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Abstract

The Toll-like receptor 4 (TLR4) that recognizes endotoxin, a trigger of inflammation in alcoholic
liver disease (ALD), activates two signaling pathways utilizing different adapter molecules: the
common TLR adapter, myeloid differentiation factor 88 (MyD88), or Toll/interleukin immune-
response—domain-containing adaptor inducing interferon (IFN)-8. The MyD88 pathway induces
proinflammatory cytokine activation, a critical mediator of ALD. Here we evaluated the role of
MyD88 in alcohol-induced liver injury in wild-type, TLR2-deficient, TLR4-deficient, or MyD88-
deficient (knockout [KO]) mice after administration of the Lieber-De-Carli diet (4.5% volume/
volume ethanol) or an isocaloric liquid control diet for 5 weeks. Alcohol feeding resulted in a
significant increase in serum alanine aminotransferase levels, liver steatosis and triglyceride levels
suggesting liver damage in WT, TLR2-KO, and MyD88-KO but not in TLR4-KO mice.
Expression of inflammatory mediators (tumor necrosis factor—a and interleukin-6) and TLR4
coreceptors (CD14 and MD2) was significantly higher in livers of alcohol-fed WT, TLR2-KO, or
MyD88-KO, but not in TLR4-KO mice, compared to controls. Reactive oxygen radicals produced
by cytochrome P450 and the nicotinamide adenine dinucleotide phosphate complexes contribute to
alcoholic liver damage. Alcohol feeding—induced expression and activation of cytochrome P450
and the nicotinamide adenine dinucleotide phosphate complex were prevented by TLR4-
deficiency but not by MyD88-deficiency. Liver expression of interferon regulatory factor 3 (IRF3),
a MyD88-independent signaling molecule, was not affected by chronic alcohol treatment in whole
livers of WT mice or in any of the KO mice. However, the induction of IRF7, an IRF3-inducible
gene, was found in Kupffer cells of alcohol-fed WT mice. Alcohol feeding also induced nuclear
factor—xB activation in a TLR4-dependent MyD88-independent manner.

Conclusion: While TLR4 deficiency was protective, MyD88 deficiency failed to prevent
alcohol-induced liver damage and inflammation. These results suggest that the common TLR
adapter, MyD88, is dispensable in TLR4-mediated liver injury in ALD.

Alcoholic liver disease (ALD) is characterized by a spectrum of liver pathology ranging
from fatty liver, steatohepatitis, to cirrhosis, and it represents the second leading cause for
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liver transplantation in the United States.! Gut-derived lipopolysaccharide (LPS), a
component of the gram-negative bacterial wall, has been proposed as a key player in the
pathogenesis of ALD.2~4 Exposure to LPS during chronic alcohol consumption results in
increased production of inflammatory mediators, as well as in induction of reactive oxygen
species (ROS), leading to progression of liver injury.>® Indeed, mice deficient in tumor
necrosis factor-alpha (TNFa) type | receptor were protected from alcohol-induced liver
injury.” Of the different sources of ROS, the role of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase activation was suggested by attenuated induction of liver
injury in mice deficient in p47phox, an inducible component of the NADPH oxidase
complex.8 Recent studies showed that LPS induces NADPH oxidase activation.®-10
However, it remains to be determined whether LPS, alcohol, or both activate NADPH in
ALD.

Recognition of pathogen-derived molecules, including endotoxin, occurs through pattern
recognition receptors such as Toll-like receptors (TLR) expressed on Kupffer cells as well as
on other cell types in the liver.11-13 |PS is recognized by TLR4 and its coreceptors, CD14
and MD2.12 Previous studies demonstrated that inability to induce LPS signaling due to
deficiency of LPS-binding protein, CD14, or mutation in TLR4 protects mice from alcohol-
induced liver damage.14-16 These observations imply that receptors in LPS-sensing and/or
downstream signaling pathways may be important in the pathogenesis of ALD.

TLR4 activates two signaling pathways via recruitment of adaptor molecules.1” Recruitment
of the common TLR adaptor, myeloid differentiation factor 88 (MyD88), leads to rapid
activation of nuclear factor xB (NFxB) and increased TNFa production, while recruitment
of Toll/interleukin—-immune-response—domain-containing adaptor inducing interferon (IFN)-
B (TRIF), an adapter shared by TLR4 and TLRS3, activates tank-binding kinase 1/inhibitor of
kappa B kinase—e and interferon regulatory factor 3 (IRF3), leading to production of type |
IFNs and delayed NF-xB activation.1”-18 The significance of the two different downstream
pathways and the role of distinct adapter molecules of TLR4 activation in alcoholic liver
disease are yet to be evaluated.

Considering the importance of LPS-induced ROS and inflammatory cascade activation in
ALD and the role of TLR4 signaling in LPS-induced downstream pathways, we
hypothesized that TLR4 was critical in alcohol-induced liver disease and TLR4 exerted its
effects via the MyD88-dependent downstream pathways. We further hypothesized that
TLR4 may be critical in induction of ROS in alcoholic liver injury. Therefore, in this study,
we evaluated the effect of chronic alcohol feeding on liver damage, steatosis, inflammation,
and enzymes involved in ROS induction in mice deficient in TLR4, TLR2, or the common
TLR adapter, MyD88.

Materials and Methods

Animal Studies.

All animals received proper care in agreement with animal protocols approved by the
Institutional Animal Use and Care Committee of the University of Massachusetts Medical
School. Six-week-old to eight-week-old, male wild-type (WT) (C57BL/6), TLR2-deficient,
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TLR4-deficient, and MyD88-deficient mice (all on C57BL/6 background, five to six mice/
group) received the Lieber-DeCarli diet (Bio-Serv, Frenchtown, NJ) with 4.5% (volume/
volume) ethanol (32.4% ethanol-derived calories) for 5 weeks; pair-fed control mice
received an equal amount of calories as their alcohol-fed counterparts with the alcohol-
derived calories substituted with dextran-maltose. Serum was separated from whole blood
and frozen at —80°C. Livers were snap-frozen in liquid nitrogen, or stored in RNAlater
(Qiagen GmbH, Hilden, Germany) for RNA extraction or fixed in 10% neutral-buffered
formalin for histopathological analysis.

Biochemical Assays.

Serum alanine aminotransferase (ALT) was determined using a kinetic method (Advanced
Diagnostics Inc., South Plainfield, NJ), endotoxin levels were measured using the Limulus
amebocyte lysate assay (Lonza Ltd., Swizerland) and alcohol content using an alcohol
analyzer (Analox Lunenberg, MA). Liver triglyceride levels were assessed using the L-Type
Triglyceride H kit (Wako Chemicals USA Inc., VA).

RNA Analysis.

RNA was purified using the RNeasy kit (Qiagen Sciences, Maryland, USA) and on-column
DNA digestion. cDNA was transcribed with the Reverse Transcription System (Promega
Corp., Madison, WI). Real-time quantitative polymerase chain reaction was performed using
the iCycler (Bio-Rad Laboratories Inc., Hercules, CA), as described®; primer sequences are
shown in Table 1.

Western Blot and NF-xB Activity Analysis.

Whole-cell lysates or nuclear fractions were extracted from liver, as described.1® Samples
with equal amounts of protein were separated in a 10% polyacrylamide gel, and identified
on the nitrocellulose membrane with specific primary antibodies followed by horseradish
peroxidase—labeled secondary antibodies and detection using the chemiluminescence assay.
The NF-xB activity was measured in whole liver extracts as described.19

Histopathological Analysis.

Sections of formalin-fixed livers were stained with hematoxylin and eosin or for 4-
hydroxynonenal and analyzed by microscopy.

Membrane Preparations.

Total liver cell membranes were isolated by the method of Nagamatsu et al.20 with slight
modifications. Briefly, liver tissue was homogenized in 1 mL of 10 mM Tris-HCI, pH 7.4, 1
mM ethylene diamine tetraacetic acid, 200 mM sucrose, and 1 mM phenylmethylsulfonyl
fluoride; the nuclei and cell debris were removed by centrifugation at 900g for 10 minutes at
4°C; and the resulting supernatant was centrifuged at 110,000¢ for 75 minutes at 4°C. The
membrane pellet was solubilized in 10 mM Tris-HCI, pH 7.4, 1 mM ethylene diamine
tetraacetic acid, 0.5% Triton X-100, and 1 mM phenylmethylsulfonyl fluoride for 1 hour at
4°C, centrifuged at 14,000¢ for 10 minutes at +4°C, and 1 pg/mL aprotinin was added to
solubilized membrane samples prior to analysis.
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Microsomal Preparations.

Liver tissue was homogenized in cold KP buffer (0.1 M KoHPO4/KH;POy, pH 7.4).
Homogenates were sonicated (40% duty cycle, four output) for 20 seconds on ice followed
by centrifugation at 12,0009 for 15 minutes at +4°C; pellets were washed with KP buffer at
100,000¢ for 1 hour in +4°C and assayed for protein content using the BioRad Protein
Assay.

Isolation of Kupffer Cells and Hepatocytes.

Mice received anesthesia with ketamine (100 mg/kg) and xylazine (10 mg/kg); the livers
were perfused with saline solution for 5 minutes followed by /n vivo digestion with liberase
enzyme (20 mg/L) for 5 minutes and /7 vitro digestion for additional 30 minutes at 37°C.
The hepatocytes were separated by centrifugation for 5 minutes at 300g, while the
nonhepatocyte content was loaded on the top of the 50%—-25% Percoll gradient and
centrifuged for 60 minutes at 800g. The intercushion fraction was washed and adhered to
plastic in Dulbecco’s modified Eagle’s medium +5% fetal bovine serum; the nonadherent
fraction was washed and the adherent Kupffer cell population was adjusted to 2 x10%/mL in
Dulbecco’s modified Eagle’s medium +10% fetal bovine serum.

Statistical Analysis.

Results

Statistical significance was determined using the nonparametric Kruskal-Wallis test followed
by the Mann-Whitney test. Data are shown as mean + standard deviation and were
considered statistically significant at £< 0.05.

Chronic Alcohol Feeding Induces Liver Damage in MyD88-Deficient but not in TLR4-
Knockout Mice.

Chronic alcohol feeding of mice with the Lieber-DeCarli diet resembles several features of
human alcoholic hepatitis, including hepatocyte damage, steatosis, and inflammatory cell
activation.4-8.14-16 Here, we fed Lieber-DeCarli or isocaloric control (pair feeding) diets to
WT, TLR4-deficient, and MyD88-deficient mice to induce early alcoholic liver damage.
Chronic alcohol feeding resulted in liver injury as indicated by higher serum ALT levels in
alcohol-fed compared to pair-fed mice in WT and MyD88-knockout (KO), but not in TLR4-
KO mice (Fig. 1A). While there was no increase in serum ALT indicative of liver damage in
the TLR4-KO mice, serum alcohol concentrations were comparable in all animals (Fig. 1B).
Further, we found a moderate but significant increase in serum endotoxin levels in all
alcohol-fed mice compared to the pair-fed controls, regardless of genetic background (Fig.
1C).

TLR4 Deficiency But Not MyD88 Deficiency Protects Against Alcohol-Induced Steatosis.

Histopathological analysis revealed that chronic alcohol feeding induced microvesicular and
macrovesicular steatosis and inflammatory-cell recruitment in chronic ethanol-fed WT and
MyD88-deficient but not in TLR4-KO mice (Fig. 2A; Supplementary Fig. 1). Consistent
with the histopathology findings, liver triglyceride levels were significantly higher in
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alcohol-fed WT and MyD88-deficient mice, but not in the TLR4-KO mice, compared to the
pair-fed controls (Fig. 2B). To further evaluate the role of MyD88, we also tested TLR2-
deficient mice, considering that TLR2-induced signaling is solely MyD88-dependent.11
Similar to MyD88-deficient mice, the TLR2-deficient mice were not protected from alcohol-
induced liver steatosis (Fig. 2A,B). Chronic alcohol feeding also resulted in increased liver/
body weight ratio in WT, TLR2-deficient, and MyD88-deficient, but not in TLR4-KO mice
(Fig. 2C). Collectively, these data indicated that chronic alcohol feeding induced features of
ALD in WT and in MyD88-deficient, but not in the TLR4-deficient animals.

TLR4, But Not TLR2 or MyD88, Deficiency Protects from Alcohol-Induced Increase of
Inflammatory Cytokine and TLR4 Coreceptor Expression.

The LPS-induced, TLR4-mediated MyD88-dependent signaling pathway results in
production of proinflammatory cytokines.14.17:18 We found that the expression of TNFa and
IL-6 messenger RNA (mMRNA) in the liver was significantly higher in alcohol-fed WT and
MyD88-deficient mice compared to the pair-fed controls. In contrast, there was no increase
in liver TNFa or IL-6 mRNA in TLR4-deficient mice (Fig. 3A,B). Similar to the MyD88-
KO mice, TLR2-KO mice had increased TNFa and IL-6 mRNA levels in the liver after
alcohol feeding compared to the pair-fed controls (Fig. 3A,B).

Previous studies suggested that the mechanisms of liver injury and inflammatory responses
to chronic ethanol consumption involve upregulation of genes involved in LPS recognition
and LPS-triggered signaling,21-24 We found that chronic alcohol feeding increased liver
MRNA levels of both TLR4 coreceptors, CD14 and MD2, in WT, MyD88-KO, and TLR2-
KO mice, while there was no increase in TLR4-KO mice compared to the pair-fed controls
(Fig. 3C,D).

Chronic Ethanol Ingestion Augments the Expression of CYP2EL Levels in Livers of WT
and MyD88-Deficient Mice, But Not in TLR4-KO Mice.

Induction of oxidative stress in ethanol-induced liver injury involves upregulation of the
CYP2E1, an enzyme with powerful ability to metabolize ethanol and produce alcohol-
derived toxic substrates.8:25.26 Furthermore, recent studies suggest that CYP2EL1 is also
upregulated by LPS.26:27 Thus, we investigated the effect of chronic alcohol exposure on
CYP2EL1L in livers of TLR4-deficient and MyD88-deficient mice. We found that liver mRNA
levels of CYP2E1 were upregulated in WT and MyD88-deficient but not in TLR4-KO mice
after chronic alcohol feeding (Fig. 4A). Consistent with this, liver microsomal CYP2E1
protein levels were significantly higher in alcohol-fed WT and MyD88-deficient mice
compared to the pair-fed controls (Fig. 4B,D). In contrast, alcohol feeding induced no
increase in liver CYP2E1 protein levels in TLR4-deficient mice (Fig. 4C).

TLR4-Dependent But MyD88-Independent Induction of NADPH-Complex by Alcohol

Feeding.

LPS and other microbial pathogens activate the NADPH complex in phagocytic cells to
produce ROS, and upon ethanol treatment the NADPH oxidase complex generates ROS in
Kupffer cells.89:28 The classic NADPH complex is composed of at least six protein
components, which include two transmembrane flavocytochrome b components (gp91phox
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and p22phox) and four cytosolic components (p47phox, p67phox, p40phox, and Rac-1
protein).2930 LPS is a strong inducer of NADPH transcription and functional activity.%10.28
We found that in alcohol-fed WT, MyD88-KO, and TLR2-KO mice (Fig. 5A-D), liver
MRNA levels of NADPH oxidase subunits, namely p22phox, gp91phox, p47phox, and
p67phox, were significantly higher compared to pair-fed controls (Fig. 5A-D). In contrast,
no such changes were observed in alcohol-fed TLR4-KO mice compared to pair-fed controls
(Fig. 5A-D). In response to a wide range of stimuli, the cytosolic subunits of the NADPH
complex are phosphorylated and translocated to the plasma membrane, forming an active
complex and generating superoxide anion.2%:30 We found increased p47phox protein levels
in plasma membranes in livers of alcohol-fed mice compared to pair-fed mice, providing
evidence for functional activation of the NADPH oxidase (Fig. 5E).29-31 In agreement with
the role of NADPH in TLR4-dependent but MyD88-independent alcohol-induced liver
injury, we identified increased staining with 4-hydroxynonenal, suggestive of oxidative
tissue damage, in alcohol-fed livers of WT, TLR2-deficient, and MyD88-deficient, but not
TLR4-deficient animals, compared to pair-fed controls (Supplementary Fig. 2).

While the NADPH complex in nonphagocytic cells is structurally and functionally similar to
NADPH oxidase of phagocytes,29-31 several homologs of NADPH oxidase have been
identified. One of the gp91phox homologs expressed in hepatocytes is NADPH oxidase 4
(Nox4).32 However, there was no increase in liver mRNA levels of Nox4 either in alcohol-
fed mice or pair-fed mice regardless of their genetic background (Fig. 5F). These data
suggest that classic NADPH oxidase in liver macrophages may play a role in liver injury
after chronic ethanol treatment.

Chronic Alcohol Feeding Modulates MyD88-Independent TLR4 Signaling.

Our results so far suggested that TLR4 was critical in all examined aspects of ALD, but in
the two downstream signaling pathways initiated by TLR4, MyD88-dependent signaling was
dispensable. IRF3 is a marker of MyD88-independent, TLR4-mediated and TLR3-mediated
signaling.1” Activation of the MyD88-independent pathway leads to IRF3 activation and
results in late NF xB activation and production of type I IFN.1718 We found that total liver
IRF3 mRNA levels were comparable in all analyzed animals regardless of genetic deficiency
or chronic alcohol feeding (Fig. 6A). To evaluate possible cell-specific upregulation of IRF3,
we also tested IRF3 mRNA expression in isolated hepatocytes and Kupffer cells and found
no difference after alcohol feeding compared to controls (Fig. 6B). However, the IRF3-
inducible gene, IRF7, was upregulated in isolated Kupffer cells but not in hepatocytes in
livers of alcohol-fed WT mice compared to the pair-fed controls (Fig. 6B). Consistent with
the lower abundance of Kupffer cells in the total liver, total liver IRF7 mRNA showed a
minimal but statistically significant increase in alcohol-fed WT mice (Fig. 6C). Relevant to
our hypothesis that TLR4-dependent MyD88-independent signaling is important in ALD,
we found increased IRF7 in livers of alcohol-fed MyD88-deficient mice but not in those of
TLR4-deficient mice compared to pair-fed controls (Fig. 6C).

Finally, we asked if TLR4 or MyD88 deficiency would affect the activation of NF-xB during
ALD. NF-«B is activated via both MyD88-dependent and MyD88-independent pathways,
the former being more robust and immediate, and the latter accounting for a modest degree
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in a delayed fashion.1! The alcohol diet led to a moderate induction of NF-xB activation in
the in whole livers of WT and MyD88-deficient mice compared to pair-fed controls (Fig.
6D). In contrast, NF-xB activation was not observed upon alcohol feeding in livers of TLR4-
deficient mice (Fig. 6D). These data support the contention that TLR4, but not MyD88,
leads to activation of signaling mechanisms, including the NF-xB pathway, during ALD.

Discussion

LPS-induced activation of inflammatory pathways and reactive oxygen radical generation
are pivotal components of ALD.2-9 In this study, we confirmed protection from alcohol-
induced liver damage in TLR4-deficient mice, as has been shown by others,16 and we
showed for the first time that TLR4-dependent protection from ALD occurs independent of
the expression of the common TLR adapter, MyD88.

There are at least two possible explanations for the observation of MyD88-independent but
TLR4-mediated alcohol-induced liver damage: first, that the MyD88-independent TLR4
signaling pathway is involved in alcoholic liver disease; second, that TLR4 activation by
ethanol bypasses the MyD88 adapter to result in proinflammatory activation. Our data
showing increased levels of IRF7, an IRF3-induced gene, in mice after chronic alcohol
feeding provided support for the first scenario. Activation of the MyD88-independent
pathway by LPS is mediated by recruitment of the TRAM (Toll/IL-1-resistance domain-
containing adaptor-inducing 1FNg-related adaptor molecule)/TRIF adapters of which TRIF
is also utilized by TLR3, leading to activation and nuclear translocation of IRF3, resulting in
induction of IRF3-inducible genes such as IRF7 and type | IFN.17:18:33 Activation of the
MyD88-independent pathway can also result in late activation of NF xB.17:18 Previous
studies showed that chronic alcohol feeding increased NF-xB activation in whole livers and
in Kupffer cells.3435 Here we found that NF-«B activation reflected the protective role of
TLR4, but not MyD88, against ALD. In this context, only mice who exhibited proximal
defect of TLR4-dependent activation pathway; that is, TLR4-deficient mice, but not WT,
TLR2-deficient, and MyD88-deficient mice, showed lack of NF-«B activation in the liver
upon alcohol feeding. These results suggested that in ALD the activation of NF-«B could
occur independent of MyD88. Further, we identified activation of the IRF3-dependent
pathway in ALD. While there were no differences in the mRNA of IRF3 in livers after
alcohol feeding compared to pair-fed controls, the IRF7, an IRF3-dependent gene, was
upregulated in total liver and to a greater extent in isolated Kupffer cells but not in
hepatocytes, suggesting a functional activation of the MyD88-independendent IRF3-
dependent pathway. The link between the MyD88-independent pathway activation and
TLR4 was further suggested by our observation that IRF7 increase occurred in MyD88-
deficient but not in TLR4-deficient mice after alcohol feeding. Together, these results
pointed to a role of TLR4 in MyD88-independent liver injury during ALD, possibly
involving both NF-xB and IRF3/IRF7 pathways.

The second possible explanation for the involvement of LPS-induced TLR4-dependent
MyD88-independent pathways is that alcohol results in signaling that bypasses MyD88 for
induction of inflammatory pathways. Recent studies indicate cross-talk between the MyD88-
dependent and MyD88-independent pathways,36 which may also occur in the alcoholic liver.
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Furthermore, LPS-in-duced activation of the MyD88-independent pathway has been
specifically linked to participation of the CD14 coreceptor.3” Importantly, CD14 deficiency
can be protective from alcohol-induced liver injury®; however, the involvement of specific
components of the MyD88-independent pathway in the pathogenesis of ALD awaits
investigation.

Oxidative stress has been identified as a critical contributor in ALD.825 Consistent with
chronic alcohol consumption, we found that the levels of CYP2EL, a microsomal enzyme
involved in alcohol metabolism, was upregulated in WT and MyD88-KO mice. However,
there was no difference in CYP2EL1 levels in the TLR4-KO mice with and without alcohol
feeding, suggesting the novel finding that TLR4-deficiency may protect from alcohol-
induced CYP2E1-mediated oxidative stress. This observation is consistent with the reported
induction of CYP2EL1 by LPS that occurred both at transcriptional and posttranscriptional
levels.2” Furthermore, CYP2E1 induction was shown to amplify LPS-induced liver injury.28
Reports of increased CyP2E1 in inducible nitric oxide synthase (iNOS)-KO38 and early
growth response 1 (Egrl)-KO mice3? reflect the protective effect of these molecules that are
downstream from TLR4; thus, these molecules could allow LPS-TLR4-mediated
upregulation of CyP2E1. Consistent with the role of TLR4 in alcohol-induced ROS
activation, we also found protection of TLR4-KO mice from activation of the NADPH
oxidase complex. Alcohol feeding not only induced the mRNA levels of the components of
the NADPH complex but it also resulted in recruitment of the regulatory component,
p47phox, to the plasma membrane. This recruitment of the p47phox to the plasma
membrane was prevented by TLR4 deficiency, suggesting a likely communication between
TLR4 and NADPH oxidase activation in alcoholic liver disease. NADPH activation has been
linked to activation of both of the MyD88-dependent and MyD88-independent TLR4
signaling pathways in other studies,*0-43 suggesting a potential link in ALD between
NADPH oxidase activation and TLR4. Although TLR4 interacts with Nox4,° the
predominant NADPH isoform found in hepatocytes,** our observation of no change in Nox4
but upregulation of p47phox and other phagocyte-associated NADPH oxidase components
suggests that activation of the NADPH complex in non-parenchymal cells rather than in
hepatocytes could be involved in ALD.

Finally, our results confirmed reports that increased gut permeability results in increased
endotoxin levels during ALD. However, our novel findings suggest that the protective effects
of TLR4-deficiency do not occur at the level of gut permeability, as we found moderately
increased LPS levels upon alcohol-induced liver injury regardless of TLR4 or MyD88
expression. These data also suggest that the protective effect of TLR4 deficiency occurs at
the LPS-targeted cell level in the liver, possibly in Kupffer cells and hepatocytes.

Taken together, our data demonstrate that TLR4 has a critical role in alcohol-induced liver
damage at the level of ROS and inflammatory cytokine induction, independent of the
expression of the common TLR adapter, MyD88. These observations suggest that TLR4-
induced and MyD88-independent pathways may play an important role in the pathogenesis
of ALD.
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Fig. 1.
TLR4-deficiency but not MyD88-deficiency protects against alcohol-induced liver damage.

C57BL/6 (WT), TLR4-deficient, or MyD88-deficient mice (five to six per group) received
the Lieber-DeCarli diet with 4.5 volume/volume% of ethanol or isocaloric liquid control diet
for 5 weeks. After the 5-week feeding period, the mice were sacrificed. Serum was separated
from whole blood and analyzed for (A) ALT, (B) alcohol, and (C) endotoxin levels. Mean
values * standard deviation (SD) are shown.
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Fig. 2.

Cr?ronic alcohol feeding induces liver steatosis in WT, TLR2-deficient, and MyD88-
deficient mice, but not in TLR4-deficient mice. C57BL/6 (WT), TLR2-deficient, TLR4-
deficient, or MyD88-deficient mice (five to six per group) received the Lieber-DeCarli diet
as described in Materials and Methods. (A) Representative sections of formalin-fixed,
paraffin-embedded livers stained with hematoxylin and eosin of each group are shown at
%100 (higher magnification is provided in Supplementary Fig. 1). (B) Liver triglyceride
levels and (C) liver/body weight ratios are shown as mean + standard deviation (SD) values
from N = 5 mice/group.
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Fig. 3.

Chronic alcohol feeding increases liver mRNA expression of TNFa and IL-6 and TLR4
coreceptors, CD14 and MD2, in WT, TLR2-deficient, and MyD88-deficient mice, but not in
TLR4-KO mice. C57BL/6, TLR2-deficient, TLR4-deficient, or MyD88-deficient mice
received the Lieber-DeCarli diet. Liver RNA levels of (A) TNFa, (B) IL-6, (C) CD14, and
(D) MD2 were analyzed by real-time quantitative polymerase chain reaction (QPCR). The
values were normalized to 18S and are shown as the fold increase over the pair-fed WT

control group from N = 5-6 per group.
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Fig. 4.

TLR4 deficiency protects from alcohol-induced increase of liver CYP2E1 expression.
C57BL/6, TLR4-deficient, or MyD88-deficient mice (five to six per group) received the
Lieber-DeCarli diet. (A) Liver RNA levels of CYP2E1 were analyzed by real-time
quantitative polymerase chain reaction (qQPCR). CYP2E1 protein level in liver microsomal
fractions of (B) WT, (C) TLR4-deficient, and (D) MyD88-deficient mice was analyzed by
western blot; calnexin expression was used as housekeeping control. A representative blot
(top) and the densitometric analysis normalized to loading control from N = 3 (bottom) is
shown.
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Chronic alcohol feeding increases liver mMRNA expression of the NADPH-complex subunits
in WT, TLR2-deficient and MyD88-deficient mice but not in TLR4-KO mice. C57BL/6,
TLR2-deficient, TLR4-deficient, or MyD88-deficient mice (five to six per group) received
the Lieber-DeCarli diet. Liver RNA levels of (A) p22phox, (B) gp91phox, (C) p47phox, (D)
p67phox, and (F) Nox4 were analyzed by real-time quantitative polymerase chain reaction
(gPCR). The values were normalized to 18S and shown as fold increase over the pair-fed
WT control group. (E) p47phox protein expression in whole liver membrane fractions was
analyzed by western blot in alcohol-fed and pair-fed WT mice; pancadherin expression was

used as a loading control. The densitometric analysis of p47phox protein expression

(normalized to pan-cadherin; N = 3) is shown.
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Fig. 6.

Chronic alcohol feeding results in activation of TLR4-mediated MyD88-independent
pathways. C57BL/6, TLR4-deficient, or MyD88-deficient mice (five to six per group)
received the Lieber-DeCarli or a pair-fed diet for 5 weeks. (A) IRF3 and (C) IRF7 RNA
levels in the whole liver, and (B) IRF3 and IRF7 levels in the purified hepatocytes and
Kupffer cells were analyzed by real-time quantitative polymerase chain reaction (qQPCR). (D)
NF- B activity in the whole livers was analyzed using electrophoretic mobility shift assay; a
representative gel (top) and the densitometric analysis from N = 5 mice/group (bottom) are
shown. *P < 0.05 compared to the corresponding pair-fed control.
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Real-Time PCR Primers

Table 1.

Target Gene

Forward Primer (5'—3")

Reverse Primer (5’ —3")

18S
CD-14
MD-2
IRF3
IRF7
TNFa
IL-6
CYP2E1
p22phox
p47phox
p67phox
gp91phox
Nox4

gta acc cgt tga acc cca tt
gga agc cag aga aca cca tc
gac gct get tte tec cat a
aac cgg aaa gaa gtg ttg cg
aca ggg cgt ttt atc ttg cg
cac cac cat caa gga ctc aa
aca acc acg gec ttc cct act t
aag cgc ttc ggg cca g
tgg agc gat gtg gac aga ag
cca ggg cac tct cac tga ata
gct geg tga aca cta tec tgg
ctg ctc tec tit ctc agg ggt
agg att gtg ttt aag cag agc at

cca tcc aat cgg tag tag cg
cca gaa gca aca gca aca ag
cat tgg ttc ccc tca gtc tt
gca ccc aga tgt acg aag tec
tec aag ctc ccg get aag t
agg caa cct gac cac tct cc
cac gat ttc cca gag aac atg tg
tag cca tgc agg acc acg a
ccc gga cgt agt aat tcc tgg
atc agg ccg cac ttt gaa gaa
agg teg tac ttc tec att ctg ta
gtg tgc agt get atc atc caa

ccg gca cat agg taa aag gat g
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