Irak1 knockout did not affect lipid and glucose metabolism

Analysis of lipid metabolism showed that, compared with ve-
hicle-treated mice, CCl-treated mice had markedly elevated
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serum TG and TC levels, but there were no differences between
Irak1 KO and control mice (Supplementary Figure 4C). Similarly,
serum and hepatic TG levels were comparable in /rak1 KO and
control mice, despite hepatic TG being greatly increased in mice
treated with MCDD (Supplementary Figure 4D). Furthermore,
lipid metabolism signaling factors were not altered in /rak1 KO
and control mice treated with CCl, or MCDD (Supplementary
Figure 4E, 4F). Intraperitoneal glucose tolerance tests (IPGTT)
and insulin tolerance tests (ITT) showed no differences be-
tween /rak1 KO and control mice treated with CC, or vehicle,
indicating that /rak1 KO had no effect on serum glucose con-
centrations (Supplementary Figure 5A, 5B).

Discussion

In the liver, most injuries damage epithelial cells (hepatocytes
and/or cholangiocytes), leading to the release of inflamma-
tory mediators and the initiation of an anti-fibrinolytic cas-
cade [4,5]. Lipopolysaccharide (LPS)/TLR4 signaling activation
is essential for the activation of hepatic stellate cells and liv-
er-resident macrophages [20]. Inhibition of the IRAK1-related
TLR/IL1R pathway may attenuate hepatic fibrogenesis. For ex-
ample, the microRNA miR-146a-5p has been found to downreg-
ulate the levels of expression of IRAK1 and TRAF6 during liv-
er fibrosis, followed by modulation of the IRAK4/IRAK1/TRAF6
axis [15-17]. In addition, miR-146a-5p was shown to modu-
late hepatic fibrosis through Smad4/TGFp [16,21]. Pacritinib,
an inhibitor of IRAK1, JAK2, FLT3, and CSF1R, showed antifi-
brotic effects in a mouse model of liver fibrosis [18]. However,
miR-146a-5p and pacritinib are multi-target modulators that
cannot assess the therapeutic effects of IRAK1 on fibrogene-
sis. Thus, despite these findings on IRAK1-related pathways,
the effects of Irak1 itself on liver fibrosis had not been inves-
tigated in Irak 1-specific KO mice.

Our study showed that /rak1 KO in the liver could reduce the
expression of mRNAs encoding inflammatory cytokines, like
Il1B, with and without CCl, or MCDD treatment. A study of
polymicrobial sepsis showed that TLR4-dependent /l6 and /11
mRNAs were down-regulated in /rak1 KO mice, whereas TLR2-
dependent responses were unaffected [13]. Reduced oxidative
tissue damage during endotoxemia, due to decreases in inflam-
matory responses, was also observed in Irakl KO mice [22].
IRAK1 deficiency in HCC could attenuate IL1B/IRAK1 inflam-
matory signaling and further diminish HCC progression [14].
These findings, showing that inflammation was attenuated in
Irak1 KO mice, were consistent with our results. However, we
found that infiltrating lymphocytes were not significantly re-
duced in Irak1 KO mice when challenged with CCl, or MCDD.

TGF-B1 is a multifunctional cytokine that regulates inflammato-
ry cell infiltration, cell growth, differentiation, and fibrosis [23].
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TGF-B1 is considered a key mediator in fibrotic diseases [24-26].
Consistent with previous findings, our study found that the
levels of Tgfb1 mRNA were increased in both NASH models,
but were unaffected by Irak1 KO. The lack of effect of Irak1
KO on fibrosis progression may be due to the constitutive ex-
pression of Tgfb1.

We also analyzed the expression of the main components of
Iraks and their associated pathways, including Irak1, Irak2,
Irak3, and Irak4. Hepatic /rak3, which is abundant in liver tis-
sue and negatively regulates TLR signaling [27,28], was re-
duced in Irak1 KO mice. Irak2 and /rak3 were able to partially
complement the ability of /rak1 to activate NF-xB [29,30], sug-
gesting that Irak2 and /rak3 may compensate for the effects
of Irak1 KO on liver fibrosis in these mouse models of NASH.

Supplementary Data

Lei Y. et al.:
Altered inflammatory pathway but unaffected liver fibrosis...
© Med Sci Monit, 2020; 26: €926187

Conclusions

The present study, which tested the effects of Irak1 KO on liv-
er inflammation and fibrogenesis in mouse models of NASH,
showed that Irak1 KO reduced the expression of hepatic in-
flammatory genes, such as /l1B. Irak1 KO did not ameliorate
fibrogenesis in mice with liver injury induced by CCl, or MCDD.
The compensatory effects of Irak2, Irak3, and other components
might maintain lymphocyte infiltration, resulting in the consti-
tutive expression of TgfbI mRNA, with no effect on liver fibro-
sis. microRNAs and inhibitors with multiple targets may affect
fibrosis through more complicated pathways than Irak1 alone.
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Supplementary Figure 1. Gross morphology and weight of livers. (A, B) Representative images of the livers of control mice (A) treated
with CCl, or vehicle for 8 weeks or (B) fed MCDD or a control diet for 6 weeks. (C, D) Liver weights of /rak1
KO and control mice (C) treated with CCl, or vehicle for 8 weeks (n=4-6) or (D) fed MCDD or a control diet
for 6 weeks (n=>5). Data represent mean+SEM. * p<0.05, ** p<0.01, *** p<0.001, by 1-way ANOVA with post-

hoc LSD test.
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Supplementary Figure 2. Analysis of key pro-inflammatory factors and numbers of immunocytes and macrophages. (A, B)
Representative images of H&E- (upper part), CD45- (middle part) and F4/80- (bottom part) stained liver
sections of control mice (A) treated with CCl, or vehicle for 8 weeks or (B) fed MCDD or a control diet for 6
weeks. Scale bars, 100 pm. (C, D) Numbers of (C) CD45-positive and (D) F4/80-positive cells per field in liver
sections of control mice treated with CCl, or vehicle for 8 weeks (n=3-4, 5 fields per mouse) or fed MCDD or
a control diet for 6 weeks (n=3-4, 5 fields per mouse). Data represent mean+SEM. * p<0.05 by t test.
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Supplementary Figure 4. Lipid metabolism and metabolic signaling factors in the CCl, and MCDD models. (A, B) Serum concentrations

of (A) ALT and (B) AST of control mice following CCl, treatment for 8 weeks (n=5-6) or MCDD feeding for

6 weeks (n=5). (C) Serum TC and TG concentrations of /rak1 KO and control mice following CCl, or vehicle
treatment for 8 weeks (n=4-6). (D) Serum and hepatic TG concentrations of /rak1 KO and control mice
following MCDD or control diet feeding for 6 weeks (n=>5). (E, F) Hepatic levels of Cd36, Plin2, Srebp Ic, Lxt,
Abcal, Abcg1, Apoe (and Scd1) mRNAs in [rak1 KO and control mice (E) treated with CC, or vehicle for 8
weeks (n=4-6) or (F) fed MCDD or a control diet for 6 weeks (n=8-10). Data represent mean+SEM. * p<0.05,
** p<0.01, *** p<0.001, by t test (2 groups) or 1-way ANOVA with post-hoc LSD test (more than 2 groups)
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Supplementary Figure 5. Effect of /rak1 KO on glucose metabolism in the CCl, model. (A) Glucose tolerance tests of irak1 KO and
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control mice treated with CCl, or vehicle for 6 weeks (n=4-6). (B) Insulin tolerance test of /rak1 KO and
control mice treated with CCl, or vehicle for 7 weeks (n=4-6). Data represent mean+SEM. * p<0.05, ** p<0.01,
*** p<0.001, by 1-way ANOVA with post-hoc LSD test.
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