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Abstract: The pathogenesis of nonalcoholic steatohepatitis (NASH) is not well understood; however, the progression
of fatty liver to NASH has been linked to oxidative stress and lipid peroxidation in the liver, leading to inflammation.
Although the adiponectin receptor 2 (AdipoR2) has been identified as a modulator of oxidative stress and inflamma-
tion in the liver, it remains unclear whether the receptor has hepatic antioxidant and anti-inflammatory effects in
NASH. In this study, we used an animal model of NASH to examine hepatic AdipoR2. Obese fa/fa Zucker rats fed a
high-fat and high-cholesterol (HFC) diet spontaneously developed fatty liver with inflammation and fibrosis, character-
istic of NASH, after 4, 8, or 12 weeks of HFC diet consumption. AdipoR2 expression was significantly decreased,
whereas the expression of genes related to NADPH oxidase complex were increased. As a result of the decrease in
AdipoR2 expression, the mRNA expression of genes located downstream of AdipoR2, i.e., Cu-Zn superoxide dismu-
tase (Cu-Zn SOD) and Mn-SOD, also decreased. Furthermore, the expression of genes related to inflammation was
increased. Increased oxidative stress and inflammation by down-regulation of AdipoR2 may contribute to the progres-
sion of NASH. Thus, the AdipoR2 might be a crucially important regulator of hepatic oxidative stress and inflammation

in NASH.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is de-
fined as a constellation of clinical conditions
characterized predominantly by macrovesicular
steatosis of the liver [1]. The histologic spec-
trum of NAFLD includes fatty liver alone or non-
alcoholic steatohepatitis (NASH) [2, 3]. NASH
can be associated with progressive hepatic fi-
brosis and is an important cause of cirrhosis of
the liver [4]. The pathogenesis of NASH is not
well understood; however, the progression of
hepatic steatosis to NASH is attributed to a
“second hit” that leads to the development of
liver inflammation and fibrosis [5]. Progression
of fatty liver to NASH has been linked to oxida-
tive stress and lipid peroxidation in the liver,
leading to inflammation [6-8].

Adiponectin, a hormone secreted by adipocytes,
acts as an antidiabetic and anti-atherogenic
adipocytokine [9]. It can improve hepatic insulin
sensitivity, decrease lipid accumulation in liver
and skeletal muscle, and has anti-inflammatory
effects via NFkB activation [10-12]. Adiponectin
has been shown to improve steatosis and in-
flammation in patients and mice with NAFLD
[13, 14]. Musso et al. reported that adiponectin
has a hepatoprotective action [15]. The two
types of adiponectin receptors (AdipoR1/R2)
clearly differ in their signaling pathways. Adi-
poR1 is more tightly linked to the activation of
the AMP-activated protein kinase (AMPK) path-
way and regulates the inhibition of hepatic glu-
cose production (HGP) together with increased
fatty acid oxidation, while AdipoR2 is mainly
involved in the activation of the peroxisome pro-
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liferator-activated receptor o (PPARx) pathway,
which stimulates energy dissipation by increas-
ing fatty acid oxidation, and inhibits inflamma-
tion and oxidative stress [16]. Moreover, in mice
over-expressing AdipoR2, decreased expression
of tumour necrosis factor o (TNFa), monocyte
chemoattractant protein-1 (MCP-1), and re-
duced formation reactive oxidative species
(ROS) is observed [12]. However, the role of
AdipoR2 in mediating hepatic anti-inflammatory
and antioxidants effects in NASH remains un-
clear.

Little is known about the hepatic expression of
genes related to inflammatory and oxidative
stress factors in obese animals with NASH. To
reveal the role of AdipoR2 in the pathogenesis
of NASH, we examined the hepatic expression
of inflammatory and oxidative stress factors in
animals fed a diet to induce NASH and obese
animals fed a control diet.

Materials and methods
Animals and experimental design

Male obese fa/fa Zucker rats were purchased
from Japan SLC Inc (Shizuoka, Japan) at 7
weeks of age. After a 1-week acclimation pe-
riod, all animals were subdivided into groups
fed standard chow or a high-fat and -cholesterol
(HFC) diet. The standard chow diet, containing
5.9% fat (in the form of soy oil) by weight
(control, n = 6), and the HFC diet, containing
25% fat (in the form of lard and beef tallow) and
5% cholesterol by weight (NASH, n = 6) were fed
to rats for 4, 8, and 12 weeks. Both diets were
purchased from Oriental Yeast (Tokyo, Japan).
All rats were housed in an animal facility with
controlled temperature and a 12-hour light/dark
cycle (light on at 7:00 AmM and off at 7:00 pwm). In
addition, the rats fed the control diet had free
access to water, and those fed the HFC diet had
free access to sodium chloride solution (1%) ad
libitum at all times. All experimental procedures
were implemented in accordance with the Insti-
tutional Guidelines for Animal Experiments at
the College of Bioresource Sciences, Nihon Uni-
versity under the permission of the Committee
of Experimental Animal in our college.

Tissue preparation, blood sampling, and
analysis

Blood sampling was performed at 4, 8, and 12
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weeks in rats fasted overnight. Blood samples
were collected from the inferior vena cava im-
mediately prior to sacrifice of rats under ether
anesthesia. Blood samples were centrifuged at
3000 rpm for 5 min, and then the plasma was
collected and stored at -80°C until analysis.
After sacrifice, liver weight and intra-abdominal
fat (epididymal fat pad, mesenteric fat, and per-
inephric fat) weight were measured. In addition,
liver samples were collected in liquid nitrogen
for analysis of antioxidant enzymes, lipid peroxi-
dation, and hepatic triglyceride content, and
stored at -80°C until analysis. Additional, liver
samples were collected in RNAlater solution
(Qiagen, Hilden, Germany) for molecular biologic
studies, and stored at -80°C until analysis.

Biochemical analysis

Fasting plasma glucose, total cholesterol, and
triglyceride concentrations were measured us-
ing commercially available enzyme-linked colori-
metric diagnostic kits (DRI-CHEM4000, Fujifilm,
Tokyo, Japan), and the plasma free fatty acid
(FFA) concentration was measured by an en-
zyme method using a JCA-BM2250 (JEOL Ltd.,
Tokyo, Japan). Fasting plasma insulin concen-
trations were determined using a rat insulin
ELISA kit (AKRIN-O10H, Shibayagi, Gunma, Ja-
pan).

Analysis of antioxidant enzymes, lipid peroxida-
tion, and hepatic triglycerides

Liver homogenates were prepared at a 1:10
(w:v) dilution in 10 mM potassium phosphate
buffer, pH 7.4, using a Ultra-Turrax® homoge-
nizer (IKA® Japan, Nara, Japan). Samples were
centrifuged at 3000 rpm for 10 min at 4°C, and
the supernatants were collected and immedi-
ately assayed for enzyme activities. For total
glutathione (GSH), ~50 ug of liver was homoge-
nized in 5% trichloroacetic acid at a ratio of
1:10 (w:v) and centrifuged for 5 min at 8000
rom and 4°C. Total GSH was measured in the
tissues as previously described [17]. Total su-
peroxide dismutase (SOD), catalase, and total
GSH peroxidase (Gpx) activities were measured
according to the methods of Sun et al. [18],
Aebi [19], and Paglia and Valentine [20], re-
spectively. Lipid peroxidation levels were meas-
ured by the thiobarbituric acid (TBA) reaction
using the method of Ohkawa et al. [21]. For
quantification of hepatic triglyceride content,
liver tissue was lysed with buffer using a com-

Int J Clin Exp Pathol 2010;3(5):472-481



Table 1. Primers sequences used for real-time PCR reactions

Oxidative stress, inflammation and hepatic adiponectin receptor

Genebank

Forward 5' — 3'

Reverse 5' — 3'

Gene accession no.

AdipoR2 NM_001037979 CATGTTTGCCACCCCTCAGTA ATGCAAGGTAGGGATGATTCCA
gp91phox NM_023965 CGGAATCTCCTCTCCTTCCT GCATTCACACACCACTCCAC
p22phox NM_024160 TGTTGCAGGAGTGCTCATCTGTCT AGGACAGCCCGGACGTAGTAATTT
p47phox NM_053734 AGGTTGGGTCCCTGCATCCTATTT TGGTTACATACGGTTCACCTGCGT
Nox4 NM_053524 TCATGGATCTTTGCCTGGAGGGTT AGGTCTGTGGGAAATGAGCTTGGA
Cu-Zn SOD NM_017050 CTGGACAAACCTCAGCCCTA TGATGGCTTCCAGCAACTC
Mn-SOD NM_017051 GACCTGCCTTACGACTATG TACTTCTCCTCGGTGACG

Gpx1 NM_030826 GCTGCTCATTGAGAATGTCG GAATCTCTTCATTCTTGCCATT
Catalase NM_012520 ATTGCCGTCCGATTCTCC CCAGTTACCATCTTCAGTGTAG
TNF o NM_012675 ATACACTGGCCCGAGGCAAC CCACATCTCGGATCATGCTTTC
MCP-1 NM_031530 GATCTCTCTTCCTCCACCACTATG GAATGAGTAGCAGCAGGTGAGT
18s rRNA M11188 GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG

mercially available kit (Wako, Osaka, Japan) and
disrupted by sonication. The hepatic triglyceride
content of the homogenate were then deter-
mined according to the kit manufacturer’'s in-
structions.

Liver histopathological examination

Liver tissue samples were fixed overnight in
10% buffered formalin and embedded in paraf-
fin. Sections (5 ym) of liver tissue were stained
with hematoxylin and eosin (H&E) and Masson’s
trichrome. Steatosis, activity (inflammation),
and stage (fibrosis) were semiquantitatively
evaluated according to the standard criteria for
grading and staging NASH, with minor modifica-
tions [3]. The degree of steatosis was scored as
the percentage of hepatocytes containing lipid
droplets. Activity was evaluated as the sum of
scores (score 0-6) for acinar inflammation
(score 0-3) and portal inflammation (score 0-3).
Fibrosis was graded from O (absent) to 4 (1,
perisinusoidal/pericellular fibrosis; 2, periportal
fibrosis; 3, bridging fibrosis; 4, cirrhosis).

RNA extraction and Quantitative Real- time
PCR

RNA isolation was performed by homogeniza-
tion with a Micro Smash-100R™ (Tomy Seiko,
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Tokyo, Japan) using Isogen (Nippon Gene, To-
kyo, Japan) for liver. RNA purification was car-
ried out using RNeasy Mini kits (Qiagen, Hil-
den, Germany) for all the tissues studied. All
samples were treated with DNase | (RNase
Free DNase set, Qiagen). The concentrations
of total RNA were measured by absorbance at
260 nm using a NanoDrop® ND-1000
(NanoDrop, USA). The purity was estimated by
the 260/280 nm absorbance ratio. Total RNA
(1 pg) was subjected to reverse transcription
using oligo(dT)12-18 primer and M-MuLV reverse
transcriptase (SuperScript™ 10 First-Strand
Synthesis, Invitrogen Life Science, USA) ac-
cording to the manufacturer’s instructions. The
transcript levels of specific primers (Table 1)
were quantified by real-time PCR (7500 Real
Time PCR System, Applied Biosystems, CA,
USA). The cDNA was amplified under the fol-
lowing conditions: 95°C for 10 min, followed
by 45 cycles of 15 s at 95°C and 1 min at 59°
C, using Power SYBR® Green PCR Master Mix
(Applied Biosystems) with each primer at a
concentration of 400 nM/L. After PCR, a melt-
ing curve analysis was performed to demon-
strate the specificity of the PCR product, which
was displayed as a single peak (data not
shown). All samples were analyzed in tripli-
cate. The relative expression ratio (R) of a tar-
get gene was expressed for the sample versus

Int J Clin Exp Pathol 2010;3(5):472-481



Oxidative stress, inflammation and hepatic adiponectin receptor

Table 2. Effects of high-fat and -cholesterol (HFC) treatment on metabolic parameters in HFC diet-induced rats
of nonalcoholic steatohepatitis at 4, 8, and 12 weeks of treatment

Obese (fa/fa) Zucker rats

4 weeks 8 weeks 12 weeks
Diet type Control HFC Control HFC Control HFC
Body weight (g) 398+ 8.3 397+ 4.8 566+ 17.2 525+ 25.9 622+ 11.3 648+ 185
Food intake (g/day) 26.7+53 242+73 26.3+88 228148 254+73 26.6+3.4
Liver weight (g) 11.8+08 269+11* 12.8+0.3 55.2+1.5%* 152+0.7 63.3+1.2%*
Intra-abdominal fat weight (g) 23.7+0.7 24.3+1.3 40.5+3.7 388t4.2 458+28 445+3.8
Epididymal fat pad weight (g) 9.8+0.6 9.7+0.2 166+1.2 165+1.4 154+03 15.3+0.3
Mesenteric fat weight (g) 4.7+0.8 48 +0.7 82104 6.1+0.2 8.6+0.2 71+11
Perinephric fat weight (g) 92+1.2 9.8+ 0.6 15.7+1.6 16.2+3.7 21.8+ 1.7 221+27
Plasma glucose (mmol/L) 6+0.3 7.7+0.1 56+0.3 8.2+0.5* 58+0.2 8.3+0.4*
Plasma insulin (ng/mL) 11.3+0.2 104+11 174+09 155105 183+11 16.3+0.4
S'La)sma totalcholesterol M/ 1501+ 16 896 +52+* 166415 1360+ 74** 190410 1280 + 103%*
Plasma triglycerides (mg/dL) 385+ 45 186 + 31* 335+30.3 229+ 13.6 587 + 42 254 + 15*
Plasma FFAs (mEq/L) 124+0.2 3.04+03* 135+02 177+0.1** 138+0.6 1.91%0.2*%*

Values are expressed as mean + SEM (n = 6).

FFAs, free fatty acids. *P < 0.05, **P < 0.01 for HFC diet-induced rats vs control diet-induced rats of same age.

the control in comparison to the 18S rRNA
[22]. R was calculated based on the following
equation [23]: R = 224¢t | where C; represents
the cycle at which the fluorescence signal was
significantly from background and AAC:; was
(Ct, target — Ct, 18s rRNA) treatment — (Ct, target — Ct, 18s
rRNA) control-

Data analysis

The results are expressed as mean + standard
error of the mean (SEM). Statistical significance
was determined by unpaired ttest with a P
value of < 0.05.

Results

Effects of high-fat and-cholesterol (HFC) diet
on metabolic parameters

The general characteristics of the metabolic
profile of the experimental animals are sum-
marized in Table 2. Body weight gain and the
final weight of all rats fed the control or HFC
diets were measured after 4, 8, and 12 weeks
of treatment. The body weight and the weight
of daily food intake in the HFC group did not
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differ from those of the control group at 4, 8,
and 12 weeks (Table 2). The liver weight was
2.3-fold higher in HFC rats than in control rats
at 4 weeks, 4-fold higher at 8 weeks, and 4.2-
fold higher at 12 weeks (Table 2). The fasting
plasma glucose, cholesterol, and FFA concen-
trations were all significantly higher in HFC rats
than in control rats, whereas plasma triglyc-
eride concentrations in the HFC rats were sig-
nificantly lower than those in control rats at 4,
8, and 12 weeks (Table 2). Plasma insulin con-
centrations did not differ between control and
HFC rats at 4, 8, and 12 weeks.

Antioxidant defense activities

The activities of total SOD, catalase, and Gpx
were significantly lower in HFC rats than in
control rats at 4, 8, and 12 weeks (Table 3).
The level of TBARS in HFC rats increased sig-
nificantly (P < 0.05) compared with control
rats at 4, 8, and 12 weeks (Figure 1).

Liver histopathology and the hepatic lipid
content in HFC rats

Figure 2 depicts the representative time
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Table 3. Effects of high-fat and high-cholesterol (HFC) on antioxidant defense enzymes in at 4, 8, and 12

weeks of treatment

Treatment GSH SOD Catalase GPx

4 weeks

Control 66 + 12 147 £ 23 6230 £ 524 748 + 136
HFC 50.5 + 17 80 + 21* 3793 + 167* 497+ 39*
8 weeks

Control 61+55 96 + 10 5956+ 278 604 + 52
HFC 42 +5 54 +7.1* 1381 + 141** 356 + 43*
12 weeks

Control 678 116 + 18 6120 + 320 670+ 45
HFC 38 £ 3.8% 43 £ 4%** 1220 + 103** 330 + 35*

Values are expressed as mean + SEM (n = 6).

Levels of glutathione (GSH) was measured and expressed as nmol/mg of protein. The activities of superoxide dismu-
tase (SOD), catalase, and glutathione peroxidase (Gpx) are expressed as U/mg of protein. *P < 0.05, **P < 0.01 for

HFC diet-fed rats vs control diet-fed rats.

P<0.05

Figure 1 Comparison of lipid per-
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1 oxidation levels (TBARS) in the liver
between rats fed control (control)
or high-fat and high-cholesterol
(HFC) diet for 4, 8, and 12 weeks.
TBAR values (mean + SEM) are
expressed as nmol/mg protein (n =
6). *P < 0.05, **P < 0.01 for HFC
vS. group.
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4 8

Weeks of treatiment

course of histologic changes (Figures 2A and
2B) and scores (Figure 2C) in HFC and control
rats at 4, 8, and 12 weeks. The HFC diet
caused intense lobular inflammation and
perovenular and pericellular fibrosis promi-
nently in zone 3 of the liver at 4, 8, and 12
weeks. Steatosis scores in HFC rats (74.5 +
8.2vs. 1.2 + 0.5 % at 4 weeks, 88.7 + 3.3 vs.
1.8 + 1.2 % at 8 weeks, and 92.3 + 2.2 vs. 3.5
+ 2 % at 12 weeks) and inflammation (3.8 +
0.75vs. 0.4 + 0.12 at 4 weeks, 5.5 + 0.54 vs.
1.2 + 0.3 at 8 weeks, and 5.7 + 0.1 vs. 1.4 +
0.5 at 12 weeks) were greater than those of
control rats (Figures 2A and 2B). In addition,
the histological severity of fibrosis was signifi-
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cantly greater in HFC rats at 4, 8, and 12
weeks (Figures 2A and 2B), and the histologic
scores for steatosis, inflammation, and fibrosis
in HFC rats at 12 weeks were significantly
higher than those in HFC rats at 4 and 8
weeks (Figure 2C).

HFC rats at 4, 8, and 12 weeks showed
macrovesicular steatosis in the liver (Figure
2A). The hepatic triglyceride content was
measured to evaluate the progression of stea-
tosis quantitatively after 4, 8, and 12 weeks
(Figure 3A). Hepatic triglyceride content in-
creased significantly in HFC rats at 4, 8, and
12 weeks (P < 0.05 vs control rats). Plasma

Int J Clin Exp Pathol 2010;3(5):472-481
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Figure 2 Liver histopathology in HFC and control rats. Time course of histologic changes in liver samples stained
with hematoxylin and eosin (A) and Masson’s trichrome (B) at 4 weeks (left column), 8 weeks (middle column), and
12 weeks (right column) in rats fed control diet or high-fat and high-cholesterol (HFC) diet. Original magnification,
100x. Time course of histologic changes in HFC rats are represented by the histologic scores (C) in at 4, 8, and 12
weeks. Criteria for each score are described in Materials and Methods. HFC rats at 4 weeks (white bars, n = 6), at 8
weeks (light gray bars, n = 6), and at 12 weeks (black bars, n = 6). Values are expressed as mean = SEM. *P <

0.05, **P < 0.01 at 8 and 12 weeks vs 4 weeks.

ALT levels in HFC rats were higher by about
1.4-fold at 4 weeks, 1.9-fold at 8 weeks, and
3.9-fold at 12 weeks as compared with control
rats (Figure 3B). These results reconfirm that
the HFC rats met the definitions of NASH.
Thus, hereafter, we refer to HFC-fed rats as
the NASH group.

Expression of adiponectin receptor (AdipoR2)

Hepatic expression of the adiponectin receptor
(AdipoR2) gene was significantly down-
regulated (0.67-fold at 8 weeks and 0.58-fold
at 12 weeks) in NASH as compared with con-
trol rats (Figure 4A).
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Expression of antioxidant enzyme genes
(Cu-Zn SOD, Mn-SOD, Catalase, Gpx1)

Oxidative stress is regulated by the balance
between ROS production and antioxidant en-
zyme activity [24]. We determined the mRNA
expression levels of the genes for Cu-Zn SOD,
Mn-SOD, catalase, and Gpx1, which reduce
ROS and lipid peroxides, resulting in de-
creased oxidative stress. In the present study,
the hepatic expression of mRNA for Cu-Zn SOD
and Mn-SOD was significantly down-regulated
(0.43-, and 0.57-fold, respectively) in NASH as
compared with control rats at 12 weeks
(Figure 4B).
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Figure 3. Hepatic triglyceride content (A) and
plasma ALT levels (B) in control dietfed rats
(control) and rats fed a high-fat and high-cholesterol
(HFC) diet for 4, 8, and 12 weeks. Hepatic triglyc-
eride levels are expressed per gram of liver tissue,
and plasma ALT values are expressed in U/L. Data
represent mean + SEM (n = 6). *P < 0.05, **P <
0.01 for HFC vs group.

Expression of genes related to inflammation
(TNFoa, MCP-1)

In the NASH group, the expression of TNFa
and MCP-1 mRNAs was significantly up-
regulated (1.56-, and 2.31-fold at 8 weeks,
and 2.56-, and 3.33-fold at 12 weeks, respec-
tively) compared with the control group (Figure
4C). Moreover, the hepatic expression of MCP-
1 mRNA in NASH rats at 4 weeks was up-
regulated (2.01-fold vs the control rats at 4
weeks).

Expression of genes related to NADPH oxidase
complex (gp91rhox p22phox  n47phox  Nox4)
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ROS are can arise from several biochemical
reactions: mitochondrial and peroxisomal fatty
acid p-oxidation, microsomal fatty acid w-
oxidation, and reduction of oxygen by the nicoti-
namide adenine dinucleotide phosphate
(NADPH) oxidase (Nox) complex [25]. We meas-
ured the expression of mRNA for NADPH oxi-
dase complex (gp9dprhox, p22phox  nA47phox  gnd
Nox4). In NASH rats, the mRNA expression of
genes encoding for key regulators of ROS, in-
cluding gp91rhox (also called Nox2), p22rhox, and
Nox4, were significantly up-regulated (1.69-,
1.87-, and 2.18fold at 8 weeks, and 1.77-,
2.08-, and 3.37-fold at 12 weeks, respectively)
as compared with control rats (Figure 4D). In
addition, the hepatic expression of Nox4 mRNA
in NASH rats at 4 weeks was significantly up-
regulated (2.03-fold) relative to the control rats).

Discussion

In the present study, we showed that rats fed
a HFC diet for 4, 8, and 12 weeks developed
obesity, hyperglycemia, insulin resistance, and
hyperlipidemia, and also marked hepatic stea-
tosis, inflammation, and fibrosis, which are all
characteristics of NASH. Moreover, hepatocyte
ballooning and Mallory hyaline bodies, essen-
tial findings for the diagnosis of NASH in hu-
mans, were seen in HFC rats at 4, 8, and 12
weeks. These characteristics of the HFC rats
clearly meet the definition of NASH. We have
also shown, for the first time, the dynamic
panel of mMRNA expression of genes related to
inflammatory and oxidative stress factors un-
der the control of AdipoR2 in the NASH liver.

In our dietary model of NASH, mRNA down-
regulation of the gene for AdipoR2 was ob-
served in the liver. AdipoR2 is mainly involved
in the activation of the PPARa pathway, which
up-regulates the expression of a suite of genes
that includes mitochondrial, peroxisomal, and
microsomal fatty acid oxidation enzymes in the
liver [16]. Recent studies have reported that
the down-regulation of AdipoR2 expression is
attributable to decreased PPARa expression in
NASH [26]. In the present study, however, we
demonstrated mRNA up-regulation of genes
involved in ROS production (gp91prhox, p22phox,
p47rhox and Nox4) and the down-regulation of
genes related to antioxidant enzymes (Cu-Zn
SOD, Mn-SOD, GPx1, catalase) in liver with
NASH. The mRNA up-regulation of Nox
complex and the down-regulation of antioxi-
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Figure 4 Real-time PCR analysis of adiponectin and AdipoR2 (A), antioxidant enzyme (B), inflammatory (C), and
NADPH oxidase complex (D) gene expression in rats with NASH at 4, 8, and 12 weeks. Values are expressed as
mean + SEM (n = 6). *P < 0.05, **P < 0.01 for NASH vs control group. AdipoR, adiponectin receptor; SOD, superox-
ide dismutase; Gpx, glutathione peroxidase; TNFa, tumour necrosis factor o; MCP-1, monocyte chemoattractant
protein-1, gp91rhox, gp91rhox protein; p22prhox, p22phox protein; p47rhox, p47rhox protein; Nox4, NADPH oxidase

dant enzymes in the liver of NASH suggest that
mitochondrial and peroxisomal fatty acid -
oxidation and microsomal fatty acid w-
oxidation are increased in NASH liver. Further-
more, we speculate that the up-regulation of
fatty acid oxidation may lead to an increase in
ROS production in hepatocytes and the down-
regulation of antioxidant enzymes, resulting in
induction of hepatic oxidative stress in NASH.

The Nox complex may be a major source of
hepatic ROS production in NASH. The hepatic
expression of mRNA for gp91rhox and its sub-
units p22rhox were significantly up-regulated in
rats with NASH as compared with control rats.
gp9lrhox  and/or Nox4 increase TGF-3
(transforming growth factor () production,
which promotes fibrosis and the proliferation
of stellate cells [27]. We found that TGF-3
MRNA was upregulated in the liver of rats with
NASH (data not shown), which accompanied
the histopathological findings of steatohepati-
tis, inflammation, and fibrosis. Moreover, the
hepatic expression of TNFa and MCP-1 mRNAs
was significantly up-regulated in rats with
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NASH as compared with control rats. Induction
of Nox1/2/4 by TNFa promotes hepatocyte
apoptosis and inflammation in experimental
models of NASH [28]. Thus NADPH oxidases,
especially gp91rhox and Nox4, might to be in-
volved in pathways leading to insulin resis-
tance and steatosis in the liver, constituting
the ‘two hits theory’ for NASH pathogenesis
(steatosis, inflammation, and fibrosis) [5].
Thereby, the regulating of expression of Adi-
poR2, which negatively regulates the expres-
sion of genes related to inflammation and ROS
[12], seems to be crucially important.

In conclusion, our NASH animal model indicates
various gene expression dynamics and suggests
that the mRNA down-regulation of AdipoR2 in-
duces oxidative stress and inflammation, poten-
tially through the up-regulated expression of
genes that modulate ROS and inflammation,
and the down-regulated expression of antioxi-
dant enzymes in the liver. Thus, we have estab-
lished a dietary rodent model of steatohepatitis
which reflects the human pathophysiology of
NASH. Additionally, Tomita et al suggested that
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the enhancement of the AdipoR2 signaling path-
way in the liver may be a promising strategy for
the treatment of NASH [26]. The present model
can be applied for further studies on the pathol-
ogy, treatment, and prevention of NASH.
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