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Abstract: Objectives: This study aims to investigate the influence on human hepatocytes apoptosis and autophagy 
by the hepatitis C virus (HCV) core protein. Methods: QSG-7701, a human-derived non-neoplastic liver cell line, 
was transfected with PIRES-core vector that was a eukaryotic vector to express HCV core protein. Fluorescence 
microscope was used to observe the changes of nuclei in apoptosis cells by Annex in V-FITC/PI double staining. 
Flow cytometry was applied to detect the rate of cell apoptosis. Western blotting was used to detect the expression 
of HCV core protein, transcription factor nuclear factor-kappa B (NF-κB), autophagic biomarker microtubule associ-
ated protein 1 light chain 3 (LC3), and Beclin-1. Results: The apoptosis rate was significantly lower (P < 0.05) in 
QSG7701/core group (transfected with PIRES-core vector, (1.34±0.07)%) than in QSG7701 group (no transfection, 
(2.35±0.11)%) and in QSG7701 QSG7701/pcDNA3.1 group (transfected with pcDNA3.1 vector, (2.58±0.1)%). NF-
κB expression was up-expressed in QSG7701/core group than in QSG7701/pcDNA3.1 group and QSG7701 group 
(P < 0.05). LC3-II expression and Beclin-1 expression was significant higher in QSG7701/core group than in the 
QSG7701/pcDNA3.1 group and QSG7701 group (P < 0.05). Conclusion: HCV core protein can repress the apoptosis 
and improve the autophagy of QSG7701 through up-regulating NF-κB and Beclin-1 expression.
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Introduction

Apoptosis is programmed cell death, which 
plays an important role in maintaining cellular 
environmental homeostasis [1-3]. Several stud-
ies validated that the abnormal apoptosis was 
closely related to development and progression 
of tumor [4]. Autophagy is a eukaryotic cell pro-
cess that use lysosomes to degrade intracellu-
lar damaged organelles and denatured pro-
teins, which is another kind of non-caspase 
dependent programmed cell death different 
with apoptosis [5-7]. Autophagy is essential in 
cell growth, differentiation, self-renewal, aging 
and death, which become a hot spot in molecu-
lar biology. Autophagy plays important roles in 
cancer, inflammatory and degenerative diseas-
es [8-10]. In recent years, many studies report-
ed that HCV core protein is an important driver 
factor to cause malignant transformation of 
hepatocytes [11, 12]. It is still unclear whether 

HCV core protein can influence hepatocytes 
apoptosis, autophagy, and involved signaling 
pathways. To further investigate the influence 
on hepatocytes apoptosis and autophagy 
induced by HCV core protein, we select a human 
non-neoplastic liver cell line (QSG-7701), a nat-
ural HCV host cell line, to simulate the natural 
state of HCV infection. The results in this study 
will shed light on the molecular mechanisms of 
HCV core protein.

Materials and methods

Cell line and vectors

QSG7701, a human-derived non-neoplastic 
liver cell line, was selected in this study. The 
cells were reserved and cultured in the central 
lab of Qianfoshan Hospital affiliated to 
Shandong University. The PIRES-core vectors 
that can express HCV core protein was kindly 
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endeavored by Professor Xiaoyan Feng from 
Academy of Military Medical Sciences in Beijing.

Cell culture

The Freezing Tube containing QSG7701 cells 
was removed from liquid nitrogen, then incu-
bated the tube into 37°C water bath immedi-
ately. After shaking to rapidly melting, the cells 
were centrifuged in 800-1000 rpm for 5 min. 
The cells were added with RPMI1640 (Gibco, 
American) containing 10% FBS, 100 U/ml peni-
cillin and 100 U/ml streptomycin. The suspend-
ed cells were seeded into 50 ml sterile culture 
flask at 37°C within 5% CO2. The cells grown to 
log phase were used for further experiment.

The extraction and amplification of PIRES-core 
vector

The competent cells DH5α 50 μl were thawed 
on ice. The 2 μl PIRES-core vector was added 
into the bacterium suspension and incubated 
on ice for 30 min. Total 600 μl SOB medium 
was drew to culture in 200 rpm/min for 1 h. The 
30 μl bacterium suspension was absorbed to 

evenly apply on ampicillin resistance SOB medi-
um, and cultured overnight under 37°C incuba-
tor. The plasmid was extracted based on SDS-
alkaline lysis methods.

Cell transfection

18 to 24 hours before transfection, cells were 
seeded in 6-well plates with the cell density 
about 90%~95%. The QSG7701 cells were 
divided into 4 groups based on transfection: 
blank group without any transfection (QSG7701 
group), control group transfected with 
pcDNA3.1 (QSG7701/pcDNA3.1 group) and 
two experimental groups were all transfected 
with PIRES-core (QSG7701/core group) plas-
mid (one group for fluorescence detection, the 
other group for western blot detection). 

The 2 μg plasmid was diluted into 100 μl DMEM 
medium with high glucose and mixed well. The 
6 μl Liposome transfection reagent (Beyotime, 
Shanghai, China) was diluted into 100 μl DMEM 
medium with high glucose, and mixed ade-
quately. The solution with Liposome transfec-
tion reagent was added into plasmid solution at 
room temperature for 15-20 min. After adding 
the mixed solution to each group, RPMI1640 
medium containing with 10% FBS was added. 

Apoptosis detection

After transfection 15-20 minutes, fluorescent 
microscope was used to observe the expres-
sion of luciferase on luciferase group. The cell 
suspension was added into 5 µL Annexin V-FITC 
staining solution. After mixed adequately, the 

Figure 1. Expression of HCV core protein andNF-κBin QSG7701 cell line. A. Fluorescence detection of HCV core 
protein expressed in QSG7701 cell line; B. Western blot to detect the expression of HCV core protein (upper line), 
NF-κB (middle line) and GAPDH protein (lower line) in QSG7701 cell line by transfecting with pIRES-core, pcDNA3.1 
plasmid and without any plasmid.

Table 1. Expression of NF-κB in QSG7701 cell 
lines with transfecting PIRES-core, pcDNA3.1 
and without any plasmid
Groups Apoptosis rate (%)
QSG7701 2.35±0.11
QSG7701/pcDNA3.1 2.58±0.13
QSG7701/core 1.34±0.07**,##

Compared with QSG7701 group, **P < 0.01; Compared 
with QSG7701/pcDNA3.1 group, ##P < 0.01.
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cells were incubated in dark 2-8°C for 15 min. 
The changes of nuclear morphometry were 
observed by fluorescent microscope. And the 
apoptosis rate was detected by FCM.

Western blot analysis

After transfection 15-20 minutes, the cells in 
different group were harvest to extract pro-
teins. The expression of NF-κB protein, LC3 pro-
tein, Beclin-1 protein induced by HCV core pro-
tein on QSG7701 cells were detected by 
Western Blotting methods. 

The AlphaEaseFC890 software was applied to 
analyze the image band and the expression of 
proteins in each group was calculated by aver-
age absorbency.

Statistical analysis

All the data were described as the mean ± SD, 
and difference among different group was 
determined by ANOVA. The Dunett-t test was 
used to compare the difference in subgroups. P 

< 0.05 was considered as statistically 
significant.

Results

The expression of HCV core protein and NF-κB 
in QSG7701 by Western Blotting

To determine the transfection efficiency of lipo-
some method, GFP fluorescence was detected 
by fluorescent microscopy. As shown in Figure 
1A, GFP was detected in almost of all QSG7701 
cells with transfecting PIRES-core plasmid. This 
result indicated that we can get higher trans-
fection efficiency cell lines by this liposome 
method.

In order to check the expression of HCV core 
protein in QSG7701 cells with different trans-
fection, Western Blotting was applied in differ-
ent groups of cells. As shown in Figure 1B, HCV 
core protein can be detected in the QSG7701/
core group, while it can be detected in QSG7701 
group and QSG7701/pcDNA3.1 group. The 
results indicate that HCV core protein can be 

Figure 2. HCV core protein repressed apoptosis rate of QSG7701. Flow cytometry method to detect the apoptosis 
rate of QSG7701 cell line with transfecting pIRES-core, pcDNA3.1 plasmid and without any plasmid.

Figure 3. Expression of LC3-II and Beclin-1 protein in QSG7701 cell line transfecting with pIRES-core, pcDNA3.1 
plasmid and without any plasmid. A. Western blot to detect the expression of LC3-II protein in QSG7701 cell line with 
different plasmids. GAPDH protein as the internal control. B. Western blot to detect the expression of Beclin-1protein 
in QSG7701 cell line with different plasmids. GAPDH protein as the internal control.
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expressed stably in QSG7701 cells after trans-
fection with PIRES-core plasmid.

As HCV core protein was reported to be associ-
ated with apoptosis induced by TNF-α signaling 
pathway, we also detected the expression of 
transcriptional factor NF-κB in different groups. 
As shown in Figure 1B, NF-κB was up-regulated 
in QSG7701/core group than in QSG7701/
pcDNA3.1 and QSG7701 groups. We also cal-
culated the relative intensities of each band. As 
shown in Table 1, NF-κB expression was signifi-
cantly higher in QSG7701/core group than 
QSG7701/pcDNA3.1 group and QSG7701 
group (P < 0.01). The results indicated that HCV 
core protein up-regulated NF-κB (apoptosis 
repressor gene) expression.

Influence on apoptosis rate of QSG7701 by 
HCV core protein

To detect the apoptosis influenced by HCV core 
protein, FCM with Annexin V-FITC/PI double 
stain was used for different groups of cells. The 
affected cells can be effectively distinguished 
into early or late stage of apoptosis and dead 
cells. Comparing with the lower fluorescence 
effects, apoptotic cells exhibit strong red fluo-
rescence, and necrotic cells appear blue or/
and red fluorescence. The apoptotic cells in 
early stage are located in fourth quadrant. As 
shown in Figure 2, the apoptosis rate was sig-
nificantly different among different groups of 
QSG7701 cells. The rates of early apoptosis 
were (1.34±0.07)%, (2.58±0.13)% and (2.35± 
0.11)% in QSG7701/core group, QSG7701/
pcDNA3.1 group and QSG7701 group respec-
tively. The rate was significantly lower in QS- 
G7701/core group than QSG7701/pcDNA3.1 
and QSG7701 group (P < 0.05).

LC3-II and Beclin-1 expression by Western 
Blotting

To explore the influence on the expression of 
autophagy associated genes by HCV core pro-

tein, Western Blotting was applied to detect 
LC3-II and Beclin-1 expression. As shown in 
Figure 3A, 3B and Table 2, LC3-II and Beclin-1 
were both up-regulated in QSG7701/core group 
than in QSG7701/pcDNA3.1 group and 
QSG7701 group (P < 0.05). The results indicat-
ed that HCV core protein might improve the cell 
autophagy of QSG7701 cells through regulating 
LC3-II and Beclin-1 expression. 

Discussion

It is still unclear about HCV pathogenesis. It is 
validated that HCV proteins may be important 
factors to cause cell cancer as HCV nucleic acid 
sequence is not integrated into the host DNA, 
while HCV is detected to infect and replicate in 
liver cancer tissues [13, 14]. Levine et al. 
believed that the pathogenesis of HCV core pro-
tein may be associated with liver cell apoptosis 
and autophagy [15]. And in the regulation of 
apoptosis, NF-κB signaling pathway is a classic 
one involved in the processes. It was demon-
strated that HCV core protein activated NF-κB 
to inhibit hepatocytes apoptosis through bind-
ing with the cytoplasmic portion of tumor necro-
sis factor receptor l (TNFRl) to activate IΚB 
Kinase (IKK) and accelerate IΚB (including IκBα 
and IΚBΒ) degradation [16]. Marusaua et al 
found the apoptosis effect induced by Fas and 
tumor necrosis factor (TNF) significantly 
decreased after transfection with HCV core pro-
tein, which was dependent on the increase of 
NF-κB transcription [17]. NF-κB expression was 
down-regulated in HCV infected hepatocytes 
when exposure to plasmacytoid dendritic cells 
(PDCS), and the decreased expression of NF-κB 
can enhance the TNF-α-induced cell death [18]. 
Above studies indicated that HCV core protein 
can regulate NF-κB signaling pathway that is 
highly related to the apoptosis.

Autophagy is the process that cell degrades 
damaged organelles and macromolecules 
through utilizing its own lysosome. It was found 
that autophagy played important roles when 

Table 2. Expression of LC3-II and Beclin-1 protein in QSG7701 cell lines with transfecting pIRES-core, 
pcDNA3.1 and without any plasmid
Group LC3-I LC3-II Beclin1
QSG7701 1745.23±432.65 6013.43±436.32 0.17±0.04
QSG7701/pcDNA3.1 2134.46±384.32 6146.65±520.58 0.21±0.03
QSG7701/core 6023.54±629.43**,## 13423.54±732.78**,## 0.92±0.11**,##

Compared with QSG7701 group, **P < 0.01; compared with QSG7701/pcDNA3.1 group, ##P < 0.01.
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body was infected by pathogens [19, 20]. As an 
important way to against pathogens in body, 
autophagy can effectively activate innate and 
acquired immune response and maintain the 
normal function of the immune cells, which 
effectively degrades pathogenic microorgan-
isms [21]. Actually, pathogenic microorganisms 
can utilize autophagy to increase self-replica-
tion in some times. Improvement of autophagy 
may promote the proliferation of pathogenic 
microorganisms. It is still unclear about the 
relationship between infection and autophagy. 
LC3 located in the surface of autophagosome, 
which participated in the formation of autopha-
gosome [22, 23]. LC3-II binds and locates in 
the autophagic membranes, and amount of 
LC3-II represents is proportional to the number 
of autophagosome [24-26]. So the reaction 
level of autophagic cells can be inferred by 
detecting LC3-II expression in host cells. 
Through unknown ways of accelerating assem-
bling and aggregation of autophagic vacuoles, 
Beclin-1 can promote the formation of autopha-
gosome [27]. Granato suggested that over-
expression of Beclin-1 can inhibit the replica-
tion of cancer cells in breast cancer [24]. Ying 
found that Beclin-1 was down-regulated in epi-
thelial cells of ovarian cancer, while Beclin-1 
was highly expressed in normal mammary epi-
thelial cells [28]. These indicated that Beclin-l 
played an inhibitory roles in tumor replication. 
Li shown that HCV replication will be significant-
ly reduced when Beclin-1 expressed was 
repressed [29]. There is no clear report about 
the relationship between autophagy and HCV 
infection.

In this study, we established stable cell lines to 
express HCV core protein based on human 
derived non-tumor liver cell line (QSG7701), 
which can truly simulate the natural state of 
HCV infection. Through FCM with Annexin 
V-FITC/PI double stain, the apoptosis rate in 
QSG7701/core group was significantly lower 
than in QSG7701/pcDNA3.1 group and 
QSG7701 group (P < 0.05), which indicated 
that HCV core protein can inhibit the apoptosis 
of QSG7701 cells. For NF-κB, its expression 
was significantly up-regulated in QSG7701/
core group than in QSG7701/pcDNA3.1 group 
and QSG7701 group, and the apoptosis was 
repressed at the same time. It can be inferred 
that NF-κB expression was negatively correlat-
ed to apoptosis and HCV core protein may 
repress hepatocytes apoptosis by up-regulat-

ing NF-κB. As to the autophagy, LC3-II and 
Beclin-1 expression was up-regulated in 
QSG7701/core group than in QSG7701/
pcDNA3.1 and QSG7701 groups, which indi-
cated that HCV core protein can enhance hepa-
tocytes autophagy through up-regulating 
Beclin-1.

Based on the results about hepatocytes apop-
tosis and autophagy, we believe that HCV core 
protein can promote the proliferation of host 
cells through interacting with multiple signaling 
pathways within host cells. The body will quickly 
respond to induce apoptosis associated signal-
ing pathways, which inhibits cell proliferation by 
HCV infection to maintain cellular homeostasis. 
We found that HCV core protein up-regulated 
NF-κB expression to repress the response of 
host cells, which prolonged survival of host 
cells and benefitted to sustained replication, 
spread and persistent infection of HCV, cell 
cycle abnormalities, Dysregulation of growth, 
and cell differentiation and malignant transfor-
mation. At the same time HCV core protein can 
also increase Beclin-1 expression to enhance 
autophagy. Improvement of autophagy can 
help the body to eliminate pathogens. But in 
other hands, HCV can accelerate self-replica-
tion through autophagy, which led to chronic 
inflammation, cirrhosis and malignant transfor-
mation of hepatocytes.

Through the investigation the influence on 
apoptosis and autophagy of hepatocytes 
induced by HCV core protein, we further 
revealed the mechanisms of HCV pathogenesis 
and the relationship with apoptosis and autoph-
agy. The results in this study may present indi-
cation about clinical treatment for cancer, 
degenerative diseases and pathogen infec- 
tion.
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