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Hepatocyte toll-like receptor 4 deficiency
protects against alcohol-induced fatty liver
disease
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ABSTRACT

Objective: Recent studies have suggested a critical role for toll-like receptor 4 (TLR4) in the development of alcoholic liver disease. As TLR4 is
widely expressed throughout the body, it is unclear which TLR4-expressing cell types contribute to alcohol-induced liver damage.

Methods: We selectively ablated TLR4 in hepatocytes and myeloid cells. Male mice were fed a liquid diet containing either 5% alcohol or pair-fed
a control diet for 4 weeks to examine chronic alcohol intake-induced liver damage and inflammation. In addition, mice were administered a single
oral gavage of alcohol to investigate acute alcohol drinking-associated liver injury.

Results: We found that selective hepatocyte TLR4 deletion protected mice from chronic alcohol-induced liver injury and fatty liver. This result
was in part due to decreased expression of endogenous lipogenic genes and enhanced expression of genes involved in fatty acid oxidation. In
addition, mice lacking hepatocyte TLR4 exhibited reduced mRNA expression of inflammatory genes in white adipose tissue. Furthermore, in an
acute alcohol binge model, hepatocyte TLR4 deficient mice had significantly decreased plasma alanine transaminase (ALT) levels and attenuated
hepatic triglyceride content compared to their alcohol-gavaged control mice. In contrast, deleting TLR4 in myeloid cells did not affect the
development of chronic-alcohol induced fatty liver, despite the finding that mice lacking myeloid cell TLR4 had significantly reduced circulating
ALT concentrations.

Conclusions: These findings suggest that hepatocyte TLR4 plays an important role in regulating alcohol-induced liver damage and fatty liver

disease.
© 2018 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. INTRODUCTION studies have shown that mutant TLR4 mice [8], or mice deficient in

TLR4 [9,10], display attenuated alcohol-induced fatty liver disease,

Overconsumption of alcohol is a serious, worldwide health problem.
Evidence suggests that inflammation is an essential factor contributing
to the initiation and progression of alcoholic liver disease (ALD) [1].
Ethanol metabolites can directly induce inflammation via the activation
of NF-kB and production of tumor necrosis factor alpha (Tnfa) [2]. In
addition, alcohol impairs gut permeability, leading to translocation of
endotoxin/lipopolysaccharide (LPS) to the portal vein and circulation
[3—6]. Circulating LPS interacts with its receptor, toll-like receptor 4
(TLR4), to activate signal transduction and generate inflammatory
cytokines, including Tnfoe and interleukin 1B (IL-1P) [7]. Previous

suggesting a direct role for TLR4 in the development of ALD.

The specific TLR4-expressing cells that contribute to alcohol-induced
liver damage remain unclear. TLR4 is widely expressed in several
cell types, including hepatocytes [11—17]. Despite mediating a rela-
tively low inflammatory response [11,18,19], several recent studies,
including our own, have demonstrated the critical role of hepatocyte
TLR4 in disease development. Hepatocyte TLR4 regulates obesity-
associated hepatic fat accumulation, inflammation, and insulin resis-
tance [19—21]. Furthermore, hepatocyte TLR4 mediates the syner-
gistic effects of alcohol and hepatitis C virus-induced liver damage and
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oncogenesis [12]. These observations led us to hypothesize that he-
patocyte TLR4 may regulate alcohol-induced fatty liver disease.
Accumulating evidence also suggests a critical role for macrophage
TLR4 in ALD. For instance, Inokuchi et al. have reported that bone
marrow-derived TLR4-expressing cells contribute to alcohol-induced
steatohepatitis [10]. While bone marrow-derived cells include a vari-
ety of TLR4-expressing cell types, we specifically focused on the role of
myeloid cell TLR4 in alcohol-induced liver damage and fatty liver
development.

In this study, we showed that selective hepatocyte TLR4 deletion pro-
tected mice from chronic alcohol-induced liver injury and fatty liver. We
found that mice lacking hepatocyte TLR4 had decreased expression of
endogenous lipogenic genes, enhanced expression of genes involved in
fatty acid oxidation, and reduced expression of inflammatory genes in
white adipose tissue. Furthermore, in an acute alcohol binge model,
hepatocyte TLR4 deficient mice had significantly decreased plasma
alanine transaminase (ALT) levels and attenuated hepatic triglyceride
content compared to alcohol-gavaged control mice. In contrast, while
mice lacking myeloid cell TLR4 had significantly reduced circulating
ALT concentrations, the development of chronic alcohol-induced fatty
liver was not affected. Taken together, these findings suggest that
hepatocyte TLR4 plays an important role in regulating both chronic and
acute alcohol-induced liver damage and fatty liver disease.

2. MATERIALS AND METHODS

2.1. Animal care and alcohol feeding protocol

TIrd*, TIr42™® mice and their corresponding littermate control
TIrA" mice have been previously described [19]. 10—12 week old
male mice on a mixed (B6/129) genetic background were subjected to
a modified alcohol feeding protocol to induce early-stage alcoholic liver
injury [22]. Mice were acclimated to a control liquid diet (Bio-Serv,
F1259SP) for the first day. From days 2—5, a subset of mice was given
the liquid diet (Bio-Serv, F1258SP) supplemented with increasing
concentrations of ethanol from 1% to 4%. For the subsequent 4 weeks,
mice were fed a liquid diet containing either 5% (v/v) ethanol or pair-
fed a control diet. Mice were then fasted for 4 h and euthanized for
blood and tissue collection. Animals were housed in a temperature-
controlled environment on a 12-hour light/12-hour dark cycle. Care
of all animals and procedures were approved by the Institutional An-
imal Care and Use Committee of the University of Texas (UT) South-
western Medical Center at Dallas.

2.2. Single oral gavage of alcohol

Male mice (10—12 weeks old) were fasted for 2 h in the morning from
8am to 10am. After measuring body weight, mice were given an oral
gavage of 5 g/kg BW of alcohol (31.5%, vol/vol) or maltose dextrin (45%,
wt/vol). 6 h later, mice were anesthetized for blood and liver collection.

2.3. Determination of hepatic triglyceride contents

Mice were euthanized, and blood was collected from the inferior vena
cava. Then 10 mL PBS was slowly delivered to the left ventricle of the
heart to remove residual blood. Livers were removed and snap-frozen
in liquid nitrogen and stored at —80 °C. Frozen liver tissues were used
for lipid extraction by the UT Southwestern Metabolic Phenotyping Core
Facility. After extraction, triglyceride contents were measured using
Infinity Reagent assays (Thermo Fisher Scientific).

2.4. Plasma parameters

Mice were anesthetized and blood was collected in EDTA-coated
tubes. Plasma was separated by centrifugation at 8,000 g for
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12 min and stored at —80 °C. Plasma alanine transaminase (ALT) and
aspartate aminotransferase (AST) were measured using the Vitros 250
Chemistry Analyzer (Ortho Clinical Diagnostics) by the UT South-
western Metabolic Phenotyping Core.

2.5. Hepatic oxidative stress
Hepatic oxidative stress was measured by TBARS (TCA Method) Assay
Kit (Cayman Chemical Co.) following the manufacturer’s instructions.

2.6. Quantitative real-time PCR (qPCR)

Total RNA from liver and white adipose tissue was extracted using
RNA Stat60 (Teltest). Complementary DNA was synthesized using the
High Capacity cDNA Kit (Applied Biosystems). gPCR was performed
using an ABI Prism 7900HT sequence detection system (Applied
Biosystems). The relative amounts of all mRNAs were calculated
using the AACT assay. Primers for Tir4 (ID: Mm0445274_m1),
Acc1 (ID: Mm01304277_m1), Fas (ID: Mm00662319_m1), Scd1
(ID: MmO00772290_m1), PPARa (ID: MmO00440939_m1), Cptla
(ID: MmO01231183_m1), Acox1 (ID: MmO01246834_m1), Tnfo
(ID: MmO00443258_m1), IL-6 (ID: MmO00446190_m1), IL-1B
(ID: MmO00434228_m1), Mcp1 (ID: MmO00441242_m1), Cdiic
(ID: Mm00498698_m1) were purchased from Applied Biosystems.
mRNA contents were normalized to 18s (ID: Hs99999901_s1) for
liver and GAPDH (ID: Mm99999915_g1) for white adipose tissue,
respectively.

2.7. Immunoblot analysis

Liver tissues were homogenized in lysis buffer containing 2% SDS,
50 mM Tris-HCI (pH 6.8) and phosphatase inhibitor (PI78420, Thermo
Scientific), followed by centrifugation at 12,000 r.p.m. for 15 min.
Supernatants were stored at —20 °C until assays were performed.
Tissue protein concentrations were determined by bicinchoninic acid
(BCA) Kit (Pierce). 50 g of protein were loaded onto 4%—12% Bis-Tris
gel for electrophoresis (Novex™ NuPAGE™, Invitrogen). Proteins were
then transferred onto nitrocellulose membranes and immunoblotted
with specific antibodies that recognized ACC1 [23—25] (508D, rabbit
polyclonal anti-mouse antibody), FAS [23,24] (320D, rabbit polyclonal
anti-mouse antibody), SCD1 (Cell Signaling Technology), and B-actin
(Cell Signaling Technology). After incubation with ECL (Pierce),
chemiluminescence was imaged with a LI-COR Odyssey® Fc imager
and quantified using LI-COR Image Studio™ software (LI-COR
Biotechnology).

2.8. Circulating cytokines

Plasma concentrations of Tnfe, IL-1B, and Mcp1 were determined
using the MILLIPLEX MAP Mouse Cytokine/Chemokine-Premixed 32
Plex assay (Millipore).

2.9. Isolation of peritoneal macrophage, SVF, and adipocytes from
control and alcohol-fed mice

After four weeks of diet feeding, mice were anesthetized, and mac-
rophages were collected by flushing the peritoneal cavity with cold
PBS. After centrifugation at 1,000 rpm for 10 min at 4 °C, cell pellets
were resuspended and plated in RPMI 1640 medium containing 10%
FBS, 100 U/ml penicillin, and 100 pg/ml streptomycin. Two hours
later, floating cells were removed by washing with warm PBS.
Adherent macrophages were cultured overnight and used for RNA
isolation [19]. Epididymal fat pads were collected from the same mice.
Tissues were minced and digested using collagenase (Gibco, #17703-
034) at 37 °C for 2 h with shaking. The cell suspension was filtered
through a 100 pum cell strainer, washed with DMEM containing 10%
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FBS, and centrifuged at 800 g for 1 min at room temperature. The
floating adipocytes were collected and centrifuged at 500 g for 1min.
After removing the lower liquid phase, isolated adipocytes were dis-
solved in RNA Stat60 (Teltest) for RNA isolation. The remaining cell
pellets containing SVF were put on ice immediately. The pellets were
passed through a 40 pm cell strainer, washed with cold DMEM buffer,
and centrifuged at 500 g for 5 min at 4 °C. Then, SVF were collected as
pellets and resuspended in RNA Stat60 (Teltest) for RNA isolation.

2.10. Statistical analyses

All the results are presented as means + Standard Error of the Mean
(SEM). Statistical significance was determined by two-way ANOVA
followed by Tukey’s Multiple Comparison Test using GraphPad PRISM
(version 7, GraphPad, San Diego, CA). Significance was accepted at a
value of p < 0.05.
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3. RESULTS
3.1. Deletion of TLR4 in hepatocytes protects mice from chronic

alcohol-induced hepatic triglyceride accumulation

To investigate the role of hepatocyte TLR4 in chronic alcohol-induced
fatty liver disease, we selectively ablated TLR4 in hepatocytes as
previously described [19]. Hepatocyte TLR4 deficient mice (TIr4™%)
and their littermate controls (TIr4™™ were fed either a Lieber-DeCarli
liquid diet containing 5% ethanol (v/v) or pair-fed an isocaloric con-
trol diet for 4 weeks [22]. As expected, chronic alcohol feeding
significantly elevated plasma alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) concentrations in TIr4"" mice
(Figure 1A,B). Furthermore, ethanol-fed TIr4™" mice showed greater
hepatic triglyceride content than pair-fed Tir4"™ mice (Figure 1C). In
contrast, alcohol-induced elevations of circulating ALT and AST levels,
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Figure 1: Mice lacking hepatocyte TLR4 exhibit reduced liver injury and decreased hepatic triglyceride accumulation after four weeks of alcohol intake. A, Plasma
concentrations of ALT (n = 8—12). B, Plasma concentrations of AST (n = 8—12). C, Liver triglyceride contents (n = 8—10). D, Hepatic mRNA expression of genes involved in
endogenous lipogenesis (n = 3—4) and E, fatty acid oxidation (n = 4). F, Hepatic TBARS contents (n = 6—8). *p < 0.05, **p < 0.01, compared between mice of the same
genotype fed different diets; *p < 0.05, #p < 0.01, compared between TIr4"" and TIr4"© mice on the same diet. All data are presented as mean & SEM.
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as well as hepatic fat accumulation, were greatly blunted in ethanol-
fed TIr4™0 mice (Figure 1A—C). Over the course of a four-week
feeding period, no significant changes in body weight (BW) were
observed and similar increases in liver weight to BW ratio were found
in both genotypes (data not shown).

Alcohol exposure enhances lipogenesis and reduces [B-oxidation of
fatty acids in hepatocytes [26—28]. Our qPCR analysis showed that the
mRNA expression of genes involved in de novo lipogenesis, such as
acetyl CoA carboxylase 1 (Acc1), fatty acid synthase (Fas) and stearoyl
CoA desaturase 1 (Scd1), were upregulated in Tird™" mice after
chronic alcohol consumption relative to pair-fed mice (Figure 1D). In
contrast, the expression of these lipogenic genes was significantly
lower in ethanol-fed Tir4*° mice (Figure 1D). Furthermore, the protein
expression of ACC1, FAS, and SCD1 tended to be reduced in Tir4™?
mice after chronic alcohol intake (Supplemental Figs. 1a and b). In
addition, we observed a slight, but significant, reduction in hepatic
carnitine palmitoyltransferase 1o (Cpt1o) mRNA expression in ethanol-
fed TIr4" mice (Fig. 1E). In contrast, ethanol-fed TIr4*® mice had
significantly increased mRNA expression of hepatic acyl-CoA oxidase 1
(Acox1) and were protected from alcohol-induced reductions in Cpt1o
(Figure 1E).

Ethanol is mainly metabolized in hepatocytes through the oxidative
pathway [29]. One of the harmful effects of ethanol metabolism is the
generation of reactive oxygen species, which induces lipid peroxidation
and cellular injury. To evaluate whether hepatocyte TLR4 modulates
alcohol-induced oxidative stress in mice, we measured the levels of
thiobarbituric acid reactive substances (TBARS), a byproduct of lipid
peroxidation. We found that ethanol-fed Tir4™" mice had significantly
increased TBARS levels in the liver, indicating elevated hepatic
oxidative stress (Figure 1F). However, this elevation was prevented in
TIr4*% mice (Figure 1F).

Collectively, these data suggest that mice lacking hepatocyte TLR4 are
protected from alcohol-induced early-stage liver injury and hepatic
triglyceride accumulation.

3.2. Deletion of TLR4 in hepatocytes attenuates chronic alcohol-
induced inflammatory response in white adipose tissue

It has been reported that four weeks of Lieber-DeCarli alcohol diet
intake induces little or no liver inflammation [22]. Consistent with this,
we found that ethanol-fed TIr4™" mice had increased mRNA expres-
sion of hepatic IL-6 compared to control-fed mice, but that hepatic
expression of Tnfa, and IL-1( was not altered (Figure 2A). Interestingly,
ethanol-fed TIr4™° mice showed significantly reduced hepatic
expression of CD11c compared to that of Tir4"" mice (Figure 2A).
Chronic alcohol-fed animals also show increased macrophage infil-
tration and inflammation in their white adipose tissues (WAT) [30—32].
We found that epididymal fat (eWAT) expression of IL-6 and IL-1[3 was
significantly increased in ethanol-fed Tira" mice relative to pair-fed
mice (Figure 2B). Similarly, circulating levels of Tnfa, IL-13 and
monocyte chemoattractant protein-1 (Mcp1) were modestly, although
not significantly, increased in TIr4"™ mice after chronic alcohol intake
(Figure 2C—E). Notably, these alcohol-induced inflammatory changes
were blunted in TIr4*? mice (Figure 2B—E), including significantly
reduced Tnfa. and IL-1[3 expression in epididymal fat pad, as well as a
trend towards decreased circulating Tnfa,, Mcp1, and IL-1p levels.
These findings were consistent with our previous report that mice
lacking hepatocyte TLR4 are protected from chronic high-fat diet
induced increases in circulating and adipose tissue-specific inflam-
matory markers [19].
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3.3. Mice lacking hepatocyte TLR4 have reduced triglyceride
content in the liver after acute alcohol consumption

It has been widely reported that acute alcohol consumption leads to
triglyceride accumulation in the liver [33—35]. Consistently, a single
oral gavage of alcohol was sufficient to induce liver injury, as measured
by elevated plasma ALT levels and dramatically elevated hepatic tri-
glyceride content in TIr4"™ mice (Figure 3A,C). Interestingly, alcohol
galvaged-TIr4LKO mice had attenuated plasma ALT concentrations and
accumulated significantly less triglyceride in the liver (Figure 3A,C).
There were no changes in plasma AST levels in either genotype after
oral alcohol administration (Figure 3B). These findings indicate that
mice lacking hepatocyte TLR4 are protected from the acute effects of
alcohol on plasma ALT and hepatic lipid.

3.4. Alcohol-fed TIr42™® mice had significantly reduced TLR4
mRNA expression in peritoneal macrophage and SVF

It is largely unknown whether alcohol feeding induces TLR4 expression
in macrophages or adipocytes. In this study, we found that alcohol
induces TLR4 mRNA expression in multiple cell types, including
peritoneal macrophage (PM), stromal vascular fraction (SVF), and
adipocytes (Figure 4A—C). These elevations were significantly blunted
in alcohol-fed TIr4*™® mice (Figure 4B,C). As expected, TLR4 mRNA
expression was reduced about 99% in TIr4A™® mice because of the
Lysozyme M-Cre mediated gene knockdown (Figure 4A).

3.5. Deletion of TLR4 in myeloid cells does not attenuate chronic
alcohol-induced hepatic triglyceride accumulation

To study the role of myeloid cell TLR4 in alcohol-induced liver damage,
we selectively ablated TLR4 in myeloid cells using a Lysozyme M-Cre
driver. No significant changes in body weight or liver weight were
observed between myeloid cell TLR4 deleted mice (T Ir4A'"q’) and their
littermate controls (TIr4ﬂ/f') during four weeks of control or alcohol-
containing liquid diet (data not shown). Chronic alcohol feeding
increased circulating ALT and AST levels, and hepatic TBARS content
in Tirg"" mice, but this effect was attenuated in ethanol-fed TirgAm®
mice (Figure 5A—C). While mice lacking myeloid cell TLR4 were
protected from liver injury, alcohol-induced hepatic triglyceride accu-
mulation was similar between TIr42™® and Tira™ mice (Figure 5D).

3.6. Deletion of TLR4 in myeloid cells alters circulating
inflammatory response after chronic alcohol intake

Considering the potent immune response mediated by macrophage
TLR4, we examined the mRNA expression of several inflammatory
cytokines in TIr42™® and Tira"" mice after four weeks of alcohol
consumption. We found that chronic alcohol intake greatly increased
MRNA expression of IL-1p in the livers of both TIr4™® and Tir4™"
mice (Figure 5E). Furthermore, qPCR analysis showed that chronic
ethanol induced the expression of hepatic IL-6, but blunted the
expression of Tnfo, and CD11¢ mRNA in TIrd2™® mice as compared to
littermate control TIr4™™ mice (Figure 5E).

In epididymal fat pads, both TIr42™® and TIr4" mice showed similar
increases in IL-6, IL-1B3, and Mcp1 mRNA levels in response to ethanol
(Figure 5F). Ethanol consumption did not affect Tnfo. expression in the
fat pad of either genotype (Figure 5F).

Greatly elevated plasma levels of Tnfo, Mcpl, and IL-13 were
observed in alcohol-fed TIr4"" mice compared to control-fed mice
(Figure 5G—I). Surprisingly, despite the elevated mRNA expression of
several inflammatory cytokines in both liver and adipose tissue, we
found a tendency toward reduced circulating concentrations of Mcp1
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Figure 5: Mice lacking myeloid cell TLR4 show significantly reduced circulating ALT levels after chronic alcohol intake. A, Plasma levels of ALT (n = 7—8). B, Plasma
levels of AST (n = 7—8). C, Hepatic TBARS contents (n = 6—8). D, Liver triglyceride contents (n = 7—10). E, Hepatic mRNA expression of genes involved in pro-inflammation
(n = 4—6). F, eWAT mRNA expression of genes involved in pro-inflammation (n = 5—6). Circulating concentrations of G, Tnfo. (n = 6—11), H, Mcp1 (n = 6—11), and |, IL-18
(n = 6—11) in TIr4"" and TIr4*™® mice after four weeks of alcohol-containing diet or pair-fed control diet. *p < 0.05, **p < 0.001, compared between mice of the same
genotype fed different diets; *p < 0.05, *p < 0.01, compared between Tird™ and TIr42™® mice on the same diet. All data are presented as mean + SEM.
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and IL-1B in TIr4®™® mice after chronic alcohol consumption
(Figure 5H,l). Deletion of myeloid TLR4 did not affect the levels of
circulating Tnfo after ethanol exposure (Figure 5G).

3.7. Mice lacking myeloid cell TLR4 are not protected from acute
alcohol-induced hepatic triglyceride accumulation

Next, we examined the effects of acute alcohol intake on liver damage
and hepatic triglyceride accumulation in TIr42™® and Tir4™" mice. We
found that a single, oral gavage of alcohol induced comparable in-
creases in plasma ALT and hepatic triglyceride content in both TirgAm®
and TIr4"" mice (Figure 6A,0). Circulating AST concentrations were
greatly elevated in Tira™ mice after acute alcohol administration, and
this effect was slightly but not significantly attenuated in TIraA™® mice
(Figure 6B).

4. DISCUSSION

It has been shown that LPS and its cell surface receptor TLR4 play a
critical role in the development of ALD [8—10,36], yet which TLR4-
expressing cell types contribute to the disease are unknown. In the
current study, we found that hepatocyte TLR4 deficient mice were
protected from both chronic and acute alcohol-induced elevations of
plasma ALT and hepatic triglyceride levels. Mechanistically, enhanced
de novo lipogenesis [26,28] and dysregulation of B-oxidation [28,37]
have been shown to contribute to the development of hepatic stea-
tosis following chronic alcohol consumption. Indeed, the mRNA
expression of lipogenic genes were elevated in the livers of alcohol-fed
wild-type mice but not in mice with global TLR4 mutations [38].
Consistent with this, we found that mice lacking hepatocyte TLR4 had
significantly reduced hepatic expression of genes involved in endog-
enous fatty acid synthesis, including Acci, Fas, and Scd1. We also
observed reduced expression of hepatic Cptia in alcohol-fed Tir4™f
mice, indicating decreased fatty acid oxidation. In contrast, ablation of
TLR4 in hepatocytes prevented the reduction of Cpt1a and enhanced
the expression of Acox1 in mouse livers. Taken together, these findings
suggest that suppressed endogenous fatty acid synthesis and
improved B-oxidation may partly contribute to the reduction in hepatic
triglyceride content in the liver of ethanol-fed TIr4"™" mice.

The relationship between adipose tissue inflammation and alcoholic
liver disease is not well understood. Notably, alcohol-fed animals
maintain or even lose their body weight [31], suggesting the activation
of different inflammatory mechanisms than those associated with diet-
induced obesity. Recently, Parker et al. proposed that alcohol could
directly induce adipose tissue damage and contribute to the
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development of alcoholic liver disease [39]. For instance, chronic
alcohol intake promotes macrophage infiltration of epididymal adipose
tissue and enhances the expression of pro-inflammatory cytokines
[30—32]. Sebastian et al. has reported that overconsumption of alcohol
mediates local inflammation in mouse adipose tissue by activating the
cytochrome P4502E1/Bid/C1q-dependent axis [31]. Our data showed
that alcohol-fed TIr4*? mice had altered expression of both circulating
and adipose specific inflammatory markers (Figure 2). It is possible
that hepatocyte TLR4 are required for the liver injury induced by
alcohol-damaged adipose tissue. Another possibility is that hepato-
cytes release secreted factor(s) in response to alcohol consumption,
which then influence adipose inflammation. Consistent with this,
there is recent evidence that altered hepatocyte metabolism can affect
the function of other tissues and plays a role in disease development
[40—43]. It remains to be determined how inhibition of hepatocyte
TLR4 affects alcohol-induced hepatokines and downstream adipose
tissue inflammation.

Kupffer cells, the resident liver macrophages, are a key player in
the development of ALD. Deletion of Kupffer cells in rats via gado-
linium chloride treatment alleviates alcohol-induced fatty liver disease
[44—46]. In addition, mice lacking TLR4 in hematopoietic cells had
significantly reduced hepatic triglyceride content [10]. Surprisingly,
we found that myeloid cell-specific deletions of TLR4 did not affect
hepatic triglyceride levels after chronic alcohol intake (Figure 5D). The
differences between these studies could be due to different animal
models (mouse versus rat) or alcohol administration (alcohol in the
liquid diet versus intragastric infusion of alcohol). Moreover, gado-
linium chloride not only inactivates Kupffer cells [47] but also accu-
mulates in hepatocytes [48,49] causing hepatotoxicity [49,50].
Furthermore, it has been reported that Lysozyme M-Cre only mediates
a ~50% gene knockdown in Kupffer cells [51]; therefore, residual
TLR4 expression in Kupffer cells could contribute to the alcohol-
induced hepatic fat accumulation in TIr4*™® mice.

The role of Kupffer cells, as well as Kupffer cell-specific TLR4, in the
development of alcohol-induced hepatic inflammation is unclear.
Jarveldinen et al. showed that Kupffer cell inactivation did not alleviate
alcohol-induced inflammatory responses in rat liver [45]. However,
other studies have found that loss of Kupffer cells reduced hepatic
pathological scores, including inflammation and necrosis, after intra-
gastric alcohol infusions [44,46]. Using bone marrow transplantation
technique, Inokuchi et al. reported that TLR4 expressing-bone marrow
cells contribute to alcohol-induced hepatic mRNA expression of IL-6
and IL-1B [10]. In our model, alcohol-fed mice with myeloid cell
TLR4 deficiency showed reduced expression of Tnfo, and CD11c, as
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Figure 6: Mice lacking myeloid cell TLR4 were not protected from acute alcohol intake-induced triglyceride accumulation in the liver. A, Plasma concentrations of ALT
(n = 6—9). B, Plasma concentrations of AST (n = 6—9). C, Liver triglyceride contents (n = 6—9). *p < 0.05, **p < 0.01, **p < 0.001, compared between mice of the same

genotype fed different diets. All data are presented as mean + SEM.
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well as significantly elevated IL-6 expression in the liver. Importantly,
mice lacking IL-6 are more susceptible to ethanol-induced hepatic
steatosis [52—54]. Furthermore, IL-6 treatment in vivo alleviates liver
injury in alcohol-fed mice [55]. Taken together, these hepatic alter-
ations in alcohol-fed TIr4A™® mice could play a protective role in
reducing liver damage and potentially decreasing circulating inflam-
matory cytokines.

In the current study, we found that alcohol induced TLR4 mRNA
expression in several cell types, including peritoneal macrophages,
SVF, and adipocytes. However, alcohol-fed TIr42™® mice showed
significantly blunted TLR4 expression in SVF and adipocytes. In
contrast, we have previously shown that TLR4 levels are elevated in
SVF but unaltered in adipocytes isolated from epididymal white adipose
tissue of high-fat diet-fed TIr4*™® mice [19]. Importantly, the lower
TLR4 expression in these cell types could partly explain the reduced
inflammatory conditions in alcohol-fed TIr42™® mice. These findings
lend support to the idea that alcohol and high-fat diets activate
different inflammatory mechanisms.

In summary, we selectively deleted TLR4 expression in hepatocytes
and myeloid cells and assessed the distinct contributions of these two
TLR4-expressing cells to alcohol-induced fatty liver disease. Our
findings indicate that mice lacking hepatocyte TLR4 had significantly
reduced liver damage and hepatic fat content in response to both
chronic and acute alcohol administration. In contrast, myeloid cell
TLR4 ablated mice showed no differences in hepatic steatosis induced
by either acute or chronic alcohol intake. Therefore, targeting hepa-
tocyte TLR4 may be a therapeutic strategy for the treatment of alco-
holic fatty liver disease.
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