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Abstract

AIM: To investigate the roles of nuclear factor (NF)-
«B and angiotensin 1 receptor type 1 (AT1R) in
the pathogenesis of non-alcoholic fatty liver disease
(NAFLD).

METHODS: Forty-two healthy adult male Sprague-
Dawley rats were randomly divided into three groups:
the control group (normal diet), the model group,
and the intervention group (10 wk of a high-fat diet
feeding, followed by an intraperitoneal injection of
PDTC); 6 rats in each group were sacrificed at 6, 10,
and 14 wk. After sacrifice, liver tissue was taken,
paraffin sections of liver tissue specimens were
prepared, hematoxylin and eosin (HE) staining was
performed, and pathological changes in liver tissue
(i.e., liver fibrosis) were observed by light microscopy.
NF-xB expression in liver tissue was detected by
immunohistochemistry, and the expression of AT1R in
the liver tissue was detected by reverse transcription-
polymerase chain reaction (RT-PCR). The data are
expressed as mean = SD. A two-sample ¢ test was
used to compare the control group and the model
group at different time points, paired ¢ tests were used
to compare the differences between the intervention
group and the model group, and analysis of variance
was used to compare the model group with the control
group. Homogeneity of variance was analyzed with
single factor analysis of variance. H variance analysis
was used to compare the variance. P < 0.05 was
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considered statistically significant.

RESULTS: The NAFLD model was successful after 6
wk and 10 wk. Liver fibrosis was found in four rats in
the model group, but in only one rat in the intervention
group at 14 wk. Liver steatosis, inflammation, and
fibrosis were gradually increased throughout the
model. In the intervention group, the body mass,
rat liver index, serum lipid, and transaminase levels
were not increased compared to the model group.
In the model group, the degree of liver steatosis was
increased at 6, 10, and 14 wk, and was significantly
higher than in the control group (P < 0.01). In the
model group, different degrees of liver cell necrosis
were visible and small leaves, punctated inflammation,
focal necrosis, and obvious ballooning degeneration
were observed. Partial necrosis and confluent necrosis
were observed. In the model group, liver inflammatory
activity scores at 6, 10, and 14 wk were higher than
in the control group (P < 0.01). Active inflammation in
liver tissue in the intervention group was lower than
in the model group (P < 0.05). HE staining showed
liver fibrosis only at 14 wk in 4/6 rats in the model
group and in 1/6 rats in the intervention group. NF-«<B
positive cells were stained yellow or ensemble yellow,
and NF-«B was localized in the cytoplasm and/or
nucleus. The model group showed NF-«xB activation at
6, 10, and 14 wk in liver cells; at the same time points,
there were statistically significant differences in the
control group (P < 0.01). Over time, NF-«B expression
increased; this was statistically lower (P < 0.05) at
14 weeks in the intervention group compared to the
model group, but significantly increased (P < 0.05)
compared with the control group; RT-PCR showed
that ATIR mRNA expression increased gradually
in the model group; at 14 wk, the expression was
significantly different compared with expression at 10
weeks as well as at 6 weeks (P < 0.05). In the model
group, ATZR mRNA expression was significantly higher
than at the same time point in the control group (P <
0.01).

CONCLUSION: With increasing severity of NAFLD,
NF-«B activity is enhanced, and the inhibition of NF-«B
activity may reduce A77R mRNA expression in NAFLD.

Key words: Non-alcoholic fatty liver disease; Nuclear
factor-«B; Angiotensin 1I receptor type 1; Rats, Liver
fibrosis

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Angiotensin I receptor type 1 (AT1R) is
closely associated with the process of non-alcoholic
fatty liver disease (NAFLD) fibrosis. As the nuclear
transcription factor which is closely related to the tissue
inflammation and fibrosis, when the activity of nuclear
factor (NF)-«B was inhibited, A7ZR mRNA expression
was reduced, and the degrees of inflammation and
fibrosis gradually reduced, indicating that NF-«xB might
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play a key role throughout the course of NAFLD and
that the NF-«B inhibitor might be effective in the
treatment of the disease, while the exact mechanism
still requires further study.
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INTRODUCTION

With social and economic development, the incidence
of non-alcoholic fatty liver disease (NAFLD) has
increased over the years, to the point that it has
become a common chronic liver disease that
endangers human health. Worldwide epidemiological
surveys have shown that the incidence rate of adult
NAFLD is 20%-33%; this rate could reach up to 75%
in obese individuals or those with type 2 diabetes.
A recent study found that the disease also exhibits
a trend of developing in younger people; therefore,
NAFLD has gained more attention in Western countries
and other regions of the world"™. Pathological changes
are mainly due to inflammation, necrosis, or apoptosis
in liver cells, leading to steatohepatitis, liver fibrosis,
and cirrhosis.

Nuclear factor-«B (NF-«B) is a nuclear protein factor
that participates in the regulation of a variety of protein
genes and causes disease through the induction of
cytokines, which are related to immunity, inflammation,
and fibrosis; NF-xB thus plays an important role in
inflammation and the immune response!*®., Some
studies have shown that the liver renin-angiotensin-
aldosterone system (RAAS) is closely related to
the development of liver fibrosis'”). Therefore, an
angiotensin 1 receptor type 1 (AT1R) antagonist could
inhibit the development of experimental liver fibrosis'™®.
In this study, pyrrolidine dithioformate (PDTC) was
used to inhibit the activity of NF-«B in NAFLD rats, with
the aim to explore the changes in angiotensin (Ang)
I and AT1IR mRNA expression, and to investigate
the regulation of NF-xB towards Ang I ATIR mRNA
expression in NAFLD rats.

MATERIALS AND METHODS

Grouping and modeling

Thirty-six healthy adult SPF-level male SD rats,
weighing 150 g + 30 g, were randomly divided into the
control group (n = 18, fed a normal diet) and the model
group (n = 18, fed a high-fat diet: 2% cholesterol, 0.5%
sodium cholate, 0.2% propylthiouracil, 5% sucrose,
10% lard, and 82.3% basal diet, freshly prepared by
the experimental Animal Center at Luzhou Medical
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College). The rats had free access to water. Six rats of
each group were killed after 6, 10, and 14 wk. Serum
and liver tissues were isolated and stored at -80 C.
This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institute of Health.
The animal use protocol was reviewed and approved
by the Institutional Animal Care and Use Committee
(IACUC) of Luzhou Medical College.

Light microscopy

The liver tissues were fixed with 10% parafor-
maldehyde for 1 d, embedded in paraffin, sectioned,
and stained with hematoxylin and eosin (HE). Liver
histopathological changes were observed by light
microscopy.

Radioimmunoassay

The radioimmunoassay kit and radioimmunoassay
counter were used to perform the detection. NF-
kB protein expression detection was performed by
immunohistochemistry according to the instructions
of the SP immunohistochemical staining kit and DAB
staining kit (Shengzhen Chemical Co. Ltd., Shengzhen,
China). NF-xB mainly appeared as brown staining
in the cell membrane or cytoplasm, and the nuclear
membrane was occasionally stained. Five high-power
fields were imaged from each section (with > 500
cells in each field) to calculate the positive rate (i.e.,
number of positive cells/total cells x 100%).

Reverse transcription-polymerase chain reaction

Total RNA was extracted according to the instructions
of the RNA extraction kit. The integrity of the RNA
was analyzed, the concentration and purity were
measured, and then the extracted RNA was diluted
to the same concentration in accordance with the
measured concentration; 0.5 ug was prepared for
reverse transcription (RT)-polymerase chain reaction
amplification according to the instructions in the First
Strand cDNA Synthesis Kit (Beijing Biomed Co. Ltd.,
Beijing, China). The upstream primer sequence of
the AT1R gene was: 5-ACG TGT CTC AGC ATC GAC
CGC TAC C-3’ and the downstream primer sequence
was: 5-AGA ATG ATA AGG AAA GGG AAC AAG AA-3.
The upstream primer of the internal reference B-actin
gene was: 5'-GAG GGA AAT CGT GCG TGA C-3’
and the downstream primer was: 5-CTG GAA GGT
GGA CAG TGA G-3'. The length of the targeted AT1R
mRNA amplification fragment was about 278 bp, and
the RT reaction parameters were: 30 C for 10 min,
42 C for 20 min, 99 C for 5 min, and 4 C for 5 min.
Then, 1 uL of the cDNA product, 1 uL of the upstream
and downstream primers (10 uM), 12.5 puL of 2 x
MasterMix, and 9.5 uL of ddH20 were mixed together
to a total volume of 25 pulL for the PCR. The reaction
parameters were: AT1R: pre-denaturation at 94 C
for 5 min, denaturation at 94 'C for 35 s, annealing at
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53 C for 30 s, and extension at 72 C for 1 min; after
30 cycles, extension was performed at 72 °C for 5 min.

Statistical analysis

SPSS17.0 statistical software was used, with P < 0.05
considered to indicate statistical significance. The data
are expressed as the mean = SD, and comparisons
among different time points for the control and
model groups were made using analysis of variance.
Homogeneity of variance test was also performed,
and data sets with homogeneity of variance were then
submitted to single-factor variance analysis, while
those without homogeneity of variance were submitted
to non-parametric tests.

RESULTS

Light microscopy observation

The morphology of the liver tissue in the control
group after 6, 10, and 14 wk was normal based on
HE staining. In the model group, after 6 wk, liver cells
within the hepatic lobules exhibited more than 33%
fatty degeneration, with no significant inflammatory
cell infiltration in the portal area and acinus. There was
no significant formation of collagen fibers and fibrosis,
indicating the stage of liver cell steatosis. After 10 wk,
the steatotic liver cells in the model group accounted
for more than 50% of the total cells, and in some rats
the ratio reached more than 66%, with significant
ballooning degeneration in the acinar 3 band. Spotty
hepatocellular necrosis could be seen in the acinus,
and inflammatory cells appeared in the portal area,
indicating non-alcoholic hepatitis. After 14 wk, various
degrees of lobular and portal inflammation could be
seen in the model group, and extensive ballooning
degeneration could be seen in the acinar 3 band.
At the same time, periportal degeneration, spotty
necrosis, and focal necrosis were also found, with
partial necrosis being integrated into a larger area.
Inflammation was apparent in and around the portal
area. Four rats exhibited hepatocellular fibrosis. In
the intervention group, lobular inflammation could be
seen after 14 wk and spotty necrosis appeared in the
acinus, with some inflammation in the periportal area.
One rat exhibited hepatocellular fibrosis (Figure 1).

Radioimmunoassay results

Throughout the model, the serum Ang I concentration
gradually increased, and was higher than the
concentration in the control group at the same time;
the differences were statistically significant (P < 0.05).
The Ang 1 concentration in the intervention group was
lower than in the model group after 14 wk, but higher
than the level in the control group (P < 0.05) (Table 1).

NF-«B protein expressions
Yellow or buffy yellow-stained NF-«B, located in
the cytoplasm and/or the nucleus, identified NF-«B
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Figure 1 Histopathological results in the liver (hematoxylin and eosin staining, magnification x 100). A: The control group; B: The model group at the end of
the 6" week; C: The model group at the end of the 10" week; D: The model group at the end of the 14" week; E: The intervention group at the end of the 14" week.

Table 1 Serum Ang II expression in each group (mean + SD)

Groups 6™ week 10" week 14" week
Normal 390.68 +15.34 42454 +7.66 475.78 +10.51
Model 929.61 + 463.21**°  1244.61 +232.81*° 1567.04 + 273.22"°
Intervention 1349.04 + 433.22°

‘P < 0.01 vs the control group; "P < 0.05 vs the model group in the 10"
week; ‘P < 0.05 vs the model group in the 14™ week; ‘P < 0.05 vs the
intervention group in the 14" week.

Table 2 Nuclear factor-<B protein expression in rat hepatocytes

from each group (mean + SD, n = 6)

Groups 6" week 10" week 14" week
Normal 448 +0.34 4.26 + 0.66 478 £0.74
Model 29.61+3.21°  44.61+2.81* 67.04 +3.22¢
Intervention 49.04 +3.22°

th

°P < 0.01 vs the control group; P < 0.05 vs the model group in the 10
week; ‘P < 0.05 vs the model group in the 14™ week; ‘P < 0.05 vs the
intervention group in the 14" week.

positive cells. In the model group, apparent NF-xB
activation could be seen after 6, 10, and 14 wk in the
hepatocytes, and expression increased throughout the
model. In the intervention group, NF-xB expression
after 14 wk was significantly decreased when
compared with that in the model group, although still
higher when compared with the control group (Figure
2; Table 2).

Expression of ARTT mRNA
The relative expression level of ARIT mRNA in the
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model group at each time point was higher than in
the control group, and the relative expression level
gradually increased throughout the model. The relative
expression in the intervention group after 14 wk was
higher than that in the control group at the same time
point, but lower than that in the model group at the
same time point.

DISCUSSION

With improvements in living standards and social
change, the incidence of NAFLD has risen. The
pathogenesis of NAFLD is driven by oxidative stress
and lipid peroxidation damage, leading to the
dysfunction of liver cells and mitochondrial activity,
the activation and proliferation of hepatic stellate
cells (HSC), and increased release of inflammatory
cytokines, followed by inflammation, necrosis, and
apoptosis, which then develops into steatohepatitis,
fibrosis, and cirrhosis!*®*4,

The RAAS is an important neuroendocrine system,
as it maintains the balance of blood pressure, water,
and electrolytes; Ang 0 is the most important
bioactive substance in the RAAS. Some studies have
shown that there was also RAAS in the partial liver'®,
Recent studies have also found that liver fibrosis is
connected with RAAS activation™*. The biological
effects of Ang I are exerted by acting on specific
receptors. The Ang 1 receptors include four G protein-
coupled receptor subtypes, namely AT1R, AT2R, AT3R,
and AT4R; AT1R and AT2R are the best understood.
Yang et al™ found that the TGF-B content in wild-type
mouse liver tissue is higher than in AT1Ra-deficient
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Figure 2 Immunohistochemical staining for nuclear factor-B protein expression (SP, magnification x 200). A: The control group; B: The model group at the end of
the 6" week; C: The model group at the end of the 10" week; D: The model group at the end of the 14" week; E: The intervention group at the end of the 14" week.

Table 3 Angiotensin II receptor type 1 mRNA expression in

rat hepatocytes from each group (mean + SD, n = 6)

Group 6" week 10" week 14" week
Normal 0.33+0.11 0.41 +0.08 0.53 +£0.15
Model 0.54 0.15™* 0.76 + 0.20" 1.02 +0.27*¢
Intervention 0.80 + 0.20"

°P < 0.01 vs the control group; "P < 0.05 vs the model group in the 10"
week; ‘P < 0.05 vs the model group in the 14™ week; ‘P < 0.05 vs the
intervention group in the 14" week.

mice, and the degree of inflammation and fibrosis
was much greater in wild-type than in AT1Ra-deficient
mice, suggesting that AT1R plays an important role in
the process of liver fibrosis. In the current study, it was
shown that ATIR mRNA expression increased in liver
tissue during the process of liver steatosis, and the
processes of inflammation and fibrosis aggravated this.
Most biological effects of Ang II are mediated by AT1R
through a series of signal transduction pathways. At
the same time, it can also act as a pro-inflammatory
cytokine in various inflammatory processes. The
results shown here indicate that AT1R is involved in
the development of NAFLD from steatosis to hepatic
fibrosis. When damaging factors affect the liver, this
stimulates ATIR mRNA transcription, and when Ang II
binds to AT1R, it conducts a signal via the G protein-
coupled pathway and the mitogen-activated protein
kinase pathway, thereby activating downstream factors
and promoting inflammation. During the stages of
steatosis and hepatitis, AT1R accelerates the synthesis
of inositol phosphate, which causes the sarcoplasmic
reticulum to release calcium into the cytoplasm. This
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has an important role in the inflammatory response
and oxidative stress, resulting in liver cell degeneration
and necrosis through multiple ways, and thus leading
to hepatic steatosis and liver cell inflammation. In the
stage of liver fibrosis, AT1R promotes the transcription
of proto-oncogenes, inducing mesenchymal cells
and fibroblasts to proliferate abnormally, leading to
increased collagen synthesis and fibrosis™®, Meanwhile,
AT1R activation also induces hepatic stellate cell
proliferation and upregulates TGF-p1 levels™”, thus
playing an important role in liver fibrosis.

Recent studies have found that the activation
of NF-xB is closely related to the process of liver
inflammation and fibrosis. The key to NF-kB activation
is IkB degradation. During the second stage of NAFLD,
the products of reactive oxygen species and lipid
peroxidation significantly increase, which activates
the NF-«xB complex; first, through the mitogen-
activated protein kinase (MAP kinase, MAPK) family,
serine kinase (IKK) catalyzes the phosphorylation!*®%2,
When the IKK complex combines with membrane
coupled receptors, two types of autophosphorylation
occur to activate the serine kinase”?®. Subsequently,
under the effect of IKK, IxB is phosphorylated and,
via pantothenic acid, the proteasome, and other
mediators, the 3D structure of activated IxB is
destroyed, exposing the amino acid sequence which
is then recognized by the pantothenic acid ligase.
Pantothenic acidification then occurs, and NF-«B is
thus hydrolyzed and activated. Increased activity
of NF-kxB promotes the expression of COX-2, IL-6,
and IL-8 by HSC, which increase liver inflammation,
and further activates NF-xB through inflammatory
mediators, thereby maintaining HSC activation and
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eventually leading to the occurrence of liver fibrosis.
Ang I induces NF-xB, resulting in the activation of
a large number of target genes, such as cytokines,
chemokines, adhesion molecules, and TNF-a. Ji et
al””* found that the intrahepatic RAAS system can
mediate hepatic fibrosis by activating the NF-xB and
AP-1 pathways, and AECI and ARB may play an anti-
liver fibrosis role by inhibiting NF-xB activity. Activated
NF-xB can also act on angiotensinogen, further affecting
the local hepatic RAAS system and leading to liver
fibrosis. In the intervention group in this experiment,
it was found that by inhibiting NF-xB activity, the
pathological changes were better than in the model
group, and AT1R mRNA expression was significantly
lower than in the model group, which further indicates
the presence of this kind of relationship.

AT1R is closely associated with the process of
NAFLD fibrosis®**!l. Since this nuclear transcription
factor is closely related to tissue inflammation and
fibrosis, when the activity of NF-xB was inhibited,
AT1R mRNA expression was reduced, and the degree
of inflammation and fibrosis gradually reduced as well,
indicating that NF-xB might play a key role throughout
the course of NAFLD and an NF-kB inhibitor might be
effective in the treatment of this disease. However, the
exact mechanism still needs further study.
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