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The hepatitis C virus (HCV) genotype 2a subgenomic replicon can replicate in two human non-hepatocytederived cell lines, HeLa and 293, with in vitro-transcribed replicon RNA. Sequencing analysis revealed that
mutations in HCV-derived regions were not essential for replication in these cells, as some clones displayed no
mutations.

cells (5, 15), which were established by fusing human primary
cultured hepatocytes and HepG2 cells (13). The present study
examined whether this replicon, the JFH-1 replicon, can replicate in two non-hepatocyte-derived cell lines: HeLa cells established from human cervical carcinoma (6) and 293 cells
established from human embryonic kidney (8).
The HCV genotype 2a clone, JFH-1, was isolated from a
patient with fulminant hepatitis, and genotype 2a HCV replicon constructs were built with this clone as reported previously
(14, 15). After transfection of RNAs transcribed from the
linearized pSGR-JFH1 (DDBJ/EMBL/GenBank accession no.
AB114136) into HeLa and 293 cells, transfected cells were
cultured for 3 weeks with G418 (Nacalai Tesque, Kyoto, Japan) at working concentrations of 0.8 mg/ml for HeLa and 293
cells and 1.0 mg/ml for Huh7 cells. Visible colonies were observed 3 weeks later in all three transfected cell lines (Fig. 1).
Based on three independent assays, colony formation efficiency
was lower in HeLa cells, at (5.83 ⫾ 3.18) ⫻103 CFU/g of
RNA, than in Huh7 cells, at (5.32 ⫾ 5.02) ⫻ 104 CFU/g of
RNA (15). Colony formation efficiency was substantially lower
in 293 cells than in Huh7 cells, at (1.36 ⫾ 1.11) ⫻ 102 CFU/g
of RNA. A total of nine colonies for each line were cloned
from pSGR-JFH1 RNA-transfected HeLa and 293 cells and
expanded for further analysis.
To estimate the correct size of replicating replicon RNA,
Northern blot analysis was performed with the nine clones
from each of the HeLa and 293 cell lines. DNA probes were
synthesized from neor and EMCV-IRES genes using the
Megaprime DNA labeling system (Amersham Pharmacia). In
all clones, expected sizes of replicon RNAs were detected
using neor and EMCV-IRES probes (Fig. 2). The amount of
replicon RNA in clones of each cell line varied among clones,
particularly in HeLa clones.
HCV NS protein expression in replicon RNA-transfected
cells was tested by Western blotting with HCV NS5A-specific

Hepatitis C virus (HCV) was first identified as a causative
agent of posttransfusion hepatitis in 1989 (4). The virus is
considered hepatotropic and is known to cause liver diseases
such as acute or chronic hepatitis, cirrhosis, and hepatocellular
carcinoma (11, 16, 17, 21). HCV has been detected not only in
liver, but also in peripheral blood mononuclear cells and dendritic cells (7, 12, 19). However, other tissue tropisms and their
regulatory factors have yet to be fully elucidated. This lack of
progress in the investigations regarding the virus is primarily
attributable to a lack of efficient cell culture systems and small
animal models of infection. As an important step toward overcoming this disadvantage, a subgenomic HCV RNA replicon
system has been developed (18). This replicon system contains
the HCV internal ribosome entry site (IRES), which directs
expression of the G418 selectable marker, neor, and encephalomyocarditis virus (EMCV) IRES directs the expression of
HCV nonstructural (NS) proteins NS3 to NS5B. This enabled
assessment of HCV replication in cultured cells. Functional
replicons have previously been reported only for genotype 1,
and efficient replications of these replicons have been accomplished only in limited human hepatocyte-derived cell lines (2,
3, 9). Attempts to evaluate replication of the HCV replicon in
non-hepatocyte-derived cell lines have been made previously
(1, 23). Some of these attempts seemed to have succeeded, but
efficient replicon replication in nonhepatic cells has not been
achieved by synthetic RNA transfection, and other experimental procedures have been required (1, 23). We developed a new
HCV replicon system using an HCV genotype 2a clone from a
patient with fulminant hepatitis (15). This replicon system provided higher colony formation efficiency and robust replication, not only in Huh7 cells but also in HepG2 and IMY-N9
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polyclonal antibody obtained by DNA immunization with
JFH-1 NS5A-expressing construct (5, 22). In JFH-1 replicon
RNA-transfected clones, HCV-specific polyclonal antibody detected NS5A protein as major bands of various intensities at
about 56 kDa (Fig. 3). A very faint band above the major
56-kDa band was also detected in some lanes at around 58
kDa. As a positive control, cell lysate from Huh7 replicon cells
was also loaded on the left lane of the gel (Fig. 3, lanes 4-1 and
C6). Huh7 replicon cell 4-1 displayed strong expression (5;
unpublished data), while C6 displayed weak expression (5, 15).

FIG. 2. Detection of replicon RNA in cloned HeLa (A) and 293
(B) cells. Total RNA from cloned cells in each cell line was analyzed
by Northern blotting with DNA probes of the neor EMCV IRES and
␤-actin genes. In vitro synthesis of 108 and 107 copies of transcribed
positive-strand RNAs was performed, and RNA was loaded (lanes 108
and 107) as positive controls, as indicated. Arrowheads indicate target
positions of replicon RNA and ␤-actin. N, cellular RNA of HeLa or
293 cells as negative controls.
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FIG. 3. Detection of HCV NS5A antigens in cloned cells of HeLa
(A) and 293 (B) cells by Western blot analysis. Cell lysates were
prepared from pSGR-JFH1 RNA-transfected Huh7 cell clones (lanes
4-1 and C6) as positive controls or untransfected parental HeLa and
293 (lane N) as negative controls. Anti-NS5A polyclonal antibodies
were used to detect HCV antigens. Target sizes of NS5A proteins are
indicated by arrowheads.

The intensity of protein expression in each clone displayed
similar trends with regard to the amount of replicating replicon
RNA in Northern blotting.
Using recovered phase serum from a patient with acute
hepatitis C, HCV antigens in JFH-1 replicon RNA-transfected
HeLa and 293 clones were also detected by immunofluorescence assay (Fig. 4). Distributions of HCV-related antigens in
both replicon RNA-transfected cell lines resembled those in
Huh7, and diffuse and fine reticular patterns with some granular cytoplasmic staining were observed. Signal intensities of
HeLa and 293 replicon cells were slightly faint compared to
Huh7 replicon cells, but signals were similarly localized within
all replicon cells (Fig. 4). No signals were detected in untransfected parental cells. Microscopic morphologies of repliconcontaining HeLa and 293 cells were normal and similar to the
respective parental cells.

FIG. 4. Subcellular localization of HCV antigens determined by
immunofluorescence. Replicon RNA-untransfected [Replicon(⫺)] or
cloned HeLa, 293, and Huh7 [Replicon(⫹)] cells were cultured on
coverslips, fixed in acetone-methanol, and incubated with patient serum, as described in the Materials and Methods. Representative clones
of HeLa, 293, and Huh7 cells are indicated.
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FIG. 1. Colony formation of JFH-1 HCV subgenomic RNA replicon in Huh7, HeLa, and 293 cell lines. Transcribed RNAs from pSGRJFH1 were transfected into each cell line, and cells were cultured with
G418 for 3 weeks before staining with crystal violet, as described in
Materials and Methods. Representative staining examples are shown
for 0.1 g of synthetic RNA transfected onto Huh7 cells and 3 g
transfected for both HeLa and 293 cells.
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TABLE 1. Mutations and titers of JFH-1 replicon in HeLa clones
Nucleotidea

Amino acidb

Region

1
2

None
5500T3C
7182T3C
7217A3G
7820A3G
5681C3A
6672T3C
3643A3G
5851G3A
5914G3A
2474C3G
2454A3G
361T3C
5673A3G
6648G3A
7097T3C

2272S3P
Synonymousc
2844H3R
NAd
2332T3K
Synonymous
1653M3V
2389A3T
2410E3K
1263A3G
Synonymous
Synonymous
Synonymous
Synonymous
2804L3P

NS5a
NS5b
NS5b
3⬘-UTR
NS5a
NS5b
NS3
NS5a
NS5a
NS3
NS3
Coree
NS5a
NS5b
NS5b

3
4
5
6
7
8
9

Replicon titer
(copies/g of
RNA)

6.43 ⫻ 106
5.69 ⫻ 106
3.05 ⫻ 106
1.07 ⫻ 107
2.56 ⫻ 106
4.38 ⫻ 106
4.66 ⫻ 106
8.31 ⫻ 105

Clone

Nucleotidea

1
2
3
4
5
6

None
None
None
None
None
5897T3C
6420A3C
None
3195T3C
None

7
8
9
a
b
c

Amino acidb

Region

2404 L3P
Synonymousc

NS5a
NS5b

Synonymous

NS3

Replicon titer
(copies/g of
RNA)

5.11 ⫻ 106
3.47 ⫻ 106
6.82 ⫻ 106
8.33 ⫻ 106
5.93 ⫻ 106
5.57 ⫻ 106
3.65 ⫻ 106
5.10 ⫻ 106
3.73 ⫻ 106

Position of mutated nucleotide within subgenomic replicon.
Position of mutated amino acid within complete ORF of full-length JFH-1.
Synonymous mutation results in no change to amino acid sequence.

6.81 ⫻ 106

a

Position of mutated nucleotide within subgenomic replicon.
Position of mutated amino acid within complete ORF of full-length JFH-1.
c
Synonymous mutation does not change amino acid sequence.
d
NA, not applicable.
e
Sequential region from 5⬘-UTR upstream of neor gene.
b

To estimate adaptive mutations in HeLa and 293 cells, replicon RNA isolated from each clone was amplified by reverse
transcription-PCR (RT-PCR) and sequenced directly (5, 15).
Copy numbers of replicating RNA in clones were also determined by real-time detection RT-PCR adjusting for intracellular glyceraldehyde-3-phosphate dehydrogenase concentrations (20). Of the nine HeLa clones, clone 1 displayed no
mutation and clone 7 had only one synonymous mutation in
the open reading frame (ORF) of HCV for replicating RNA
(Table 1). Clone 3 displayed a 1-nucleotide mutation in the 3⬘
untranslated region (UTR), and clone 8 displayed three synonymous mutations, one located in the core region upstream
of the neor gene and two in the HCV ORF. These four clones
thus did not contain any mutations resulting in changes to
amino acid sequences. The remaining five clones had one to
three nonsynonymous mutations in the HCV ORF, and mutations in the NS5a region were prevalent. The mean number of
replicon RNA copies in HeLa clones was (5.01 ⫾ 2.87) ⫻106
copies/g of RNA (range, 8.31 ⫻ 105 to 1.07 ⫻ 107 copies/g
of RNA). These data were basically concordant with trends for
signal intensities in Northern blot analysis. Mean replicon titers in these clones were slightly lower than those of Huh7
cells, at (2.71 ⫾ 2.11) ⫻ 107 copies/g of RNA (M. Miyamoto,
T. Kato, T. Date, and T. Wakita, unpublished data). The mean
copy number for replicon RNA in clones with nonsynonymous
mutations in the HCV ORF (clones 2, 4, 5, 6, and 9) did not
differ significantly from that of clones without nonsynonymous
mutations (clones 1, 3, 7, and 8) [(6.03 ⫾ 3.05) ⫻ 106 versus
(3.74 ⫾ 2.38) ⫻ 106 copies/g of RNA; P ⫽ 0.261].
For 293 cell clones, surprisingly, eight of the nine clones
displayed no mutation or only one synonymous mutation (Table 2). The remaining clone (clone 6) had one nonsynonymous
mutation in the NS5a region and one synonymous mutation.
The mean number of replicon RNA copies in 293 clones was
(5.30 ⫾ 0.16) ⫻ 106 copies/g of RNA (range, 3.47 ⫻ 106 to
8.33 ⫻ 106 copies/g of RNA). The mutation-containing clone,

clone 6, showed a replicon titer close to the mean (4.38 ⫻ 106
copies/g of RNA). This mutation was thus not considered to
affect replication efficiency. Mutations previously observed in
Huh7 and other hepatocyte-derived cell lines were not detected in HeLa and 293 clones (5, 15).
Our results show that HCV replicon can replicate efficiently
in two non-hepatocyte-derived cell lines. Colony formation
efficiencies in cell lines HeLa and 293 were lower than in Huh7,
but higher than in hepatocyte-derived cell lines HepG2 and
IMY-N9 (5, 15). The amounts of replicating replicon RNA in
HeLa and 293 cells were comparable to those in HepG2 cells.
These results indicate that the JFH-1 replicon can replicate
equally well in non-hepatocyte- and hepatocyte-derived cell
lines. Sequencing of HCV-derived region in replicons replicating in these cells indicated that no common mutations were
observed in these cells. In HeLa clones, five clones displayed
nonsynonymous mutations and the other four clones contained
no nonsynonymous mutations in the HCV-derived region (Table 1). Amounts of replicating replicon RNAs did not differ
between clones with or without nonsynonymous mutations. In
293 cells, surprisingly, most replicon clones had no or only one
synonymous mutation (Table 2). As a whole, these results
indicate that the JFH-1 replicon can replicate in these cells
efficiently without cell-specific mutations and adaptive mutations in these cells might be unnecessary. Furthermore, distributions of HCV antigens in these cells resemble those in Huh7
cells (Fig. 4). Taken together, cell tropism of HCV does not
appear to be regulated by cellular factors preventing replication or requiring cell-specific mutation.
To further characterize JFH-1 replicon-containing HeLa
and 293 cells, modifications of cell growth rate were investigated. Temporal evolution of viable cell count was estimated
by resazurin reduction assay using the Promega cell titer-blue
cell viability assay (Promega, Madison, Wis.). Cell growth rates
did not differ significantly between HeLa cells with and without
replicon (Fig. 5A). In contrast, in 293 cells, the cell growth rate
was slower in replicon-containing cells than in parental cells
(Fig. 5B). Therefore, expression of HCV proteins or replication of the JFH-1 replicon seems to suppress cell growth in 293
cells, but this tendency was not clearly observed in HeLa cells.
Interferon sensitivities of the two replicon-containing cell lines
were also assessed. Administration of interferon suppressed

Downloaded from http://jvi.asm.org/ on October 23, 2019 by guest

Clone

TABLE 2. Mutations and titers of JFH-1 replicon in 293 clones

VOL. 79, 2005

replication of JFH-1 replicon in a dose-dependent manner in
both cell lines (Fig. 6). The 50% inhibitory concentrations
ranged from 0.6 to 0.8 U/ml in HeLa cells and from 2.2 to 2.4
U/ml in 293 cells. These data are consistent with previously
reported interferon sensitivities of genotype 1 HeLa and 293
replicon cells (1, 10).
Differing results between previous studies and the present
study are probably attributable to the HCV clone used in
replicon construction (1, 23). Our HCV clone, JFH-1, was
isolated from a patient with fulminant hepatitis (14). This
replicon displays potent replication ability above that reported
for clones with adaptive mutations in their genomes (15). This
robust replication ability enabled assessment of replication not
only in Huh7 cells but also in other cell lines. Whether this
replication ability is specifically associated with fulminant hepatitis and which HCV region or amino acid residues are re-

FIG. 6. Dose-dependent inhibition of replicon RNA replication on
interferon administration in the HeLa (A) and 293 (B) cell lines.
Amounts of replicating replicon RNA were measured by RT-PCR for
serial doses of interferon (IFN) administration and are represented as
a percentage of the amount of replicon RNA in cells without interferon administration. Names of replicon clones (in parentheses) are
consistent with Tables 1 and 2. Experiments were performed with
duplicate wells for each interferon dose and repeated twice. Mean data
and standard deviation bars are shown.
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sponsible for this ability remain unclear. Further investigations
are thus needed to investigate these issues.
Our results show that nonhepatic cell lines support HCV
replication. This suggests that once HCV enters a cell, replication can occur. Hepatotropism of HCV may thus be determined at the step of viral entry into the cell. Specific receptors
for HCV may be expressed on the hepatocyte surface. Development of models for HCV infection appears indispensable
for further clarification of this hypothesis, although no such
system has yet been reported. Establishment of a full-length
replicon system using the JFH-1 clone and various cell lines is
thus important. When such a model system has been achieved,
these two non-hepatocyte-derived cell lines may well prove
instrumental in identifying HCV receptors, as these cells can
support HCV replication but will not express the receptors
necessary for viral hepatotropism.
In summary, the HCV genotype 2a replicon can replicate
not only in hepatocytes, but also in the HeLa and 293 nonhepatocyte-derived cell lines. These results provide useful information about HCV replication and cell tropisms.
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FIG. 5. Effect of replicon RNA replication on cell growth rate in
HeLa (A) and 293 (B) cell lines. Cell growth rates were compared
between parental cells (closed circles) and replicon-containing cell
lines (open triangles and diamonds) with a resazurin reduction assay.
OD570/600, optical density at 570/600 nm. Names of replicon clones
(in parentheses) were consistent with Tables 1 and 2. Experiments
were performed with triplicate wells and repeated twice. Mean data
and standard deviation bars are shown.
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