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Abstract

Background—Peroxisome proliferator-activated receptor gamma (PPARYy) signaling has been
shown to regulate lipogenesis and lipid accumulation. Previous studies have shown that hepatic
PPARY is up-regulated in steatotic liver of both animal and human. However, the effects of hepatic
PPAR-y signaling on alcoholic liver disease (ALD) remain elusive.

Methods—In order to determine the role of hepatic PPARy signaling on ALD, wild type (WT)
and hepatocyte-specific PPARy knockdown (PPARyAHep) mice were fed a modified Lieber-
DeCarli alcohol or isocaloric maltose dextrin control liquid diet for 8 weeks to induce ALD. Blood
parameters, hepatic steatosis, and inflammation were measured after 8-week alcohol feeding.

Results—Alcohol feeding to WT mice resulted in liver damage (alanine aminotransferase (ALT),
94.68 £ 17.05 U/L; aspartate aminotransferase (AST), 55.87 £ 11.29), which was significantly
alleviated by hepatic PPARy knockdown (ALT, 57.36 + 14.98 U/L; AST, 38.06 + 3.35). Alcohol
feeding led to marked lipid accumulation and up-regulation of lipogenic genes including fatty acid
transport protein 1 (FATP1), acetyl-CoA carboxylase (ACC), fatty acid synthase (FASN), lipin1,
diacylglycerol acyltransferases 1 (DGAT1), and diacylglycerol acyltransferases 2 (DGAT2) in the
livers of WT mice. Knockdown of hepatic PPARy significantly alleviated alcohol-induced lipid
accumulation and abolished the up-regulation of FASN, DGAT1, and DGAT2. Silencing of
PPARY in FL83B cells significantly decreased ethanol-, linoleic acid-, and ethanol plus linoleic
acid-induced lipid accumulation. Knockdown of hepatic PPARy also significantly reduced
alcohol-induced inflammatory chemokine (monocyte chemotactic protein 1 (MCP1), keratinocyte-
derived chemokine (KC), interferon gamma-induced protein 10 (IP-10)) and inflammatory
infiltration (lymphocyte antigen 6 complex, locus G (Ly6G), and F4/80).
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Conclusions—The results suggest that hepatic PPARy signaling contributes to alcohol-induced
liver injury by promoting hepatic steatosis and inflammation.
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Introduction

Peroxisome proliferator-activated receptor gamma (PPARy), a type Il nuclear receptor,
transcriptionally controls numerous cellular processes, including lipid metabolism, glucose
homeostasis, and inflammation. It has been implicated in the development of many diseases
including obesity, diabetes, atherosclerosis, and cancer (Guan and Breyer, 2001). Data
showed that PPARy is abundantly expressed in mature adipocytes and is elevated in the
livers of animals that develop fatty livers (Schadinger et al., 2005). Up-regulation of PPARy
and its targeted gene, CD36, was observed in mouse liver as early as 2 weeks after high fat
diet feeding (Inoue et al., 2005). PPARYy is also markedly elevated in steatotic livers of the
A-ZIP/F-1 mice, a model of severe congenital lipoatrophic diabetes (Chao et al., 2000), and
other mouse models of hepatic steatosis, including o6/0b model of diabetic mice and KKAy
diabetic mice (Bedoucha et al., 2001, Rahimian et al., 2001). Moreover, PPARy is also up-
regulated in the liver of obese patients with nonalcoholic fatty liver disease (NAFLD)
(Pettinelli and Videla, 2011), indicating that increased PPARYy is a general property of
steatotic liver.

Alcohol consumption has long been known as a risk factor for both disease and death.
Alcohol abuse has been causally related to more than 60 different medical conditions
including alcoholic liver disease (ALD), which typically evolves through three progressive
stages: steatosis (fatty liver), hepatitis, and cirrhosis (Corrao et al., 2004, Zhang et al., 2015,
Beier et al., 2011). Chronic alcohol feeding contributes to the development of fatty liver
through multiple mechanisms including increase of plasma corticosterone (Sun et al., 2013),
induction of zinc deficiency (Zhong et al., 2013), hyperlipolysis of adipose tissue and
reverse triglyceride (TG) transport to liver (Zhong et al., 2012), and induction of leptin
deficiency (Tan et al., 2012). However, the effect of chronic alcohol consumption on hepatic
PPARy signaling and the role of hepatic PPARy signaling pathway in ALD remain unclear
and needs to be elucidated. In the present study, a mouse model of chronic alcohol
consumption was designed to investigate the role of hepatic PPARy signaling pathway in
ALD.

Materials and Methods

Animals and alcohol feeding experiments

Albumin-Cre recombinase transgenic (Albumin-Cre Tg) mice and PPARy1oX/flox mice were
purchased from The Jackson Laboratories (Bar Harbor, MA). The two lines were
intercrossed to generate albumin-Cre/* PPARyf1oX/flox mice (PPARyAHep). Cre-negative
animals were used as wild type (WT) controls. Eight-week-old male PPARyAHep and WT
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mice were pair-fed a modified Lieber-DeCarli alcohol (alcohol-fed, AF) or isocaloric
maltose dextrin control (pair-fed, PF) liquid diet for 8 weeks (n = 8). The diet was purchased
from Dyets Inc. (Bethlehem, PA). The ingredients of the diet can be found at http://
dyets.com//?s=Lieber+DeCarli++Rat+Diet. In brief, the ethanol content (%, w/v) in the diet
was start with 3 and gradually increased to 4.4. The amount of food given to the pair-fed
mice was that the alcohol-fed mice consumed in the previous day. The animal protocol was
approved by the Institutional Animal Care and Use Committee of the North Carolina
Research Campus (13016). At the end of 8-week feeding, mice were anesthetized with
inhalational isoflurane, epididymal white adipose tissue (EWAT) and livers were collected.

Determination of liver injury

Liver injury was determined by measuring plasma enzyme activity, liver pathology, and lipid
accumulation. Plasma alanine aminotransferase (ALT) activity and aspartate
aminotransferase (AST) activity were colorimetrically measured using Infinity ALT Reagent
and Infinity AST Reagent, respectively (Thermo Scientific, Waltham, MA). Liver tissue
paraffin sections were prepared and stained with hematoxylin and eosin (H-E). Quantitative
assay of TG in liver tissue were measured by TG Quantification Colorimetric/Fluorometric
Kit (BioVision, Milpitas, CA). Liver cholesterol concentrations were measured with the
Infinity Cholesterol Reagent (Thermo Scientific, Waltham, MA).

Blood metabolites assay

Blood glucose was measured using a One-Touch Ultra2 blood glucose meter (Life Scan,
Milpitas, CA). Plasma TG and cholesterol concentrations were measured with the Infinity
TG Reagent and Infinity Cholesterol Reagent (Thermo Scientific, Waltham, MA),
respectively. Concentrations of plasma free fatty acids (FFA) were determined with a FFA
Quantification Kit (BioVision, Mountain View, CA).

Immunoblot analysis

Liver tissue proteins were extracted by T-PER tissue extraction reagent (Thermo scientific)
containing protease inhibitors (Sigma-Aldrich, St. Louis, MO). Aliquots containing 40 pg
proteins were loaded onto a 10% sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE).
After electrophoresis, proteins were transferred to a polyvinylidene fluoride (PVDF)
membrane. The membrane was probed with polyclonal antibodies against PPAR-y (Cell
Signaling Technology, Danvers, MA), SREBP-1c (#LS-B93, LSBio, Seattle, WA) and f-
Actin (Santa Cruz Biotechnology, Inc., Santa Cruz, CA), respectively. The membrane was
then incubated with HRP-conjugated goat anti-rabbit 1gG, or goat anti-mouse 1gG antibody.
The protein bands were visualized by an Enhanced Chemiluminescence detection system
(GE Healthcare, Piscataway, NJ) and quantified by densitometry analysis.

Immunohistochemical staining

Liver tissue sections were rehydrated and incubated overnight at 4°C with anti-SREBP-1c
antibody, followed by incubation with a horseradish peroxidase-conjugated secondary
antibody (Thermo Scientific, Waltham, MA) for 30 min at room temperature. Visualization
was conducted using diaminobenzidine as HRP substrate.
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Silencing of PPARYy in FL83B mouse hepatocytes

Mouse FL83B hepatocytes (ATCC CRL-2390) from American Type Culture Collection
(Rockville, MD, USA) were grown in ATCC-formulated F-12K Medium (Rockville, MD,
USA) containing 10% fetal bovine serum (FBS; Atlanta Biologicals, Lawrenceville, GA),
100 U/mL penicillin and 100 pg/mL streptomycin (Invitrogen), at 37 °C in a humidified
atmosphere of 5% CO,. FL83B cells were transfected with PPARy shRNA lentiviral
particles (#sc-29456-v) or control ShRNA lentiviral particles (#sc-108080) (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA) according to manufacture protocol. Stable clones
expressing the shRNA were selected using Puromycin dihydrochloride (sc-108071, Santa
Cruz Biotechnology, Inc., Santa Cruz, CA).

Determination of PPARYy effect on alcohol-induced lipid accumulation in vitro

FL83B-si-PPARYy and FL83B-si-Control cells were treatment with ethanol (100mM),
linoleic acid (200uM), or ethanol plus linoleic acid for 48 hours. Cells were fixed with 10%
formalin and processed with Oil Red O solution (#01391, Sigma-Aldrich, St. Louis, MO) to
stain neutral lipids.

gqPCR analysis

Total RNA was isolated from liver with TRIzol reagent (Life Technologies, Grand Island,
NY) and reverse transcribed with TagMan Reverse Transcription Reagents (Applied
Biosystems, Carlshad, CA). The gene expression of related mMRNA was measured in
triplicate with SYBR green PCR Master Mix (Qiagen, Valencia, CA) by the comparative
cycle threshold method using 7500 real-time PCR system (Applied Biosystems). The data
were normalized to the geometric mean of mRNA levels of 18s rRNA, B-Actin, and 36B4
and presented as fold changes, setting the values of WT-PF mice as one (Vandesompele et
al., 2002, Derveaux et al., 2010). The AACT method was used for data analysis to determine
the fold differences in levels of expression. The forward and reverse primers shown in Table
1 were purchased from Integrated DNA Technologies (Coralville, 1A).

Statistics
Results are expressed as mean * standard deviation (SD). Data were analyzed by Andeson-
Darling test. Results showed that all data were normally distributed. Differences between
two groups were analyzed by two-tail Student's #test. Differences among multiple groups
were analyzed by two-way analysis of variance (ANOVA) followed by Bonferroni post-tests.
Differences between groups were considered significant at < 0.05.

Results

Chronic alcohol feeding induces hepatic steatosis and up-regulated PPARy in mouse liver

To find out the effect of chronic alcohol consumption on hepatic PPARy signaling, the
expression levels of hepatic PPARy after 8-week alcohol feeding were examined. H-E
staining of liver section demonstrated that 8 weeks of alcohol feeding increased both the
number and size of lipid droplets in the livers of WT mice (Figure 1A). Moreover,
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immunoblot analysis showed that 8 weeks of alcohol feeding significantly elevated the
expression levels of PPARy in the livers of WT mice (Figure 1B).

Knockdown of PPARYy in hepatocytes attenuates alcohol-induced increase of liver to body

weight ratio

Knockdown

Knockdown

Because PPARy was up-regulated in alcoholic steatotic liver, PPARyAHep mice were
produced. Western blot analysis showed that hepatic PPAR~y was successfully knocked
down (Figures 2A, 2B). No significant difference was found before alcohol feeding in body
weight and food consumption between WT and PPARyAHep mice (data not shown). Next,
WT and PPAR-yAHep male mice were used to investigate the specific role of hepatic PPARy
signaling in the development of ALD. Eight weeks of alcohol feeding significantly lowered
body weight (Figure 2C) and EWAT weight (Figure 2D), had no significant effect on liver
weight (Figure 2E), but resulted in significant increase of liver to body weight ratio (Figure
2F) in WT mice. Knockdown of hepatic PPARy did not affect the alcohol-induced changes
of body weight or EWAT weight (Figures 2B-2C), but significantly attenuated alcohol-
induced increase of liver to body weight ratio (Figure 2F) in PPARyAHep mice.

of hepatic PPARYy alleviates alcohol-induced liver injury

To determine if knockdown of PPARYy in hepatocytes alleviates hepatic injury, serum ALT
and AST were measured. As shown in Figure 3, eight weeks of alcohol feeding induced
significant increase of both ALT and AST in WT mice (Figures 3A-B). In contrast, the
increase of ALT and AST was significantly inhibited by knockdown of PPARy in
hepatocytes (Figures 3A-B). Eight-week of alcohol feeding also significantly lowered blood
cholesterol (Figure 3C) and glucose level (Figure 3D) in both WT and PPARyAHep mice.
But eight-week of alcohol feeding showed no effect on plasma TG (Figure 3E) or plasma
FFA (Figure 3F) level in both WT and PPARyAHep mice.

of hepatic PPARYy alleviates alcohol-induced hepatic steatosis

To determine if knockdown of PPARy in hepatocytes protects mice from ALD, PPARy
expression level was analyzed by western blot after 8-week alcohol feeding. Results showed
that alcohol feeding significantly induced PPAR-y expression in the liver of WT mouse. No
significant induction of PPAR~y was found in PPARyAHep mice (Figures 4A-4B). H-E
staining of liver sections demonstrated that 8 weeks of alcohol feeding significantly
increased the number and size of lipid droplets in the liver of WT mice (Figure 4C). In the
livers of PPARyAHep mice, although the number and size of lipid droplets were also
increased by 8 weeks of alcohol feeding, the increase was significantly alleviated compared
to that of WT-AF mice (Figure 4C). In consistent with this, quantitative measurement of
hepatic lipid contents showed that 8 weeks of alcohol feeding significantly increased hepatic
TG accumulation in the liver of WT mice (P < 0.05) (Figure 4D). In contrast, alcohol-
induced TG accumulation was significantly alleviated in the liver of PPARyAHep-AF mice
(Figure 4D). Quantitative measurement of hepatic cholesterol showed that 8 weeks of
alcohol feeding significantly increased hepatic cholesterol levels in both WT and
PPAR-yAHep mice (Figure 4E).
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of hepatic PPARy inhibits alcohol-induced lipogenic gene expression in mice

To find out how PPARyAHep mice were protected from alcohol induced TG accumulation
and hepatic steatosis, the mMRNA levels of genes related to lipid metabolism were measured.
As shown in Figure 5, eight weeks of alcohol feeding to WT mice induced gene expression
of hepatic fatty acid transport protein 1 (FATP1) (Figure 5A), cytochrome P450 4A
(CYP4A) (Figure 5B), Acetyl-CoA carboxylase (ACC), fatty acid synthase (FASN) (Figure
5C), LIPIN1, diglyceride acyltransferase-1 (DGAT1), and diglyceride acyltransferase-2
(DGAT2) (Figure 5D); decreased gene expression of hepatic fatty acid transport protein 2
(FATP2), fatty acid binding protein 1 (FABP1), lipoprotein lipase (LPL), very low density
lipoprotein receptor (VLDLR) (Figure 5A), carnitine palmitoyltransferase 1la. (CPT1a),
Acyl-CoA Oxidase 1 (ACOX1) (Figure 5B), and microsomal triglyceride transfer protein
(MTTP) (Figure 5E). In contrast, knockdown of PPARY in hepatocytes abolished alcohol
induced up-regulation of FASN, DGAT1, and DGAT?2 (Figures 5C-D), but showed no effect
on FATP1, FATP2, FABP1, LPL, VLDLR, CPT1la, ACOX1, CYP4A, ACC, Lipinl, or
MTTP. Other genes including hepatic cluster of differentiation (CD36), fatty acid transport
protein 5 (FATP5), acyl-CoA synthetase long-chain family member 1 (ACSL1) (Figure 5A),
long Chain acyl-CoA dehydrogenase (ACADL) (Figure 5B), ATP citrate lyase (ACL)
(Figure 5C), glycerol-3-phosphate acyltransferase (GPAT1), 1-acylglycerol-3-phosphate O-
acyltransferase 1 (AGPAT1) (Figure 5D), and apolipoprotein B (ApoB) (Figure 5E), showed
no response to alcohol feeding in either WT or PPARyAHep mice.

of hepatic PPARYy inhibits alcohol-induced activation of SREBP-1c

Immunohistochemical staining of liver section was used to investigate the effect of hepatic
PPAR-y knockdown on the cooperative action of PPARy and SREBP-1c. As showed in
Figure 6A, 8-week alcohol feeding significantly induced the nuclear translocation of
SREBP-1c in WT mouse liver. In PPARyAHep mouse liver, however, alcohol-feeding-
induced nuclear translocation of SREBP-1c¢ was abrogated. Western blot results showed that
8-week alcohol feeding significantly induced both precursor SREBP-1c and cleaved
SREBP-1c. The activation of SREBP-1c was abolished by hepatic PPARy knockdown
(Figures 6B-D).

To determine if knockdown of PPARYy in hepatocytes affects alcohol-induced hepatic
inflammation, inflammatory infiltration markers and inflammatory chemokines were
measured by gPCR analysis after eight weeks of alcohol feeding. As shown in Figure 7,
chronic alcohol feeding for 8 weeks significantly increased the expression of inflammatory
markers, including monocyte chemotactic protein 1 (MCP1), keratinocyte-derived
chemokine (KC), interferon gamma-induced protein 10 (IP-10) (Figure 7A), lymphocyte
antigen 6 complex, locus G (Ly6G), and F4/80 (Figure 7B) in the livers of WT mice.
However, the alcohol-induced up-regulation of inflammatory markers was significantly
inhibited or normalized in PPARyAHep-AF mice. In the livers of PPARyAHep-AF mice, no
up-regulation of MCP1, Ly6G, or F4/80 was found. The alcohol induced up-regulation of
IP-10 and KC was significantly lowered than that of WT-AF mice, suggesting that
knockdown of PPARYy in hepatocytes abolished alcohol induced hepatic inflammation.
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Cluster of Differentiation 68 (CD68) showed on response to alcohol feeding in either WT or
PPARyAHep mice.

Silencing of PPARYy inhibits alcohol-induced lipid accumulation in vitro

PPAR-y was successfully silenced in FL83B cells using PPARy shRNA lentiviral particles
(Figures 8A-B). Oil Red O staining showed that ethanol treatment, linoleic acid treatment,
and ethanol plus linoleic acid treatment induced significant lipid accumulation in FL83B-si-
control cells (Figure 8C). In contrast, silencing of PPARYy significantly alleviated ethanol,
linoleic acid, and linoleic acid plus ethanol induced lipid accumulation in FL83B-si- PPAR~y
cells (Figure 8C).

Discussion

PPARs (isoforms a, 6, and +y) are transcription factors belonging to the superfamily of
nuclear receptors. PPAR-y signaling plays a very important role in the regulation of fatty acid
storage (adipose tissue expansion) and glucose metabolism (Smith, 2002, Medina-Gomez et
al., 2007). The present study shows that hepatic PPARy was significantly up-regulated in
alcoholic steatotic liver and knockdown of PPARy in hepatocytes alleviated alcohol-induced
hepatic injury. The protective effect of hepatic PPARy knockdown on alcohol-induced
hepatic injury was associated with both attenuation of alcohol-induced hepatic steatosis and
alleviation of alcohol-induced hepatic inflammation. These data demonstrates, for the first
time, that PPARy signaling in hepatocytes promotes alcohol-induced hepatic steatosis,
inflammatory cell infiltration, inflammatory chemokine production, and liver injury.

It is well-documented that as a nuclear hormone receptor, PPARYy is necessary and sufficient
for /n vitro adipogenesis and transcriptionally activates numerous adipogenic and lipogenic
genes important for lipid storage, lipid synthesis, and glucose sensing (Chawla et al., 1994,
Barak et al., 1999, He et al., 2003). A number of studies have demonstrated that enhanced
expression of PPAR~y and lipogenic genes in steatotic liver of animal models or patients with
NAFLD (Gavrilova et al., 2003, Matsusue et al., 2003). However, it was unclear that whether
PPAR-y signaling specifically in hepatocytes contributes to the progression of alcohol-
induced hepatic steatosis. The present study shows that the expression of hepatic PPARy
was significantly enhanced in alcohol-induced steatotic liver of AF group compared to that
of PF group, which clearly demonstrates that hepatic PPAR+y plays a role in the progression
of ALD.

To further elucidate the role of hepatic PPARy signaling in the progression of ALD, PPARYy
was knocked down in hepatocytes to generate PPARyAHep mice. Then, WT and
PPAR-yAHep mice were fed with modified Lieber-DeCarli alcohol or control liquid diet for
8 weeks. Knockdown of PPAR-y signaling in hepatocytes significantly attenuated alcohol-
induced up-regulation of liver to body weight ratio, number and size of lipid droplets,
hepatic TG level, and levels of ALT and AST compared to that of WT-PF mice. These data
suggest that PPARy signaling in hepatocytes promoted alcohol-induced hepatic steatosis and
hepatic injury, and knockdown of hepatic PPARy protected mice against alcohol-induced
hepatic steatosis and injury.
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It has been shown that the expression of PPAR~y2 in perigonadal adipose tissues were
significantly higher in female rats than in males, indicating that there are sex differences in
PPARy expression (Kadowaki et al., 2007). Estrogen receptor (ER) beta has been shown to
negatively regulate ligand-induced PPAR signaling both in vitroand in vivo (Foryst-Ludwig
et al., 2008, Wang and Kilgore, 2002). It also has been shown that the mass of parametrial
white adipose tissue and expression of PPARYy in diestrus were significantly higher
compared with estrus (Gui et al., 2006). In order to avoid the effect of estrogen or menstrual
cycle on PPARYy signaling, only male mice were included in this study.

Previous studies demonstrated that genes activated by PPARy stimulate lipid uptake and
adipogenesis by fat cells (Jones et al., 2005), and dysregulation of lipid metabolism
contributes to the development of alcoholic fatty liver (Zhong et al., 2013, Sun et al., 2013).
In this study, we found that alcohol feeding dysregulated many pathways related to lipid
metabolism, including fatty acid transportation/activation, fatty acid oxidation, fatty acid
synthesis, TG synthesis, and VLDL secretion in both WT and PPARyAHep mice. PPARy
knockdown in hepatocytes inhibited alcohol-induced up-regulation of FASN and DGAT2
and decreased DGAT1. As the enzyme catalyzes the last step in fatty acid biosynthesis,
FASN is believed to be a major determinant of the maximal hepatic capacity to generate
fatty acids by de novo lipogenesis (Dorn et al., 2010) and has been found elevated in patients
and animals with NAFLD (Dorn et al., 2010, D'Souza A et al., 2012). The finding that
PPAR-y knockdown in hepatocytes attenuates alcohol-induced FASN up-regulation indicates
that hepatic PPARy signaling activates de novo lipogenesis to contribute to ALD. It is also
known that fatty liver disease is characterized by accumulation of TG and other lipids in the
liver (Villanueva et al., 2009). The final step in TG synthesis is catalyzed by DGAT
enzymes, DGAT1 and DGAT2 (Cases et al., 1998, Cases et al., 2001). Increased levels of
DGAT1 have been found in human livers with NAFLD (Kohjima et al., 2007). Mice lacking
Dgatl (Dgat1~") have reduced tissue TG levels (Smith et al., 2000, Chen et al., 2002).
Suppression of DGAT2 reversed diet-induced hepatic steatosis in animals (Choi et al.,
2007). In the present study, both DGAT1 and DGAT?2 were increased by alcohol feeding in
the livers of WT mice. However, knockdown of PPARYy in hepatocytes abolished alcohol-
induced up-regulation of DGAT2 and even decreased the expression of DGAT1, indicating
that hepatic PPARy signaling promotes hepatic TG synthesis to contribute to ALD. Silence
of PPARy in FL83B cells significantly inhibited ethanol-, linoleic acid-, or ethanol plus
linoleic acid-induced lipid accumulation (Figure 8) further supported the concept that
hepatic PPARy signaling promotes hepatic TG synthesis to contribute to ALD.

Sterol regulatory element-binding protein 1c (SREBP-1c), a key regulator of lipogenesis, has
been shown to transcriptionally regulate genes dedicated to the synthesis, oxidation, uptake,
and transport of cholesterol, fatty acids, triglycerides, and phospholipids (Sakakura et al.,
2001, Li et al., 2014). SREBP1 has been found to activate PPARy through production of
endogenous ligand (Kim et al., 1998). On the other hand, PPARy has also been shown to
regulate the expression of SREBP-1 (Schadinger et al., 2005). In order to investigate the
effect of hepatic PPARy knockdown and alcohol feeding on SREBP1,

immunohistochemical staining of SREBP-1c was performed with liver sections. Results
(Figure 6) showed that alcohol induced the expression of both precursor SREBP-1c and
cleaved SREBP-1c in WT mice. Alcohol feeding also induced nuclear translocation of
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SREBP-1c in WT mice. Hepatic PPAR+y knockdown, however, abrogated alcohol-induced
activation and nuclear translocation of SREBP-1c, suggesting that hepatic PPAR~y
knockdown might protect mice from ALD through inhibition of SREBP-1c activation and
subsequent SREBP-1c-mediated lipogenic process in mouse liver.

A variety of PPARYy agonists had been used to treat diabetes (Kumar et al., 1996, Mayerson
et al., 2002). It has been shown that application of PPARg agonists reduced alcohol-induced
hepatic steatosis (Enomoto et al., 2003, Neuschwander-Tetri et al., 2003), which seems
inconsistent with present study. However, it is known that PPAR-y is primarily expressed in
adipose tissue, so the major target of PPAR-y agonists is adipose tissue. The restore of
insulin sensitivity and the alleviation of hepatic steatosis by PPAR-y agonists have been
attributed to the direct effects of PPAR agonists on lipid metabolism in adipose tissue and to
secondary effects on lipid and glucose metabolism in liver and skeletal muscle (Jiang et al.,
2002, Way et al., 2001, Staels and Fruchart, 2005). Our group had showed that application of
PPAR-vy agonists restored the lipid storage function of white adipose tissue and improved
lipid homeostasis at the white adipose tissue-liver axis which were impaired by alcohol
feeding to alleviate or abrogate alcoholic fatty liver (Zhong et al., 2012, Sun et al., 2012).

Accumulating evidence reveal that inflammation is strongly related to both NAFLD and
ALD (Kwon et al., 2014, Zhong et al., 2013). Cytokines and chemokines play a pivotal role
in inflammatory processes. MCP1, IP-10, and KC have been shown to play a role in hepatic
inflammation or injury (Mandrekar et al., 2011, Reiberger et al., 2008, Sermon et al., 2003).
Our and other groups have shown that alcohol feeding induces MCP1, IP-10, KC, Ly6G, and
F4/80 (Sun et al., 2012, Zhong et al., 2013, Duly et al., 2015). However, the underlining
mechanisms remain unclear. This study shows that knockdown of hepatic PPARy attenuates
alcohol-induced hepatic inflammation, suggesting that PPARy signaling in hepatocytes
contributes to alcohol-induced hepatic inflammation by promoting inflammatory cell
infiltration and inflammatory chemokine release.

In summary, the results from the present study revealed that PPAR-y signaling in hepatocytes
contributes to hepatic steatosis by promoting lipid accumulation and hepatic inflammation
through enhancing inflammatory chemokine release and inflammatory cell infiltration in
ALD. These data provide a better understanding of hepatic PPARy in the pathogenesis of
ALD and suggest that targeting hepatic PPARy signaling could be a therapy of ALD.
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Figure 1.
Eight-week alcohol feeding induced steatosis and PPARy in liver. WT mice were fed liquid

diets containing alcohol (AF) or maltose dextrin (PF) for 8 weeks. A: liver histopathology
(H-E staining). B: immunoblot analysis of hepatic PPAR~y (left panel) and quantification of
PPAR-y levels by NIH ImageJ software (right panel) (Bethesda,MD). Data are expressed as
means = SD (n=3). **P< 0.01.
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Figure2.
Effects of alcohol feeding on body weight, EWAT weight, liver weight, and liver to body

weight ratio. WT mice and PPARyAHep mice were fed liquid diets containing alcohol (AF)
or maltose dextrin (PF) for 8 weeks. EWATSs and livers were taken. A: Immunoblot analysis
of PPARy. B. Quantification of band levels by NIH ImageJ software. C: Effects of alcohol
feeding on body weight. D: Effects of alcohol feeding on EWAT weight. E: Effects of
alcohol feeding on liver weight. F: Effects of alcohol feeding on liver to body weight ratio.
The interaction between genotype and alcohol feeding is statistically significant (two-way
ANOVA, £ 20y = 11.04, P=0.0034). Data are expressed as means + SD (n=3 in A, B, and
n=6 in C-F). ***P < 0.001.
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Figure 3.
Knockdown of PPARYy in hepatocytes attenuated alcohol-induced hepatic injury in mice.

WT mice and PPARyAHep mice were fed liquid diets containing alcohol (AF) or maltose
dextrin (PF) for 8 weeks. A: Plasma ALT level. The interaction between genotype and
alcohol feeding is statistically significant (two-way ANOVA, £ 2g) = 26.13, < 0.0001). B:
Plasma AST level. The interaction between genotype and alcohol feeding is statistically
significant (two-way ANOVA, F 7g) = 41.10, £< 0.0001).C: Plasma cholesterol content. D:
Blood glucose concentration. E: Plasma TG content. F: Plasma FFA concentration. Data are
expressed as means = SD (n=8 in A, B, and F, n=5in C and E, n=6 in D). *£< 0.05; ***P<
0.001.
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Figure 4.
Knockdown of PPARYy in hepatocytes attenuated alcohol-induced hepatic steatosis in mice.

WT mice and PPARyAHep mice were fed liquid diets containing alcohol (AF) or maltose
dextrin (PF) for 8 weeks. A: Immunoblot analysis of PPARy. B: Quantification of band
levels by NIH ImageJ software. C: liver histopathology (H-E staining). D: Hepatic TG
content. The interactions between genotype and alcohol feeding is statistically significant
(two-way ANOVA, A1 16) = 7.815, £=10.0130). E: Hepatic cholesterol content. Data are
expressed as means + SD (n=3 in A and B, n=5in D, n=6 in E). **P< 0.01; ***P< 0.001;
ns, not significant.
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Figure5.
Effect of hepatic PPARy knockdown on the expression of genes involved in lipid

metabolism. WT mice and PPARyAHep mice were fed liquid diets containing alcohol (AF)
or maltose dextrin (PF) for 8 weeks. A: The expression changes of genes related to fatty acid
transport/activation. B: The expression changes of genes related to fatty acid oxidation. C:
The expression changes of genes related to fatty acid synthesis. The interaction between
genotype and alcohol feeding for FASN is statistically significant (two-way ANOVA, A g
=6.844, P=0.0308).D: The expression changes of genes related to TG synthesis. The
interactions between genotype and alcohol feeding for DGAT1 and DGAT?2 are statistically
significant (two-way ANOVA, F1g) = 65.81, < 0.0001; A1 g) = 5.356, P=0.0494).E: The
expression changes of genes related to VLDL secretion. Data are expressed as means + SD
(n=3). *P< 0.05; **P<0.01; ***P<0.001; ns, not significant.
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Figure6.
Effect of hepatic PPAR-y knockdown on alcohol-induced activation of SREBP-1c. A: Eight-

week alcohol feeding significantly induced the nuclear translocation of SREBP-1c in WT
mouse liver (lower left panel) which was abrogated by hepatic PPAR-y knockdown (lower
right panel). B: Hepatic PPARy knockdown abolished alcohol-feeding-induced precursor
SREBP-1c and cleaved SREBP-1c. C: Quantification of band levels of precursor SREBP-1c
by NIH ImageJ software. D: Quantification of band levels of cleaved SREBP-1c by NIH
ImageJ software. The interactions between genotype and alcohol feeding for precursor
SREBP-1c and cleaved SREBP-1c are statistically significant (two-way ANOVA, F1g) =
182.0, P<0.0001; A g) = 62.40, P< 0.0001). Data are expressed as means + SD (n=3).
*** P < 0.001; ns, not significant.
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Figure7.
Effect of hepatic PPARy knockdown on inflammatory cell infiltration and inflammatory

chemokine expression in the livers of mice fed alcohol for eight weeks. A: The expression
changes of markers of inflammatory cell infiltration. The interactions between genotype and
alcohol feeding for MCP1, I1P-10, and KC are statistically significant (two-way ANOVA,
Fa,8) =9.137, P=0.0165; F 8 = 10.21, P=0.0127; F g) = 9.290, P=0.0159).B: The
expression changes of inflammatory chemokines. The interactions between genotype and
alcohol feeding for LY6G and F4/80 are statistically significant (two-way ANOVA, £ g) =
7.256, P=0.0273; F 8) = 32.64, P=0.0004).Data are expressed as means + SD (n=3). **P
< 0.01; ***P < 0.001; ns, not significant.
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Figure8.
Silencing of PPARYy inhibits alcohol-induced lipid accumulation 7n vitro. A: Immunoblot

analysis of PPARy. B. Quantification of band levels by NIH ImageJ software. C:
Representative images for Oil red O staining of FL83B cells treated with ethanol, linoleic
acid, or linoleic acid plus ethanol. Data are expressed as means + SD (n=3).***P< 0.001
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Table 1

Primer sequences used for gPCR analysis

Gene Accession No. Forward / Reverse (5”-3") Amplicon Size
CD36 NM_007643 ATGGGCTGTGATCGGAACTG/ GTCTTCCCAATAAGCATGTCTCC 110 bp
FATP1 NM_011977.3 TCCTAAGGCTGCCATTGTGG/ AGTCATAGAGCACATCGGCG 98 bp
FATP2 NM_011978 TCCTCCAAGATGTGCGGTACT/ TAGGTGAGCGTCTCGTCTCG 166 bp
FATP5 NM_009512 CTACGCTGGCTGCATATAGATG/ CCACAAAGGTCTCTGGAGGAT 103 bp
FABP1 NM_017399 ATGAACTTCTCCGGCAAGTACC/ CTGACACCCCCTTGATGTCC 118 bp
ACSL1 NM_007981 TGCCAGAGCTGATTGACATTC/GGCATACCAGAAGGTGGTGAG 101 bp
LPL NM_008509.2 TTGCAGAGAGAGGACTCGGA/GGAGTTGCACCTGTATGCCT 125 bp
VLDLR NM_013703.2 TGACGCAGACTGTTCAGACC/GGTTCGAGAAGGGCAGTTGA 190 bp
CPTla NM_013495 CTCCGCCTGAGCCATGAAG/CACCAGTGATGATGCCATTCT 100 bp
ACADL NM_007381 TCTTTTCCTCGGAGCATGACA/GACCTCTCTACTCACTTCTCCAG 113 bp
ACOX1 NM_015729 TCCAGACTTCCAACATGAGGA/CTGGGCGTAGGTGCCAATTA 286 bp
CYP4A NM_010011 TTCCCTGATGGACGCTCTTTA/GCAAACCTGGAAGGGTCAAAC 126 bp
ACL NM_001199296 TTCCTCCTTAATGCCAGCGG/ TTGGGACTGAATCTTGGGGC 133 bp
ACC NM_133360 CTTCCTGACAAACGAGTCTGG/CTGCCGAAACATCTCTGGGA 232 bp
FASN NM_007988 GGAGGTGGTGATAGCCGGTAT/TGGGTAATCCATAGAGCCCAG 140 bp
GPAT1 NM_008149 ACAGTTGGCACAATAGACGTTT/CCTTCCATTTCAGTGTTGCAGA 139 bp
AGPAT1 NM_001163379 TAAGATGGCCTTCTACAACGGC/CCATACAGGTATTTGACGTGGAG 135 bp
LIPIN1 NM_172950 CATGCTTCGGAAAGTCCTTCA/GGTTATTCTTTGGCGTCAACCT 100 bp
DGAT1 NM_010046 TCCGTCCAGGGTGGTAGTG/TGAACAAAGAATCTTGCAGACGA 199 bp
DGAT2 NM_026384 GCGCTACTTCCGAGACTACTT/GGGCCTTATGCCAGGAAACT 172 bp
MTTP NM_008642 CTCTTGGCAGTGCTTTTTCTCT/GAGCTTGTATAGCCGCTCATT 102 bp
ApoB NM_009693 TTGGCAAACTGCATAGCATCC/TCAAATTGGGACTCTCCTTTAGC 142 bp
Ly6G XM_001475753 CCACTCCTCTCTAGGACTTTCA/ACCTTGGAATACTGCCTCTTTC 117 bp
F4/80 NM_010130 TACCACTTGCCCAGCTTATG /GGGCCTTGAAAGTTGGTTTG 108 bp
CD68 NM_001291058 ATTGAGGAAGGAACTGGTGTAG/CCTCTGTTCCTTGGGCTATAAG 105 bp
MCP-1/Ccl2  NM_011333 GTCCCTGTCATGCTTCTGG/GCTCTCCAGCCTACTCATTG 125 bp
IP-10/Cxcl10 NM_021274 TCAGCACCATGAACCCAAG/CTATGGCCCTCATTCTCACTG 132 bp
KC/Cxcll NM_008176 AACCGAAGTCATAGCCACAC/CAGACGGTGCCATCAGAG 118 bp
18s rRNA NR_003278 GTAACCCGTTGAACCCCATT/CCATCCAATCGGTAGTAGCG 151 bp
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