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Abstract        Persistent hepatitis C virus (HCV) infection can cause liver cirrhosis and hepatocellular
carcinoma. Non-structural protein 3 (NS3), an important part of HCV, has been implicated in the life cycle
of the virus and interacts with host cellular proteins. In this study, we investigated the effect of NS3 protein
on cell tranformation and related protein alteration in human hepatocyte QSG7701 cells. The results indicated
that stable expression of the NS3 protein in QSG7701 cells induced transformed characters with reduced
population doubling time, anchorage-independent growth and tumor development. Fifteen differentially-
expressed proteins were separated and identified using 2-D electrophoresis and matrix-assisted laser
desorption ionization-time of flight mass spectrometry. Western blot analysis confirmed that the increase of
phospho-p44/42 and phospho-p38 proteins was associated with transformed cells. These results supported
the view that HCV NS3 protein plays a transforming role and provided some clues to elucidate the
carcinogenesis mechanism of HCV-related hepatocellular carcinoma.
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It is estimated that approximately 400 million people, or
more than 2% of the world’s population, are infected with
hepatitis C virus (HCV). Persistent HCV infection often
leads to chronic hepatitis that can result in liver cirrhosis
and hepatocellular carcinoma (HCC) [1,2]. In spite of
increasing evidence about immunologically-mediated
and virus-induced mechanisms, so far the origin of
hepatocarcinogenesis in HCV infection remains poorly
defined [3].

HCV has a positive-strand RNA genome of approximately
9.4 kb that serves as a template for replication and for
translation of a polyprotein of 3010−3033 amino acids.
The polyprotein is cleaved co- and post-translationally by
host and viral proteases into at least 10 different mature
proteins in the order NH2-C-E1-E2-p7-NS2-NS3-NS4A-
NS4B-NS5B-COOH [4]. One of these proteins, non-

structural protein 3 (NS3) with 631 amino acid residues,
is indispensable for virus replication. Multiple enzymatic
activities are associated with the NS3 protein, such as
serine protease, RNA-stimulated nucleoside triphosphatase,
and RNA helicase activities. The catalytic domain of the
chymotrypsin-like NS3 protease, comprised of 181 amino
acids, has been mapped to the NH2-terminal region of the
protein, whereas the nucleoside triphosphatase and the
helicase are located within the COOH-terminal 450 amino
acids of NS3 [5].

Several studies have pointed out controversial roles for
the NS3 protein in cell proliferation and transformation. It
was reported that the NS3 protein could double the growth
rate of NIH3T3 cells and induce tumor in nude mice when
NS3 is expressed constitutively [6,7]. HCV NS3 could
suppress cell apoptosis induced by actinomycin D [8].
Further research showed that the HCV NS3 serine protease
was involved in rat fibroblast cell transformation and that
the ability to transform required an active enzyme [9]. NS3-
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specific single-chain antibodies could shuttle NS3 from
the cytosol to the nucleus with concomitant inhibition of
cell proliferation and loss of the transformed phenotype
[10]. In contrast, other studies revealed HCV NS3
expression inhibited the growth of Huh7 and Hep3B cells,
and these cells were arrested in the G2/M phase of the cell
cycle [11]. HCV NS3 promoted caspase-8-induced
apoptosis at a pathway site distal to Fas-associated death
domain, and NS3 might represent a new class of pro-
apoptotic proteins [12]. All these reports were based on in
vitro systems in non-hepatic cell lines of animal origin, or
hepatoma cells, and the discrepancies in their results might
be due to the different experimental settings. As HCV is a
hepatotropic virus, it is more appropriate to use a
hepatocyte with normal phenotype to study the effects of
the HCV NS3 protein.

In terms of its pathogenesis, the HCV NS3 protein was
shown to strongly modulate the activity of protein kinases
C and A, and prevent the protein kinases from interacting
with their intracellular target proteins in vivo [13,14]. The
HCV NS3 protein can specifically repress p21waf1/cip1
promoter activity [7], activate the mitogen-activated
(MAPK) signalling pathway JNK [15], and enhance
telomerase activity [16]. Because of the limitations in
conventional techniques, researchers have been restricted
to only a few biological parameters and target molecules
at a time, and little has been known regarding the specific
alterations responsible for the development or progression
of HCV infection. Nowadays, the proteomic approach is
considered to be the key technology in the global analysis
of protein expression and in the understanding of gene
function. Proteomic analysis was recently applied to tissue
or cell samples to find molecular markers or tumor-specific
and tumor-associated proteins for HCV-associated HCC
[17,18]. However, the comprehensive analysis of protein
alteration to investigate the mechanism of HCC induced
by HCV infection has rarely been done.

In the present work, a hepatic cell line of human origin
(QSG7701) was selected to transfect with HCV NS3. Cell
growth assay and anchorage-independent growth and
tumor development in nude mice were applied to investigate
the change of biological behaviors. High throughput
techniques of proteomic analysis combining 2-D electro-
phoresis (2-DE) and matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF
MS) with a bioinformatics database were used to identify
differentially-expressed proteins. Western blot analysis
further validated two up-regulated proteins of p44/42 and
p38. The pathological significance of the differentially-
expressed proteins is discussed.

Materials and Methods

Cell culture

The human hepatocyte cell line QSG7701 [19] was
obtained from the Cell Bank of Type Culture Collection of
Chinese Academy of Sciences, Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences
(Shanghai, China), and the HepG2 cell line was obtained
from American Type Culture Collection (Manassas, USA).
Cells were maintained in Dulbecco’s modified Eagle’s
medium  supplemented with 10% fetal calf serum, 100
U/ml penicillin G, and 50 μg/ml streptomycin, at 37 ºC in
a humidified atmosphere of 5% CO2. All cell culture
reagents were from Gibco BRL (Carlsbad, USA).

Expression vectors

Mammalian expression vector pRcHCNS3-5’
expressing HCV NS3 C-terminal truncated protein was
kindly provided by Prof. TAKEGAMI (Kanazawa Medical
University, Ishikawa, Japan) [6]. Non-expressive plasmid
pRcCMV was purchased from Sigma-Aldrich (St. Louis,
USA).

Transfections

Plasmid pRcHCNS3-5’ was introduced into QSG7701
cells according to the instructions supplied with
Lipofectamine reagent (Gibco BRL). Cells were seeded
into selection medium containing 400 μg/ml G418 until
several G418-resistant clones (pRcHCNS3/QSG) were
established, then the cells were maintained in G418 with a
concentration of 200 μg/ml. The clones constitutively
expressing HCV NS3 protein were validated by polymerase
chain reaction (PCR) and Western blot analysis. QSG7701
cells were also transfected with the non-expression vector
pRcCMV as a negative control (pRcCMV/QSG). QSG7701
parental cells were used for the parallel control.

PCR analysis

To detect cDNA in stable transfectants, total genomic
DNA was extracted according to standard methods and
quantified with an ultraviolet spectrophotometer. DNA PCR
was carried out using primers (sense: 5'-CGGGCACG-
TTGTAGGCATC-3', antisense: 5'-AACGGACGGCTT-
TAGGACGA-3') and a reaction consisted of 1 cycle of 90
ºC for 90 s, followed by 35 cycles of 94 ºC for 30 s, 57 ºC
for 30 s, 72 ºC for 40 s, then 72 ºC for 5 min. PCR products
were subjected to electrophoresis on a 0.8 % agarose gel,
visualized by EB staining.
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Western blot analysis

Cells were collected by centrifugation at 3000 g for 4
min at 4 ºC, washed twice in phosphate-buffered saline
(PBS) and resuspended in lysis buffer [50 mM Tris-HCl,
pH 6.8, 1 mM EDTA, pH 8.0, 2% sodium dodecyl sulfate
(SDS), 100 mM Na3VO4]. The concentration of the total
proteins was measured by a protein assay kit (Pierce,
Rockford, USA) according to the manufacturer’s protocol
and was used for each Western blot analysis. The extracted
proteins were separated by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) on 12% polyacrylamide gels
and were transferred to nitrocellulose membranes (Millipore,
Billerica, USA) using standard methods. After incubation
with a blocking buffer (PBS containing 5% bovine serum
albumin) at room temperature, the nitrocellulose membranes
were probed with the indicated antibody overnight at room
temperature. The antibodies were used at the following
dilutions and obtained from the indicated sources: goat
anti-HCV NS3 antibody diluted 1:50 (Santa Cruz
Biotechnology, Santa Cruz, USA); and rabbit anti-p44/42
MAPK antibody diluted 1:1000, rabbit anti-phosphor-p44/
42 MAPK antibody diluted 1:200, rabbit anti-p38 MAPK
antibody diluted 1:100, and mouse anti-phospho-p38 MAPK
diluted 1:200 (Cell Signaling Technology, Boston, USA).
Mouse anti α-tubulin antibody (1:2000, Santa Cruz
Biotechnology) was used as a loading control. The
membranes were incubated with secondary antibody
(horseradish peroxidase-conjugated anti-mouse, anti-goat
or anti-rabbit immunoglobulin G, 1:10,000 dilution;
Amersham Biosciences, Piscataway, USA). Antigen-
antibody complexes were visualized by enhanced
chemiluminescence (Amersham Pharmacia Biotech,
Buckinghamshire, UK). The relative density values were
determined with UTHSCSA Image Tool 3.0 (University of
Texas Medical School at San Antonio, USA).

Cell immunohistochemical staining

Cells were seeded on slides and incubated for 2 d and
then fixed in acetone for 20 min at 4 ºC. Fixed cells were
washed three times in PBS and non-specific proteins were
blocked using non-immune serum (Zhongshan, Beijing,
China) for 30 min at room temperature. Cells were
incubated with the anti-HCV NS3 antibody overnight
at room temperature, then washed twice in PBS. Cells
were then incubated for 1 h with rabbit anti-goat
immunoglobulin G-conjugated horseradish peroxidase
diluted at 1:3000 (Zhongshan), followed by two washes
in PBS. Cells were stained with diaminobenzidine  reagent
(Zhongshan).

Cell growth assay

For cell growth analysis, 1×105 cells were seeded onto
6-well plates in duplicate at day 0. Cells were daily
trypsinized and live cells were counted after Trypan Blue
straining. Triplicate wells were counted at each time point
and the population doubling time was obtained from day 1
to day 7.

Anchorage-independent growth

A total of 2×103/ml cells were suspended in 0.3% agar
containing Dulbecco’s modified Eagle’s medium and 10%
fetal calf serum and overloaded onto a bottom layer of
0.7% agar in 6-well plates. After 4 weeks of culture, the
morphology of transfected cell s was  analyzed
microscopically. Colonies including more than 50 cells were
scored and the efficiency of colony formation was
determined. The experiment was repeated three times.

Tumor development in athymic nude mice

Sixteen nude mice (BALB/cA nude, females, 4−6 weeks
old, 18−22 g; Shanghai Laboratorial Animal Center,
Shanghai, China) were divided into four groups
stochastically and inoculated subcutaneously in the right
flank with pRcHCNS3/QSG, pRcCMV/QSG, or QSG7701
cells (1×107 cells in 0.2 ml PBS). HepG2 cells were used
as the positive control. Tumor size and animal weight were
measured weekly. The mice were killed and the tumors
were removed 40 d after inoculation.

Immunohistochemistry

The fresh tumor tissue was formalin-fixed, paraffin-
embedded and sectioned into 5 μm slices. Slices were
mounted on poly-L-lysine-coated slides. The end section
was stained with hemetoxylin-eosin to ensure that the
lesion was still present in the serial sections. After
deparaffinizaion, the slides were blocked with 3% hydrogen
peroxide for 10 min and subjected to antigen retrieval with
microwave in 10 mM citrate buffer for 15 min. The anti-
HCV NS3 antibody was applied to the slides and incubated
at room temperature overnight. After washing with PBS,
the streptavidin-peroxidase kit (Zymed Laboratories, San
Diego, USA) and diaminobenzidine chromogen were used
to develop the stain. Immunohistochemical stains were
interpreted as positive if at least 10% of the neoplastic
cells showed intense immunoreactivity.

2-DE and image analysis

The cultured cells were harvested when they reached
approximately 80% confluence, solubilized in a lysis buffer
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containing 7 M urea, 4% CHAPS, 40 mM Tris, and 65
mM dithiothreitol, and centrifuged. The protein concen-
trations were determined using the protein assay kit. Three
samples per cell strain were prepared from individual cell
cultures. Samples were then loaded onto immobilized pH
gradient strips (pH 3−10L, 240 mm×3 mm×0.5 mm) using
an IPGphor isoelectric focusing cell (Amersham
Biosciences). Second-dimension SDS-PAGE was carried
out using the Ettan Dalt II system (Amersham Biosciences).
2-DE was carried out according to the method described
by Gorg et al. [20]. After electrophoresis, the gels were
visualized with a silver staining kit. All chemicals and
equipment used for  2-DE were from Amersham
Biosciences. The stained 2-DE gels were scanned with
LabScan software (Amersham Biosciences) on an
ImageScanner with a resolution of 300 dpi. The spot-
intensity calibration, spot detection, background
abstraction, matching, 1-D calibration, and the establish-
ment of the average gel were carried out with ImageMaster
2D Elite 4.01 analysis software (Amersham Biosciences).

MALDI-TOF MS analysis

Protein spots were excised from preparative gels and
transferred to siliconized Eppendorf tubes. One protein-free
gel piece was treated in parallel as a negative control. Proteins
were in-gel digested as previously described [21]. Briefly,
the gel spots was destained in the destaining solution
comprising 100 mM Na2S2O3 and 30 mM K3Fe(CN)6 (1:1).
The protein-containing spots were reduced in the reduction
buffer (100 mM NH4HCO3 and 10 mM dithiothreitol) for
1 h at 57 ºC, and alkylated in the alkylation buffer (100
mM NH4HCO3 and 55 mM iodoacetamide) in the dark for
30 min at room temperature. The gel pieces were dried in
a vacuum centrifuge. The dried gel pieces were incubated
in the digestion solution (40 mM NH4HCO3, 9% acetonitrile,
and 20 mg/ml trypsin) for 16 h at 37 ºC and mixed with
α-cyano-4-hydroxy-cinnamic-acid matrix solution. A
volume (1 μl) of the mixture containing α-cyano-4-
hydroxy-cinnamic-acid matrix was loaded on a stainless
steel plate and dried in the air. The samples were analyzed
with an Applied Biosystems Voyager System 4307 MALDI-
TOF Mass Spectrometer (ABI, Foster City, USA). The
parameters were set up as follows: positive ion-reflector
mode; accelerating voltage 20 kV; grid voltage 64.5%;
mirror voltage ratio 1.12; N2 laser wavelength 337 nm;
pulse width 3 ns; number of laser shots 50; acquisition
mass range 1000−3000 Da; delay 100 ns; and vacuum
degree 4×10−7 Torr. A trypsin-fragment peak served as the
internal standard for mass calibration. A list of the corrected
mass peaks was the peptide mass fingerprinting (PMF).

Bioinformatics analysis

Proteins were identified with PMF data by searching
software PeptIdent (http://www.expasy.pku.edu.cn/)
using a MASCOT Distiller, which can detect peaks by
attempting to fit an ideal isotopic distribution to the
experimental data. The searching parameters were set up
as follows: mass tolerance 60.5 Da; number of missed
cleavage sites allowed 1; cysteine residue modified as
carbamidomethyl-cys; variable modifications oxidation (M);
minimum number of matched peptides 5; species selected
as Homo sapiens (human); peptide ion [M+H]+; mass
values monoisotopic; searching range within the
experimental isoelectric point (pI) value±0.5 pH unit and
experimental (molecular weight) MW±20%.

Statistical analysis

Results were analyzed using one-way ANOVA (SPSS
version 11.0; SPSS, Chicago, USA) with P<0.01 considered
to be significant.

Results

Detection of HCV NS3 cDNA in stable transfectants
of pRcHCNS3/QSG cells

In order to detect HCV NS3 cDNA in stable transfectants
of pRcHCNS3/QSG cells, total genomic DNA was
extracted and subjected to PCR analysis. As shown in
Fig. 1, a 257 bp fragment was specifically amplified from

Fig. 1      DNA analysis from pRcHCNS3/QSG cells
The 257 bp fragment was specifically amplified from DNA of pRcHCNS3/QSG
cells, but not from negative control. M, 100 bp marker; lanes 1−3, pRcHCNS3/
QSG cells of passages 3, 6, and 9; lane 4, pRcCMV/QSG cells (negative control).
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DNA of pRcHCNS3/QSG cells at passages 3, 6, and 9,
but no fragment was amplified from DNA of the
pRcCMV/QSG cells.

Detection of HCV NS3 protein expression in
pRcHCNS3/QSG cells

In order to confirm the HCV NS3 protein expression in
the stable transfectants of pRcHCNS3/QSG cells, the
total proteins were extracted and subjected to Western
blot and cell immunohistochemistry analysis. It was shown
that the seven clones from pRcHCNS3/QSG cells all
express HCV NS3 truncated protein that locates at 30 kDa
(Fig. 2). Cell immunohistochemical staining showed that
pRcHCNS3/QSG cells strongly expressed HCV NS3
truncated protein, and the positive signal was in the
cytoplasm. The positive signal was found in the positive
control group, but not in the negative control group (Fig. 3).

Cell growth assays

The effect of the HCV NS3 protein on cell growth was
examined by the evaluation of proliferation rates and
population doubling times. Growth curves were obtained
by daily viable cell counts with the Trypan blue exclusion
method. The plots were obtained from mean values of

two independent clones of pRcCMV/QSG cell lines,
parental QSG7701 cell lines and four different clones of
pRcHCNS3/QSG cell lines. Duplicate wells from two
independent experiments were counted at each time point.
According to the daily cell counts, HCV NS3 transfectants
showed a faster proliferation rate than the pRcCMV/QSG
cells and parental QSG7701 (Fig. 4). Consistently, the
population doubling time in pRcHCNS3/QSG cells was
much shorter than that in pRcCMV/QSG cells and parental
QSG7701 cells (12, 26, and 28 h, respectively; P<0.01
the former versus the latter two). HCV NS3 protein
expression is suggested to be involved in the faster growth
character of QSG7701 cell line.

Anchorage-independent growth

The ability of G418-resistant cells to grow anchorage
independently was examined as follows. Cells (2×103

cells/ ml) were suspended containing 0.3% granulated agar
and added over a layer of 0.7% agar in medium.
Microscopic analysis of the transfected cells revealed
colony formation at 4 weeks of culture in soft agar and
anchorage-independent growth in the pRcHCNS3/QSG
cells, whereas the pRcCMV/QSG and the parental cells
showed no anchorage-independent growth under the same

Fig. 2        Western blot analysis of hepatitis C virus non-structural protein 3 truncated protein expression
Lanes 1−7, subclones from pRcHCNS3/QSG; lane 8, pRcCMV/QSG (negative control) cells; lane 9, QSG7701 cells. α-Tubulin was used as the loading control.

Fig. 3        Immunohistochemistry analysis (streptavidin-peroxidase) of hepatitis C virus non-structural protein 3 truncated protein
expression in pRcHCNS3/QSG cells (A) and pRcCMV/QSG cells (B)

pRcHCNS3/QSG cells have been detected with positive signals in the cytoplasm. pRcCMV/QSG cells were used as negative control. Magnification, 400×.
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conditions. The cloning efficiencies in pRcHCNS3/QSG
cells, pRcCMV/QSG cells, and parental QSG7701 were
33 %, 1.46 %, and 1.11 %, respectively (P<0.01, the
former versus the latter two) (data not shown).

Tumor development in nude mice

The tumorigenic potential of the transfectants was
examined by inoculating nude mice with pRcHCNS3/QSG
cells, pRcCMV/QSG cells, QSG7701 cells, or HepG2 cells.
The first evidence of well-defined and distinct subcutaneous
tumors appeared on day 15 in four mice inoculated with
the pRcHCNS3/QSG cells. The mean tumor size and weight
on day 40 were 3.08 cm3 and 3.13 g, respectively. The
HepG2 cells, as the positive control, also induced tumor in
the nude mice. But no tumor developed in the mice
inoculated with pRcCMV/QSG cells or QSG7701 cells until
40 d after inoculation. Macroscopically, the tumors induced
by pRcHCNS3/QSG cells showed irregular yellow brown
nodes and appeared to be encapsulated. Prominent necrosis
could be seen on the cut surface. Microscopically, the
tumor cells were similar to hepatocytes except for their
heterogenesis and they were arranged in trabecular patterns
with intervening sinusoids. Cancer cell nests with abundant
coagulative necrosis were separated by fibrous tissue
(Fig. 5). The tumors showed the histological characters
of hepatocellular carcinoma. Immunohistochemical staining
confirmed that the tumor tissue expressed HCV NS3
truncated protein and the positive signal was located in the
cytoplasm (Fig. 6).

2-DE maps of the proteomes of pRcHCNS3/QSG and
pRcCMV/QSG cells

2-DE maps were constructed for the proteomes of the

Fig. 4        Effect of hepatitis C virus non-structural protein 3
truncated protein expression on cell proliferation rates
Growth curves were obtained by daily viable cell counts and the population
doubling times obtained from day 1 to day 7 are indicated.

Fig. 5        Hepatocellular carcinoma induced by pRcHCNS3/
QSG cells
Hematoxylin-eosin-stained section showing trabecular-arranged cancer cells and
coagulative necrosis. Magnification, 100× (A), 400× (B).

Fig. 6        Immunohistochemistry showing the hepatitis C virus
non-structural protein 3 truncated protein expression in hepa-
tocellular carcinoma induced by pRcHCNS3/QSG cells
(A) The positive signals are in the cytoplasm. (B) PBS substituting for the anti-
HCV NS3 antibody was used to as negative control. Magnification, 400×.
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pRcHCNS3/QSG and pRcCMV/QSG cells, as the estab-
lishment of a 2-DE protein map was a prerequisite for
subsequent comparative proteomic studies. To validate the
reproducibility, 2-DE was carried out in triplicate for the
two kinds of cells. The image analysis showed that these
2-DE maps were reproducible. An average of 1183±77
spots were detected among three gels of pRcHCNS3/QSG
cells and 1082±48 spots were matched with an average
matching rate of 91.48%. For pRcCMV/QSG cells, a total
of 1095±82 spots were detected, and 996±75 spots were
matched with an average matching rate of 90.96%. A total
of 100 well-resolved and matched spots among gels of
pRcHCNS3/QSG cells were chosen randomly to calculate
the deviation of the spot position. The spot positional

deviation was 0.978±0.136 mm in the isoelectric focusing
direction, and 1.225±0.315 mm in the SDS-PAGE
direction. The well-resolved and reproducible 2-DE patterns
of these cells are shown in Fig. 7. The 2-DE maps of
pRcHCNS3/QSG cells were compared with the maps of
pRcCMV/QSG cells, and 920±60 spots were matched.

MALDI-TOF MS analysis of the differential protein
spots

A total of 21 differential protein spots, four spots
expressed only in pRcHCNS3/QSG cells, the remaining
spots expressed between pRcHCNS3/QSG cells and
pRcCMV/QSG cells with at least a threefold discrepancy,
were selected for MALDI-TOF MS-based PMF analysis

Fig. 7        2-D electrophoresis map of pRcHCNS3/QSG and pRcCMV/QSG cells
(A) pRcHCNS3/QSG cells. The numbered spots show proteins that were only expressed or overexpressed in pRcHCNS3/QSG cells. (B) pRcCMV/QSG cells. The
numbered spots show the proteins that were only expressed or overexpressed in pRcCMV/QSG cells or down-expressed in pRcHCNS3/QSG cells. MW, mass weight;
pI, isoelectric point.

D
ow

nloaded from
 https://academ

ic.oup.com
/abbs/article/39/10/751/389 by guest on 23 April 2024



758                                                                                 Acta Biochim Biophys Sin                                                                         Vol. 39, No. 10

©Institute of Biochemistry and Cell Biology, SIBS, CAS

[22]. These differential protein spots were excised from
the silver-stained gels, and digested in-gel with trypsin.
The PMF maps were obtained by MALDI-TOF MS, and
calibrated with a trypsin auto-degraded peak (m/z
1993.9772 Da). Fig. 8 shows the PMF maps of the spot
NS1. The PMF data were used to search the Swiss-Prot,
TrEMBL and National Center for Biotechnology
Information databases with PeptIdent software. The
resulting protein was determined by comprehensively
comparing the corresponding experimental isoelectric
point, Mr, the number of matched peptides, and the
sequence coverage. Of the 21 protein spots, 15 differential
proteins were identified by PMF. The data for all identified
protein spots are shown in Tables 1 and 2. By using this
approach, cellular signal proteins, immunity proteins, cell
cycle proteins, cellular proliferation and apoptosis proteins,
tumor infiltration and metastasis proteins, and metabolic
proteins of liver were found to be differentially expressed
in the pRcHCNS3/QSG and pRcCMV/QSG cells.

Western blot analysis

From the identified candidates, p44/42 and p38 were
selected for Western blot analysis to validate the reliability
of the identified results. As shown in Figs. 9 and 10, the
expression of total p44/42 and p38 proteins in the
pRcHCNS3/QSG cells was not distinctly different from
these two proteins in the pRcCMV/QSG cells and
QSG7701 cells, whereas phospho-p44/42 and phospho-p38
were up-regulated in pRcHCNS3/QSG cells compared to

pRcCMV/QSG and QSG7701 cells. The experiments were
repeated three times and carried out in three different stable
cell clones. The expression changes of these selected
proteins were consistent with 2-DE and silver-staining
results. These results showed that the proteomic analysis
of HCV NS3-transfected cells is convincing, and suggest
that these proteins play roles in the cell transformation
induced by HCV NS3.

Discussion

Here we studied the biological behaviors of QSG7701
cells constitutively expressing HCV NS3 protein to examine
the role of the NS3 protein in cell proliferation. QSG7701
cells are immortally non-tumorigenic hepatocytes of human
origin with hypotriploid phenotype. They came from liver
tissue 6 cm from HCC [19]. After being transfected with
HCV NS3, the cells grew rapidly, showed anchorage-in-
dependent growth in soft agar and induced significant tu-
mor formation in nude mice. The tumors obtained from
the nude mice showed the histological features of HCC
and strongly expressed HCV NS3 protein. The present
study indicated that QSG7701 cells acquire a transformed
phenotype and become tumorigenic in nude mice after
stably transfected with the HCV NS3 gene. Furthermore,
the protein alteration induced by HCV NS3 was investigated
by proteomics methods. Fifteen differentially-expressed
protein spots were separated and identified by 2-DE and

Fig. 8        Representative matrix-assisted laser desorption ionization-time of flight mass spectrum of protein spot NS1 in a 2-D
electrophoresis map of pRcHCNS3/QSG cells
This peptide mass fingerprinting was identified as CHAIN 1:Follistatin by database search (Swiss-Prot, TrEMBL and National Center for Biotechnology Information
databases).
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Spot ID AC ID Peptides matched pI M W Coverage (%) Protein name or description

NS1 P19883 14/33 5.31 34754.26 51.4 CHAIN 1:Follistatin
NS2 Q96E17 8/44 5.09 25952.19 28.2 Ras-related protein Rab-3C
NS3 Q03403 8/25 5.21 11989.48 44.3 CHAIN 1:Trefoil factor 2
NS4 P56812 4/27 5.77 14285.08 36.8 Programmed cell death protein 5 (TFAR19

protein) (TF-1 cell apoptosis related
gene-19 protein)

NS5 Q16890 4/4 5.45 22449.07 14.7 Tumor protein D53 (HD53) (D52-like 1)
NS6 O95433 5/10 5.41 38274.32 16.9 Activator of 90 kDa heat shock protein

ATPase homolog 1 (AHA1) (p38)
(HSPC323)

NS7 P15529-14 6/15 5.70 40692.81 12.9 Splice isoform I of membrane cofactor
protein precursor (CD46 antigen)
(trophoblast leucocyte common antigen)
(TLX)

NS8 P17014 5/16 5.41 14688.68 17.4 p53 binding protein MDM2 (oncogene
MDM2)

CMV1 P30279 6/26 5.06 33067.23 24.6 G1/S-specific cyclin D2
CMV2 Q9HCU9 12/44 4.69 28460.65 33.7 Breast cancer metastasis suppressor-1
CMV3 Q99674 4/18 4.39 31976.53 21.3 Cell growth regulatory gene 11 protein (cell

growth regulator with EF-hand domain 1)
CMV4 P00742 7/27 4.59 15725.25 51.1 CHAIN 1:Factor X light chain
CMV5 P30466 5/16 6.15 37609.64 13.6 CHAIN 1:HLA class I histocompatibility

antigen
CMV6 P49675 6/18 − − 27.0 Steroidogenic acute regulatory protein,

mitochondrial precursor (StAR)
(StARD1)

CMV7 Q14865 8/23 − − 21.5 Modulator recognition factor protein 2
(Mrf-2)

Table 1        Characterized differentially-expressed proteins in pRcHCNS3/QSG cells compared to pRcCMV/QSG cells

AC, access; NS, non-structural; pI, isoelectric point. −, uncertain.

Function category pRcHCNS3/QSG cells

Up-expressed protein Down-expressed protein

Cellular signal proteins Ras, p38, HD53 None
Immunity proteins CD46 MHC-1
Cell cycle proteins MDM2 Cyclin D2
Cellular proliferation and apoptosis proteins Follistatin, TFAR19 CGR11
Tumor infiltration and metastasis proteins TFF2 BRSM1
Metabolic proteins of liver None StAR, Mrf-2, Factor X

Table 2        Characterized functions of the identified differentially expressed proteins

MALDI-TOF MS-based PMF analysis. Some of the iden-
tified proteins with differential expression are regulatory
proteins of signal transduction, cell cycle, and immune
response. Others are proteins associated with cell prolif-

eration and apoptosis, tumor infiltration and metastasis,
and liver metabolism. Western blot analysis confirmed the
increase of phospho-p44/42 and phospho-p38 protein was
associated with transformed cells.
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an RNA virus without any reverse transcriptase activity,
HCV is replicated in the cytoplasm and does not integrate
with the host genome. Various studies indicate that the
interaction between the HCV protein and host cell has been
involved in hepatocarcinogenesis.

As an important component of HCV, the role of the
NS3 protein in cell proliferation and apoptosis has been
previously suggested by studies with conflicting results.
Consistent with the present results, these reports described
the effect of the NS3 protein in the acceleration of cell
proliferation. Sakamuro et al. [6] showed a promotion of
cell proliferation and a transformation of cells by the HCV
NS3 protein. Fujita et al. [8] reported HCV NS3 suppressed
cell apoptosis, and Siavoshian et al. [11] showed HCV
NS3 inhibited the growth of cells and arrested cells in the
G2/M phase of the cell cycle. Prikhod’ko et al. [12]
regarded HCV NS3 as a pro-apoptotic protein. Unlike these
studies, the present data were obtained by the HCV NS3
protein expression in a human hepatocyte cell line,
QSG7701, which is biosynthetically and biochemically
similar to human normal hepatocytes, thus being suitable
for studying virus-cell interactions of hepatotropic viruses
like HCV. Moreover, we examined the NS3 protein effect
on cell proliferation in non-synchronized cell lines, which
more appropriately reproduce conditions of the liver in
vivo. Our study confirmed the effect of HCV NS3 on
hepatocyte proliferation and malignant transformation.

Of the identified differentially-expressed proteins, Ras
and p38 proteins were up-expressed in cells transfected
with HCV NS3. Western blot analysis further confirmed
that expression of phospho-p44/42 and phospho-p38 was
stronger in HCV NS3 transfectants than in the negative
and parallel controls. The Ras/Raf/MAPK pathway is
regarded to have a close relation to HCV-associated HCC.
Constitutive activation of the Ras/Raf/MAPK pathway is
important for the transformation of mammalian cells [24,
25]. Indeed, studies have shown that HCC development
and progression is associated with the activation of the
Ras/Raf/MAPK pathway in humans and rodents [26,27].
Our laboratory also found that MAPK activity is higher in
HCC than in adjacent non-cancerous lesions, suggesting a
progression of HCC through Ras/Raf/MAPK activation
[28]. Several reports have focused on the relationship
between the HCV protein and the Ras/Raf/MAPK signal
transduction pathway. Tsutsumi et al. [29] showed that
the HCV core protein could activate extracellular signal-
regulated kinase (ERK) and p38 MAPK in cooperation with
ethanol in transgenic mice. Zhao et al. [30] reported that
the HCV E2 protein specifically activated the MAPK/ERK
pathway including downstream transcription factor ATF-

Fig. 9        Expression of total p44/42 and phospho- (p-)p44/42
1, pRcHCNS3/QSG cells; 2, pRcCMV/QSG cells; 3, QSG7701 cells. α-Tubulin
was used as a loading control.

Fig. 10        Expression of total p38 and phospho- (p-)p38
1, pRcHCNS3/QSG cells; 2, pRcCMV/QSG cells; 3, QSG7701 cells. α-Tubulin
was used as a loading control.

It has been shown that HCV replication and protein
expression can be observed in HCC tissue [23]. HCV in-
fection plays an important role in HCC development. As
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