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Abstract

AIM: To construct the eukaryotic expression plasmid
containing HCV NS3 segment and to analyze the
expression of NS3 protein in normal human hepatocyte
HL-7702.

METHODS: We amplified HCV NS3 fragment from
plasmid pBRTM/HCV 1-3011 containing the whole length
of HCV genome, recombined it with expression vector
pcDNA3.1(-) to form the eukaryotic expression vector
pcDNA3.1(-)/NS3, and transfected human HL-7702
hepatocytes with the recombined plasmid by cationic
polymers. The expressed HCV NS3 protein was detected
and analyzed by immunohistochemical method and
Western blot.

RESULTS: The amplified NS3 fragments had correct
molecule weight and sequence. The successfully
constructed eukaryotic expression plasmids were
transfected to HL-7702 cells. The expressed NS3 proteins
had correct molecular weight 70000.

CONCLUSION: Eukaryotic expression vector pcDNA3.1
(-)/NS3 containing NS3 segment of HCV can be
constructed, the sequence of NS3 fragments is consistent
with the template. Normal human HL-7702 hepatocytes
can efficiently express specific HCV NS3 protein /n vitro.
© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) genome has only one open read-
ing frame, which encodes for a precursor protein poly-
mer containing 3000 amino acids. The protein products,
including core, NS3, NS4B and NS5A, have an effect on
hepatocellular carcinoma (HCC) induced by HCV. The
non-structural protein 3 (NS3) segment plays a key role in
replication of virus and is closely related with the growth
of host cells. NS3 has attracted attention in many research
fields of HCV. In this experiment, we constructed the eu-
karyotic expression vector containing HCV NS3 segment,
which could express NS3 protein in normal human
hepatocytes 2 vitro.

MATERIALS AND METHODS

Enzymes and reagents

PCR primers were synthesized by Shanghai Sangon
Biological Engineering and Technology and Service
(Shanghai, China). Restriction endonucleases EcoRI and
BamHI, T4 DNA ligase, RNase A and Ex Taq DNA
polymerase and markers DI 15 000 and DL 2000 were
purchased from TaKaRa Biological Technology (Dalian,
China) . Protein radiant markers were purchased from
Bioin Technology (Zhuhai, China). Plasmid purification
kit and transmaster were purchased from BoLi Bioin
Technology (Beijing, China). Anti-HCV NS3 monoclo-
nal antibody was purchased from Biodesign(American).
Donkey anti-sheep IgG-HRP was purchased from
Kangchen Bio-tech (Shanghai, China). Immuno his-
tochemical SP-HRP kit was purchased from Dingguo
Biological Technology (Beijing, China). Western blot ECL
kit was putrchased from Bioin Technology (Zhuhai, China).

Vectors and experimental cells

Recombination plasmid pPBRTM/HCV1-3011 containing
the whole genome of HCV was donated by Professor
Rice(Washington, USA). Expression vector pcDNA3.1(-)
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containing CMV promoter ahead of multiple cloning sites,
replication initiating site SV40ori as well as anti-ampicillin
and anti-G418 sites, was donated by Doctor Shun
Fenyong (College of Life Science and Technology , Jinan
University). pMD 18-T simple vectors were purchased
from TaKaRa Biological Technology (Dalian, China). E.co/i
JM109 was provided by Biochemistry Department Jinan
University. HL-7702 cells wete purchased from Shanghai
Institute of Cell Biology (Shanghai, China).

Experimental groups

Non-transfected HL-7702, HL.-7702 transfected with
pcDNA3.1 (-)/NS3 and HL-7702 transfected with pcD-
NA3.1() .

Construction of expression vector pcDNA3.1 (-)/NS3
Based on published sequences, the primers [5-GAA TTC
ATG GCG CCC ATC ACG GCG TAC GC-3’ (upriver)
and 5’-CTG GAC CTC CAG CAG TGC ATT CCT
AGG-3’ (downriver)] were used to amplify the whole se-
quence of HCV NS3 region. Thirty cycles of PCR were
petformed at 94 °C for 60 s, at 55 °C for 30 s, at 72 °C for
120 s, and at 72 °C for 10 min in 50yl reaction mixture
containing 0.3 uL. (1 U/pL) Taq polymerase, 5 .10 XPCR
buffer,1 pL. ANTPs (20 mmol/L), 0.625 yL each primer
(20 umol/L), 1uLL. DNA as template, and 41.45 pL distilled
water. The PCR products were subjected to electrophore-
sis on 0.8% agarose gel for 60 min(voltage:80V),visualized
by DNA viewer staining, The PCR products were connect-
ed to clone vector pMD 18-T after purification. Plasmid
pMD 18-T/NS3 was transferred into E. o/ with calcium
chloride. The E.co/i was cultured to amplify the plasmid.
Successfully transferred E.co/i was screened at 50 mg/L
ampicillin. Then the constructed pMD 18-T/NS3 was
recombined with expression vector pcDNA3.1(-)/NS3,
thus the eukaryotic expression plasmid pcDNA3.1(-)/NS3
came into being .

Cell culture and growth curve

HI-7702 cells were cultured and passaged in RPMI 1 640
medium supplemented with 10% fetal calf serum in an
incubatot containing 50 mL/L CO:z at 37°C Cells were di-
gested by 0.25% trypsin and seeded (2.5% 10 cells per well)
in 48-well culture plates. Cells were digested and counted
at an interval of 24h with the average number of cells in 3
wells calculated per time.The detection was continued for
8 d. Then the population doubling time was calculated and
growth curve of the cells was plotted.

Immunohistochemical staining
We used S-P method to detect the expression of HCV
NS3 protein in HL-7702 cells transfected with plasmid
pcDNA3.1 (-)/NS3. Cells transfected with and without
plasmid pcDNA3.1 (-) served as negative and blank
control groups. Cells were cultured in 25-flasks till 85%
convergence. The cells were washed three times with pre-
cooled PBS before harvested. Then 1 milliliter lysis reagent
containing 50 mmol/L TrisHCI (pH8.0),150 mmol/L
NaCl » 0.02% sodium ajide, 0.1%SDS, 100 mg/LPMSF
(dissolved in isopropyl alcohol, 1 mg/1. aprotinin ° 1%

Nonidet P-40, 0.5% sodium deoxycholate) was added
and incubated at 4 °C for 20 min. Then the lysis reagent
mixed with broken cells was harvested and centrifuged at
12 000 r/min for 5 min. Twenty microliters of supernatant
protein was resolved by SDS-8% polyacrylamide gel elec-
trophoresis. After electrophoresis, the proteins were trans-
ferred onto a PVDF membrane, blocked in 5% skimmed
milk for 1h, probed with monoclonal antibody to HCV
NS3(1:1000) overnight at 4°C. After washed three times
with TBS containing 0.1% Tween 20, the membrane was
treated with horseradish peroxidease-conjugated donkey
anti-goat antibody for 3 h. Protein binding was detected
by chemiluminescence reagent (ECL). Then the bands on
X-film were assayed by densitometric scanning;

RESULTS

Construction of expression vector pcDNA3.1(-) NS3
The PCR product of NS3 had correct molecule weight.
Recycled PCR fragments were connected to T vector,
E.coli was used to amplify the recombined vector pMD
18-T/NS3. Plasmid extracted from the positive clones
could be digested by EcwRI and BanHI to two fragments
(3000bp and 1900kb) as expected. DNA sequence
analysis confirmed that the inserted fragment was a
HCV NS3 segment containing 1893 nucleotides with
right direction and reading frame. Initial codon, terminal
codon and restriction sites of EcoRI , BamHI were
successfully added to the ends. Vector pMD 18-T/NS3
was successfully recombined with plasmid pcDNA3.1(-).
The length of the recombined vector pcDNA3.1(-) /
NS3 was 7 300bp. After digested by EcwRI and BawH]I,
pcDNA3.1(-) / NS3 was cloven into two fragments (5
400 bp and 1900 kb) as expected (Figure 1A-1C).

The incubation condition of HL-7702 cells and the cell
growth curve were obtained (Figure 2 A, 2B)

Immunohistochemical analysis showed that the
blank control group was negative, pcDNA3.1 (-)/NS3
transfection group was positive for HCV NS3 protein in
cytoplasm. SDS-PAGE analysis showed that among the
separated protein bands (distilled from cytoplasm), a band
was found at molecular weight 70 000 as expected (Figure
3A-3D)

DISSCUSION

Hepatitis C virus(HCV) , the major etiological agent of
non-A non-B hepatitis identified by the end of 1 980s'",
has infected more than 170 million persons worldwide
and 85% of them could develop chronic hepatitis, liver
function failure or hepatocellular carcinoma. Among
all the gene segments of HCV, NS3 segment has many
important physiological functions. Genetic variability
of NS3 protein lies in different kinds of HCV-infected
patientsm. Nowadays little has been known about the
nonstructural protein of HCV. NS3 protein contains many
enzymes such as helicase , NTPase and serine protease,
which can degrade the nonstructural segments of HCV
polyprotein”. HCV core, NS3, NS5A and NS5B
proteins can modulate cell proliferation independently by
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Figure 1 PCR results of NS3 gene(A), pMD 18-T/NS3 (B) and pcDNA3.1(-)/NS3
(C) digested with Eco and BamHI.
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Figure 2 Convergence (A) and growth curve (B) of HL-7702 cells.
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Figure 3 Immunohistochemical staining of NS3 protein expressed in non-transfected (A), transfected with pcDNA3.1(-)/NS3 (B), pcDNA3.1(-) (C) HL-7702 cells SDS-

PAGE and Western blot as well as of NS3 protein expression in HL-7702 cells (D1-D2).

expressing p53'°. Chronic hepatitis C induced by HCV
could do great harm to human body, yet little has been
known about the pathogenetic mechanism. HCV can
impair the innate immunity system. It was reported that
interaction between HCV NS3 protein and host TBK1
protein leads to inhibition of cellular antiviral responses’”
. Conserved C-terminal threonine of HCV NS3 can
regulate autoproteolysis'”. NS3 protein can down-regulate
activities of protease peptide which could interfere with
the activity of viral antigens, which may protect HCV
from host immune surveillance, leading to persistent
viral infection™, Besides, NS3/4A- mediated cleavage of
TIR domain-containing adaptor protein potentially limits
expression of multiple host defense genes, promoting
persistent infections with this medically important virus ",

www.wjgnet.com

Dolganiuc ez a/ """ showed that core protein and
nonstructural protein 3 of HCV can induce production
of IL-10 and mediate immunosuppression of against
HCV. Some HCV proteins, such as core protein, NS3
and NS5A, not only regulate cell growth and interact with
other cellular proteins, but also participate in programmed
cell death under certain circumstances'” . HCV can
interfere with JAKK/STAT signal pathway, leading to
IFN production by down-regulating the expression of
STAT1". Additionally , NS3 can bind to a host protein
(Sm-D) which interferes with the formation of small
nuclear ribonuclear protein (snRNP) complexes ,so that
occurrence of auto immune disease can be reduced”.

It was teported that nonstructural protein 3 of HCV
can inhibit dendritic cell differentiation by inducing
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pro- and anti-inflammatory cytokines ', Core, NS3,
NS5A, NS5B proteins of hepatitis C virus can induce
apoptosis of mature dendritic cells"” and inhibit cellular
immune responses through impairment of maturation
of dendritic cells"” . Dolganiuc ez al' found that HCV
core and NS3 proteins could activate monocytes. NS3
protein can activate innate immunity to recognize virus
more efficiently through inducing inflammation el
Studies indicate that persistent HCV infection is closely
related with hepatocellular carcinoma, replication and
protein expression of HCV have been observed in HCC
tissues'" !, suggesting that interaction between HCV
gene segments and expressed protein plays a key role
in malignant transformation of hepatocytes 221 Feng
et al”” showed that HCV NS3 N-terminal peptide may
up-regulate the activation of MAPK, but not affect the
expression of MAPK in normal liver cells. Additionally,
Sakamuro e a/*” reported that NS3 gene-expressed
protein in NIH3T3 cells and mouse fibroblasts can be
transfected with NS3 gene segment , which induces
tumors in nude mice. NS3 protein can inhibit actinomycin
D-induced apoptosis””” and inhibit phosphorylation
mediated by cAMP-dependent protein kinase™. Activation
of c-Jun NH2-terminal kinase (JNK) signaling pathway
is essential for the stimulation of HCV non-structural
protein 3 (NS3)-mediated cell growthlm. It has been
shown that cells consistently expressing low concentration
of NS3 protein is prone to apoptosis induced by the Fas
molecule®™,

In this experiment, we used pcDNA3.1(-) vector to
construct the eukatyotic expression vector pcDNA3.1(-)/
NS3 . DNA sequence analysis revealed that the inserted
NS3 gene had correct reading frame and length(1893nt).
Initial and terminal codons were successfully inserted
into the ends of NS3 segment, which assured the correct
expression of NS3 protein. We chose adult human
HL-7702 hepatocytes as the host cells. The cells originate
from embryonic liver, and were continuously cultivated 7%
vitro. HL-7702 cells are slightly larger than normal human
hepatocytes 7n vitro. The nuclei/cytoplasm ratio is high
and cells are joined to each other tightly[zg]. We transfected
the constructed eukaryotic plasmid pcDNA3.1(-)/NS3
to HL-7702 cells, and detected the expressed protein
by immunohistochemical staining. NS3 protein was
expressed in the transfected cells, but not in blank
cells and cells transfected with pcDNA3.1 (-). Western
blot analysis showed that the expressed NS3 protein
had correct molecular weight (70 000). The successful
construction of eukatryotic plasmid pcDNA3.1 (-)/NS3
and correct expression of HCV NS83 protein in HL-7702
cells may contribute to the establishment of a system that
can produce NS3 protein. These results may help further
investigation of how NS3 protein affects immunity
against virus.

REFERENCES

1 Major ME, Feinstone SM. The molecular virology of hepatitis
C. Hepatology 1997; 25: 1527-1538

2 Lépez-Labrador FX, Berenguer M, Sempere A, Prieto M, Sir-
era R, Gonzélez-Molina A, Ortiz V, Marty ML, Berenguer J,
Gobernado M. Genetic variability of hepatitis C virus NS3 pro-

10

11

12

13

14

15

16

17

18

19

tein in human leukocyte antigen-A2 liver transplant recipients
with recurrent hepatitis C. Liver Transpl 2004; 10: 217-227
Hong Z, Ferrari E, Wright-Minogue ], Chase R, Risano C,
Seelig G, Lee CG, Kwong AD. Enzymatic characterization of
hepatitis C virus NS3/4A complexes expressed in mammalian
cells by using the herpes simplex virus amplicon system. ] Vi-
rol 1996; 70: 4261-4268

Tai CL, Chi WK, Chen DS, Hwang LH. The helicase activity
associated with hepatitis C virus nonstructural protein 3 (NS3).
] Virol 1996; 70: 8477-8484

Berdichevsky Y, Zemel R, Bachmatov L, Abramovich A, Ko-
ren R, Sathiyamoorthy P, Golan-Goldhirsh A, Tur-Kaspa R,
Benhar I. A novel high throughput screening assay for HCV
NS3 serine protease inhibitors. | Virol Methods 2003; 107: 245-
255

Siavoshian S, Abraham JD, Kieny MP, Schuster C. HCV core,
NS3, NS5A and NS5B proteins modulate cell proliferation
independently from p53 expression in hepatocarcinoma cell
lines. Arch Virol 2004; 149: 323-336

Otsuka M, Kato N, Moriyama M, Taniguchi H, Wang Y,
Dharel N, Kawabe T, Omata M. Interaction between the HCV
NS3 protein and the host TBK1 protein leads to inhibition of
cellular antiviral responses. Hepatology 2005; 41: 1004-1012
Wang W, Lahser FC, Yi M, Wright-Minogue ], Xia E, Weber
PC, Lemon SM, Malcolm BA. Conserved C-terminal threonine
of hepatitis C virus NS3 regulates autoproteolysis and
prevents product inhibition. | Virol 2004; 78: 700-709

Khu YL, Tan Y], Lim SG, Hong W, Goh PY. Hepatitis C virus
non-structural protein NS3 interacts with LMP7, a component
of the immunoproteasome, and affects its proteasome activity.
Biochem | 2004; 384: 401-409

Li K, Foy E, Ferreon JC, Nakamura M, Ferreon AC, Ikeda M,
Ray SC, Gale M, Lemon SM.Immune evasion by hepatitis C
virus NS3/4A protease-mediated cleavage of the Toll-like
receptor 3 adaptor protein TRIF. Proc Natl Acad Sci U S A 2005;
102: 2992-2997

Dolganiuc A, Kodys K, Kopasz A, Marshall C, Do T,
Romics L, Mandrekar P, Zapp M, Szabo G. Hepatitis C
virus core and nonstructural protein 3 proteins induce pro-
and anti-inflammatory cytokines and inhibit dendritic cell
differentiation. | Immunol 2003; 170: 5615-5624

Anzola M. Hepatocellular carcinoma: role of hepatitis B and
hepatitis C viruses proteins in hepatocarcinogenesis. | Viral
Hepat 2004; 11: 383-393

Lin W, Choe WH, Hiasa Y, Kamegaya Y, Blackard ]JT, Schmidt
EV, Chung RT. Hepatitis C virus expression suppresses
interferon signaling by degrading STAT1. Gastroenterology
2005; 128: 1034-1041

Iwai A, Hasumura Y, Nojima T, Takegami T. Hepatitis C virus
nonstructural protein NS3 binds to Sm-D1, a small nuclear
ribonucleoprotein associated with autoimmune disease.
Microbiol Immunol 2003; 47: 601-611

Caronia S, McGarvey M]J, Goldin RD, Foster GR. Negative
correlation between intrahepatic expression of hepatitis C
antigens and apoptosis despite high-level expression of Fas
and HLA antigens. | Viral Hepat 2004; 11: 511-518

Siavoshian S, Abraham JD, Thumann C, Kieny MP, Schuster
C. Hepatitis C virus core, NS3, NS5A, NS5B proteins induce
apoptosis in mature dendritic cells. | Med Virol 2005; 75:
402-411

Sarobe P, Lasarte JJ, Zabaleta A, Arribillaga L, Arina A,
Melero I, Borras-Cuesta F, Prieto J. Hepatitis C virus structural
proteins impair dendritic cell maturation and inhibit in vivo
induction of cellular immune responses. | Virol 2003; 77:
10862-10871

Dolganiuc A, Oak S, Kodys K, Golenbock DT, Finberg RW,
Kurt-Jones E, Szabo G. Hepatitis C core and nonstructural 3
proteins trigger toll-like receptor 2-mediated pathways and
inflammatory activation. Gastroenterology 2004; 127: 1513-1524
Li L, Wang W, Yu X. [Detection of hepatitis C virus RNA in
the tissue of hepatocellular carcinoma by multiple detection
system]. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Zazhi
2000; 14: 47-51, 101

www.wjgnet.com



1042 ISSN 1007-9327

CN 14-1219/ R World ] Gastroenterol

February 21, 2006 Volume 12 Number 7

20

21

22

23

24

Yang JM, Wang RQ, Bu BG, Zhou ZC, Fang DC, Luo YH.
Effect of HCV infection on expression of several cancer-
associated gene products in HCC. World | Gastroenterol 1999; 5:
25-27

Ohishi M, Sakisaka S, Harada M, Koga H, Taniguchi E,
Kawaguchi T, Sasatomi K, Sata M, Kurohiji T, Tanikawa K.
Detection of hepatitis-C virus and hepatitis-C virus replication
in hepatocellular carcinoma by in situ hybridization. Scand |
Gastroenterol 1999; 34: 432-438

Bataller R, Paik YH, Lindquist JN, Lemasters JJ, Brenner DA.
Hepatitis C virus core and nonstructural proteins induce
fibrogenic effects in hepatic stellate cells. Gastroenterology 2004;
126: 529-540

Feng DY, Sun Y, Cheng RX, Ouyang XM, Zheng H. Effect of
hepatitis C virus nonstructural protein NS3 on proliferation
and MAPK phosphorylation of normal hepatocyte line. World
] Gastroenterol 2005; 11: 2157-2161

Sakamuro D, Furukawa T, Takegami T. Hepatitis C virus
nonstructural protein NS3 transforms NIH 3T3 cells. | Virol
1995; 69: 3893-3896

www.wjgnet.com

25

26

27

28

29

Fujita T, Ishido S, Muramatsu S, Itoh M, Hotta H. Suppression
of actinomycin D-induced apoptosis by the NS3 protein of
hepatitis C virus. Biochem Biophys Res Commun 1996; 229:
825-831

Borowski P, Heiland M, Oehlmann K, Becker B, Kornetzky
L, Feucht H, Laufs R. Non-structural protein 3 of hepatitis C
virus inhibits phosphorylation mediated by cAMP-dependent
protein kinase. Eur | Biochem 1996; 237: 611-618

Hassan M, Ghozlan H, Abdel-Kader O. Activation of c-Jun
NH2-terminal kinase (JNK) signaling pathway is essential
for the stimulation of hepatitis C virus (HCV) non-structural
protein 3 (NS3)-mediated cell growth. Virology 2005; 333:
324-336

Prikhod’ko EA, Prikhod’ko GG, Siegel RM, Thompson P,
Major ME, Cohen JI. The NS3 protein of hepatitis C virus
induces caspase-8-mediated apoptosis independent of its
protease or helicase activities. Virology 2004; 329: 53-67

Ye XZ, Zhu DH, Shen DW. Ultrastructure of continuously
cultured adult human liver cell. Acta Biologic Experimental
sinica 1980; 13: 361-369

S- Editor GuoSY L- Editor Wang XL E- Editor Bai SH



