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Abstract

AIM: To establish a cell culture system with long-
term replication of hepatitis C virus (HCV) genome and
expression of viral antigens /n vitro.

METHODS: HepG2 cell line was tested for its suscepti-
bility to HCV by incubation with a serum from a patient
with chronic hepatitis C. Cells and supernatant were har-
vested at various time points during the culture. Culture
supernatant was tested for its ability to infect naive cells.
The presence of minus (antisense) RNA strand, and the
detection of core and E1 antigens in cells were examined
by RT-PCR and immunological techniques (flow cytom-
etry and Western blot) respectively.

RESULTS: The intracellular HCV RNA was first detected
on d 3 after infection and then could be consistently de-
tected in both cells and supernatant over a period of at
least three months. The fresh cells could be infected with
supernatant from cultured infected cells. Flow cytometric
analysis showed surface and intracellular HCV antigen
expression using in house made polyclonal antibodies
(anti-core, and anti-E1). Western blot analysis showed
the expression of a cluster of immunogenic peptides at
molecular weights extended between 31 and 45 kDa in
an one month old culture of infected cells whereas this
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cluster was undetectable in uninfected HepG2 cells.

CONCLUSION: HepG2 cell line is not only susceptible
to HCV infection but also supports its replication /i vitro.
Expression of HCV structural proteins can be detected
in infected HepG2 cells. These cells are also capable of
shedding viral particles into culture media which in turn
become infectious to uninfected cells.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

The lack of an efficient cell culture system or a
readily available small animal model has hampered the
development of therapies for hepatitis C virus (HCV)
infection. The chimpanzee is the only animal that is
susceptible to hepatitis viral infections, but its endangered
status and financial considerations limit its widespread
use in viral hepatitis research. Despite these difficulties,
recent introduction of heterologous cDNA expression
systems!! and subgenomic repliconsm have allowed
researchers to study various aspects of the viral life
cycle and examine novel antiviral therapies. Also, among
the surrogate animal models that have been developed
are mouse liver repopulated with human hepatocytes
and transgenic mice expressing hepatitis antigensia’s].
For reasons that are not evident, infection of primary
hepatocytes and established cell lines with hepatitis viruses
have not only produced poor viral replication and low viral
yields but have also suffered from poor reproducibilitym.
The entry of virus into a cell, followed by productive
viral replication, depends on both viral and host cell
proteins. Only differentiated cells may express the latter.
Thus, studies of HCV and HBV infectivity initially used
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primary hepatocytes from humans or chimpanzees. One
group infects human fetal hepatocytes with HCV-infected
serum!”. The viral replication is quite low and detectable
only by RT-PCR amplification. Using this technique,
another group showed an increase in the number of
HCV+ strands by d 5, indicating that these hepatocytes
support viral replication. Similarly, yet another group
showed that adult primary human hepatocytes could be
infected with HCV in culture conditions that support
long-term cultures of hepatocytes for at least 4 mo'™,
Under these culture conditions, viral positive-strand RINA
was first detectable by PCR after 10 d of infection, and the
viral RNA titer increased in culture media during a 3-mo
culture. This group also demonstrated de novo synthesis
of negative-strand viral RNA. Culture supernatants from
HCV-infected hepatocytes could transmit infection to
naive hepatocytes, indicating the production of infectious
viral particles. However, the efficiency of viral infection
is unpredictable and does not correlate with viral RNA
titers. Addition of polyethylene glycol to the primary
hepatocyte cultures maintained in the presence of 20
g/L dimethylsulfoxide matkedly increases the infection
of HBVY but not HCV!"", HCV is lymphotropic, and
peripheral blood mononuclear cell cultures support HCV
replication". However, the level of viral replication is
very low!"”. Because primary hepatocytes are difficult
to grow in cultures, some researchers have attempted to
infect immortalized hepatocytes and hepatoma cell lines.
Tkeda and colleagues™"" used PH5CH, a nontumorigenic,
immortalized human hepatocyte cell line, to assess the
infectivity of HCV positive sera. There was an increase
in the HCV sense -strand RNA during the first 12 d of
culture, and the viral RNA remained detectable for at least
30 d after infection. Nucleotide sequence determination
of the HCV genome in the hypervariable region 1 showed
that there is a shift toward the limited HVR-1 population,
indicating strong selection for HCV variants during
the infection”. Furthermore, IFNy inhibits the viral
replication in these cells"”. Recently, Guha ez a” reported
that 7z vitro cell culture models can at best demonstrate the
infectivity of the virus but are not suitable to study viral
life cycle because of the very low levels of viral replication.
These systems could be used in evaluating drugs for
antiviral activity or inhibition of HCV infection. Also,
Horscroft e al"” have summarized the recent development
of HCV replicon cell culture system and its use in anti-
HCV drug discovery. In the present study, we tested the
susceptibility of HepG2 cell line to HCV and established
an infection cell model that could support HCV long-
term replication iz vitro. The presence of both sense- and
antisense-RNA strands and expression of viral core and
envelope proteins in infected cells as well as the ability
of these cells to exocytose infectious viral particles into
culture media suggests that the current cellular model
allows study of HCV life cycle.

MATERIALS AND METHODS
HEPG2 cell culture

Caucasian male Homo sapiens (human) hepatocellular

carcinoma cell line (HepG2; ATCC, HB-8065, Manassas,
USA) was used to establish the 7z vitro HCV replication.
HepG2 culturing and infection were carried out according
to the protocols described by Seipp ¢ al'”. HepG2 cells
were maintained in 75 ecm’ culture flasks (greiner bio-one
GmbH, Germany) containing Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 4.5 g/L glucose and
10 g/L L-glutamine (Bio Whittaker, a Combtex Company,
Belgium) containing 100 mL/L fetal calf serum (FCS;
Biochrome KG Berlin Germany), 10 g/L antibiotics
(penicillin/streptomycin; Biochrome KG, Betlin, Germany)
and 1 g/L antimycotic (fungisone 250 mg/L; Gibco-BRL
life Technologies, Grand Island, New Y). After adding all
supplements the medium is called complete. The culture
medium was renewed by a fresh medium every 3 d, and
cells were subcultured (6-10 d).

In summary the medium was discarded, the adherent
cell layer was shortly treated with trypsin-EDTA (2.5
g/L; Sigma, Deisenhofen, Germany) to remove the left
traces of trypsin inhibitors from the FCS contained in
the medium. After discarding, 1.0 mL of fresh trypsin-
EDTA was added onto the cells and flasks were kept
either at room temperature or at 37°C (5-15 min) to
observe the dettachement of cells from the flask wall.
To avoid extended proteolytic effect of trypsin on the
dettached cells complete medium was added to inhibit
the enzyme activity. Cells were spun down at 400 g for 2
min, resuspended in 1 mL of complete medium, the exact
count of cells was recorded in 50 pl. aligout after mixed
with equal volume of trypan blue (5 g/L; BiochromKG,
Berlin, Germany.) using a hemocytometer (Right Line;
Sigma, Deisenhofen, Germany). A total of 3 X 10° cells
were suspended in 10 ml. complete medium and incubated

at 37°C in 5% CO..

Viral inoculation and sample collection

Cells were grown for 48 h to semi-confluence in complete
medium, washed twice with FCS -free medium, then
inoculated with a serum sample (500 pL sense and 500
pL FCS-free DMEM/3 X 10° cells) obtained from HCV
infected patients (RT-PCR and antibody positives).
The HCV genotype in the used sera was previously
characterized as genotype 4 based on the method described
by Ohno e a/'”. The viral load in the used serum was
quantitated by real time PCR and the average copy number
was 290 % 10° copies/L. After 90 min, DMEM containing
FCS was added to make the overall serum contents 100
mL/L in a final volume of 8 mL including the volume
of human serum used for infection as mentioned above
(0.04483 copies/cell). Cells were maintained overnight
at 37°C in 5% COz2. On the next day, adherent cells
were washed three times with culture medium to get rid
of the remaining infection serum and incubation was
continued in complete medium containing 100 mL/L
FCS with regular medium changes. The viral infection in
HepG2 cells throughout the culture duration was assessed
qualitatively by sodium dodecylsulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blotting of viral
antigens, RT-PCR amplification of sense and antisense
strands and quantitatively by real time PCR.
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Flow cytometric analysis of intracellular staining of HCV
core antigen in infected HEPG2 cells

The intracellular staining of HCV core antigen in infected
HepG2 cells was quantified by using a fluorescence
activated cell sorting (FACS) based assay. Intracellular
staining labeling was performed by direct immuno-
fluorescence. HepG2 cells (collected after addition of
trypsin) were centrifuged and supernatants were removed.
Cell pellets were washed 4 times with PBS. For intracellular
staining, cells were incubated with 4% paraformaldehyde
for 10 min and 0.1% Triton X-100 in Tris buffer (pH 7.4)
for 6 min. After washed with PBS, cells were incubated
with FITC-labeled F(ab)2 portion of HCV core antibody (at
1:2000 dilution) for 30 min at 4°C. Cells were washed with
PBS containing 1% normal goat serum and suspended in
500 uL and analyzed by flow cytometry (FACS Calibure,
BD). Mean fluorescence intensity was determined using
Cell Quest software (Becton Dickinson).

Flow cytometric analysis of labeled E1 antigen on surface
of infected HEPG2 cells

The surface staining of HCV E1 antigen in infected
HepG2 cells was quantified by using a fluorescence
activated cell sorting (FACS) based assay. Surface labeling
was performed by direct immuno-fluorescence. HepG2
cells collected after trypsinization were centrifuged and
supernatants were removed. Cell pellets were washed 4
times with PBS. Cells were incubated with FITC labeled
HCV E1 antibody (at 1:1500 dilution) for 30 min at 4°C.
Cells were washed 3 times with PBS containing 10 mL/L
normal goat serum and suspended in 500 pLLPBS and
analyzed with flow cytometry (FACS Calibure, BD). Mean
fluorescence intensity was determined using Cell Quest
software (Becton Dickinson).

Western blot analysis of HCV antigens in HEPG2 cells

Uninfected and infected HepG?2 cell lysates were subjected
to sodium dodecylsulphate polyacrylamide gel electropho-
resis (SDS-PAGE)"” through 40 g/I. stacking and 160
g/L resolving gels in 0.75 mm-thick vertical slab gels. Cell
lysate samples were diluted at 1:25 in PBS, mixed with the
sample buffer (0.125 mol/L Tris base, 40 g/L SDS, 2%
glycerol, 100 g/L. mercaptoethanol, and 1 g/L bromo-
phenol blue as a tracking dye) and immediately boiled for
three min. A mixture of reference proteins was run in par-
allel. Gels were then stained with Coomassie blue. West-
ern blotting was performed as follows: resolved samples
separated by SDS-PAGE were electro-transferred onto ni-
trocellulose membranes (0.45 mm pore size). On the next
day, membranes were cut into individual strips each of 0.3
mm width. Strips were washed 3 times with PBS-3 g/L T
each for 5 min and blocked against non specific binding at
room temperatute for 1 h in PBS-3 g/L T-10 g/L bovine
serum albumin (BSA). Strips were washed 3 times as above
and incubated with diluted first antibody (infected human
serum at 1:100, or anti-core/envelope rabbit antibodies at
1:500) in PBS-3 g/L T at room temperature for 2 h. After
washed 3 times, strips were incubated with diluted peroxi-
dase-labeled second antibodies (anti-human IgG/IgM mix-
ture at 1:5000 in PBS-3 g/L. T for previously treated strips
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with human sera or anti-rabbit IgG at 1:1000 in PBS-3 g/L
T for those treated with rabbit anti-core/envelope anti-
sera. Both antibodies were from Jakson Immuno Research
Laboratories; Dianova, Hamburg, Germany) for 2 h at
room temperature. Visualization of immune complexes on
the nitrocellulose membrane was done by developing the
strips with 0.01 mol/L PBS (pH 7.4) containing 50 mg di-
aminobenzedine (Sigma; Deisenhofen, Germany) and 100
uL of 30 mL/L hydrogen peroxide.

Isolation and extraction of RNA from serum and HEPG2
cells

Isolation and extraction of RNA from serum and HEPG2
cells were performed as reported in our previous study"™.
Briefly, cells were precipitated and washed in the same
buffer to remove adherent viral particles before lysis
in 4 mol/L guanidinium isothiocyanate containing 25
mmol/L sodium citrate and 0.5% sarcosyl and 0.1 mol/L
b-mercaptoethanol. Cellular RNA was extracted using the
single-step method described originally by Chomczynski
and Sacchi'”.

PCR of genomic RNA strands of HCV

Reverse transcription-nested PCR was carried out
according to Lohr ez al™ with few modifications. Retro-
transcription was performed in 25 mlL reaction mixture
containing 20 units of AMYV reverse transcriptase
(Clonetech, USA) with either 400 ng of total PBMC RNA
or 3 mL of purified RNA from serum samples (equivalent
to 30 mL serum) as template, 40 units of RNAsin
(Clontech, USA), a final concentration of 0.2 mmol/L
from each dNTP (Promega, Madison, WI, USA) and 50
pmol of the reverse primer P1 (for sense strand) or 50
pmol of the forward primer P2 (for anti-sense strand). The
reaction was incubated at 42°C for 60 min. and denatured
at 98°C for 10 min. Amplification of the highly conserved 5
-UTR sequences was done using two rounds of PCR with
2 pairs of nested primers. The first round amplification
was done in 50 mL reaction containing 50 pmol from each
of P2 forward primers and P3 reverse primers, 0.2 mmol/
L from each ANTP, 10 pL from RT reaction mixture as
template and 2 units of Taq DNA polymerase (Promega,
USA) in 1 X buffer supplied with the enzyme. The thermal
cycling protocol was as follows: 1 min at 94°C, 1 min at
55°C and 1 min at 72°C for 30 cycles. The second round
amplification was done as the first round, except for use
of the nested reverse primer P4 and forward primer P5
at 50 pmol each. A fragment of 172 bp was identified in
positive samples. Primer sequences are as follows: P1: 5
ggtocacggtctacgagaccte 3’; P2: 57 aactactgtcttcacgcagaa 3’
P3: 5’ tgctcatggtgcacggtcta 3,; P4: 5° actcggctagcagtctcgeg
3; P5: 5 gtgcagectecaggacee 3. To control false detection
of negative-strand HCV RNA and known variations in
PCR efficiency™*, specific control assays and rigorous
standardization of the reaction were employed as
previously described™. These specific control assays
were cDNA synthesis without RNA templates to exclude
product contamination, cDNA synthesis without RTase to
exclude Taq polymerase RTase activity, cDNA synthesis
and PCR step done with only the reverse or forward
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Figure 1 Establishment of an in vitro infection experiment of HepG2 cells with
serum of a HCV genotype 4-infected patient and monitoring success of infection
by nested RT-PCR amplification of viral sense and minus strands. The patient
was confirmed to be infected with HCV as demonstrated by nested RT-PCR
amplification of viral positive strand in the serum (lane 1), and both viral positive
and negative strands (lane 2 and lane 3 respectively) in the peripheral blood
mononuclear cells. After infection of the cells with the patient sera (see the detailed
method in the materials and methods), cells were carefully washed and nested
RT-PCR was carried out on the last wash to make sure that the culture medium
contained no more viral RNA and results showed no amplified products (lane 5).
At this stage we were sure that any detection of viral RNA within the cells could
reflect successful viral adsorption and penetration. Three days after infection,
RNA was extracted from both cells and their supernatant and nested RT-PCR for
detection of both viral strands was carried out and results showed the presence
of the sense strand in the cells (lane 6) but not in the supernatant (lane 7). The
antisense strand was neither present in the cells nor in the supernatant (lanes 8,
9). Lane 4 is molecular weight standard DNA marker (3-X-174/Haelll; Q-BIOgene,
Germany).

primer to confirm no contamination from mixed primers.
These controls were consistently negative. In addition,
cDNA synthesis was carried out using only one primer
followed by heat inactivation of RTase activity at 95°C for
1 h, in an attempt to diminish false detection of negative-
strand prior to the addition of the second primer.

RESULTS
Establishment of HCV HEPG2 cells in culture

Success of infection was monitored by nested RT-PCR
amplification of viral sense and antisense (minus) strands
(Figure 1). To confirm the infection of HCV in a patient
with chronic active hepatitis whose serum was used in
infection of HepG?2 cells, nested RT-PCR amplification
of viral sense strand in the serum (lane 1) and both viral
sense and antisense strands (lane 2 and lane 3 respectively)
in peripheral blood mononuclear cells were demonstrated.
The viral load was quantified in patient’s serum as 2.9 X
10’ using real time PCR method (results not shown). After
infection of the cells with the patient’s sera, cells were
carefully washed and nested RT-PCR was carried out on
the last wash to make sure that the cell wash contained
no more viral RNA (lane 5). At this stage we were sure
that any detection of viral RNA within the cells could
reflect successful viral binding and entry. Three days
after infection, RNA was extracted from cells and culture
media. Nested RT-PCR was carried out for detection of
both viral strands. Results shown in Figure 1 displayed
the presence of sense RNA strand in the cells (lane 6) but

174 bp

Figure 2 Monitoring of active viral replication at regular time intervals post
infection of HepG2 cells. RNA was extracted from infected cells and infectious
supernatants and their passages at 1, 2 and 4 wk post infection and nested RT-
PCR was carried out for detection of both viral strands. Results showed the
presence of both viral strands in RNA extracted from cells 1 wk post infection (lanes
1, 2) but only the sense strand was detectable in the supernatant at this time
point (lane 3) while the antisense strand was absent (lane 4). At 2 and 4 wk post
infection, both viral strands were detectable in both cells and supernatant. Lanes
6-9 show the presence of both sense and antisense strands in both cells and
supernatant at 4 wk post infection. Lane 5 shows molecular weight standard DNA
marker (0-X-174/Hae1Il; Q-BIOgene, Germany).

not in the culture media (lane 7). The negative strand was
neither present in the cells nor in the culture media (lanes 8,

9.

Monitoring of active viral replication at regular time
intervals after infection of HEPG2 cells

RNA was extracted from infected cells and infectious
supernatants and their passages at 1, 2 and 4 wk post
infection and nested RT-PCR was carried out for detection
of both viral strands (Figure 2). Results showed the
presence of both viral strands in RINA extracted from cells
1 wk post infection (lanes 1, 2) but only the positive strand
was detectable in the supernatant at this time point (lane
3) while the negative strand was undetectable (lane 4). At 2
and 4 wk post infection, both viral strands were detectable
in both cells and supernatant. Lanes 6-9 show the presence
of both sense and antisense strands in both cells and
supernatants 4 wk post infection. Results at 2 wk were not
demonstrated.

Monitoring infection of HEPG2 cells using culture medium
from primary infected cells by nested RT-PCR

After incubation of HepG2 cells with infectious medium
presumably containing exocytosed viral particles from
primary infected cells, de novo infected cells were carefully
washed to get rid of any viral traces and the last wash
was checked for presence of viral RNA using nested RT-
PCR which produced no amplified products (Figure 3,
lane 1). RNA was extracted from infected cells as well as
their culture media at 3 d, 1 wk, 2 wk and 4 wk post co-
incubation with the infectious medium and subjected to
nested RT-PCR to check the presence of either or both
viral strands (Figure 3). After 3 d the cells contained only
sense viral strand (lane 2) while the anti-sense strand
was undetectable (lane 3). The supernatant contained
neither strand (lanes 4, 5). After 1 wk post infection,
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Figure 3 Monitoring infection of HepG2 cells using culture medium from primary
infected cells by nested RT-PCR. After incubation of HepG2 cells with infectious medium
presumably containing exocytosed virions from primary infected cells, cells were carefully
washed to get rid of any viral traces and the last wash was subjected to RNA extraction
followed by nested RT-PCR. Results showed no amplification of positive strand products
(lane 1). RNA was extracted from infected cells and supernatants at 3 d, 1, 2 and 4 wk
post co-incubation with the infectious supernatant and subjected to nested RT-PCR to
check for the presence of each viral strand. At 3 d the cells contained only the positive
viral strand (lane 2) but the negative strand was undetectable (lane 3). However, the
supernatants contained none of the strands, only primers used could be seen (lanes
4, 5). Lane 6 is molecular weight standard DNA marker (@-X-174/HaelIl; Q-BIOgene,
Germany). At 1 wk post infection, both sense and antisense strands were detectable in
the RNA extracted from the infected cells (lanes 7, 8), whereas the supernatant contained
only the sense strand (lane 9) but not the antisense strand (lane 10). At 2 and 4 wk,
RNA extracted from infected cells as well as the supernatants contained both positive
and negative strands. Results of amplification for both positive and negative strands for

cellular RNA are shown (2 wk, lanes 11, 12) and (4 wk, lanes 13, 14).
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Figure 4 A: Single parameter histogram for flow cytometric analysis of surface staining of HCV E1 gene expression on the infected HepG2 cells after one hour incubation.
HepG2 cells were incubated with PBS (A1) (uninfected) or with HCV positive serum (A2) (infected) for 1 h incubation. Cells were harvested and stained with FITIC
labeled HCV anti-E1 antibody as described in materials and methods; B: Dot histogram for flow cytometric analysis of surface staining of HCV E1 gene expression on the
infected HepG2 cells after 24 h incubation. HepG2 cells were incubated with PBS (B1) (uninfected) or with HCV positive serum (B2) (infected) for 24 h incubation. Cells
were harvested and stained with FITIC labeled HCV anti-E1 antibody; C: Overlap histogram for flow cytometric analysis of surface staining of HCV E1 gene expression
on the infected HepG2 cells after one week incubation. HepG2 cells were incubated with PBS (uninfected) or with HCV positive serum (infected) for one week incubation.
Cells were harvested and stained with FITIC labeled HCV anti-E1 antibody; D: Overlap histogram for flow cytometric analysis of intracellular staining of HCV core gene
expression in the infected HepG2 cells after 3 d incubation. HepG2 cells were incubated with PBS (uninfected) or with HCV positive serum (infected) for 3 d incubation.
Cells were harvested and stained with FITIC labeled HCV anti-core antibody Labeled cells were analyzed with flow cytometry (FACS Calibure, Becton Dickinson).

both sense and antisense viral strands were detectable
in infected cells (lanes 7, 8), whereas the supernatant
contained only the sense strand (lane 9) while the antisense
strand was undetectable (lane 10). After 2 and 4 wk post
infection, RNA extracted from infected cells as well as
their supernatants contained both positive and negative
strands. Results of amplification of both positive and
negative strands from cellular RNA at 2 and 4 wk are
presented in lanes 11-14. Results of the nested RT-PCR
on the supernatant at the same time points were not
demonstrated since they were identical to those obtained
from the cells. However, culture supernatant from infected
HepG2 cells was used to infect naive (uninfected) cultured
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HepG2 cells and we found that these HepG2 cells were
infected as detected by RT-PCR (Data not shown).

Flow cytometric analysis of surface and intracellular
staining of HCV antigen expression in infected HEPG2
cells

Flow cytometric analysis showed that HCV core and
E1 antigens were detected on surface and inside of the
infected HepG2 cells. Figures 4A-C show the percentage
of anti E1 positive staining on the surface of HepG2
cells after 1 h (4%) and 24 h (7.6%) and one week (12.5%)
of incubation of HepG2 cells with positive HCV serum
sample. Core protein was detectable in 5.7% of cells after
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kba 123 Figure 5 Testing translation of viral E1 in supernatant and
lysates of HepG2 cells infected with HCV from 1 mo culture
by Western blot analysis. Supernatant (strip 1) and lysates
(strip 2) of HepG2 cells infected with HCV were subjected to
97 —> Western blot analysis, hybridization with the anti-E1 antibody
66—s clearly showed the expression of a cluster of immunogenic
proteins at molecular weights localized between 31 and 45
45—>1 kDa. This cluster was undetectable on the strip immobilized
with uninfected HepG2 cell lysates (strip 3).
31—

24 h, and increased to 13.5% of cells after 3 d. Figure
4D shows the intracellular staining of core antigen using
F(ab)2 portion of the core antibody after infection of 3 d.

Western blot analysis of HCV viral antigen expression in
infected HEPG2 cell lysates

When supernatant (Figure 5, strip 1) and lysates (strip
2) of HepG?2 cells infected with HCV were subjected
to Western blot analysis, hybridization with the anti-E1
antibody could clearly show the expression of a cluster
of immunogenic peptides at molecular weights extended
between 31 kDa and 45 kDa over 1 mo period. This
cluster was undetectable on the strip immobilized with
uninfected HepG2 cell lysates (strip 3).

DISCUSSION

Although knowledge of the molecular biology of HCV
has progressed rapidly, our understanding of viral
replication and pathogenicity is still hampered by the lack
of reliable and efficient cell culture systems. To achieve
a reliable in vitro system we need to obtain a biological
status wherein viral-host interactions mimic exactly what
happens naturally iz vive, since both viral and host factors
make up together the overall outcome of the pathogenetic
pathways. The reasons for using HepG2 cells in the
current study include the great similarity in biosynthetic
pathways between primary hepatocytes and HepG2 cells™,
Also the later cells contain LDL and CD81 receptors
which are known to mediate HCV entry into cells®™,
Validity of HepG2 cells in propagating HCV has been
reported by other laboratories”. The viral component of
the model has several alternative strategies. Subgenomic
or genomic replicons have been used in elucidating the
replicative machinery of the virus® but could not mimic
the actual viral replication cycle and shedding of the virus
to the culture medium. Despite the extremely robust
in vivo replication rate of HCV using genomic replicons,
efforts to propagate the virus in cell culture have been
frustratingly unsuccessful”’’. Thus the viral replication but
not the biologically relevant infectious viral particles can
be demonstrated by such approach. In the present study
we utilized infectious serum with native viral particles
presumably containing the full length viral RNA genome
in infecting HepG2 cells 7 vitro. The recent understanding

of the HCV molecular biology demonstrates that both
5" and 3’ untranslated regions of the viral RNA genome
play a pivotal role in translation of viral proteins via
interaction with cellular factors including eukaryotic
initiation factor 3 eIF3P" 40S ribosomal subunit™ and
poly pyrimidine tract binding (PTB)* protein. Besides, it
has been shown that intra genetic viral interactions such
as NS4a/NS5a are required for key pathways in HCV
life cycle. In the current study, the use of infectious viral
particles containing intact RNA genome could guarantee
the presence of the necessary elements involved in
translation of polyprotein precursor and viral replication.
We have presented several lines of evidence that the cell
model described herein maintains HCV life cycle. A minor
fraction of cells (4%) had a detectable viral envelope on
cell surface as early as one hour after incubation. This
fraction steadily increased to 7.6% in 24 h and 12.5% after
one week. E1 protein reached detectable levels by Western
blotting analyses at both intracellular and extra cellular
compartments after one month. De novo synthesis of RNA
minus strand was detected inside HepG2 cells as eatly
as one week post infection and appeatred in the medium
one week later. However, the detection of the replicative
intermediate (antisense strand HCV RNA) is thought to
be reasonable for assessment of HCV replication. Because
detectable HCV structural proteins in cells after infection
may represent the residue of the inoculated virus after
releasing the viral genome to cytoplasm, it is necessary
to demonstrate that HCV structural proteins detected
in the infected cultures are newly synthesized rather
than residuals of viral inoculum. Interestingly, the core
protein was only detectable in 5.7% of cells after 24 h and
increased to 13.5% of cells after 3 d, indicating that such
observed inctrease in core expression reflects part of de novo
synthesized structural viral proteins. The ability of culture
medium to transmit viral particles to new cells later in one
month culture with concomitant detection of core (results
not shown) and envelope proteins as well as detection of
sense and antisense RNA strands suggest that infected
HepG2 cells reach a state of equilibrium after one month
of infection. Other cellular models for HCV propagation
can transmit viral particles to naive cells™”. We assume
that this approach brings our 7z vitro system to become
closer to native viral infection status occurring 7 vivo. The
expression of different viral antigens agrees with the eatlier
reports that liver and blood cells from infected patients
do support these expressions' 7, Our observation that
HCV RNA detection was intermittent during early days
post infection agrees with previous reports on infection
experiments’”'** a finding which has led the investigators
to suspect the consistency of viral replication and gene
expression in these cell models.

In conclusion, we report an in vitro system of cultured
HepG2 cells infected with HCV particles. These cells
support viral replication and gene expression. The
consistent expression of viral proteins and the ability of
culture medium to transmit the virus to new cells make
this model optimum for studying HCV life cycle, screening
for anti HCV drugs and testing the efficacy of therapeutic
antibodies.

www.wjgnet.com



4842 ISSN 1007-9327

CN 14-1219/ R World J Gastroenterol

August 14, 2006 Volume 12 Number 30

REFERENCES

1

10

11

12

13

14

15

16

17

Kolykhalov AA, Agapov EV, Blight K], Mihalik K, Feinstone
SM, Rice CM. Transmission of hepatitis C by intrahepatic in-
oculation with transcribed RNA. Science 1997; 277 570-574
Lohmann V, Koérner F, Koch J, Herian U, Theilmann L,
Bartenschlager R. Replication of subgenomic hepatitis C virus
RNAs in a hepatoma cell line. Science 1999; 285: 110-113

Naas T, Ghorbani M, Alvarez-Maya I, Lapner M, Kothary R,
De Repentigny Y, Gomes S, Babiuk L, Giulivi A, Soare C, Azizi
A, Diaz-Mitoma F. Characterization of liver histopathology in
a transgenic mouse model expressing genotype 1a hepatitis C
virus core and envelope proteins 1 and 2. | Gen Virol 2005; 86:
2185-2196

Meuleman P, Libbrecht L, De Vos R, de Hemptinne B, Gevaert
K, Vandekerckhove J, Roskams T, Leroux-Roels G. Morpho-
logical and biochemical characterization of a human liver in a
uPA-SCID mouse chimera. Hepatology 2005; 41: 847-856

Guha C, Lee SW, Chowdhury NR, Chowdhury JR. Cell cul-
ture models and animal models of viral hepatitis. Part II: hepa-
titis C. Lab Anim (NY) 2005; 34: 39-47

Bartenschlager R, Lohmann V. Replication of the hepatitis
C virus. Baillieres Best Pract Res Clin Gastroenterol 2000; 14:
241-254

Tacovacci S, Manzin A, Barca S, Sargiacomo M, Serafino A,
Valli MB, Macioce G, Hassan HJ, Ponzetto A, Clementi M,
Peschle C, Carloni G. Molecular characterization and dynam-
ics of hepatitis C virus replication in human fetal hepatocytes
infected in vitro. Hepatology 1997; 26: 1328-1337

Rumin S, Berthillon P, Tanaka E, Kiyosawa K, Trabaud
MA, Bizollon T, Gouillat C, Gripon P, Guguen-Guillouzo C,
Inchauspe G, Trepo C. Dynamic analysis of hepatitis C virus
replication and quasispecies selection in long-term cultures of
adult human hepatocytes infected in vitro. | Gen Virol 1999; 80
(Pt 11): 3007-3018

Gripon P, Diot C, Guguen-Guillouzo C. Reproducible high
level infection of cultured adult human hepatocytes by hepa-
titis B virus: effect of polyethylene glycol on adsorption and
penetration. Virology 1993; 192: 534-540

Seipp S, Mueller HM, Pfaff E, Stremmel W, Theilmann L, Go-
eser T. Establishment of persistent hepatitis C virus infection
and replication in vitro. | Gen Virol 1997; 78 (Pt 10): 2467-2476
el-Awady MK, Tabll AA, Redwan el-RM, Youssef S, Omran
MH, Thakeb F, el-Demellawy M. Flow cytometric detection
of hepatitis C virus antigens in infected peripheral blood
leukocytes: binding and entry. World | Gastroenterol 2005; 11:
5203-5208

Cribier B, Schmitt C, Bingen A, Kirn A, Keller F. In vitro in-
fection of peripheral blood mononuclear cells by hepatitis C
virus. ] Gen Virol 1995; 76 (Pt 10): 2485-2491

Ikeda M, Kato N, Mizutani T, Sugiyama K, Tanaka K, Shimo-
tohno K. Analysis of the cell tropism of HCV by using in vitro
HCV-infected human lymphocytes and hepatocytes. | Hepatol
1997; 27: 445-454

Ikeda M, Sugiyama K, Mizutani T, Tanaka T, Tanaka K, Seki-
hara H, Shimotohno K, Kato N. Human hepatocyte clonal cell
lines that support persistent replication of hepatitis C virus.
Virus Res 1998; 56: 157-167

Horscroft N, Lai VC, Cheney W, Yao N, Wu JZ, Hong Z,
Zhong W. Replicon cell culture system as a valuable tool in an-
tiviral drug discovery against hepatitis C virus. Antivir Chem
Chemother 2005; 16: 1-12

Ohno O, Mizokami M, Wu RR, Saleh MG, Ohba K, Orito E,
Mukaide M, Williams R, Lau JY. New hepatitis C virus (HCV)
genotyping system that allows for identification of HCV geno-
types 1a, 1b, 2a, 2b, 3a, 3b, 4, 5a, and 6a. ] Clin Microbiol 1997;
35: 201-207

Laemmli UK. Cleavage of structural proteins during the as-
sembly of the head of bacteriophage T4. Nature 1970; 227:

www.wjgnet.com

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

680-685

El-Awady MK, Tabll AA, Atef K, Yousef SS, Omran MH, El-
Abd Y, Bader-Eldin NG, Salem AM, Zohny SF, El-Garf WT.
Antibody to E1 peptide of hepatitis C virus genotype 4 inhibits
virus binding and entry to HepG2 cells in vitro. World | Gastro-
enterol 2006; 12: 2530-2535

Chomczynski P, Sacchi N. Single-step method of RNA isola-
tion by acid guanidinium thiocyanate-phenol-chloroform ex-
traction. Anal Biochem 1987; 162: 156-159

Lohr HF, Goergen B, Meyer zum Biischenfelde KH, Gerken G.
HCV replication in mononuclear cells stimulates anti-HCV-
secreting B cells and reflects nonresponsiveness to interferon-
alpha. ] Med Virol 1995; 46: 314-320

Crotty PL, Staggs RA, Porter PT, Killeen AA, McGlennen RC.
Quantitative analysis in molecular diagnostics. Hum Pathol
1994; 25: 572-579

Reischl U, Kochanowski B. Quantitative PCR. A survey of the
present technology. Mol Biotechnol 1995; 3: 55-71

Buckwold VE, Collins B, Hogan P, Rippeon S, Wei J. Investi-
gation into the ability of GB virus B to replicate in various im-
mortalized cell lines. Antiviral Res 2005; 66: 165-168

Triyatni M, Saunier B, Maruvada P, Davis AR, Ulianich L,
Heller T, Patel A, Kohn LD, Liang T]. Interaction of hepatitis C
virus-like particles and cells: a model system for studying viral
binding and entry. ] Virol 2002; 76: 9335-9344

Song ZQ, Hao F, Ma QY, Wang YM. In vitro infection of hu-
man liver cancer cell line HepG2 with HCV. Zhonghua Shiyan
He Linchuang Bingduxue Zazhi 2003; 17: 77-80

Miyamoto M, Kato T, Date T, Mizokami M, Wakita T. Com-
parison between subgenomic replicons of hepatitis C virus
genotypes 2a (JFH-1) and 1b (Conl NK5.1). Intervirology 2006;
49: 37-43

Bartenschlager R, Lohmann V. Novel cell culture systems for
the hepatitis C virus. Antiviral Res 2001; 52: 1-17

Pisarev AV, Shirokikh NE, Hellen CU. Translation initiation
by factor-independent binding of eukaryotic ribosomes to in-
ternal ribosomal entry sites. C R Biol 2005; 328: 589-605
Rosenfeld AB, Racaniello VR. Hepatitis C virus internal ribo-
some entry site-dependent translation in Saccharomyces cere-
visiae is independent of polypyrimidine tract-binding protein,
poly(rC)-binding protein 2, and La protein. | Virol 2005; 79:
10126-10137

Fournier C, Sureau C, Coste J, Ducos ], Pageaux G, Larrey D,
Domergue ], Maurel P. In vitro infection of adult normal hu-
man hepatocytes in primary culture by hepatitis C virus. ] Gen
Virol 1998; 79 (Pt 10): 2367-2374

Hiramatsu N, Hayashi N, Haruna Y, Kasahara A, Fusamoto H,
Mori C, Fuke I, Okayama H, Kamada T. Immunohistochemical
detection of hepatitis C virus-infected hepatocytes in chronic
liver disease with monoclonal antibodies to core, envelope and
NS3 regions of the hepatitis C virus genome. Hepatology 1992;
16: 306-311

Vargas V, Krawczynski K, Castells L, Martinez N, Esteban J,
Allende H, Esteban R, Guardia J. Recurrent hepatitis C virus
infection after liver transplantation: immunohistochemical
assessment of the viral antigen. Liver Transpl Surg 1998; 4:
320-327

Chen MY, Huang ZQ, Chen LZ, Gao YB, Peng RY, Wang DW.
Detection of hepatitis C virus NS5 protein and genome in
Chinese carcinoma of the extrahepatic bile duct and its signifi-
cance. World | Gastroenterol 2000; 6: 800-804

Shiha GE, Zalata KR, Abdalla AF, Mohamed MK. Immuno-
histochemical identification of HCV target antigen in paraffin-
embedded liver tissue: reproducibility and staining patterns.
Liver Int 2005; 25: 254-260

Ji H, Fraser CS, Yu Y, Leary ], Doudna JA. Coordinated assem-
bly of human translation initiation complexes by the hepatitis
C virus internal ribosome entry site RNA. Proc Natl Acad Sci
USA 2004; 101: 16990-16995

S- Editor Wang] L- Editor Wang XL E- Editor BiL



