
was significantly lower than that of cells transfected with 
blank plasmid. Among three different quasispecies, T, NT 
and C191 core expression cells, there was no significant 
difference in the proportion of S- and G0/G1-phase cells. 
The percentage of apoptotic cells was highest for T (T 
> NT > C191), and apoptosis was increased in cells 
transfected with pEGFP-N1/core as the transfection time 
increased (72 h > 48 h > 24 h).

CONCLUSION: These results suggest that HCV genotype 
1b core protein induces apoptosis, and inhibits cell-
cycle progression and proliferation of Chang liver cells. 
Different quasispecies core proteins of HCV genotype 1b 
might have some differences in the pathogenesis of HCV 
persistent infection and hepatocellular carcinoma. 

© 2008 WJG. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is prevalent worldwide. 
HCV infection may lead to the development of  chronic 
hepatitis, cirrhosis and hepatocellular carcinoma (HCC)[1]. 
HCV is a positive-strand RNA virus that belongs to the 
family Flaviviridae. The HCV RNA genome is 9.6 kb in 
length and encodes a precursor polyprotein of  3000 amino 
acids. The precursor polyprotein is cleaved by host and 
viral proteases and produces a series of  structural and 
non-structural proteins. In addition, HCV genome has 
the property of  variation, and it usually exists as different 
quasispecies of  the same genotype in HCV-infected 
patients[2,3]. The function of  different quasispecies of  HCV 
is not fully identical[4,5].
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Abstract
AIM: To investigate the influence of different quasispecies 
of hepatitis C virus (HCV) genotype 1b core protein on 
growth of Chang liver cells.

METHODS: Three eukaryotic expression plasmids 
(pEGFP-N1/core) that contained different quasispecies 
truncated core proteins of HCV genotype 1b were 
constructed. These were derived from tumor (T) and non-
tumor (NT) tissues of a patient infected with HCV and 
C191 (HCV-J6). The core protein expression plasmids 
were transiently transfected into Chang liver cells. At 
different times, the cell cycle and apoptosis was assayed 
by flow cytometry, and cell proliferation was assayed by 
methyl thiazolyl tetrazolium (MTT) assay.

RESULTS: The proportion of S-phase Chang liver cells 
transfected with pEGFP-N1/core was significantly lower 
than that of cells transfected with blank plasmid at three 
different times after transfection (all P  < 0.05). The 
proliferation ratio of cells transfected with pEGFP-N1/core 
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HCV core protein is important as a viral structural 
component in nucleocapsid formation, and it is highly 
conserved among different HCV genotypes. Several studies 
have established that HCV core protein can regulate cell 
signal transduction, such as MAPK-, JAK-STAT-, NF-κB-, 
AP-1- and SRE-associated pathways[6-8]. Hence, it plays 
important roles in the pathogenesis of  HCV persistent 
infection, as well as HCC. However, the mechanism of  
persistent infection and HCC due to HCV core protein 
infection remains unclear. Although several studies have 
investigated the influence of  the HCV core protein on cell 
growth and apoptosis, the results of  these investigations 
have been inconsistent and mutually conflicting. 

In most studies, HCV core protein has been expressed 
in single clones of  permanently transfected cell lines, 
while more recently, transiently transfected cells have also 
been used. These studies have found that core protein 
affects normal cellular functions, such as proliferation 
and death, which are involved, directly or indirectly, in 
HCV hepatocarcinogenesis. Because we have found that 
different quasispecies core proteins of  HCV genotype 
1b have some differences in the pathogenesis of  HCV 
persistent infection and HCC. HCV is a hepatotropic 
virus, it is therefore more appropriate to use a hepatocyte 
cell line to study the function of  HCV core protein. 

To further clarify the in vivo role of  truncated HCV 
core protein from different genotype 1b quasispecies, we 
expressed three different truncated forms of  HCV core 
protein derived from tumor tissue (T), non-tumor tissue (NT) 
and C191 (HCV-J6), which all belong to HCV genotype 1b, 
in transiently transfected Chang liver cells, an immortalized 
non-tumor hepatic cell line. Cell cycle and apoptosis were 
assayed by flow cytometry, and cell proliferation was assayed 
by methyl thiazolyl tetrazolium (MTT) assay.

MATERIALS AND METHODS
Plasmid constructs
Three different truncated HCV core protein eukaryotic 
expression plasmids, pEGFP-N1/core, were constructed. 
Truncated core protein nucleotide sequences were amplified 
from pGEX 4T-1/HCV-core, which contained core 
sequences from T, NT and C191, respectively. Sequence 
analysis revealed that T and NT were all HCV genotype 1b. 
The primers were designed according to the core protein 
gene sequence of  T, NT and C191 (Table 1). PCR reaction 
system: 50 μL: water 40.75 μL; PCR reaction buffer (10 ×), 
5 μL; template (45 ng), 1 μL; primer up 20 pmol/L, 1 μL; 
primer down 20 pmol/L, 1 μL; dNTP 20 mmol/L, 1 μL, 
Expand high enzyme 0.25 μL, 94℃ for 2 min, 94℃ for 
30 s, 50℃ for 30 s, 72℃ for 30 s, 10 cycles; 94℃ for 30 s, 
55℃ for 30 s, 72℃ for 30 s, 20 cycles; and 72℃ for 7 min. 
PCR products (Figure 1) were purified and cleaved with 
restriction enzymes NheⅠand EcoRⅠ, and cloned into 
pEGFP-N1 to yield GFP-core fusion protein plasmids.
 
Cell culture and transfection
Chang liver cells were grown in Dulbecco’s modified Eagle’s  
medium (Gibco, USA) supplemented with 10% fetal 
bovine serum (FBS; Gibco) at 37℃ in 5% CO2. Cells were 
incubated for 18 h and then transfected with Lipofectamine 

2000 (Invitrogen, USA) following the manufacturer’s 
instructions. Two micrograms of  plasmids were used to 
achieve transfection. After 6 h, the medium was changed 
and cells were collected at different times.

Flow cytometry analysis
The cell cycle and apoptosis was assayed by flow cytometry 
at 24, 48 and 72 h after transfection. Ten × 105 cells were 
trypsinized, pelleted by centrifugation, and resuspended in 
PBS, and then cells were fixed with 70% ethanol and stored 
at 4℃ overnight. After washing twice, cells were incubated 
in propidium iodine for 20 min at room temperature. The 
cell suspension was analyzed by flow cytometry using Cell 
Quest software (Becton Dickinson, USA).

Cell growth analysis
Cell proliferation was assayed by MTT assay and a growth 
curve was created. 104 cells were seeded per well on a 
96-well plate. Zero, 24, 48, 72 and 96 h after transfection, 
10 μL water-soluble tetrazolium reagent (MTT; Sigma, 
USA) was added to 100 μL culture medium. Cells were 
then incubated at 37℃ in 5% CO2 for 4 h. A570 was 
measured. The assay was done in quadruplicate.

Statistical analysis
The values were expressed as mean ± SD. Experimental 
data were analyzed by SPSS 13.0 software (SPSS Inc, 
Chicago, IL, USA). Comparison of  different groups was 
analyzed by one-way analysis of  variance (ANOVA). P < 0.05 
was considered statistically significant.

RESULTS
Different HCV genotype 1b quasispecies core proteins 
inhibited Chang liver cell cycle 
As shown in Tables 2-4, three different quasispecies 

Table 1  Primers of different quasispecies core proteins of HCV 
genotype 1b

Primer up (location) Primer down (location)

T: 1-172 CGCGCTAGCATGAGG
CACGAATCC (1-14)

CCGGAATTCGCAACCGG
GCAG (505-516)

NT: 1-172 CGCGCTAGCATGAGC
ACGAATCC (1-14)

CCGGAATTCGGCAACCG
GGCAGATTC (505-516)

C191: 1-172 CGCGCTAGCATGAGC
ACAAATCC (1-14)

CCGGAATTCGGCAACCG
GGCAAATTC (505-516)

GCTAGC, NheⅠ site; GAATTC, EcoRⅠ site. Primer designed according to 
the sequence of different core protein genes.

  M	     T	    NT	     C191

500 bp

Figure 1  PCR pro-duct of core protein genes.
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truncated core proteins inhibited Chang liver cell cycle 
progression by impairing G1- to S-phase transition. The 
proportion of  S- and G0/G1-phase Chang liver cells 
transfected with pEGFP-N1/core was significantly lower 
than that of  cells transfected with blank plasmid at 24, 48 
and 72 h after transfection (P = 0.002, P = 0.001, P = 0.001, 
respectively), but there were no significant differences 
among cells expressing the three different quasispecies 
HCV truncated core proteins. 

Different HCV genotype 1b quasispecies core proteins 
induced Chang liver cell apoptosis
As shown in Figure 2, three different quasispecies 
truncated core proteins induced apoptosis at different 
levels. The apoptotic ratio of  Chang liver cells transfected 
with pEGFP-N1/core was significantly higher than that 
of  cells transfected with blank plasmid. The apoptotic 
percentage of  T was the highest, and C191 was the lowest 
(T > NT > C191). The apoptosis ratio increased in cells 
transfected with pEGFP-N1/core as transfection time 
increased (72 h > 48 h > 24 h). 

Different HCV genotype 1b quasispecies core proteins 
inhibited Chang liver cell proliferation
We found that different HCV genotype 1b quasispecies 

core proteins inhibited the Chang liver cell cycle by 
impairing G1- to S-phase transition and induced aptoptosis 
at different times after transfection. Chang liver cell prolif-
eration was further analyzed using MTT assay. As shown 
in Figure 3, different HCV genotype 1b quasispecies core 
proteins inhibited Chang liver cell proliferation. Among 
the three different HCV genotype 1b quasispecies core 
proteins, that of  T inhibited Chang liver cell proliferation 
more obviously than NT and C191 (T > NT > C191) at 
24, 48, 72 and 96 h.

DISCUSSION
HCV core protein is a multifunctional protein that can 
modulate a number of  cellular processes, including 
transcription, inhibition or stimulation of  cell cycle and 
apoptosis, and suppression of  host immunity. In this study, 
using flow cytometry and MTT assay, we investigated the 
influence of  different quasispecies of  truncated HCV 
genotype 1b core proteins on growth of  Chang liver cells, 
an immortalized non-tumor hepatic cell line. We found that 
HCV genotype 1b core protein HCV induced apoptosis, 
and inhibited the cell cycle and cell proliferation. Among 

Table 2  Core proteins of different quasispecies of HCV 
genotype 1b inhibited Chang liver cell cycle by impairing G1 to 
S transition at 24 h after transfection

	        G0/G1 phase	          S phase	     G2/M phase

T	          67.53 ± 5.47a	         17.23 ± 4.21a	        15.25 ± 1.96
NT	          65.49 ± 5.98a	         18.56 ± 2.49a	        15.95 ± 2.59
C191	          66.72 ± 6.82a	         17.89 ± 2.54a	        15.38 ± 2.16
pEGFP-N1	         59.76 ± 5.33 	         24.33 ± 3.16 	        15.93 ± 1.42

aP < 0.05 vs pEGFP-N1.

aP < 0.05 vs pEGFP-N1.

Table 3  Core proteins of different quasispecies of HCV 
genotype 1b inhibited Chang liver cell cycle by impairing G1 to 
S transition at 48 h after transfection

	       G0/G1 phase	          S phase	     G2/M phase

T	          68.23 ± 6.54a	         15.30 ± 3.12a	        16.46 ± 2.57
NT	          66.14 ± 5.33a	         16.38 ± 2.21a	        17.47 ± 3.74
C191	          66.41 ± 3.02a	         15.92 ± 2.93a	        16.99 ± 2.43
pEGFP-N1	         58.72 ± 2.23	         25.69 ± 2.41	        15.62 ± 1.28

Table 4  Core proteins of different quasispecies of HCV 
genotype 1b inhibited Chang liver cell cycle by impairing G1 to 
S transition at 72 h after transfection

	       G0/G1 phase	         S phase	     G2/M phase

T	          68.45 ± 4.98a	         14.79 ± 3.76a	        16.75 ± 3.21
NT	          67.21 ± 5.47a	         16.17 ± 2.55a	        16.63 ± 2.95
C191	          66.77 ± 4.32a	         16.38 ± 2.11a	        16.86 ± 2.19
pEGFP-N1	         56.97 ± 3.29	         27.48 ± 3.37	        15.54 ± 1.93

aP < 0.05 vs pEGFP-N1.
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Figure 2  Core proteins of different quasispecies of HCV genotype 1b induced 
Chang liver cell apoptosis at 24, 48 and 72 h after transfection.
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Figure 3  Core proteins from different HCV genotype 1b quasispecies inhibited 
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the three different quasispecies core proteins, the rates of  
inducing apoptosis and inhibiting cell proliferation were 
different, which suggests that different quasispecies of  HCV 
genotype 1b core proteins might have some differences in 
their pathogenesis of  HCV persistent infection and HCC.

Regulation of  cell cycle and apoptosis is essential to 
maintain normal cell growth. Several studies have reported 
that HCV core protein can influence cell cycle progression. 
Two important checkpoints of  the cell cycle, G1/S and 
G2/M, are responsible for accumulation of  detrimental 
mutations that may result in cell transformation. The 
mechanism of  cell cycle regulation is quite complex, and 
involves a number of  proteins, such as p53, p21, PRb, 
E2F and c-myc[9,10]. Ruggieri et al have reported that stable 
expression of  core protein in unsynchronized HepG2 
cells induces perturbation of  the cell cycle by increasing 
the S-phase fraction. c-myc protein stability is increased, 
which is one of  the regulatory molecules of  the cell cycle[11]. 
Honda et al have found that core protein promotes cell cycle 
progression in stable CHO transformation by upregulation 
of  c-myc[12]. Ohkawa et al have reported that core protein 
impairs G1 to S transition by using core expression stable 
CL2 cell, a murine normal liver-derived cell line. E2F-
mediated transcription, and PRb, CDK4 and CDK2 
activities were suppressed by HCV core protein[13]. Different 
studies have come to different conclusions. We found that 
transient expression of  HCV genotype 1b truncated core 
proteins could impair G1/S in the Chang liver cell cycle. 
Different quasispecies core proteins from T, NT and C191 
have no significant difference when it comes to impairing 
G1/S. The above studies suggest that core protein might be 
a double-function protein, promoting cell cycle progression 
and inhibiting cell cycle progression. However, the exact 
mechanisms of  how different quasispecies core proteins 
affect the G1/S checkpoint remain unclear.

Apoptosis is defined as programmed cell death and it is 
an orderly process. Apoptosis can be induced by a variety 
of  stimuli, including oxidative stress, heat shock, ionizing 
radiation, cytokines and virus infection. The apoptotic 
process appears to be a host defense mechanism against 
viral infections. HCV might lead to viral persistence by 
inhibiting hepatocyte apoptosis and inducing monocyte 
apoptosis[14]. Although diverse effects of  the core protein on 
apoptosis have been reported, the underlying mechanisms 
are not fully understood[15]. Core protein exhibits both pro- 
and anti-apoptotic actions. Transient expression of  the 
core protein can inhibit tumor necrosis factor (TNF)-α-
mediated apoptosis in MCF7 cells, a cell line derived from 
breast carcinoma tissue[16]. In contrast, several studies have 
indicated that core protein can promote apoptosis induced 
by Fas or TNF-α in stable expression systems in HepG2, 
HeLa and Jurkat T cell lines[17-19]. In our study, we found 
that different quasispecies of  HCV genotype 1b truncated 
core proteins could induce Chang liver cell apoptosis, and 
the ability to induce apoptosis was different (T > NT > 
C191). Apoptosis was increased depending on prolongation 
of  transfection time (72 h > 48 h > 24 h). Moreover, 
the cell proliferation induced by HCV core protein was 
consistent with our finding that HCV core protein induced 
cell apoptosis. Nevertheless, the present results allow us to 

propose an alternative, and in fact contrasting mechanism 
for HCV core protein. Our observations imply that the liver 
cell proliferation observed during liver carcinogenesis is 
associated with the selection of  viral genomes whose core 
products can resist apoptosis. 

This apparently paradoxical f inding should be 
discussed in the light of  two important observations. 
Consistent with previous reports[20-23], in HCV-related 
HCC, strong arguments exist in favor of  the importance 
of  the immune response to HCV proteins in liver cell 
destruction during acute or chronic HCV infection. Our 
findings therefore suggest that cell apoptosis may reduce 
HCV protein expression and the elimination of  infected 
cells, thus favoring viral persistence. A sustained reduction 
in HCV replication during the later stages of  liver cancer 
development probably depends on other mechanisms, 
such as a lack in dedifferentiated cancer cells of  the tissue-
specific cellular factors necessary for HCV polyprotein 
expression and maturation. This favors the selection of  a 
cell subset that acquires resistance to HCV apoptosis and 
whose differentiation status maintains down-regulated 
HCV multiplication.

Cell-cycle progression and apoptosis are balanced 
processes regulated by a number of  cellular factors. 
Several cell-cycle-regulatory proteins are involved in signal 
transduction pathways of  apoptosis[24-26]. Core protein 
impaired G1/S transition, which might be advantageous to 
cells that are entering the apoptotic process. The influence 
of  core protein on cell cycle and apoptosis is different, 
depending on different cell systems and expression systems 
used[27-30]. However, in most studies, human hepatoma-
derived cell lines Huh-7 or HepG2 were used, but in our 
study, Chang liver cell and transient transfection were used. 
As an immortalized non-tumor cell line, the biological 
function of  Chang liver cells is similar to that of  normal 
human hepatocytes, so it is suitable for studying virus-host 
interactions in vitro. 

In summary, we found that HCV genotype 1b core 
protein could induce apoptosis, and inhibit cell-cycle 
progression and cell proliferation. Among three different 
quasispecies core proteins, the capability of  inducing 
apoptosis and inhibiting cell proliferation was different.

COMMENTS
Background
It is known that hepatitis C virus (HCV) core protein plays an important role in the 
pathogenesis of HCV persistent infection and hepatocellular carcinoma (HCC). 
HCV core protein derived from different quasispecies of the same HCV genotype 
1b might have different functions in their pathogenesis.

Research frontiers
HCV core protein is involved in regulation of host cell growth, including the cell 
cycle and apoptosis, but the results are conflicting. Recent studies have shown 
that the influence of HCV core protein on cell growth might be associated with viral 
persistence and generation of liver carcinogenesis.

Innovations and breakthroughs
We used Chang liver cells, an immortalized non-tumor hepatic cell line, different 
from the human hepatoma-derived cell lines in most studies. Moreover, different 
quasispecies of HCV genotype 1b core proteins are found to have different 
biological functions.
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Applications
Our findings further show the importance of HCV core proteins on the 
pathogenesis of HCV persistent infection, as well as HCC. It might provide new 
ideas for the cure and prevention of HCV infection.

Peer review
This work investigated the role of the core protein of HCV from different quasispecies 
on the pathogenesis of Chang liver cells. The findings are potentially interesting and 
point towards the ability of HCV core protein to induce apoptosis and inhibit cell-cycle 
progression in Chang liver cells. The intensity of these observed effects seems to be 
dependent on the quasispecies of the HCV core protein isolated. 
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