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Overexpression of C-sis inhibits H,O,-induced Buffalo
rat liver cell apoptosis in vitro and alleviates liver
injury in a rat model of fulminant hepatic failure
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Abstract. The present study aimed to investigate the role
of the C-sis gene in the apoptosis of hepatocytes in vitro
and in the liver function of a rat model of fulminant hepatic
failure (FHF). Buffalo rat liver (BRL) cells were treated with
hydrogen peroxide (H,0,) to induce apoptosis and then trans-
fected with a C-sis overexpression vector. A rat model of FHF
was established, and C-sis was overexpressed. The mRNA
and protein expression of C-sis were examined using reverse
transcription-polymerase chain reaction and western blot
analyses, respectively. Cell viability was assessed by CCK8,
and a TUNEL assay was used to examine cell apoptosis. Flow
cytometry was used for cell cycle detection. Hematoxylin and
eosin staining was used for histological examination. The
levels of alanine transaminase (ALT) and aspartate trans-
aminase (AST) were also examined in the rats. The results
showed that C-sis was successfully overexpressed in the cells
and rat model. Compared with H,O,-treated BRL cells, the
overexpression of C-sis significantly inhibited cell apoptosis,
promoted cell viability, and decreased the expression of
cleaved caspase-3. Similar results were observed in the FHF
rats treated with the C-sis overexpression plasmid, compared
with those treated with empty plasmids. In addition, in the FHF
rats overexpressing C-sis, histological examination showed
that liver injury was alleviated, the levels of ALT and AST
were significantly decreased, and mortality rate was signifi-
cantly decreased, compared with those observed in the rats
treated with empty plasmids. In conclusion, the overexpression
of C-sis inhibited the H,0,-induced apoptosis of BRL cells
in vitro, and alleviated liver injury, improved liver function,
and decreased mortality rates in rat models of FHF.
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Introduction

Fulminant hepatic failure (FHF), which is characterized by
extensive hepatocyte necrosis (1), is a clinical syndrome that
results from the severe impairment of liver function induced by
drugs, toxins or viral hepatitis (2). Even in developed countries,
the mortality rate of patients with FHF is as high as 50-90%
without liver transplantation (3). However, patients with FHF
usually suffer multiple organ failure, which prevents liver
transplantation (4). In addition, due to donor liver shortages,
high costs, complications, and the risk of organ rejection, the
application of liver transplantation is limited (5). Biochemical
and pathological studies have suggested that hepatocyte
apoptosis is important in the development of FHF, resulting
in substantial hepatocyte loss when the rate and extent of
hepatocellular apoptosis are not adequately compensated by
regenerative activity (5).

Under normal physiological conditions, proto-oncogenes
are involved in the maintenance of tissue homeostasis (6).
Proto-oncogene activation has been used to repair cardiac
ischemia injury (7). The proto-oncogene C-sis encodes the B
chain of platelet-derived growth factor (PDGF-B) (8). PDGF is
a potent mitogen, which is released from activated hepatocytes
and hepatic stellate cells (HSCs), which are involved in liver
repair (9-11). At the cellular level, PDGF is one of the most well
characterized fibrogenic and proliferative cytokines for HSCs.
In addition, hepatic injury is associated with the upregulation
of autocrine PDGF and PDGEF receptor (10,12). Hao et al (13)
demonstrated that the neutralization of PDGF-B suppressed
the proliferation and activation of HSCs in the fibrotic mouse
liver. PDGF-B may exist as a homodimer (PDGF-BB) or as a
heterodimer with chain A (PDGF-AB). PDGF-BB serum levels
are positively associated with survival rates among patients
with FHF (14), indicating its potential role in the progression
of FHF. PDGF-BB is the main stimulus for the proliferation
of mesenchymal cells and is secreted by several cells residing
in or passing through the liver (15). Hirota et al (16) reported
that the overexpression of PDGF-BB resulted in airway
hyper-responsiveness, decreased lung compliance, increased
airway smooth muscle cell numbers, positive proliferating cell
nuclear antigen-stained airway smooth muscle cells, and a
reduction in genes encoding contractile proteins. Additionally,
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PDGF-BB induces the proliferation of HSCs (12,17-23) and
is also essential in the progression of liver fibrosis (23,24).
Therefore, it was hypothesized that C-sis may be involved in
the repair of liver injury in FHF by regulating hepatocellular
apoptosis.

To validate the above hypothesis in vitro and in vivo,
respectively, Buffalo rat liver (BRL) cells were treated with
hydrogen peroxide (H,0,) to induce apoptosis or were trans-
fected with a C-sis overexpression vector. A rat model of FHF
was established, and C-sis was overexpressed. Cell viability
and apoptosis were assessed. The results showed that the
overexpression of C-sis inhibited the H,0O,-induced apoptosis
of BRL cells in vitro, and alleviated liver injury and decreased
mortality rates in the FHF rats.

Materials and methods

Plasmid construction. The full-length cDNA encoding rat
C-sis (GenBank™ accession no. NM24628) was generated
by reverse transcription-polymerase chain reaction (RT-PCR)
from the liver tissues of Sprague-Dawley rats, using the
following primers: Forward, 5'-CGCGAATTCATGAATCGC
TGCTGGGC-3' (the EcoRlI site is underlined) and reverse,
5'-CCCTCTAGACTAGGCTCCAAGGATCTC-3' (the Xbal
site is underlined). The PCR products were digested and cloned
into the mammalian expression vector pcDNA3.1 (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The
plasmids were purified using the AxyPrep DNA Gel Recovery
kit (Axygen Biotechnology Co., Ltd., Hangzhou, China).

Cell culture, transfection and H,0, treatment. The BRL cells
(Shanghai Cell Bank, Chinese Academy of Sciences, Shanghai,
China) were cultured in DMEM containing 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.) in a humidified incubator
at 37°C under 5% CO,. Cells in the logarithmic phase were
digested with 0.25% trypsin and 0.02% EDTA, and then centri-
fuged at 513 x g for 5 min at 37°C. The cells (8x10* cells/well)
were placed in an incubator under 5% CO, at 37°C. Following
complete attachment to the walls, 2 ug of plasmid and 4 ul
of Lipo3000 (Invitrogen; Thermo Fisher Scientific, Inc.) were
added. After 6-8 h, the medium was discarded and replaced
with DMEM with or without the addition of 200 yM of H,0,
for 48 h. The groups used were as follows: Control (no H,0,),
empty plasmid (no H,0,), C-sis plasmid (no H,0,), H,0, group
(no plasmid), empty plasmid+H,0O,, and C-sis plasmid+H,0,.

Animals. Female Sprague-Dawley rats (n=100, age, 8-10 weeks,
weight, 200+10 g) were purchased from Changzhou Cavens
Laboratory Animal Co., Ltd. (Changzhou, China). The rats
were housed one per cage in a room maintained at 24-25°C on
a 12-h light/dark cycle with free access to food and water. The
present study was approved by the Animal Ethics Committee
of the Second Affiliated Hospital of Nanchang University
(Nanchang, China). All animal procedures were performed
in strict accordance with the guidelines for the Care and
Use of Laboratory Animals published by the US National
Institutes of Health (NIH publication no. 85-23, revised 1996).
Transfection of the target C-sis gene was performed using
hydrodynamics-based transfection in vivo, as described
previously (25,26).
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FHF modeling and grouping. At 48 h post-transfection, 40 rats
were randomized into four groups (n=10 in each group): Group
A, normal control rats; group B, FHF and Ringer's solution
(FHF+Ringer's solution injection group); group C, FHF and
empty vector pcDNA3.1 (FHF+empty plasmid group); and
group D, FHF and constructed plasmid pcDNA3.1/C-sis
(FHF+C-sis plasmid group). FHF was induced through an
intraperitoneal injection of 50 ug/kg of lipopolysaccharide
(LPS) and 300 mg/kg of D-galactosamine (D-GalN) (27). At
8 h post-injection, the liver tissues and blood samples of the
normal control group (n=10), the FHF+Ringer's solution injec-
tion group (n=9), the FHF+empty plasmid group (n=9), and
the FHF+C-sis plasmid group (n=10) were collected. Another
40 rats were grouped as above (n=10 in each group) to evaluate
the 24-h mortality.

C-sis mRNA. Total RNA was extracted using the Rapid
Extraction kit for total RNA (Generay Biotech Co., Ltd.,
Shanghai, China). First-strand cDNA was synthesized from
2 ug of total RNA by using the TagMan Reverse Transcription
Reagents kit (Thermo Fisher Scientific, Inc.) with oligo(dT)'
primer. The RNA-primer mix was heated at 42°C for 5 min,
and then incubated on ice for at least 1 min The PCR primers
were designed using Primer Premier 5.0 software (Premier
Biosoft International, Palo Alto, CA, USA) based on previously
reported sequences (GenBank™ accession no. NM_24628 for
C-sis, NM_81822 for B-actin). The primers were as follows:
C-sis, forward, 5'-ATGACCCGAGCACATTCTGG-3' and
reverse, 5'-ACACCTCTGTACGCGTCTTG-3'; and B-actin,
forward, 5'-CCCATCTATGAGGGTTACGC-3' and reverse,
5'"TTTAATGTCACGCACGATTTC-3". The PCR analysis
was performed with 500 ng of cDNA, 1 ul of each primer,
10 ul of 2X SuperReal premix plus, and ddH,O to achieve
a final volume of 20 pl. The conditions were as follows:
i) 95.0°C for 15 min; ii) 40 cycles at 95.0°C for 10 sec, 60.0°C
for 20 sec, and 72.0°C for 20 sec. The results were calculated
and analyzed using quantitative fluorescence PCR analysis
software (BIO-RAD CFX Manager version 3.0; Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Western blot analysis. Total proteins were extracted using a
total protein extraction kit. The protein concentrations were
determined using BCA protein assay kit (Beyotime Institute of
Biotechnology, Shanghai, China). The proteins (100 ug, 7 ug/ul)
were separated by 10% denaturing SDS-polyacrylamide gel
electrophoresis and transferred onto a polyvinylidene difluo-
ride membrane. The membrane was blocked with 5% non-fat
dry milk for 1 h at room temperature, washed, and blotted
with primary antibodies against C-sis (cat. no. ab78409;
1:400), cleaved poly (ADP-ribose) polymerase 1 (PARPI;
cat. no. ab32064; 1:1,000), cleaved caspase-3 (cat. no. ab2302;
1:1,000), B-cell lymphoma 2 (Bcl-2; cat. no. ab196495; 1:1,000),
Bcl-2-associated X protein (Bax; cat. no. ab32503; 1:1,000)
(all from Abcam, Cambridge, MA, USA), or GAPDH (cat.
no. AP0063; 1:400; Bioworld Technology, Inc., Louis Park,
MN, USA), and incubated overnight at 4°C. This was followed
by incubation with a horseradish peroxidase-conjugated goat
anti-rabbit immunoglobulin G (cat. no. A50-106P; 1:1,000;
Origene Technologies, Inc, Beijing, China) at room tempera-
ture for 1 h. The bands were quantified using Quantity One
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4.62 software (Bio-Rad Laboratories, Inc.). GAPDH was used
as an internal control.

Histological examination. The liver tissues were fixed in
10% formaldehyde solution for 30 min at room temperature,
paraffin-embedded, sectioned at 4-ym, and stained using
hematoxylin and eosin at room temperature for 10 min under
an Olympus BH-2 light microscope (Olympus Corporation,
Tokyo, Japan).

Cell viability. Cell viability was assessed using the CCKS8
assay. The cells (100 ul; 5,000 cells/well) were added to a
96-well plate. The plate was incubated for 48 h at 37°C under
5% CO,. The medium was then discarded and replaced with
fresh medium containing 10 ul of CCKS solution (Beyotime
Institute of Biotechnology, Shanghai, China). Blank control
wells received 0.9% saline. The plates were incubated at
37°C for 1 h in the dark. The optical density was measured at
450 nm.

TUNEL assay. Cell apoptosis was detected using a commer-
cial TUNEL assay (cat. no. 11684817910; Roche Applied
Science, Penzberg, Germany), in strict accordance with the
manufacturer's protocol. The slides were counterstained using
hematoxylin at room temperature for 1 min, and sealed with
neutral gum.

Cell apoptosis. A Cell Apoptosis kit (UNOCI Biological
Technology Co., Ltd., Hangzhou, China) was used to detect cell
apoptosis, in strict accordance with the manufacturer's protocol.
A flow cytometer (ACCURI C6; BD Biosciences, Franklin
Lake, NJ, USA) was used to detect apoptotic cells. The data was
analyzed using FlowJo software version 10.0.5 for Microsoft
(FlowJo LLC, Ashland, OR, USA).

Cell cycle analysis. A Cell Cycle Analysis kit (Beyotime
Institute of Biotechnology) was used to measure cell cycle data.
Briefly, the cells were collected by centrifugation at 513 x g for
15 min at 37°C, washed twice with 4°C PBS, and fixed with
75% cold ethanol at 4°C for 24 h. The cells were collected by
centrifugation at 513 x g for 5 min at 37°C, dried, and washed
twice with PBS. Subsequently, 1 ml of Reagent A was added;
the tube was then mixed well for 5-10 sec and incubated for
30 h. Flow cytometry (ACCURI C6; BD Biosciences) was
used to measure cell cycle data.

Immunohistochemistry. The liver tissues were fixed with
4% paraformaldehyde solution at room temperature for
30 min, paraffin-embedded, sectioned at 4-um, and dewaxed.
Endogenous peroxidase was blocked and inactivated, and the
sections were blotted overnight at 4°C with a primary antibody
against caspase-3 (cat. no. ab2302; 1:100; Abcam), followed
by incubation with the biotinylated rabbit secondary antibody
(cat.no. BA1100; 1:375; Vector Laboratories, Inc., Burlingame,
CA, USA) at 37°C for 1 h. Finally, the sections were stained
with DAB and then counterstained with hematoxylin at room
temperature for 1 min. Three different fields were selected
from each section under an Olympus BH-2 light microscope
(Olympus Corporation; magnification, x200). The intensity
of the expression and the positivity rate were measured. The
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Figure 1. Overexpression of C-sis in BRL cells. (A) mRNA expression of
C-sis detected by fluorescence quantitative PCR at 48 h post-transfection.
(B) Protein expression of C-sis detected by fluorescence quantitative PCR at
48 h post-transfection. “P<0.01 vs. empty plasmid group. BRL, Buffalo rat
liver; PCR, polymerase chain reaction.

expression score was calculated as the staining intensity
multiplied by the percentage of positive cells, as previously
described (28).

Alanine transaminase (ALT) and aspartate transaminase
(AST) measurement. An ALT detection kit (Nanjing Jiancheng
Bioengineering Institute, cat. no. C009-2, batch no. 20141105)
and an AST detection kit (Nanjing Jiancheng Bioengineering
Institute, cat. no. C0010-2, batch no. 20141104) were used in
strict accordance with the manufacturer's protocol.

Statistical analysis. Data are presented as the mean + stan-
dard deviation and were analyzed using one-way analysis
of variance followed by the least significant difference test.
Statistical analysis was performed using SPSS 13.0 (SPSS,
Inc., Chicago, IL, USA). Each experiment was repeated
three times. P<0.05 was considered to indicate a statistically
significant difference.

Results

Overexpression of C-sis in BRL cells. Reactive oxygen species
are crucial in FHF and acute hepatic failure (29). The present
study used H,0,, which is known to induce apoptosis in
mouse primary cultured hepatocytes (30), to cause oxidative
stress and thereby induce apoptosis of BRL cells. Compared
with the control and empty plasmid groups, the mRNA
expression of C-sis in the C-sis plasmid group was signifi-
cantly increased at 48 h post-transfection (P<0.01; Fig. 1A).
Similarly, the protein expression of C-sis in the C-sis plasmid
group at 48 h post-transfection was significantly increased
when compared with the control and the empty plasmid
groups (P<0.01; Fig. 1B). These results showed that C-sis was
successfully overexpressed in the BRL cells.
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Figure 2. Cell viability and cell cycle data in each group. (A) A CCK8 assay was performed to detect the viability of BRL cells treated with increasing
concentrations of H,0,. (B) A CCK8 assay was performed to detect the viability of BRL cells with the indicated treatment in each group. #P<0.01 vs. normal
control group; “P<0.01 vs. empty plasmid+H,0, group. (C) Representative flow cytometry data for BRL cell cycle. (D) BRL cell cycle data among the groups.

BRL, Buffalo rat liver; H,0O,, hydrogen peroxide.

Cell viability and cell cycle analysis in each group. Reactive
oxygen species are crucial in FHF and acute hepatic
failure (29). H,O, treatment led to a significant decrease
in cell viability when the concentration of H,O, reached
150 umol/l (Fig. 2A). As shown in Fig. 2B, the cell viability
in the H,0, group was significantly decreased compared
with that in the control group (P<0.01). Compared with the
empty plasmid+H,O, group, the cell viability in the C-sis
plasmid+H,0, group was significantly increased (P<0.01).
Cell cycle was assessed by flow cytometry and the results
demonstrated no significant differences in cell cycle among
the groups (Fig. 2C and D).

Cell apoptosis in each group. Four populations of cells were
detected using flow cytometry: Q1-UL (necrotic cells and
debris), QI-UR (late stage apoptotic cells and necrotic cells),
QI-LL (normal cells), and QI-LR (apoptotic cells at the
early stage, as detected by CCKS). The sum of QI1-UR and
QI1-LR was considered the apoptotic rate. Compared with the
normal control group, cell apoptosis in the H,O, group was
significantly increased (P<0.01). Compared with the empty

plasmid+H,O, group, cell apoptosis of the C-sis plasmid+H,0,
group was significantly decreased (P<0.01; Fig. 3A and B).
The results of the TUNEL assay were consistent with the flow
cytometry results (Fig. 3C and D).

In addition, as shown in Fig. 3E, the protein expression
levels of the pro-apoptotic proteins, cleaved caspase-3, cleaved
PARPI1 and Bax, were significantly increased in the H,0O,
group, compared with those in the normal control group
(P<0.01). Compared with the empty plasmid+H,O, group, the
expression levels of cleaved caspase-3, cleaved PARP1 and
Bax were significantly decreased in the C-sis plasmid+H,0,
group (P<0.01). However, the anti-apoptotic protein Bcl-2
showed the opposite protein expression pattern compared with
the three pro-apoptotic proteins.

Overexpression of C-sis in the FHF rat models. There was
a significant increase in the mRNA expression of C-sis in
the C-sis plasmid group compared with the normal control
and empty plasmid groups (P<0.01; Fig. 4A), and there was
a significant increase in the protein expression of C-sis in the
C-sis plasmid group compared with the normal control and



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 42: 873-882, 2018

877

A
A MNormal control group Empty plasmid group
~ Gate: P1 o Gate: P1 B 50
2§oi-uL Q1-UR 2 o G1-UR 9 4 = Normal centrol group
BJ04% 22% B o 1.9% = 40 T " Empty plasmid group
b < g 20 «+ ™ C-sis plasmid group
g! ; o H,0, group
8 - B 20 == Empty plasmid+H,0, group
@i B s ™ C-sis plasmid+H262 group
o1 . R g 10
PdotLl Q1-LA 2 don- QiR =3
ok 1k S xS 2 1900 e e 0
160 10° 107 10° 1072 10 100 10° 10° 1072 €9 2525 S 4555
22 E5 E5 © g8 ES
C-sis plasmid group H,0, group 8P 8282 B 5> 1o
. T 5 » O =0 80,
Q1-UR E 8§ 9 Izrer
2.2% 0 'g E O g P
— s w 5 ©
[ < :
I ;
- &)
a1-LR 1 - C 100 4
TS 357.9% | 12.9% 2 T == Normal control group
10° 10 10t et 10t 10t 10t E = 80 “5 Empty plasmid group
ga; 80 s« ™ C-sis plasmid group
Emply plasmid+H,0, group C-sis plasmid+H,0,group 5 H,O, group
o Gale:P1 o i, Gate:P1 o '-'z-' 8 40 = Emply plasmid+H602 group
- o _gi‘;‘a;“ P =P = C-sis plasmid+H,0, group
K 0
: B BSES ES S 4545
= o E-] Ea E =5 =
Qi-LR - — [=% [=% = o
N T E z 8 PR3
10" 107 s E O g ®
Z U E &}
E «= «~ < = «= == Clcaved PARP1
— — w— - (Clpaved caspase-3
— — v s = = Bax
: 8 -— R S — DD
Empty plasmid+H,0,, group
L2w" S TS, | — — e — = e  GAPDH
Y S|
[ =X
8

Fold-change in protein

=8 Normal control group

m Em lasmid group
6 - C-s?styp asmid grgoup
H,0, group
4 = Empty plasmid+H,0, group
= C-sis plasmid+H,0, group

Bax

=
S
ELS
O

Cleaved
caspase-3

Figure 3. Cell apoptosis in each group. (A) Representative results of BRL cell apoptosis, measured by flow cytometry. (B) BRL cell apoptosis detected by flow
cytometry. The results are presented as the mean + standard deviation calculated from five replicates. "P<0.01 vs. normal control group; “P<0.01 vs. empty
plasmid+H,0, group. (C) Detection of BRL cell apoptosis using the TUNEL assay. The results are presented as the mean + standard deviation calculated
from four replicates. “P<0.01 vs. normal control group; “P<0.01 vs. empty plasmid+H,O, group. (D) Representative images of sections stained with TUNEL.
Magnificatiion, x200. (E) Western blot analysis of cleaved PARPI1, cleaved caspase-3, Bax, and Bcl-2 in BRL cells. Values are presented as the mean + standard
deviation calculated from five replicates. 7P<0.01. vs. normal control group. “P<0.05 vs. empty plasmid+H,0, group. BRL, Buffalo rat liver; H,0,, hydrogen
peroxide; PARP1, poly (ADP-ribose) polymerase 1; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein.

empty plasmid groups (P<0.01; Fig. 4B). These results showed
that C-sis was successfully overexpressed in the FHF rats.

Histological examination in each group. In the normal control
group, the cellular structure of the liver tissue was normal, and
the liver cells were tightly arranged. The nuclei were round,
and the cells were without lesions in the form of lipid droplets,
inflammation or necrosis. The lobular structure was normal,

and hepatocytes and sinusoidal cells were radially arranged
around the central vein (Fig. 5A). In the FHF+Ringer's solution
injection group, the infiltration of inflammatory cells, mainly
neutrophils, was observed. Scattered cell apoptosis was
observed inside the liver of eight rats, and extensive necrosis
was observed in one rat. The organizational structure of the
liver had disappeared, and blood stasis was observed within
the sinusoid (Fig. 5A). In the FHF+empty plasmid group, the
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Figure 4. Overexpression of C-sis in the fulminant hepatic failure rat model.
(A) mRNA expression of C-sis in the rat liver as measured by fluorescence
quantitative polymerase chain reaction analysis. “P<0.01 vs. normal control and
empty plasmid groups. (B) Protein expression of C-sis in rat liver detected by
western blot analysis (n=10 in each group). “P<0.01 vs. empty plasmid group.

infiltration of inflammatory cells, mainly neutrophils, was
observed. Scattered cell apoptosis was observed in the liver
of seven rats, whereas extensive necrosis was observed in two
rats. Marked blood stasis was found in the sinusoid (Fig. 5A). In
the FHF+C-sis plasmid group, small focal inflammation with
neutrophils was observed in the liver tissue. Cell apoptosis was
observed in four rats, in which the nuclei were condensed. Cell
structure was destroyed and extensive necrosis was present
in one rat (Fig. 5A). Together, these results showed that the
overexpression of C-sis alleviated liver injury.

Apoptosis in each group. Compared with the normal control
group, there was a significant increase in cell apoptosis in the
FHF+Ringer's solution injection group (P<0.01). Compared
with the FHF+empty plasmid group, there was a significant
decrease in cell apoptosis in the FHF+C-sis plasmid group
(P<0.01; Fig. 5B and C). Compared with the normal control
group, there was a significant increase in cleaved caspase-3 in
the FHF+Ringer's solution injection group (P<0.01). Compared
with the FHF+empty plasmid group, there was a significant
decrease in cleaved caspase-3 in the FHF+C-sis plasmid group
(P<0.05; Fig. 5D and E).

Serum levels of ALT and AST in each group. Compared with
the normal control group, the serum levels of ALT (P<0.01) and
AST (P<0.05) in the FHF+Ringer's solution injection group
were significantly increased. Compared with the FHF+empty
plasmid group, the serum levels of ALT (P<0.01) and AST
(P<0.05) in the FHF+C-sis plasmid group were significantly
decreased (Fig. 6A and B).

Animal mortality rates in each group. Within the 24-h
observation period, all rats in the normal control group
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survived, whereas 70.0 and 80.0% of the rats died within
24 h in the FHF+Ringer's injection and FHF+empty plasmid
groups, respectively. Transfection of cells with the C-sis gene
effectively protected the animals from death induced by
LPS/D-GalN, and only two of these rats (20.0%) died within
the 24-h observation period (Table I).

Discussion

The present study aimed to investigate the role of the C-sis gene
in the apoptosis of hepatocytes in vitro and in liver function in
a rat model of FHF. The results showed that the overexpres-
sion of C-sis not only inhibited the H,O,-induced apoptosis
of hepatocytes in vitro but also improved liver function and
decreased mortality in the rat models of FHF. Previous studies
have shown that FHF mainly involves hepatocyte apoptosis
rather than necrosis (14,31-33). Therefore, the inhibition of
hepatocyte apoptosis can assist in preventing hepatocyte
necrosis.

Previous studies have shown that PDGF-BB is involved
in the resistance against oxidative stress in vascular smooth
muscle cells (34), neurons (35,36), the intestine (37), and
liver (38). The results of the present study showed that the
overexpression of C-sis inhibited H,0,-induced BRL cell
apoptosis. However, no significant difference in cell cycle was
observed among the groups. The possible reason for this may
be that the C-sis gene can function only through cell apoptosis
and exerts no effect on the cell cycle. The in vivo experiments
showed that the overexpression of C-sis alleviated histological
damage, improved liver function, and decreased mortality rate
in the FHF rats. To a certain extent, these results are consis-
tent with a previous study showing that low plasma levels of
PDGF-BB were associated with poor prognosis in patients
with FHF (14). Taken together, the results of the present study
suggested that C-sis d cell viability and inhibited apoptosis,
and promoted tissue repair. Therefore, it was hypothesized that
C-sis may have a positive role in the repair of damaged liver
tissue and in the treatment of FHF.

The basal function of C-sis is to promote the intracel-
lular transduction of mitotic signals and promote cell
proliferation (39,40). C-sis encodes PDGF-B, which is a
potent mitogenic source that can stimulate the division and
proliferation of mesenchymal cells, and has a positive role in
promoting vascular regeneration and wound healing (41,42).
PDGF-B can stimulate the healing of ulcers in diabetic
rats (43). Novel technologies are being developed that focus
on the slow release of PDGF-B from a membrane to accel-
erate wound healing in patients with diabetes (44). The loss
of function caused by PDGF-B mutation can lead to primary
familial cerebral calcification, resulting in neurodegenerative
disease (45,46).

The present study also considered the problem of carci-
nogenesis that arises following the long-term presence of the
proto-oncogene C-sis. The majority of current findings related
to C-sis are focused on the fact that C-sis can promote cell
growth and tissue repair, however, certain studies have focused
on the occurrence and progression of tumors (20). This is the
reason why C-sis was selected for the treatment of FHF in
the present study rather than other proto-oncogenes. Second,
the present study aimed to observe the efficacy of C-sis on
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an acute life-threatening disease, FHF. Proto-oncogenes occurrence of cancer is a process that depends on numerous
exist in the normal human body but are usually inactive. The  steps, and involves the activation of several proto-oncogenes



880

Table I. Mortality rate of the rats in the animal model of FHF.
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Group Oh 4h 8h 12h 24 h Mortality (%)
Normal control 0 0 0 0 0 0.00
FHF+Ringer's solution injection 0 0 3 2 2 70.00*
FHF+empty plasmid 0 0 3 3 2 80.00
FHF+C-sis plasmid 0 0 0 2 0 20.00°

“P<0.01 vs. normal control group; "P<0.01 vs. FHF+empty plasmid group. FHF, fulminant hepatic failure.
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Figure 6. Serum ALT and AST levels in each group. Serum (A) ALT and (B) AST levels in each group. The results are presented as the mean =+ standard devia-
tion. #P<0.01 (ALT) and “P<0.05 (AST) vs. normal control group; “P<0.01 (ALT) and "P<0.05 (AST) vs. FHF+empty plasmid group. Normal control group
(n=10), FHF+Ringer's solution injection group (n=9), FHF+empty plasmid group (n=9), and FHF+C-sis plasmid group (n=10). ALT, alanine transaminase;

AST, aspartate transaminase; FHF, fulminant hepatic failure.

and the inactivation of tumor suppressor genes; the activation
of a single proto-oncogene may not cause cancer to arise. In
addition, the inactivation of tumor suppressor genes is the
main cause of cancer. Finally, previous studies performed
experiments in which the proto-oncogene Pim-3 was used
for the treatment of heart or liver failure; however, no tumor
occurrence was observed (25.,47).

H,0, is a potent oxidant, and studies have shown that
H,0, can induce hepatocyte apoptosis (48,49). In the present
study, LPS and D-GalN did not exert a significant effect on the
proliferation of the BRL liver cell line (data not shown). Fas
and ischemia-reperfusion can be separately used for the induc-
tion of mouse models of liver failure, whereas H,0, is used to
induce injury in cells (50,51). Therefore, in the present study,
different methods had to be used to induce liver cell damage
in the animals and in the cell line, which is a limitation of
the study. Other limitations include the lack of comprehensive
molecular analyses to determine the exact pathways involved
in the response to the overexpression of C-sis, and the lack of
investigation of the cytokines involved. In addition, only the
short-term effects of the overexpression of C-sis were exam-
ined, although it is known that PDGF-BB can be involved in
long-term liver fibrosis (52). These issues are to be examined
in future investigations.

Increasing evidence suggests the novel involvement of the
nucleolus in sensing cellular stress signals (53). Under stress
conditions, the structure of the nucleolus is perturbed and
certain nucleolar proteins, including ribosomal proteins, are
released from the nucleolus to the nucleoplasm where they
associate with Mouse Double Minute 2 (MDM?2) to inhibit its

activity and stabilize p53 (53,54). Reactive oxygen species are
crucial in FHF (55). The present study used H,O, to induce
oxidative stress in order to induce the apoptosis of BRL cells.
Upon cell exposure to H,0,, redox changes in the nucleolar
compartment are associated with activation of the ribosomal
protein/MDM?2/p53 pathway leading to apoptosis. In addition,
previous data suggests that nuclear factor (NF)-«B is involved
in apoptosis as part of the cell response to the nucleolar stress
triggered by 5-fluorouracil (56). Inflammation is essential for
the pathogenesis of FHF (55), and the NF-kB pathway has
been shown to be key in the activation of the pro-inflammatory
mechanism in FHF (55,57). These findings may assist in
understanding the plausible molecular mechanisms underlying
the role of C-sis in apoptosis.

In conclusion, the results of the present study showed
that the overexpression of C-sis inhibited the H,O,-induced
apoptosis of BRL cells in vitro, and alleviated liver injury,
improved liver function and decreased mortality rate in rat
model of FHF. These findings may assist in understanding
the progression of FHF and may provide potential therapeutic
approaches.
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