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Hepatitis C virus (HCV) infection is seen worldwide and is a significant cause of severe
chronic liver diseases. Recently, a large number of direct-acting antivirals (DAAs) have
been developed against HCV infection, resulting in significant improvements in treatment
efficacy. Rapid progress in HCV research has been largely dependent on the development of
HCV culture systems and small animal infection models. In the development of HCV cell
culture systems, the discovery of the JFH-1 clone, an HCV strain isolated from a fulminant
hepatitis C patient, was a key finding. The JFH-1 strain was the first infectious HCV strain
belonging to genotype 2a. JFH-1 replicated efficiently in cultured cell lines without acquiring
adaptive mutations, providing the secretion of infectious viral particles into the culture
medium. Recently, other HCV strains also were reported to be infectious in cultured cells
with adaptive viral mutations, but genotype-1b infectious HCV clones and virus culture
systems for clinical isolates are still missing. These infectious HCV systems have provided
powerful tools to study the viral life cycle, to construct antiviral strategies, and to develop
effective vaccines.

Hepatitis C virus (HCV) was first identified
in 1989 as a principal agent in posttransfu-

sion and sporadic acute hepatitis (Choo et al.
1989; Kuo et al. 1989). Sequence analysis re-
vealed that HCV is a plus-stranded RNA virus
that belongs to the family Flaviviridae and genus
Hepacivirus. The HCV RNA genome is ∼9.6 kb
long and contains a single long open reading
frame of ∼3000 codons (Fig. 1). Most of the
classic Flaviviruses cause mosquito-borne infec-
tions. However, HCV causes blood-borne in-
fection and chronic liver disease and thus is clas-
sified as a hepatitis virus. It has not been clear
how the classic vector-borne flaviviruses and
hepaciviruses evolved. Recently, several animal

hepaciviruses were identified from horses and
other animals (Hartlage et al. 2016). The analysis
of animal hepaciviruses is expected to provide
further evolutionary information about HCV.

Following the discovery of HCV, the fre-
quency of new posttransfusion HCV infections
was significantly reduced in many countries by
implementation of HCV screening of blood
products. Most HCV infections cause persistent
viral infection resulting in chronic hepatitis, liver
cirrhosis, and hepatocellular carcinoma; howev-
er, highly effective anti-HCV treatment has been
developed by using direct-acting antivirals
(DAAs). DAA treatment has achieved a high
success rate of sustained virological response
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among treated patients, thereby reducing the
risk of advanced liver disease.

Detailed analysis of the viral life cycle of
HCV using virus culture has been critical (Fig.
2A). Several HCV clones have been reported to
be infectious in chimpanzees; however, theprop-
agation of HCV in cultured cells remained a
challenge for several years (Yanagi et al. 1997,
1999; Bartenschlager and Lohmann 2001; Lan-
ford et al. 2001; Bukh et al. 2002). This limitation
may have been the result of a number of factors,
including a low replication capacity of the virus
to establish persistent infection and tropism of
the virus for highly differentiated hepatocytes.
Inoculation of patient sera or plasma into cul-
tured cells results in only a limited level of HCV
replication, as determined by nested reverse
transcription-polymerase chain reaction (RT-
PCR). However, Lohmann et al. (1999) were
the first to report efficient replication of an
HCV subgenomic replicon by replacement of
an HCV structural region (with or without the
NS2 gene)with a neomycin-resistance-encoding
gene (Fig. 3A). Transfection of replicon RNA
into Huh7 hepatocellular carcinoma cells, fol-
lowed by G418 selection culture for several
weeks, permitted the establishment of replicons;
robust replication of viral RNA was observed in
these cells (Fig. 3B). Analysis of the established
replicon cells revealed the presence of adaptive
mutations in most of the replicon genomes.
These mutations enhanced viral replication to

different degrees, and some combinations of
these lesions were observed to strongly enhance
replication (Blight et al. 2000; Krieger et al. 2001;
Lohmann et al. 2001). This replicon system
proved to be a great advantage for the detailed
analysis of viral RNA translation and replication
mechanisms, and permitted the identification of
host factors required for replication in cell cul-
ture (Fig. 2A). However, the most important
contribution of the replicon system was the de-
velopment of DAAs with activity against HCV.
The activities of DAAs targeting the NS3/4A
protease, the NS5A protein, and the NS5B
RNA polymerase were validated using the repli-
con system before testing in clinical trials.

Notably, the construction of the subgenomic
replicon genome required the deletion of HCV
structural genes, meaning that viral particles
were not produced from the replicon cells. To
establish an HCV infection system, genomic
replicons containing a structural region with
adaptive mutations in a nonstructural region
also were generated; these constructs showed
efficient replication in transfected Huh7 cells
(Ikeda et al. 2002; Pietschmann et al. 2002;
Blight et al. 2003). Unfortunately, these genomic
replicons still did not produce viral particles.
Furthermore, a full-length viral RNA genome
(harboring adaptive mutations) that had been
synthesized in vitro still was not infectious in
chimpanzee, in contrast to the wild-type ge-
nome (Bukh et al. 2002).

C E1 E2 NS2

p7

NS3 4B

4A NS5A NS5B

5BSL3.2

RNA polymerase

RNA-binding protein

Membranous web

NS3 cofactor

Protease
RNA helicase

Protease

Ion channel

Envelope

Capsid

5′UTR
5′

3′X

3′UTR

PolyU/C 3′

Figure 1. Hepatitis C virus (HCV) genome structure. HCV RNA genome is ∼9600 nt long. The virus RNA
contains a single long open reading frame (ORF) of ∼3000 codons long that is flanked by 50 and 30 untranslated
regions (UTRs) with secondary RNA structures. At least 10 viral proteins are processed from the large polypep-
tides encoded by the ORF. Each viral protein has a single or multiple functions. The NS3, NS5A, and NS5B
proteins are the targets of currently available direct-acting antivirals (DAAs).
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Figure 2.Hepatitis C virus (HCV) life cycle and HCV cell culture (HCVcc). (A) HCV life cycle. Circulating virus
particles bind and then invade the target cells by endocytosis.HCVgenomicRNA is released in the cytoplasmand
the viral polypeptide is translated. Ten viral proteins are processed from the precursor polypeptide by host and
viral proteases. Viral proteins and RNA establish replication complexes that replicate the viral RNA. Replicated
viral RNA and structural proteins assemble into viral particles that are secreted into the circulation. (B) In vitro–
synthesized HCV RNA from template DNA is transfected (via electroporation; lightning bolt symbol) into
cultured cells. Transfected RNA serves as template RNA to drive the HCV life cycle as described in A. After
RNA translation and replication starts,HCVundergoes replication cycles like those seen following virus infection.
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HCV CLONES ISOLATED FROM
FULMINANT HEPATITIS PATIENTS
AND HCV CULTURE

The JFH-1 (Jikei or Japanese Fulminant Hepa-
titis patient) strain was isolated from a 32-year-
old male patient (Kato et al. 2001). A distinct
strain (JFH-2) was independently isolated from
a 62-year-old male treated at a different hospital
(Date et al. 2012a). These patients had been
admitted with acute liver failure. Stage-II en-
cephalopathy developed in both patients after
admission, at which point both were diagnosed
with fulminant hepatitis. HCV RNAwas detect-
ed by RT-PCR using sera obtained during the
acute phase. Both patients were seronegative for
anti-HCV antibody at admission, but subse-
quently tested HCV seropositive. All viral mark-
ers indicating exposure to other hepatitis viruses
were negative. These findings suggested that the

fulminant hepatitis in each patient was in fact
caused by HCV infection. To analyze the infect-
ing strain of HCV, nested RT-PCR, as well as 50-
rapid amplification of cDNA ends (50-RACE)
RT-PCR and 30-RACE RT-PCR, were per-
formed to cover the entire HCV genome (Wa-
kita 2009). All of the PCR products were cloned
and sequenced. Based on sequence analysis,
both JFH-1 and JFH-2 belong to genotype 2a,
with the nucleotide sequences of the two devi-
ating slightly from other genotype-2a clones iso-
lated from patients with chronic hepatitis (Kato
et al. 2001; Date et al. 2012a).

SUBGENOMIC REPLICON USING
FULMINANT HCV CLONES

Subgenomic replicon and full-length constructs
were assembled using cloned PCR fragments

HCV genome (Con1)A

B

5′UTR

5′UTR EMCV
IRES

Subgenomic replicon

3′UTR
c

T7

T7 neo

T7 neo

neo

Naive Huh7 cells Electroporation

G418 selection

EI 3 4B 5A 5B

EI 3 4B 5A 5B

neo NS2 NS3

NS3

RNA synthesis

4B

4B

4A
4A

NS5A

NS5A

NS5B

NS5B

E1 E2 NS2 NS3 4B

4A NS5A NS5B

Figure 3. Hepatitis C virus (HCV) replication. (A) First HCV RNA replication in cultured cells. In 1999,
Lohmann and colleagues reported the first efficient replication of an HCV subgenomic replicon. These inves-
tigators replaced a region encoding several HCV structural proteins (with or without the gene encoding NS2)
with a neomycin-resistance-encoding gene (neo). IRES, internal ribosome entry site; EMCV, encephalomyo-
carditis virus. (B) Subgenomic replicon experiment. Subgenomic replicon RNA was synthesized in vitro and
transfected into Huh7 cells by electroporation, followed by G418 selection culture for several weeks, resulting in
the establishment of replicons. Robust replication of viral RNAwas observed in these cells (Lohmann et al. 1999).
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(Kato et al. 2001; Date et al. 2012a). The colony
formation efficiency of the JFH-1 replicon was
much greater than that of the JFH-2 replicon.
Furthermore, transient transfection of JFH-1
replicon RNA into Huh7 cells resulted in auton-
omous RNA replication (Kato et al. 2003, 2005).
Adaptive mutations were not necessary for effi-
cient JFH-1 replicon replication in Huh7 cells.
In contrast, adaptive mutations were detected in
the JFH-2 replicon genome, and some of these
mutations were shown to enhance replication of
the JFH-2 replicon.

FIRST INFECTIOUS HCV CULTURE
SYSTEM DEVELOPMENT

It has been difficult to infect cultured cells with
HCV starting from clinically isolated patient
plasma or sera. Although an infectious HCV
cDNA was established by in vivo inoculation
of synthesized RNA into chimpanzee, attempts
to infect cultured cells with those clones were
not successful. We found that the JFH-1 strain,
despite lacking cell culture–adaptive mutations,
showed high levels of subgenomic replicon rep-
lication in Huh7 cells (Kato et al. 2003). We
therefore attempted direct transfection of
Huh7 cells by in vitro–synthesized full-length
JFH-1 RNA (Figs. 2B and 4; Wakita et al.
2005; Kato et al. 2006; Wakita 2009). Indeed,

transfected full-length JFH-1 RNA replicated
efficiently in the cells; secretion of infectious
virus particles was confirmed by immunostain-
ing of the infected cells for HCV proteins. In our
first experiment, only a small number of the cells
were infected. However, this infection was spe-
cific, because anti-CD81 or anti-E2 antibodies
neutralized infection (Wakita et al. 2005; Zhong
et al. 2005). Furthermore, authenticity of the
secreted virus particle was proved by the fact
the secreted virus particles were infectious in
chimpanzee (Wakita et al. 2005; Kato et al.
2008). These results strongly suggested that the
secreted JFH-1 virus particles were authentic
HCV. However, the secretion of infectious viral
particles was a characteristic unique to the JFH-
1 strain; this property has not been reported for
the wild-type full-length HCV sequence of any
HCV isolate other than the JFH-1 strain. Fur-
thermore, transfection of either J6/JFH-1 chi-
meric RNA or JFH-1 RNA into Huh7.5 or
Huh7.5.1 cells (both of which are derived from
Huh7 cells) yields much higher levels of virus
production than that seen with the transfection
of Huh7 cells by JFH-1 (Lindenbach et al. 2005;
Zhong et al. 2005). Thus, the combination of
JFH-1-derived HCV constructs and highly per-
missive Huh7-derived cells (see below) ensures
robust HCV replication and infection in cell
culture.

Production of infectious HCV clones

HCV RNA
without mutations

HCV RNA with adaptive mutations
from replicon or chimeric virus

analysis

Transfection

Virus adaptation

Transfection

Huh7 cells

Infectious virus production
only with JFH-1

Infectious virus production
with JFH-2 and other strains

Huh7 cells

Figure 4.Procedures to establish infectious hepatitis C virus (HCV) clones. Procedures with the JFH-1 clone (left)
and other HCV strains (right) are described. JFH-1 required no adaptive mutations to replicate in Huh7 cells;
however, efficient replication of otherHCV strains required several viralmutations. To identify the keymutations
necessary for eachHCV strain, replicon analysis or chimeric virus analysis was performed. Furthermore, repeated
culturing and passaging of HCV RNA-transfected cells was necessary to establish full cell culture–adapted virus
clones.

HCV Infection Systems
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ESTABLISHMENT OF OTHER INFECTIOUS
CLONES WITH MUTATIONS OBTAINED
FROM THE REPLICON GENOME

We first hypothesized that JFH-1’s capacity for
high-level replication in cell culture might re-
flect the strain’s isolation from a patient with
fulminant hepatitis. The second fulminant hep-
atitis isolate, JFH-2, was evaluated in a similar
fashion. In contrast to the case with JFH-1,
transfection of Huh7 cells with the original (un-
mutated) full-length JFH-2 RNA did not yield
viral replication or virus particle production.We
then tested full-length JFH-2 RNA carrying the
2217AS mutation (JFH-2/AS), which was the
most efficient adaptive mutation in the replicon
experiment. JFH-2/AS virion production was
detected for at least 30 d after transfection. Se-
creted JFH-2/AS virus particles showed charac-
teristics similar to those of JFH-1 virions, with a
notable exception: JFH-2/AS virions lacked in
vivo infectivity in human liver–transplanted
chimeric mice. In addition, further adaptive
mutations were found in the viral genome of
the cell culture–adapted JFH-2/AS virus ge-
nome (Fig. 5; Date et al. 2012a). Thus, the com-
parison between the JFH-1 and JFH-2 strains
showed that isolation of HCV from fulminant
hepatitis cases was not the sole determinant of
the culture-competent phenotype. However,

based on the JFH-2 strain analysis, we found
that some replication-enhancing adaptive mu-
tations permit infectious virus production after
transfection of the full-length HCV RNA into
Huh7 cells.

In previous reports, adaptivemutations were
shown to enhance viral RNA replication at the
expense of virus particle formation efficiency
(Pietschmann et al. 2002). Specifically, a highly
cell culture–adapted Con1 strain replicated in
cultured cells but did not produce infectious
virus particles. Interestingly, a highly adapted
Con1 strain was not infectious for chimpanzee,
whereas a moderately adapted Con1 strain was
infectious. However, the virus recovered from
the infected animal had the nucleotide sequence
of the wild-type Con1 virus (Bukh et al. 2002).
This result clearly suggested that HCV strains
with lower replication efficiency were favored
for in vivo infection. However, we must note
that this replication efficiency was determined
in cultured cells such as hepatoma cell lines that
show gene expression patterns different from
those of hepatocytes. In the case of JFH-2, full-
length RNA with the most-adaptive mutation,
2217AS, was able to replicate and produce virus
particles. Secreted virus particles were infectious
for naive Huh7.5.1 cells, but additional adaptive
mutations were found in the viral genomic RNA
packaged in these virions. Based on compari-

JFH-2 constructs with mutations found in the
virus genome secreted from the infected cells
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Figure 5. Cell culture–adapted JFH-2 virus genome. Full cell culture–adapted JFH-2 virus genomes were ana-
lyzed. Eight and ten adaptivemutationswere found in themtT3 andmtT4 genomes, respectively. These JFH2/AS
(mtT3) and JFH2/AS(mtT4) clones were capable of autonomous replication and produced infectious virus in cell
culture. Other cell culture–adapted hepatitis C virus (HCV) strains also possess several adaptive mutations (as
summarized in Ramirez and Bukh 2018).
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sons of cell culture–adapted viruses and their
parental virus constructs, adaptive mutations
are necessary to increase both viral genome rep-
lication and virus particle assembly/secretion
efficiency.

Thus, methods for the production of infec-
tious HCV in cell culture were established
(Fig. 4). In the case of JFH-1, these methods
are very simple: On transfection of the synthe-
sized full-length HCV RNA into Huh7 cells,
virus RNA replication and infectious virus pro-
duction are observed (Fig. 4, left). However, the
replication of other HCV strains requires some
modification, notably including the introduc-
tion of cell culture–adaptive mutations (Fig. 4,
right). The adaptive mutations identified in the
subgenomic replicon assay were introduced into
the full-length genomes, and the cells transfect-
ed with the resulting viral RNA were passaged
repeatedly until virus particles were generated.
This approach was used successfully to establish
a genotype-3a HCV culture system. Genotype 3
is the second most prevalent HCV genotype in
Asian countries (after genotype 1b). A high in-
cidence of hepatic steatosis is associated with
clinical infection by genotype 3a. Notably, pro-
tease inhibitors like telaprevir and boceprevir
are less effective against genotype-3a infections
(Gottwein et al. 2011). Thus, it is important to
study the pathogenesis of genotype-3 HCV and
to assess this genotype’s susceptibility to differ-
ent antiviral inhibitors. We first identified the
S310 strain as a full-length genotype-3a HCV
cDNA from a 71-year-old female patient suf-
fering from posttransplantation recurrence of
HCV infection. A subgenomic replicon of
S310 yielded drug-resistant replicon colonies;
sequencing of the resulting replicons revealed
the presence of multiple independent adaptive
mutations (2186TI, 2188TA, 2198RH, 2496TI,
2895RK, 2895RG, and 2496TI+2895RG) (Saeed
et al. 2013). Each of these mutations, as well as
the 2210SI mutation (2204SI in genotype 1b),
was introduced into the full-length S310 HCV
cDNA constructs.When each of the synthesized
full-length S310 RNAs with adaptive mutations
was transfected into Huh7.5.1 cells, the trans-
fectants produced infectious virus in the cell cul-
ture medium (Kim et al. 2014). Virus particles

secreted into the culture medium were found to
resemble those of other cell culture–adapted vi-
ruses. We also compared anti-HCV drug sus-
ceptibility between cells infected with S310 and
JFH-1. Notably, the protease inhibitor telaprevir
appeared to be less effective against S310 infec-
tion than against JFH-1 infection, consistent
with results previously reported by replicon as-
say. In contrast, an NS5A inhibitor (PSI-6130),
an NS5B inhibitor (BMS-790052), and host-tar-
geting drugs showed similar levels of inhibition
of infection by the two viral genotypes. Thus, we
successfully established a genotype-3a HCV in-
fectious clone.We also have applied thismethod
to other genotypes, successfully establishing a
genotype-4a infectious HCV (Watanabe et al.
2018).

A similar approach was taken to establish a
genotype-1a infectious HCV clone. A genotype-
1a H77S strain containing five adaptive muta-
tions was reported to produce infectious virus
after transfection of Huh7 cells with a synthe-
sized RNA, albeit with limited efficiency (Yi
et al. 2006). H77S.2, H77S.3, and H77-D, sub-
clones that were derived from the adapted H77S
clone, showed greater infectivity than the origi-
nal H77S adapted virus (Shimakami et al. 2011;
Yamane et al. 2014). Furthermore, genotype-1a,
TNcc, HCV1cc, and H77Ccc infectious clones
also were established by the JFH-1 chimeric
clone method described below (Li et al. 2015).
Although genotype 1b is the major subtype in
Japan and many other countries, a robust virus
culture system is not available for genotype-1b
HCV. To address this shortcoming, we isolated
anHCV cDNA (designatedNC1) from a patient
with acute severe hepatitis (Date et al. 2012b).
An NC1 subgenomic replicon experiment
identified several mutations that enhanced the
colony formation efficiency of theNC1 replicon.
Interestingly, the full-length NC1 genome with
these adaptive mutations replicated in cultured
cells and produced infectious virus particles.
However, the viral infection efficiency of this
clone was not sufficient for autonomous virus
propagation in cultured cells. The establishment
of a genotype-1b infectious HCV clone remains
one of the most important targets of this re-
search field.

HCV Infection Systems
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INFECTIOUS HCV cDNAs DEVELOPED
FROM CHIMERIC CONSTRUCTS

Dr. Jens Bukh’s group has established several
infectious HCV cDNAs by using chimeric con-
structs based on the JFH-1 clone (Ramirez and
Bukh 2018). Given that HCV strains other than
JFH-1 are not infectious and do not replicate in
cell culture without adaptive mutations, Bukh’s
group prepared chimeric constructs using the
nonstructural genome of JFH-1. The chimeric
synthetic RNAs were transfected into host cells,
and the resulting viral genomes were analyzed;
the adaptive mutations observed in these iso-
lates were introduced back into the chimeric
constructs and into the original HCV strain.
Repetition of this cycle resulted in the establish-
ment of infectious HCV clones (Fig. 4, right
panel; reviewed in detail in Ramirez and Bukh
2018). Li and colleagues reported that the intro-
duction of three mutations (LSG mutations; lo-
cated in the NS3-, NS4A-, and NS5B-encoding
loci) permitted adaptation and propagation of
full-length J6 and J8 (genotype 2b) viruses,
yielding clones with infectious titers comparable
to those obtained in the JFH-1 system (Li et al.
2012a). Introduction of the LSG substitutions
also permitted the development of highly in-
fectious versions of TN, HCV-1, and H77C
strains (genotype 1a) and of DH8 and DH10
strains (genotype 2b) (Li et al. 2012b, 2015;
Ramirez et al. 2014). Isolation of DBN3cc, a
genotype-3a infectious HCV clone (Ramirez
et al. 2016), and of HK2cc and HK6acc, infec-
tious genotype-6a clones (Pham et al. 2018),
were also reported.

Separately, we used a chimeric method to
establish an infectious HCV clone. The J6 strain
is a prototype genotype-2a HCV strain. J6CF
was established as an HCV clone that was infec-
tious in chimpanzee (Yanagi et al. 1997); how-
ever, neither full-length nor subgenomic repli-
cons of J6CF are able to replicate in Huh7 cells
(Murayama et al. 2007), despite similarities of
the J6CF nucleotide sequences to those of JFH-1
across the entire HCV genome. To address the
difference in replicative ability between J6CF
and JFH-1, we performed chimeric replicon
analysis. The swapping of segments between

the two strains revealed that the NS3 helicase-
encoding region and the NS5B-encoding region
(up to the 30X site) were important for efficient
replication and virus particle formation by the
JFH-1 strain (Murayama et al. 2007).

We subsequently identified the responsible
nucleotide or amino acid mutations in the
N5BX region of J6CF (Murayama et al. 2010).
We assessed the effect of several mutations that
introduced JFH-1 N3H sequences into the J6CF
chimeric virus and found that the sequences
resulting in the introduction of JFH-1-type
amino acids in the NS5B protein (450AS,
517RK, and 561YF) and a nucleotide mutation
(9458CG) within the 30-untranslated region
(UTR) were responsible for the replication
competency of the chimeric clone. To establish
replication-competent J6CF strains with a min-
imum of changes, we sought to identify the
responsible mutations instead of replacing
the entire N3H region. We attempted to find
the responsible residues acids in the N3H re-
gion by replacing a partial region of N3H but
could not identify the responsible region or spe-
cific amino acids. Therefore, we exploited the
strategy of long-term culture of chimeric con-
structs with low replication efficiencies (Mura-
yama et al. 2017). For this purpose, we used the
J6CF chimeric virus J6/5BSLX-JFH1, which
carries JFH-1 predicted stem–loop structures
from the NS5B (5BSL)-to-30X region. This J6/
5BSLX-JFH1 chimeric virus replicated effi-
ciently in cell culture when combined with a
N3H replacement but showed very low replica-
tion efficiency without the N3H replacement.
Using this strategy, we were able to identify
the essential amino acid substitutions that con-
ferred replication competency to J6CF in com-
bination with the previously identified three
amino acid substitutions and single nucleotide
mutation. Surprisingly, the identified mutation
was not inNS3 but inNS4A. Thus, we identified
effective cell culture–adaptive mutations and
established a replication-competent J6CF strain
with minimum modifications in cultured cells
(Murayama et al. 2017). However, the robust
replication efficiency of the JFH-1 strain may
be the result of the enzymatic activities of
NS3 and NS5B. In fact, in vitro polymerase
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activity of JFH-1 NS5B was higher than that of
J6 NS5B (Schmitt et al. 2011). Interestingly,
structural analysis of JFH-1 NS5B revealed
that a critical amino acid, 405I, enhances de
novo initiation. Recently, the NS3 protein
from the JFH-1 strain has been found to show
robust helicase activity compared with the NS3
protein from genotype 1b (Zhou et al. 2017).
Helicase activity, which is important in virus
RNA replication, should be compared between
JFH-1 and J6 strains.

PERMISSIVE CELL LINES

Although the infection efficiency of JFH-1 virus
in the original Huh7 cells maintained in our
laboratory was quite low, efficient viral infec-
tion was achieved using “cured” cells, such as
Huh7.5, Huh7.5.1, and Lunet/CD81 cells
(Blight et al. 2002; Zhong et al. 2005; Koutsou-
dakis et al. 2007). These cell lines were “cured”
by interferon treatment of cells carrying subge-
nomic replicons. Huh7.5 cells harbor a point
mutation in the gene encoding RIG-I, resulting
in defective intracellular interferon signaling in
response to HCV RNA replication (Sumpter
et al. 2005). Transfection of the JFH-1 genome
or inoculation of infectious JFH-1 virus into
Huh7.5 and Huh7.5.1 cells thus results in ro-
bust replication and HCV virus infection (Lin-
denbach et al. 2005; Zhong et al. 2005). Kout-
soudakis and colleagues have reported that the
level of CD81 cell surface expression is a key
determinant of HCV infection (Koutsoudakis
et al. 2007). Huh7 cells were first isolated
more than 20 years ago (Nakabayashi et al.
1982) and have been subsequently distributed
worldwide. The phenotype of Huh7 cells, in-
cluding permissiveness for JFH-1 virus infectiv-
ity, likely varies among the subclones main-
tained in different laboratories. Recently,
Saeed et al. (2015) reported that SEC14L2 is
an important host factor that enables HCV
clones with wild-type sequences to replicate in
cultured cells. SEC14L2 is expressed in human
liver but not in Huh7 cells. Therefore, Huh7
cells that stably express SEC14L2 were prepared
and used to establish HCV replicon cell with
wild-type HCV clones. SEC14L2-expressing

Huh7 cells that express one or more additional
host factor(s) may provide an excellent oppor-
tunity to develop clinical HCV infection sys-
tems in the near future.

CONCLUSIONS

A robust HCV infection system was first report-
ed in 2005; the resulting isolate, the JFH-1 strain,
remains the only HCV strain that can be prop-
agated in Huh7 cells in the absence of adaptive
mutations. This system has been useful for mul-
tiple purposes in the HCV research field, includ-
ing the development of antivirals and vaccines,
as well as improved characterization of the HCV
viral life cycle. Infection systems for HCV of
other genotypes also have been developed in
recent years. Future studies should be directed
to establish robust infectivity, especially for ge-
notype-1b, and clinical HCV isolates.
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