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Abstract

AIM: To investigate the inhibitory effect of Chinese herbal
medicine on the transcription of hepatitis C virus (HCV)
structural gene in Hela D cells.

METHODS: Hela cell line was transfected with recombinant
pBK-CMV-HCV containing HCV structural gene by Lipofec-
tamine. RT-nested-PCR and Western blot assay were used
to testify the HCV gene expression in Hela cells. The Hela
cells expressing HCV structural protein were named Hela
D cells. Prescriptions of Xiao chaihu Decoction (XCHD),
Fufang Huangqi (FFHQ) and Bingganling (BGL) were
respectively added to Hela D cells in various concentrations.
Semi-quantitative RT-nested-PCR product analysis was
performed according to the fluorescent density between
HCV DNA band and GAPDH DNA band in gel electrophoresis
after screened.

RESULTS: Recombinant pBK-CMV-HCV could correctly
express the HCV structural gene in Hela D cells. After co-
culture of Hela D cells with three prescriptional different
concentrations for 48 h respectively, the transcription of
HCV gene decreased with increasing of the concentration
of each prescription. The lightness ratio of HCV product
bands to GAPDH product bands was 0.24, 0.10 and 0.12
in Hela D cells incubated with 0.1 g/mL of XCHD, FFHQ
and BGL respectively and the lightness ratio HCV product
bands to GAPDH product bands was 0.75, 0.67 and 0.61
respectively in the control cells.

CONCLUSION: The prescriptions of XCHD, FFHQ and BGL
partly inhibit the transcription of HCV structural gene in
Hela D cells.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis C virus (HCV) is the major cause of non-A, non-
B viral hepatitis and 60% of patients infected with HCV
become chronic hepatitis C. Although the cloning of HCV
genome was discovered more than a decade ago and researchers
have made effects to find novel agents for prevention and
treatment of hepatitis C[1,2], there is  no efficient method to
control or eradicate this disease yet, as investigation of the
HCV life cycle has been limited by lack of an efficient cell
culture system for HCV infection and replication[3]. Recently,
it was reported that prescriptions of XCHD, FFHQ and
BGL are potent in treating patients with hepatitis C[4–6].
However, the mechanism of these Chinese herbal medicines
against HCV is not clear. Because of no economical and
suitable animal model for HCV infection research except
for chimpanzee, the cell model transfected with HCV genes
becomes necessary for screening drugs for HCV[7]. Traditional
Chinese herbal medicine is a great treasure-house. Using
modern experiment methods and traditional Chinese
medicine theory, it is possible to discover novel effect of
Chinese herbal medicine on hepatitis C.

In this investigation, we established model of Hela D
cells transfected with HCV structural genes and tried to
select Chinese herbal medicine for inhibition of HCV
transcription in Hela D cells in order to provide experimental
data for clinical therapy of hepatitis C.

MATERIALS AND METHODS

Cell line
Hela cell line was incubated at 37 ℃ in 50 mL/L CO2

atmosphere in RPMI1640 (Gibco-BRL, USA) supplemented
with 10% fetal bovine serum, 100 units/mL penicillin G
sodium and 100 µg/mL streptomycin sulfate.

Recombinant plasmid
Recombinant plasmid pBK-CMV-HCV containing HCV
structural genes (1-1 686 base pair, gene type 1b), was kindly
gifted by Dr. Chen Zhi in the Medical College of Zhejiang
University.
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Chinese herbal medicine
XCHD composed of Chaihu (9g), Huangqi (6g), banxia
(6g), Zheganchao (3g), shengjiang (6g) and Dazao (4pieces),
was purchased from Jiangsu Chinese Herbal Medicine
Storyhouse. These raw drugs were mixed in water for 30 min
and fried 1 h with small blaze on stove. The original fluid
drug was filtered through four layer gauzes and then stored
at 4 ℃ for use[8]. FFHQ was composed of Huangqi (45 g),
Chaihu (12 g), Dansheng (20 g), Cheshao (15 g), Yujing (12 g)
and Danpi (12 g). The original fluid drug was made as
XCHD. BGL supplied by Professor Xue Boyu in Nanjing
Traditional Chinese Medical University, was composed of
Shuiliujiao, Hu Zhang, Cheshao, Huangqi, Jujizi, Chaihu,
Chenpi, Fuling and Jiguchao.

Primers
All primers were synthesized by Shengon in Shanghai, China.
The sequence of the first PCR forward primer for HCV
structural gene was 5’CGC GCG ACT AGG AAG ACT TTC
3’ and that of  reverse primer was 5’ATA TAC CCC ATG
ACC TCG GC 3’. The sequence of  the second PCR forward
primer was 5’AGG AAG ACT TCC GAG CGG GTC3’
and that of  reverse primer was 5’GAG CCA TCC TGC CCA
CCC CA3’. The sequence of the forward primer for house-
keeping gene GAPDH was 5’ TCC CAT CAC CAT CTT
CCA 3’ and that of  reverse primer was 5’CAT CAC GCC
ACA GTT TCC3’.

Transfection
Seventy percent confluent Hela cells in complete medium
were transferred to a six well plate for 24 h. Mixture of the
Lipofectamine 2000 reagent and HCV1b genotype
recombinant plasmid pBK-CMV-HCV was incubated for
20 min at room temperature and then mixture were directly
put into Hela cells after the medium was removed from plates
and then the plates were incubated at 37 ℃ in 50 mL/L
CO2. Growth medium was replaced after incubation for
4 h, followed by selection with 600 µg/mL of G418 after
24 h[9]. Hela cells were transfected with blank plasmid as
control. After seven days, G418-resistant clones were
selected, clonally isolated and screened for Western blot
assay, cytotoxicity assay and inhibition of transcription of
HCV structural gene, respectively. The Hela cells expressing
HCV structural protein were named Hela D cells.

Cytotoxicity to Hela D cells and inhibition effect of Chinese
herbal medicine on HCV gene transcription
Each kind of Chinese herbal medicine was put into Hela D
cell culture medium for 72 h separately and the final
concentration was 1.0, 0.8, 0.6, 0.4 and 0.2 g/mL, respectively.
The cytotoxicity of Chinese herbal medicine to Hela D
cells was observed under microscope and by MTT methods[10].
After Hela D cells were incubated for 10 h, 200 L of vsarious
concentrations of Chinese herbal medicine (0.1, 0.01,
0.001 g/mL) was respectively added to the culture medium
in a six well plate for an additional 48 h incubation and 200 L
PsBS was added to Hela D cells as control.

Total RNA extraction
Total RNA was isolated from Hela D cells with TRIzol

reagent. Before extraction, 100 L reaction buffer (10 mmol/L
Mgcl2, 0.1 mmol/L DTT, 1 u/mL RNasin, RNase-free
DNaseI) was added to 2×106 Hela D cells and stored at 37 ℃
for 1 h to remove all contaminated DNA and then the
extraction process was performed according to the TRIzol
protocol[11].

RT-nested-PCR and semiquantitative RNA analysis
cDNA was prepared by reverse transcription of 2 g total
RNA and then was amplified by nested PCR with two
different primers to detect the transcriptions of HCV
structural and GAPDH gene. In PCR amplified products,
the GAPDH gene was used as an internal control of HCV
gene[12]. PCR products were checked by gel electrophoresis
and semiquantitative RNA analysis was performed
according to the fluorescent density between HCV DNA
band and internal control GAPDH gene band in gel
electrophoresis.

Western blot
Whole cell extract was prepared by protein extraction buffer
(Novagen, Germany) according to the manufacturer’s
protocol. Western blot was performed after 12% SDS-
polyacrylamide gel electrophoresis using Western Breeze
kit (Invitrogen, CA). Briefly, proteins (15 µg/lane) were
electrot-ransferred onto nitrocellulose membrane. The
membrane was blocked with blocking solution 30 min on
a rotary shaker and washed twice with water and subsequently
incubated with primary antibodies for 1 h. The membrane
was washed thrice for 5 min with antibody washing solution.
The rest of  the steps were performed according to the kit’s
protocol.

RESULTS

Expression of HCV structural gene in Hela D cells
Total RNA was isolated from Hela D cells and Hela cells
respectively with TRIzol reagent and cDNA was then
amplified by nested PCR with two different primers. HCV
structural gene was expressed in Hela D cells because there
was a 144 bp band in the extracts from Hela D cells (Figure 1).
However, there was no band in the extracts from Hela
cells. Under similar conditions, there was no protein
expression in Hela cells transfected with blank plasmid or
Hela cells without any transfection.

Figure 1  HCV structural gene expression in Hela D cells determined by
RT-nested-PCR(A) and Western blot (B). Lane 1: DNA molecular standard;
lanes 1 and 3: Hela cells; lane 2: Hela cells; lane 2: Hela D cells; lane 3:  Hela
D cells.
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Cytotoxicity to Hela D cells in various concentrations
When the concentration of Chinese herbal medicine gradually
decreased, its cytotoxicity to Hela D cells was also decreased
by degrees. When the concentration of Chinese herbal
medicine was maintained at 0.2 g/mL in Hela D cells culture
medium for 72 h, the survival rate of  Hela D cells reached
more than 99% (Table 1).

Table 1  Survival rate of Hela D cells in different of Chinese herbal
medicine concentrations (%)

Herbs 1 (g/mL)         0.8 (g/mL)         0.6 (g/mL)         0.4 (g/mL)         0.2 (g/mL)

XCHD    22.57                   48.63      73.25                   89.86           99.97

FFHQ    25.36                   57.34      76.28                   92.57           99.98

BGL    21.67                   47.35      79.24                   94.31           99.97

Inhibitory effect of Chinese herbal medicine on HCV gene
transcription in Hela D cells
When the concentration of Chinese herbal medicine was
increased, the transcription of HCV gene gradually decreased
and its lightness of HCV band was weak, but the lightness
of  GAPDH band had no change, suggesting that XCHD,
FFHQ and BGL could inhibit the transcription of HCV
gene and had no effect on GAPDH in Hela D cells (Figure 2).

Figure 2  Inhibition of HCV structural gene transcription in Hela D cells by
various concentrations of XCHD (A), FFHQ (B), and BGL (C). Lane 1: GAPDH
as internal control; lane 2: 0.001 g/mL; lane 3: 0.01 g/mL; lane 4: 0.1 g/mL;
lane 5: PBS as control; lane 6: DNA molecular standard.

DISCUSSION

It is very difficult to establish a culture system in vitro for
HCV replication because most cell lines are not sensitive to
HCV infection and HCV in cell line cannot be cultured for
a long time. The problem of  successive incubation of  normal
liver cells is still not solved. Cell models transfected with
HCV gene or part of gene become an effective method in
research of HCV replication, gene transcription, protein
expression and drug screening for treating hepatitis C. Some
cell lines can be used as important tools to investigate
structural and functional properties of HCV core protein

and may be useful in evaluating gene therapeutic strategies
against HCV[13,14]. Some researches have focused on Hela
cell in recent years[15,16]. Ide et al[17], established a Hela cell
model which can successfully express HCV NS 5A gene. It
was reported that Hela cells transfected with non-structural
gene and structural gene are used in research of the function
of HCV proteins[7,11]. Based on these research reports, we
used the Hela cell line as a cell model for selection of Chinese
herbal medicine against HCV.

XCHD, FFHQ and BGL are effective prescriptions of
Chinese herbal medicine in treating hepatitis C patients[4-6].
These prescriptions, however, lack laboratory evidence to
support their clinical therapeutic effect on HCV. We
employed molecular biological methods to establish Hela
D cell model by transfection of HCV structural gene, which
could stably express most HCV structural genes.

The cytotoxicity assay of XCHD, FFHQ and BGL to
Hela D cells showed that the concentration of 0.2 g/mL
Chinese herbal medicine had no cytotoxicity to Hela D cells
after incubated for 72 h. The inhibitory effect of Chinese
herbal medicine on HCV gene expression showed that the
three prescriptions can partly inhibit the transcription of
HCV structural gene because the transcription quantity of
HCV gene is decreased as their concentration is increased.
The efficient inhibitory effect was achieved at the highest
dose of 0.1 g/mL of different Chinese herbal medicine.

The mechanism of XCHD, FFHQ and BGL underlying
inhibition of HCV gene expression is still not clear. Based
on the traditional Chinese medicine theory, we consider
that Chinese herbal medicine can change the internal
environment of  cells, where recombinant pBK-CMV-HCV
does not make use of synthetic enzymes and proteins for
HCV structural gene mRNA transcription. There might
be some pathways that inhibit HCV mRNA transcription
in Hela D cells.

In conclusion, Hela D cell model is very useful for
observation of  HCV transcription, protein expression and
for screening new drugs against HCV.
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