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Background: The pathogenesis of alcoholic liver disease (ALD) involves the interaction of several
inflammatory signaling pathways. Tumor progression locus 2 (TPL2), also known as Cancer Osaka Thyroid
(COT) and MAP3KS, is a serine-threonine kinase that functions as a critical regulator of inflammatory
pathways by up-regulating production of inflammatory cytokines. The present study aims to fill the gap in
knowledge regarding the involvement of TPL2 in the mechanism of alcohol-induced hepatic inflammation.
Methods: Male TPL2”" knockout (TPL2KO) mice and TPL2"* wild-type (WT) mice were group pair-fed
with Lieber-DeCarli liquid ethanol diet (EtOH diet, 27% energy from EtOH) or control diet (ctrl diet) for
4 weeks. Both histological and molecular biomarkers involved in the induction of hepatic inflammation by
alcohol consumption were examined.

Results: Consumption of the EtOH diet in WT mice lead to a significant induction of TPL2 mRNA
expression as compared with WT mice fed ctrl diet. A significant induction in inflammatory foci and steatosis
was also observed in WT mice fed EtOH diet. The deletion of TPL2 significantly reduced inflammatory foci
in the liver of mice consuming both ctrl and EtOH diets as compared to their respective WT controls. This
reduction was associated with suppression of hepatic inflammatory gene expression of interleukin-6 (IL-6),
tumor necrosis factor-o. (TNF-a), and interleukin-1p (IL-1p) and macrophage marker F4/80. In addition,
histological analysis of livers revealed that TPL2 deletion resulted in reduced steatosis in both ctrl (significant)
and EtOH (non-significant) diet-fed mice as compared to their respective WT controls.

Conclusions: The demonstration that TPL2 deletion attenuates alcohol-induced hepatic inflammation
provides evidence of a novel role for TPL2 in the pathogenesis of ALD.
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Introduction 6.2%—almost 16 million individuals—are categorized with

Excess consumption of alcohol is widespread throughout heavy alcohol use (defined as five or more drinks on the

the world and chronic intoxication of alcohol is known same occasion on each of 5 or more days in the past 30 days)

to cause serious organ damage. The Center for Disease and over 23% binge drink (defined as five or more drinks
Control reports that as of 2011, over 50% of the United on the same occasion on at least 1 day in the past 30 days) (1).
States population consumes alcohol (1). Of this population, Specifically, alcohol consumption is one of the most
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prominent factors contributing to liver disease—a major
cause of morbidity and mortality worldwide (2,3). The
initial development of alcoholic liver disease (ALD) is
characterized by hepatosteatosis (fatty liver) followed by
the development of alcoholic steatohepatitis. The disease
state can then further progress to the irreversible stages of
fibrosis and cirrhosis, and increase the risk for hepatocellular
carcinoma if alcohol consumption is continued (4-6).

The early stages of ALD are characterized by lipid
accumulation in the hepatocytes and activation of several
inflammatory signaling pathways (6-8). Specifically,
consumption of alcohol stimulates lipopolysaccharide (LPS)
to enter the circulation from the gut and activate Kupffer
cells via toll-like receptor 4 (TLR4) initiating production of
inflammatory mediators tumor necrosis factor-o (INF-a),
interleukin-6 (IL-6), and interleukin-1p (IL-1B) (9-12).
Mitogen-activated protein (MAP) kinases, including
extracellular receptor activated kinases 1/2 (ERK1/2) and
c-jun-N-terminal kinase (JNK), play an essential signaling
role in this inflammatory response (6,10,12-14).

Tumor progression locus 2 (TPL2), also known as
Cancer Osaka Thyroid (COT) and MAP3KS, is a serine-
threonine kinase that functions as a critical regulator of
inflammatory pathways by up-regulating production of
inflammatory cytokines. TPL2 functions downstream of
IkappaB kinase-p (IKK-p) to activate MAP kinases and up-
regulate production of inflammatory cytokines, including
IL-6, TNFo, and IL-1p (15). Specifically, TPL2 is known
to directly phosphorylates a MAP2K which further activate
the ERK1/2, JNK, and to a smaller extent p38 pathways
through the mechanism of direct phosphorylation (16,17).
TPL2 has been shown to be required for optimal TNFa
production by LPS-stimulated macrophages through
activation of ERK1/2 in response to TLR4 stimulation.
Further, TPL2 knockout (KO) mice were shown to be
resistant to LPS-induced pathology, due to low production
of TNFa (18). TPL2 also positively regulates mRNA
and protein induction of IL-1B following stimulation
of macrophages with LPS through TLR-induced ERK
activation (19,20). Recently, we have demonstrated that
TPL2 KO mice had significantly lower incidence of liver
tumors and developed hepatocellular adenoma only,
which is contrast to wild-type (WT) mice where they all
developed hepatocellular carcinoma (21). In addition, TPL2
KO mice had significantly down-regulated phosphorylation
of JNK and ERK, and levels of mRNA expression of pro-
inflammatory cytokines, which correlated with the reduced
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incidence and number of hepatic inflammatory foci (21).
These data raise an important question of whether
TPL2 plays a role in the mechanism of alcohol-induced
inflammation. To our knowledge, this question has not yet
been investigated.

This study utilized WT and TPL2KO mice to
investigate the role of TPL2 in an alcohol-fed mouse
model. Potential alterations of histological and biochemical
changes known to be involved in the induction of hepatic
inflammation by alcohol consumption were examined in our
model.

Methods
Animals and diet

Male TPL2"* WT and TPL2”" KO mice were provided
by Dr. Philip Tschilis (Tufts University, Boston, MA) and
backcrossed into C57BL/6J mice for >9 generations , as
previously described (18,22). Experimental mice were fed
a Lieber-DeCarli liquid ethanol diet [EtOH diet, 27% of
total calories as EtOH vyielding an EtOH concentration
of 5% (vol/vol)] or control diet (ctrl diet, where EtOH is
replaced by isocaloric amounts of maltodextrin) (Dyets, Inc.,
Bethlehem, PA, Germany) daily. The Lieber-DeCarli liquid
diet conserved the advantage of having all the ingredients
resolved in water and food intake is easily monitored, and
has been widely used in alcohol research. The Lieber-
DeCarli Liquid Diet meets the National Research Council
Committee on Animal Nutrition (NRC) recommendations
for murine diets. Following breeding, mice 10-20 weeks
of age were randomized into four groups. Groups include:
I) WT + ctrl diet; (II) TPL2KO + ctrl diet; (IIT) WT +
EtOH diet; and IV) TPL2KO + EtOH diet. Following an
adaptation to the ctrl diet for one week, the EtOH diet-fed
group was allowed free access to diet containing 1% (vol/vol)
EtOH followed by gradually increasing concentrations
of EtOH over a two week adaptation period. Mice were
then group-pair fed the full 5% (vol/vol) EtOH or ctrl
diet for a 4-week treatment period. Mice were group pair-
fed with EtOH diet as lead group for the duration of the
animal protocol. Animal growth was monitored via weekly
weighing and dietary intake was assessed daily. As the
Lieber-DeCarli liquid diets provide sufficient amounts of
water, no extra fluids were given for the duration of the
studies. Upon completion of the study timeline, animals
were terminally exsanguinated under deep isoflurane
anesthesia. All animal protocols and procedures were done
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under the approval of the Institutional Animal Care and
Use Committee at the USDA Human Nutrition Research
Center on Aging at Tufts University.

Quantification of bepatic inflainmatory foci

Formalin-fixed and paraffin-embedded liver tissue was
routinely processed for hematoxylin and eosin (H&E, Sigma
Aldrich) staining. The severity of liver inflammation was
estimated by the number of inflammatory foci present in
each sample, as previously described (23). Briefly, foci were
counted on 20 separate fields of view at 100x magnification
by two separate blinded investigators for each sample. The
mean number of foci was calculated for each group and then
compared. A ZEISS microscope with a PixeLINK USB
2.0 (PL-B623CU) digital Camera and PixeLINK pScope
Microscopy Software was used for image capturing.

Quantification of steatosis

Formalin-fixed and paraffin-embedded liver tissue was
routinely processed for H&E staining. The degree of
steatosis was analyzed by capturing 20 images at 100x
magnification, as previously described (24). Briefly, images
were blindly evaluated by two separate investigators
regarding the grade of steatosis (both macro- and micro-
vesicular) using a 0-4 grading system based on the
percentage of the liver section that is occupied by fat
vacuoles (grade 0 <5% steatosis; grade 1 =5-25%; grade 2
=26-50%; grade 3 =51-75%; grade 4 >75%). A ZEISS
microscope with a PixeLINK USB 2.0 (PL-B623CU)
digital Camera and PixeLINK pScope Microscopy
Software was used for image capturing. Hepatic triglyceride
concentrations were measures using the commercial Wako
L-type TG M kit (Wako Diagnostics, Richmond, VA, USA)
and expressed per pg protein.

RNA extraction and real time-PCR

RNA was isolated using TriPure Isolation Reagent
(Roche) as per manufacturer’s instructions, with minor
changes. cDNA was then synthesized from RINA samples
using M-MLYV reverse transcriptase (Invitrogen). Real-
time PCR reactions were carried out using SYBR
green (Fast Start Universal SYBR Green Master,
Roche). Specific primers used are as follows: TPL2
(forward, AAACCAGAGCCGATGTTCCT; reverse,
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TCGACCACAAGAATGTGGAA), TNFa (forward,
CAAACCACCAAGTGGAGGAG,; reverse, CGGACTC
CGCAAAGTCTAAG), IL-6 (forward, GGATACC
ACTCCCAACAGACCT; reverse GCCATTGCA
CAACTCTTTTCTC), IL-1B (forward, TCTTT
GAAGTTGACGGACCC; reverse, TGAGTGATA
CTGCCTGCCTG), MCP-1 (forward, TCAGCC
AGATGCAGTTAACGC; reverse, TCTGGACCC
ATTCCTTCTTGG), F4/80 (forward, CTTTGGCTAT
GGGCTTCCAGTC; reverse, GCAAGGAGGAC
AGAGTTTATCGTG), TLR4 (forward, TGTCATCA
GGGACTTTGCTG; reverse, TGTTCTTCT
CCTGCCTGACA), and GAPDH (forward, CTGGAG
AAACCTGCCAAGTATG; reverse, TGAAGTCGCAG
GAGACAACCT. Relative changes in gene expression

were determined using the -2°*“ method and normalized

to the housekeeping gene glyceraldehyde 3-phosphate
dehydrogenase (GAPDH).

Protein isolation and western blotting

Whole cell liver lysate was extracted and Western blots
were performed utilizing 25-50 pg protein as previously
described (25). Specific antibodies used include
phosphorylated-JNK (Cell Signaling #9251), total-JNK
(Cell Signaling #9258), phosphorylated-ERK1/2 (Cell
Signaling #9101), and total-ERK1/2 (Cell Signaling #9102).
Proteins were detected using Super Signal West Pico
Chemiluminescent Substrate (Thermo Scientific). Protein
bands were quantified using a densitometer (Bio-Rad GS-
710, Bio-Rad Laboratories) and phosphorylated protein
levels are expressed respective to total protein levels.
Protein levels of the housekeeping gene GAPDH (Millipore
MAB374) were utilized to ensure equal protein load.

Statistical analyses

Data are represented as means + SEM. Data were log
transformed if needed to obtain normal distribution and
statistical differences were determined by #-test and one-
way ANOVA with Tukey’s HSD to adjust for multiple
comparisons. Kruskal-Wallis overall test followed by
Wilcoxon rank-sum test was used for ordinal variables in
the steatosis data. All statistical analyses were performed
using Statistical Analysis System (SAS®) software; version
9.2 (SAS Institute, Inc., USA) and significance was set at
P<0.05.
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Table 1 Weight data of TPL2 WT and KO mice
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) Ctrl diet 27% EtOH diet
Weight data
WT (n=5) TPL2KO (n=5) WT (n=9) TPL2KO (n=7)

Body weight (g)

Initial weight 23.4+0.74° 21.3+1.86" 23.4+0.47° 22.7+1.25°

Final weight 40.9+1.64° 32.9+1.92° 26.9+0.57° 28.4+2.13°

% wt. change +73% +56% +15% +25%
Liver (g) 1.42+0.06° 1.02+0.07° 1.24+0.06%° 1.3120.14%
Liver/body weight ratio 0.04+0.001° 0.03+0.003° 0.05+0.002% 0.04+0.001°
Subcutaneous fat (g) 1.96+0.15° 1.51+0.12° 0.43+0.03° 0.71+0.30°
Subcutaneous fat/body weight ratio 0.05+0.004° 0.05+0.001° 0.02+0.001° 0.02+0.002°
Gonadal fat (g) 1.97+0.14° 1.12+0.07° 0.49+0.03° 0.61+0.21%
Gonadal fat/body weight ratio 0.05+0.002° 0.03+0.001° 0.02+0.001° 0.02+0.002°

Mice were fed ctrl or 27% EtOH diet for 4 weeks. Data presented as means + SEM. One-way ANOVA followed by Tukey’s
HSD was performed. *>°, for a given row, data not sharing a common superscript letter are statistically significant from each
other (P<0.05). Abbreviations: ctrl diet, control diet; EtOH diet, ethanol diet; WT, wild-type; TPL2KO, tumor progression locus 2

knockout; wt, weight.

Results

Effect of TPL2 deletion on final weights of mice fed ctrl
and EtOH diets

Male WT and TPL2KO mice were group pair-fed a 27%
EtOH or ctrl diet for 4 weeks. As expected, both WT and
TPL2KO mice fed EtOH diet had significantly decreased
body weights as compared with WT and TPL2KO mice
fed ctrl diet (Table 1). WT and TPL2KO mice fed EtOH
diet did not have significant changes in liver weight;
however, analysis did reveal a significant decrease in ratio of
liver weight to body weight, subcutaneous fat, and gonadal
fat and a significant increase in fat (both subcutaneous and
gonadal) as a percent of body weight as compared with WT
and TPL2KO mice fed ctrl diet. Surprisingly, TPL2KO
mice fed ctrl diet had significantly decreased body weight
as compared to their WT controls. These mice also had
significantly decreased liver, subcutaneous fat, and gonadal
fat weights as compared with their WT controls. However,
no significance was found for liver weight or fat weight as
a percent of body weight. No differences were found when
comparing WT and TPL2KO mice fed EtOH diet for any

of the measured outcomes.

EtOH diet increases bepatic TPL2 expression
WT mice fed EtOH diet for 4 weeks had a significant
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increase (~1.5 fold, P=0.006) in hepatic 7p/2 mRNA
expression as compared with WT mice fed ctrl diet
(Figure I). As expected, hepatic Tp/2 expression was not
detected in TPL2KO mice fed either ctrl or EtOH diet.

TPL2 deletion reduces bepatic steatosis in ctrl diet-fed mice

The effects of TPL2 deletion on hepatic steatosis were
examined by hepatic triglyceride concentrations and
histological analysis of H&E stained slides. Analysis of
hepatic triglyceride concentrations revealed 73.1+0.01 pg/pg
protein and 72.1+0.01 pg/pg protein in ctrl and EtOH
diet fed W'T mice, respectively. TPL2KO mice had
concentrations of 62.5+0.02 pg/pg protein and 67.7+
0.01 pg/pg protein in ctrl and EtOH diet fed mice,
respectively. No significant differences were seen among any
of the experimental animal groups. Histological analysis of
H&E stained slides reveals a significant induction of hepatic
steatosis in W'T mice fed EtOH diet (Table 2). The median
value of the steatosis score increased from 2 to 4 with the
consumption of the EtOH diet in WT mice. TPL2KO
mice fed ctrl diet had significantly reduced liver steatosis
as compared with W'T mice with 60% of mice with a
score of 0 compare with none in the WT group. TPL2KO
mice fed EtOH diet had a nonsignificant reduction in the
median value of liver steatosis as compared with WT mice,
decreasing from a score of 4 to a score of 2.
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Figure 1 Hepatic TPL2 mRNA expression is significantly
increased with EtOH diet. TPL2 mRNA expression was examined
in livers of WT and TPL2KO mice. No mRNA expression was
detected in any of the TPL2KO mice. Values expressed as mean
+ SEM and n=5-9. The #-test was performed on log transformed
data for each treatment group. (*, P<0.05). Abbreviations: N.D.,
not determined; ctrl diet, control diet; EtOH diet, ethanol diet;
TPL2, tumor progression locus 2; WT, wild-type; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase.

TPL2 deletion reduces bepatic inflammatory foci and
cytokine expression

Consumption of the EtOH diet significantly increased
inflammatory foci in WT and TPL2KO mice by
approximately 2 and 2.4 fold, respectively, as compared to
mice fed ctrl diet (Figure 2). Ablation of TPL2 significantly
reduced hepatic inflammatory foci in mice fed EtOH diets
(~2 fold reduction) and in those fed the ctrl diets (~2.5
reduction) diets as compared to their relative WT controls
(P<0.05). Consistent with these histological changes,
hepatic expression of inflammatory cytokines TNFo, IL-6,
and IL-1p as well as the macrophage marker F4/80 were
significantly decreased in TPL2KO mice fed both ctrl and
EtOH diets as compared to their respective WT' controls
(P<0.05). Hepatic mRINA expression is detailed in Figure 3.

Effect of TPL2 deletion on bepatic MAP kinase activity

Potential alterations in MAP kinase signaling were
investigated through Western blot analysis. MAP kinase

© HepatoBiliary Surgery and Nutrition. All rights reserved.

33

Table 2 TPL2 deletion reduces liver steatosis in mice
fed ctrl diet

. Ctrl diet EtOH diet
Steatosis
. TPL2KO TPL2KO
grading WT (n=5) WT (n=9)
(n=5) (n=7)

Distribution

0 0 3 0 0

1 2 2 0 1

2 3 0 3 4

3 0 0 1 0

4 0 0 5 2
Median value  2° 0° 4° 2%

Twenty images at 100x magnification were captured for
each section and blindly evaluated twice regarding the
grade of steatosis (both macro- and micro-vesicular) by
two separate investigators. The degree of steatosis was
graded 0-4 based on the area of the liver section occupied
by fat vacuoles. Kruskal-Wallis overall test followed by
Wilcoxon rank-sum test was used to test for statistical
significance among the median value for each group. *°°,
data not sharing a common superscript letter are statistically
significant from each other (P<0.05). Abbreviations: ctrl diet,
control diet; EtOH diet, ethanol diet; WT, wild-type; TPL2KO,
tumor progression locus 2 knockout.

activation was examined through phosphorylated levels
relative to total protein levels of ERK1/2 and JNK for
each experimental animal group. No significant differences
were found between four groups (n=5-9) analyzed for
phosphorylated-ERK1/2 (WT ctrl diet, 1.0+0.30; TPL2KO
ctrl diet, 0.92+0.19; WT EtOH diet, 1.50+0.42; and
TPL2KO EtOH diet, 1.21+0.24) or phosphorylated-JNK
(WT cul diet, 1.0£0.36; TPL2KO ctrl diet, 0.68+0.31;
WT EtOH diet, 1.68+0.44; and TPL2KO EtOH diet,
0.91£0.38).

Discussion

The broad spectrum of injury to the liver, including
the induction of inflammation, that is brought on by
chronic and excessive alcohol consumption has been well
established. However, the exact molecular mechanisms
behind this injury have yet to be fully elucidated. Our study,
for the first time, utilized TPL2KO mice in an alcohol-fed
mouse model to clearly demonstrate the involvement of
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Figure 2 Deletion of TPL2 reduces hepatic inflammatory foci
in mice fed both ctrl and EtOH diet. Twenty images at 100x
magnification were captured for each section and blindly evaluated
twice regarding the severity of liver inflammation by two separate
investigators. Severity of liver inflammation was estimated by
the number of inflammatory foci present. Values are expressed as
means + SEM. ANOVA followed by Tukey’s HSD was performed
on log transformed data. A,B,C, data not sharing a common
superscript letter are statistically significant from each other
(P<0.05). Insert: representative inflammatory foci as seen on a
H&E stained slide. Abbreviations: ctrl diet, control diet; EtOH
diet, ethanol diet; WT, wild-type; TPL2KO, tumor progression
locus 2 knock-out.

TPL2 in alcohol-induced hepatic inflammation. Although
the mechanism(s) is unclear, importantly, hepatic Tp/2
mRNA expression significantly increased in WT mice fed
EtOH diet, further supporting the proposed role of TPL2
in the pathogenesis of ALD. As expected, consumption of
the EtOH diet significantly decreased final body weights
and fat composition in both WT and TPL2KO mice in our
study. Surprisingly, significant changes including a decrease
in final body weight, liver weight, and fat (subcutaneous
and gonadal) weight were found in TPL2KO mice fed ctrl
diet as compared with WT mice fed ctrl diet. However, no
changes were found between WT and TPL2KO mice fed
EtOH diet in any of the final weight outcomes. Although
we cannot explain the differences between our TPL2KO
and W'T mice that are seen in our ctrl vs. EtOH diets, it is
important to note that the observed alterations in hepatic
injury outcomes in our alcohol model seen between WT
and TPL2KO mice cannot be explained by changes in
weight outcomes.
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An increased presence of hepatic inflammatory foci,
characterized by clusters of recruited immune cells, is a
well-known histological feature of ALD. In this study
we have shown that TPL2 plays a crucial role in the
development of alcohol-induced hepatic inflammation.
Our study revealed that the absence of TPL2 significantly
reduces the number of hepatic inflammatory foci in mice
consuming both ctrl and EtOH diet as compared to their
W controls. This observation was associated with a
decrease in hepatic expression of inflammatory cytokines
TNFa, IL-6, and IL-1f and the macrophage marker F4/80.
Our result is in agreement with a previous study showing
that TPL2 KO mice exhibited reduced hepatic injury after
acetaminophen challenge, as evidenced by decreased serum
levels of both alanine and aspartate aminotransferases,
decreased hepatic necrosis, and increased survival relative
to WT mice (26). On the other hand, it has been shown
that luteolin, one of the common phytonutrients present
in celery, parsley, broccoli and herbal spices, could target
TPL2 and inhibited its activity in vitro (27). Interestingly,
our recent in vivo study has shown that luteolin treatment
can inhibit alcohol-promoted, a carcinogen-initiated hepatic
carcinogenesis in mice (28). The dramatic reduction in
alcohol-induced hepatic inflammation with loss of TPL2 in
the present study provided a strong supporting evidence for
TPL2 as a new potential target for treatment of ALD.

TPL2 functions to activate downstream signaling of
both ERK1/2 and JNK pathways via phosphorylation.
Indeed, our recent study showed that there was a significant
decrease in the phosphorylation of JNK1/2 and ERK1/2 in
TPL2KO mice as compared with WT mice (21). Therefore,
we were interested in the investigation of the impact of
TPL2 deletion on the phosphorylation of ERK1/2 and JNK
in our alcohol-induced hepatic injury model. Unexpectedly,
we were not able to see a statistically significant difference
in the phosphorylation levels of either ERK1/2 or JNK in
mice fed with alcohol diet, as compared with the control
diet. Although this is in agreement with the observation
reported by Perfield ez al. in liver tissue of TPL2KO mice
in an obesity model (22), it is possible that our sample
size is relative small. In addition, a previous study found
expression of TPL2 was significantly reduced in hepatocytes
as compared to Kupffer and hepatic stellate cells (29). As
hepatocytes are the major cell type found in the liver, this
could explain the lack of significance found in downstream
signaling of phosphorylated-ERK1/2 and phosphorylated-
JNK and would require analysis of signaling in specific cell
types instead of whole liver tissue as was performed.
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Figure 3 TPL2 deletion decreases inflammatory and macrophage marker gene expression. TPL2 deletion decreases relative mRNA

expression of inflammatory and macrophage markers in liver tissue in mice fed ctrl and EtOH diet. Values expressed as mean + SEM and
n=5-9. The 7-test was performed on log transformed data for each treatment group. (*, P<0.05). Abbreviations: ctrl diet, control diet; EtOH
diet, ethanol diet; W, wild-type; TPL2KO, tumor progression locus 2 knock-out; TNFa, tumor necrosis factor o; IL-6, interleukin 6;
IL-1, interleukin 1p; MCP1, monocyte chemoattractant protein 1; TLR4, toll-like receptor 4; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.

The present study also investigated the presence of the Lieber-DeCarli ctrl diet contains 35% total calories
hepatic steatosis in our experimental mice. We demonstrated as fat without enough fiber. Therefore, the presence of
that the absence of TPL2 significantly reduced hepatic low-grade steatosis in our WT ctrl diet mice would be
steatosis in mice fed ctrl diet. This is not surprising, as expected. Further, it has been shown that ablation of TPL2
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significantly reduces lipid accumulation in mice fed a high
fat diet (22), thus supporting our observed results in the
ctrl diet. Although the mechanism(s) of this phenomenon
needs further investigation, we have recently demonstrated
that Tpl2 ablation in mice fed with high fat diet resulted
in a significant decreased endoplasmic reticulum stress
biomarkers, especially in the PERK-elF2a pathway which
is associated with decrease of hepatic steatosis, and the
down-regulated protein expression of genes related to do
novo lipogenesis, such as ACC and SCD1 (21). We did
observe a reduction in the steatosis score of TPL2KO mice
fed EtOH diet, but this reduction did not reach statistical
significance. However, we believe that this reduction has
biological relevance as the median value of steatosis score
was reduced from a 4 down to a 2 in these animals. The lack
of statistical significance is most likely due to a combination
of low sample size and the large variability in iz vive samples
and should be addressed using a larger sample size in future
studies. To support our steatosis data, hepatic triglyceride
concentrations were also analyzed; however no differences
between groups were found. It is important to note that
there are large regional distributions of steatosis in the liver
and the small amount of protein (approximately 50 pg)
used for biochemical analysis may not represent the liver
as a whole. Therefore, we feel the histological analysis of
steatosis is a better representative of the sample and are
confident with the results.

In summary, the present study clearly demonstrates the
critical role of TPL2 in the pathogenesis of alcohol-induced
hepatic inflammation. Specifically, we observe a non-
significant reduction in hepatic steatosis and a significant
reduction in both the presence of hepatic inflammatory
foci and mRNA expression of inflammatory cytokines
(TNFa, IL-6, and IL-1f) and macrophage marker F4/80 in
TPL2KO mice fed alcoholic diet as compared with WT
mice. These data add to our understanding of the molecular
mechanisms behind the development of ALD, and provide
a potential new avenue for molecular targets for prevention
and treatment of ALD.
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