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Abstract

Background—Alcohol-associated liver disease (ALD) and non-alcoholic fatty liver disease 

(NAFLD)/non-alcoholic steatohepatitis (NASH) are two of the most common etiologies of 

chronic liver disease worldwide. Changes in intestinal permeability and increased gut microbial 

translocation have been posited as important contributors to inflammation in both ALD and 

NAFLD. However, gut microbial translocation has not been compared between the two etiologies 

and can lead to better understanding of the differences in their pathogenesis to liver disease.

Methods—We compared serum and liver markers in the following five models of liver disease to 

understand the differences in the role of gut microbial translocation on liver disease progression 

caused by ethanol versus Western diet: 1) 8-week chronic ethanol feeding model. 2) 2-week 

chronic-plus-binge (National Institute on Alcohol Abuse and Alcoholism (NIAAA)) ethanol 

feeding model. 3) 2-week chronic-plus-binge (NIAAA) ethanol feeding model in microbiota 

humanized gnotobiotic mice colonized with stool from patients with alcohol-associated hepatitis. 

4) 20-week Western-diet feeding model of NASH. 5) 20-week Western-diet feeding model in 

microbiota humanized gnotobiotic mice colonized with stool from NASH patients.

Results—Translocation of bacterial lipopolysaccharide to the peripheral circulation was seen 

in both ethanol-induced and diet-induced liver disease, but translocation of bacteria itself 

was restricted to only ethanol-induced liver disease. Moreover, the diet-induced steatohepatitis 

models developed more significant liver injury, inflammation, and fibrosis compared with ethanol-

induced liver disease models, and this positively correlated with the level of lipopolysaccharide 

translocation.

Conclusions—More significant liver injury, inflammation, and fibrosis are seen in diet-induced 

steatohepatitis, which positively correlates with translocation of bacterial components, but not 

intact bacteria.
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INTRODUCTION

Alcohol-associated liver disease (ALD) and non-alcoholic fatty liver disease (NAFLD) 

are two of the leading causes of cirrhosis and cirrhosis-related mortality in the United 

States and worldwide1–5. ALD and NAFLD share disease progression through a similar 

spectrum from hepatic steatosis to steatohepatitis (alcohol-associated hepatitis (AH) 

and non-alcoholic steatohepatitis (NASH), respectively), development of fibrosis, and 

liver cirrhosis6. Clinically distinguishing NAFLD from ALD remains challenging, with 

increasing prevalence of both alcohol use and obesity leading to a larger overlap of these 

two major risk factors7. Yet, the distinction is important, as modest alcohol use in NAFLD 

patients is associated with less improvement in steatosis and aspartate transaminase levels, 

as well as lower odds of NASH resolution, compared with no use of alcohol8. Further, 

increased investigation into the metabolic-associated fatty liver disease (MAFLD) diagnosis 

has found that while it shares a similar clinical profile and long-term outcomes with 

NAFLD, the primary driver of increased liver-related mortality is driven by ALD rather 

than insulin resistance9, suggesting fundamental differences in the mechanisms driving these 

two diseases.

Many mechanistic pathways contribute to the development of liver injury in alcohol 

and non-alcoholic liver disease, including lipotoxicity, generation of reactive oxygen 

species, activation of immune receptors, and immune-mediated inflammation. Alterations 

in intestinal permeability and increased translocation of intestinal bacteria and gut-derived 

pathogen-associated molecular patterns across a disrupted gut barrier into the liver 

and systemic circulation via the portal vein have been implicated in the pathogenesis 

of both ALD and NASH10,11. The translocation of bacteria and bacterial endotoxins 

such as lipopolysaccharide (LPS) into the liver stimulates Kupffer cells to release pro-

inflammatory cytokines through pattern-recognition receptors such as toll-like receptors 

(TLRs), initiating a cascade of hepatocellular injury and fibrosis. Direct comparison of 

bacterial translocation between ALD and NASH injury models, which may elucidate 

differences in the pathogenesis of the two disease mechanisms, has not yet been performed. 

Here, we identify key differences in the bacterial translocation between alcohol and their 

effects on downstream hepatic inflammation and fibrosis.

METHODS

Mouse models.

8-week chronic ethanol feeding model—Wild type (WT) C57BL/6 female mice (age, 

9–12 weeks) bred at University of California San Diego were placed on Lieber DeCarli diet 

for 8 weeks, as previously described12. The caloric intake from ethanol was 0% on day 1, 

10% on days 2 and 3, 20% on days 4 and 5, 30% from day 6 until the end of 6 weeks, and 
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36% for the last 2 weeks. On the last day, mice were gavaged with a single dose of ethanol 

(5 g/kg body weight) in the early morning and sacrificed 9 h later. Pair-fed control mice 

received a diet with an isocaloric substitution of dextrose.

2-week chronic-plus-binge (NIAAA) ethanol feeding model—WT C57BL/6 male 

mice (age, 9–12 weeks) bred at University of California San Diego were placed on a 

chronic–binge ethanol diet (NIAAA model), as previously described12,13. Mice were fed 

with the Lieber–DeCarli diet and the caloric intake from ethanol was 0% on days 1–5 and 

36% from day 6 until the end of the study period. At day 16, mice were gavaged with a 

single dose of ethanol (5 g/kg body weight) in the early morning and sacrificed 9 h later. 

Pair-fed control mice received a diet with an isocaloric substitution of dextrose.

2-week chronic-plus-binge (NIAAA) ethanol feeding model in microbiota 
humanized gnotobiotic mice colonized with stool from patients with alcohol-
associated hepatitis (AH)—C57BL/6 germ-free mice (male and female) were bred at 

UCSD and fecal transplantation was performed using stool samples from patients with 

alcoholic hepatitis, as previously described14. Mice were gavaged with 100 μl of stool 

samples (1 g stool dissolved in 30 ml Luria–Bertani (LB) medium containing 15% glycerol 

under anaerobic conditions), starting at an age of 5–6 weeks and repeated 2 weeks later. Two 

weeks after the second gavage, mice were placed on the ethanol or control (isocaloric) diet 

as described above.

20-week Western-diet feeding model of NASH—WT C57BL/6 mice were purchased 

from Charles River. 8- to 9-week-old male WT mice were started on a Western diet 

(AIN-76A, TestDiet, St. Louis, MO, with a fat content of 20% and energy from fat was 

40%), together with glucose (18.9 g/L) and fructose (23.1 g/L) in the drinking water for 20 

weeks, as previously described15. Control mice received standard chow diet. Mice had free 

access to food and water and all tissues were harvested from nonfasted mice.

20-week Western-diet feeding model in microbiota humanized gnotobiotic 
mice colonized with stool from NASH patients—Male germ-free C57BL/6 mice 

were bred at the University of California San Diego. Fecal microbiota transplantation with 

samples from 2 patients with NASH was performed at the age of 5–6 weeks and repeated 

2 weeks later, as previously described16. Briefly, mice were gavaged 100 μL of a stool 

suspension from a single donor, which was prepared by dissolving 1 g stool in 30 mL Luria-

Bertani (LB) medium containing 15% glycerol under anaerobic conditions. Two weeks 

after the second gavage, mice were placed for 20 weeks on an irradiated Western-style 

fast-food diet (“Western diet”) (TD.200289; containing 41.9% kcal from fat, 43.0% kcal 

from carbohydrate, 15.2% from protein, 4.6 kcal/g). As a control, mice were fed for 20 

weeks with an irradiated low-fat control diet (“chow diet”) (TD.110637; containing 13.0% 

kcal from fat, 67.9% kcal from carbohydrate, 19.1% kcal from protein, 3.6 kcal/g). Diets 

were manufactured by Teklad Diets, Madison, WI. Mice were randomly assigned to the 

different groups at the beginning of the study. Animals were maintained on a 12h:12h 

light–dark cycle in Sentry SPP systems (Allentown, NJ) under gnotobiotic conditions. All 

manipulations were performed during the light cycle. Control mice received standard chow 
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diet. Mice had free access to food and water and all tissues were harvested from nonfasted 

mice.

DNA extraction from sterile liver

The right lobes of the murine livers were carefully dissected in a sterile fashion and 

then genomic DNA was isolated to quantify bacterial 16S as previously described 

with slight modifications17. Briefly, the tissue was weighed and homogenized using 

1.0mm Zirconia/Silica beads in PBST supplemented with Proteinase K, then digested 

with RNaseA and 10% SDS. The suspensions were then homogenized with UltraPure 

Buffer-Saturated Phenol (Thermo Fisher Scientific) and lysate was extracted twice with 

UltraPure Phenol:Chloroform:isoamyl alcohol (Thermo Fisher Scientific) and once with 

chloroform and sodium acetate buffer. DNA was then precipitated, washed with ethanol, and 

resuspended in sterile water. The 16S ribosomal RNA gene was amplified using established 

primers detailed below and the gene expression was normalized to host 18S.

Real-time quantitative PCR.

RNA was extracted from mouse livers and cDNA was generated. Primer sequences for 

mouse genes were obtained from the NIH qPrimerDepot. All primers used in this study are 

as follows, and gene expression was determined with Sybr Green (Bio-Rad Laboratories) 

using the ABI StepOnePlus real-time PCR system. The qPCR value was normalized to 18S.

Gene Primer Nucleotide Sequence

Mouse 18S F 5’-AGTCCCTGCCCTTTGTACACA-3’

R 5’-CGATCCGAGGGCCTCACTA-3’

Mouse Acta2 F 5’-GTTCAGTGGTGCCTCTGTCA-3’

R 5’-ACTGGGACGACATGGAAAAG-3’

Mouse Col1a1 F 5’-TAGGCCATTGTGTATGCAGC-3’

R 5’-ACATGTTCAGCTTTGTGGACC-3’

Mouse Cxcl1 F 5’-TGCACCCAAACCGAAGTC-3’

R 5’-GTCAGAAGCCAGCGTTCACC-3’

Mouse Ccl2 F 5’-ATTGGGATCATCTTGCTGGT-3’

R 5’-CCTGCTGTTCACAGTTGCC-3’

Mouse Il1b F 5’-GGTCAAAGGTTTGGAAGCAG-3’

R 5’-TGTGAAATGCCACCTTTTGA-3’

Mouse Tgfb1 F 5’-GGAGAGCCCTGGATACCAAC-3’

R 5’-CAACCCAGGTCCTTCCTAAA-3’

Mouse Tlr2 F 5’-CATCACCGGTCAGAAAACAA-3’

R 5’-ACCAAGATCCAGAAGAGCCA-3’

Mouse Tlr4 F 5’-ATGGCATGGCTTACACCACC-3’

R 5’-GAGGCCAATTTTGTCTCCACA-3’

Mouse Tnfa F 5’-AGGGTCTGGGCCATAGAACT-3’
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Gene Primer Nucleotide Sequence

R 5’-CCACCACGCTCTTCTGTCTAC-3’

Universal bacterial 16S F 5’-GTGSTGCAYGGYTGTCGTCA-3’

R 5’-ACGTCRTCCMCACCTTCCTC-3’

Bacteriodetes 16S F 5’-GGCGACCGGCGCACGGG-3’

R 5’-GRCCTTCCTCTCAGAACCC-3’

Firmicutes 16S F 5’-GGAGYATGTGGTTTAATTCGAAGCA-3’

R 5’-AGCTGACGACAACCATGCAC-3’

Proteobacteria 16S F 5’-TCGTCAGCTCGTGTYGTGA-3’

R 5’-CGTAAGGGCCATGATG-3’

Biochemical analysis.

LPS was measured in mouse serum extracted from the inferior vena cava using the 

Mouse Lipopolysaccharides ELISA Kit (Cusabio). The albumin content in mouse feces 

was measured by ELISA (Bethyl Laboratories). Feces were diluted in dilution buffer 

(100mg/ml) and analyzed following the manufacturer’s instructions. Serum levels of alanine 

aminotransferase (ALT) were determined using a previously described protocol which 

quantitates the activity of ALT via rate of NADH oxidation18. Hepatic triglyceride levels 

were measured using Triglyceride Liquid Reagents kit (Pointe Scientific).

Staining procedures.

To determine liver fibrosis, formalin-fixed tissue samples were embedded in paraffin and 

stained with Sirius red.

Statistical analysis.

Results are expressed as mean ± s.e.m. (except when otherwise stated). Significance of 

two groups or multiple groups were evaluated using two-sided unpaired Student’s t-test, or 

one-way analysis of variance (ANOVA) with Tukey’s post-hoc test, respectively.

RESULTS

Translocation of bacteria is restricted to ethanol-induced liver injury

First, we assessed translocation of bacterial LPS into the peripheral circulation of 

conventional mice treated subjected to ethanol- and Western diet-induced liver disease 

models. WT mice subjected to 2-week chronic-plus-binge ethanol, 8-week chronic ethanol, 

or Western diet all had significantly higher levels of serum LPS compared with controls, 

but Western diet resulted in significantly more LPS translocation than chronic ethanol 

(Figure 1a). Next, to model the effects of human microbiota from liver disease patients on 

liver disease progression, germ-free mice were humanized with AH and NASH microbiota 

from two different patients each. The microbiota composition between AH and NASH 

patients were different, with AH patients harboring higher abundance of Akkermansia and 

Veillonella species (Supplementary Figure 1). AH-microbiota humanized mice exhibited 
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higher baseline serum LPS levels, with a trend towards higher levels in chronic-plus-binge 

ethanol-fed mice. NASH-microbiota humanized mice fed a Western diet also exhibited 

significantly higher levels of serum LPS as compared with their controls. Compared with 

ethanol-induced liver disease models, treatment with Western diet in both traditional and 

microbiota-humanized mouse models resulted in significantly higher levels of bacterial LPS 

translocation (Figure 1a).

In contrast, when we assessed translocation of bacteria to the liver using 16S qPCR, we 

were only able to detect bacteria in the sterilely procured livers of mice subjected to ethanol 

treatment (Figure 1b). Ethanol-induced liver disease was associated with translocation of 

bacteria from both the gram-positive Firmicutes phylum and gram-negative Bacteroidetes 

and Proteobacteria phyla to the liver (Figure 1c).

To assess the effect of ethanol versus Western diet on intestinal permeability, fecal 

albumin levels were measured19 (Supplementary Figure 2). Similar to the effect seen 

in LPS translocation, fecal albumin levels were higher in treatment groups than control 

groups, indicating increased intestinal permeability in response to ethanol or Western diet 

treatment. However, in contrast to serum LPS levels, there was no significant difference 

in fecal albumin between Western diet and ethanol treatment in conventional mice; only 

NASH-microbiota humanized mice fed a Western diet demonstrated increased intestinal 

permeability compared with other treatments. Differences in the microbiota between 

conventional mice and microbiota humanized groups might contribute to changes in 

permeability.

Liver injury, inflammation, and fibrosis are correlated with translocation of LPS but not 
translocation of bacteria

We next compared the level of liver injury and inflammation in the five mouse models. 

While significant injury was induced by both Western diet and alcohol, Western diet 

induced more severe liver injury than chronic alcohol use, as demonstrated by serum ALT 

(Figure 2a). Further, serum ALT levels were significantly correlated with LPS translocation 

(Figure 2b). Gene expression of Ccl2 (C-C Motif Chemokine Ligand 2), an inflammatory 

chemokine produced primarily by injured hepatocytes and activated Kupffer cells and 

responsible for the recruitment of monocytes and lymphocytes, was also significantly 

elevated in livers subjected to Western diet compared with ethanol-induced liver injury 

(Figure 3a), whereas Cxcl1 (C-X-C Motif Chemokine Ligand 1), a hepatocyte-derived 

chemokine responsible for neutrophil recruitment, was only modestly elevated in Western 

diet-induced liver injury as compared with ethanol-induced injury (Figure 3c). Tnf (tumor 

necrosis factor) and Il1b (Interleukin 1 beta) showed similar patterns of significant elevation 

in both Western diet injury models as well as in AH-microbiota humanized mice fed ethanol 

(Figure 3e, g). Interestingly, though the gene expression of each of these inflammatory 

mediators was significantly correlated with LPS translocation (Supplementary Figure 3), 

when correlation was assessed on data stratified by ethanol versus diet-mediated injury, 

significant positive correlation was only seen for diet-induced steatohepatitis models (Figure 

3b, d, f, h).
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Similar to the patterns of liver inflammation, expression of genes associated with hepatic 

fibrosis such as Col1a1 (collagen type I alpha 1), Tgbf (transforming growth factor-beta), 

and Acta2 (actin alpha 2) were also most significantly elevated in livers subjected to Western 

diet compared with ethanol diet (Figure 4a–c). Further, significant positive correlation 

between LPS translocation and gene expression of Col1a1, Tgfb, and Acta2 was seen only 

in diet-induced steatohepatitis models (Figure 4b, d, f, Supplementary Figure 4a–c). Sirius 

red staining also demonstrates more severe fibrosis in Western diet-induced liver disease 

compared with ethanol-induced liver injury models (Figure 3g). No significant fibrosis was 

seen in the two-week alcohol models in both wild type and AH-microbiota humanized mice. 

Hepatic steatosis, as measured by hepatic triglyceride levels, is also increased in Western 

diet-induced compared with ethanol-induced liver disease (Supplementary Figure 5).

LPS induces hepatic inflammation via the TLR4 signaling pathway20, which has been 

implicated in the pathogenesis of both NASH and ALD, but direct comparison of the two 

modalities of injury has not yet been performed21. We found that in Western diet-induced 

liver injury models, the expression of Tlr4 was significantly increased compared with 

controls, similar to serum LPS levels (Figure 5a), while there was no significant difference 

with ethanol-induced injury models. Tlr2, which recognizes gram-positive bacterial cell wall 

components and has also been shown to promote liver inflammation and fibrosis in NASH 

and ALD, was also only significantly overexpressed in the livers of mice on Western diet 

and not in mice subjected to ethanol (Figure 5c). Increased LPS translocation was significant 

positively correlated with expression of Tlr2 and Tlr4 only in diet-induced steatohepatitis 

models (Figure 5b, d, Supplementary Figure 4d, e). Tlr2 and Tlr4 is expressed on 

parenchymal and non-parenchymal liver cells22.

DISCUSSION

In both alcohol-associated liver disease and nonalcoholic steatohepatitis, several 

mechanisms are disrupted at the interface between the gut microbiota and the 

intestinal epithelium, including increased intestinal permeability, dysregulation of bile 

acid metabolism, and decreased protective microbial metabolite production. Bacterial 

translocation is an important contributor to the liver inflammation and fibrosis seen in 

both ALD and NASH, but the role that it plays in disease pathogenesis in the two disease 

etiologies is not well understood. Most existing studies assess bacterial translocation via 

proxy measures such as quantifying bacterial components in the blood or inflammatory 

markers in the liver or serum11 or via in vitro assays23, and few studies have quantified 

bacterial abundance in the liver. In this study, we assessed bacterial translocation using 

two different methods: 1) we quantify LPS using an enzyme-linked immunoassay with 

antibodies purified against an E. coli LPS polymer in sterile harvested serum and confirmed 

these findings by measuring fecal albumin, and 2) we measured 16S rDNA quantitatively by 

PCR from bacterial DNA isolated directly from mouse livers dissected in a sterile fashion. 

We found that while there is increased intestinal permeability and translocation of bacterial 

products in all models, translocation of bacteria is restricted to ethanol-induced liver disease. 

Further, liver injury, inflammation, and fibrosis were positively associated with the severity 

of LPS translocation only in diet-induced steatohepatitis and not in ethanol-induced liver 

injury.
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The differences we see in translocation of viable bacteria versus bacterial components 

such as LPS in ethanol-induced versus diet-induced models of liver injury are consistent 

with existing literature. For example, mice deficient in Reg3g, an antimicrobial molecule 

that prevents translocation of viable bacteria but has no effect on LPS translocation, have 

increased susceptibility to ethanol-induced liver disease, but not to Western diet‐induced 

steatohepatitis17,24. Intestinal Reg3b and Reg3g are downregulated in mice fed an ethanol 

diet25, while they are not significantly changed in the intestine of mice fed a high fat diet26. 

This may explain the differences we see in bacterial abundance in the liver between these 

two etiologies of liver disease. We also see significant variation in bacterial translocation 

and intestinal permeability between individual mice in both ALD and NASH models, as has 

been reported in pre-cirrhotic ALD and NASH patients11,27, and the reason for this is not yet 

understood.

Further studies are also needed to understand why translocation of bacteria and LPS are 

discordant in diet-induced models and whether this contributes to the increased severity of 

liver injury, inflammation, and fibrosis. While increased intestinal permeability in treatment 

conditions (ethanol or Western-diet) mirrors the trends seen in LPS translocation, differences 

in intestinal permeability alone do not explain translocation of whole bacteria. One 

possibility is that phagocytic receptors on Kupffer cells, which are important for promoting 

hepatic clearance of translocated bacteria and found to be decreased in ALD12, may be 

affected differently in NASH. Another possibility is that the bacterial translocation that 

occurs in ethanol-induced liver injury promotes hepatic immune activation and clearance 

of LPS such that there is less detectable LPS in the peripheral circulation. An interesting 

recent study demonstrated a liver microbiome distinct from the gut microbiome and found 

that the recruitment of inflammatory cells to the liver and the level of intrahepatic leukocytic 

proliferation was dependent on the liver microbiome28. They found the liver microbiome 

was enriched for Proteobacteria, similar to our findings, and the levels of hepatic immune 

activation were specifically correlated to the relative abundance of Bacteroidetes in the liver. 

This would suggest that the increased serum LPS levels we see in diet-induced liver disease 

models may be secondary to a deficiency in immune activation and LPS clearance, which 

may also result in increased liver injury.

There may be additional implications for increased translocation of viable bacteria in ALD 

compared with NASH as liver disease progresses. For example, spontaneous bacterial 

peritonitis, a serious complication of cirrhosis associated with significant morbidity and 

mortality, is disproportionately seen in patients with cirrhosis secondary to ALD compared 

with NAFLD/NASH29,30. Additionally, increased translocation of viable bacteria in ALD 

may explain why liver-related mortality in MAFLD patients is driven by ALD9. As the 

prevalence of both ALD and NASH continues to rise, better understanding of the differences 

in liver injury driven by alcohol versus non-alcoholic means may help us understand the 

additive effects of injury when the two etiologies overlap.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Gut permeability and bacterial translocation are affected differently in ethanol versus 
diet-induced liver disease.
(a) Bacterial LPS concentrations in sterile harvested serum, (b) relative abundance of total 

bacterial DNA isolated from mouse livers dissected in a sterile fashion normalized to 

host 18S gene expression, and (c) hepatic DNA levels of Bacteroidetes, Firmicutes, and 

Proteobacteria, in the five models of liver disease, normalized to total amount of liver using 

mouse 18S primers. Results are expressed as mean ± s.e.m. (a–c). P values between mice 

in the control versus treatment groups were determined by two-sided Student t-test and p 

values among mice in different treatment groups were determined by one-way ANOVA with 

Tukeýs post-hoc test. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Diet-induced steatohepatitis is associated with more liver injury.
(a) Serum levels of ALT in the five models of liver disease. (b) Pearson’s correlation of 

serum ALT and serum LPS concentrations in mice from all groups. P values between mice 

in the control versus treatment groups were determined by two-sided Student t-test and p 

values among mice in different treatment groups were determined by one-way ANOVA with 

Tukeýs post-hoc test. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3. Diet-induced steatohepatitis is associated with more liver inflammation.
(a) Hepatic levels of (a) Ccl2, (c) Cxcl1, (e) Tnf, and (g) Il1b mRNAs in the five models of 

liver disease. Pearson’s correlation of (b) Ccl2, (d) Cxcl1, (f) Tnf, and (h) Il1b mRNAs and 

serum LPS concentrations in mice from all groups, stratified by ethanol versus diet-induced 

liver injury. P values between mice in the control versus treatment groups were determined 

by two-sided Student t-test. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4. Diet-induced steatohepatitis is associated with more liver fibrosis.
Hepatic levels of (a) Col1a1, (c) Tgfb, and (e) Acta2 mRNAs in the five models of liver 

disease. Pearson’s correlation of (b) Col1a1, (d) Tgfb, and (f) Acta2 mRNAs and serum LPS 

concentrations in mice from all groups, stratified by ethanol versus diet-induced liver injury. 

(g) Representative Sirius red-stained liver sections. P values between mice in the control 

versus treatment groups were determined by two-sided Student t-test. *P < 0.05, **P < 0.01, 

***P < 0.001. Scale bar indicates 200 um.
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Figure 5. Diet-induced steatohepatitis is associated with upregulation in the TLR signaling 
pathway.
Hepatic levels of (a) Tlr4 and (c) Tlr2 mRNAs in the five models of liver disease. Pearson’s 

correlation of (b) Tlr4 and (d) Tlr2 mRNAs and serum LPS concentrations in mice from all 

groups, stratified by ethanol versus diet-induced liver injury. P values between mice in the 

control versus treatment groups were determined by two-sided Student t-test. *P < 0.05, **P 

< 0.01, ***P < 0.001.
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