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Chapter 16

Development of an Infectious HCV Cell 
Culture System

Takaji Wakita and Takanobu Kato

ABSTRACT
Hepatitis C virus (HCV) infection causes chronic liver diseases and is a health 
problem worldwide. Despite the increasing demand for knowledge on viral 
replication and pathogenesis, detailed examinations of the viral life cycle have been 
hampered by the lack of efficient viral culture systems, owing in part to its narrow 
host range. We isolated full-length HCV clone, JFH-1strain, from a fulminant 
hepatitis C patient. The JFH-1strain fit into the cluster of genotype 2a with notable 
deviations in the 5'-untranslated region (5'UTR), core, NS3 and NS5A regions, 
and monoclonality of the hyper-variable region sequence. The JFH-1 subgenomic 
replicon replicated efficiently in a variety of cell lines without acquiring adaptive 
mutations in its genome. Transfection of in vitro transcribed full-length RNA into 
Huh7 cells, efficient replication of JFH-1 RNA and secretion of recombinant viral 
particles into culture medium. Importantly, secreted viral particles were infectious 
for both cultured cells and a chimpanzee. Furthermore, infectivity for cultured cells 
was improved by using permissive cell lines. This infectious HCV system provides 
for the first time a powerful tool to study the full viral life cycle, to construct anti-
viral strategies and to develop effective vaccines.

INTRODUCTION
Efforts to understand the viral life cycle of hepatitis C virus (HCV) and to identify 
effective antiviral agents have been hampered by the lack of an efficient cell culture 
system for this virus. Many attempts to develop a system for HCV infection and 
replication in cell culture have already been undertaken; in fact, some advances 
have been reported (Bertolini et al., 1993; Ito et al., 1996; Mizutani et al., 1996; 
Iacovacci et al., 1997; Fournier et al., 1998; Rumin et al., 1999; Ito et al., 2001; 
Zhao et al., 2002; Zhu et al., 2003). However, the viral replication efficiencies 
reported in these studies were modest, requiring detection by a reverse transcription 
polymerase chain reaction (RT-PCR). We hypothesized that the replication ability 
of HCV may differ among HCV clones. We therefore isolated an HCV clone, JFH-
1, from a fulminant hepatitis patient with HCV (Kato et al., 2001). JFH-1-derived 
subgenomic replicon proved capable of higher replicative capacity in a variety of 
cell lines, and production of infectious HCV particles in Huh7 cells.
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A CASE OF FULMINANT HEPATITIS ASSOCIATED WITH HCV
In 1999, we obtained sera from a fulminant hepatitis patient (Kato et al., 2001). 
The 32-year-old male patient was admitted with general fatigue, high-grade fever, 
and liver dysfunction. No evidence of prior liver disease was found, and the patient 
had no history of drug or alcohol consumption. In the previous 6 months, he had 
not received any blood transfusions, taken any drugs intravenously, undergone 
acupuncture, nor had sexual contact with a known hepatitis virus carrier. This 
patient showed high levels of serum aspartate aminotransferase and alanine 
aminotransferase, low levels of the minimum prothrombin time value, and displayed 
stage II encephalopathy. HCV RNA was detected by RT-PCR, and anti-HCV 
antibody was negative. All other hepatitis viral markers, anti-HAV antibodies (IgG 
and IgM), hepatitis B virus (HBV) markers (HBsAg, anti-HBs, HBeAg, anti-HBe, 
anti-HBc and HBV-DNA), and GB virus-C RNA, were negative. Therefore, he 
was diagnosed as having HCV-associated fulminant hepatitis. The infection route 
of HCV was obscure. The patient showed high levels of viremia, 105 copies/ml 
at admission and 104 copies/ml 25 days later. However, HCV was undetectable 
at 65 days after admission, at which point anti-HCV antibody was positive. At 
75 days after admission, his condition improved and he was discharged from the 
hospital.

To investigate the role of strain-specific viral characteristics of HCV in fulminant 
hepatitis, we isolated HCV RNA from the acute phase serum of this patient, 
amplified it by RT-PCR, and determined the sequence of its entire genome.

SEQUENCE ANALYSIS OF JFH-1
The HCV clone isolated from the fulminant hepatitis patient, designated JFH-1, 
was determined to be of genotype 2a. To compare genomic characteristics, we also 
determined the entire genomic sequences of 6 HCV genotype 2a clones isolated from 
6 chronic hepatitis patients (JCH-1 to -6). JFH-1 is 9,678 nucleotides (nt) in length 
with a long open reading frame spanning nt 341-9439 coding for 3033 amino acids 
(aa). Clones isolated from 6 chronic hepatitis patients, JCH-1 to -6, comprised 9681, 
9677, 9678, 9676, 9691, and 9686 nt, respectively, and encoded either 3032 or 3033 
aa. In phylogenetic analysis, JFH-1 clustered with other genotype 2a clones, but 
showed slight deviation from clones isolated from chronic hepatitis patients, JCH-1 
to -6, and HC-J6 (prototype of HCV genotype 2a, accession number is D00944) 
(Fig. 1). To determine the degree of deviation in each subgenomic region or entire 
genome, the ratios of mean genetic distances [ratio = mean genetic distance between 
JFH-1 and other 2a strains (JCH-1 to -6 and HC-J6) in each subgenomic region or 
entire genome / mean genetic distance among all 2a strains in each subgenomic 
region or entire genome] were calculated. For nucleotide analysis of the entire 
genomes, the mean genetic distances between JFH-1 and other 2a strains (JCH-1 
to -6 and HC-J6) and among all 2a strains were calculated to be 0.1136±0.0073 and 
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0.0969±0.0140, respectively, with the ratio of mean genetic distances representing 
the deviation of clone JFH-1 among genotype 2a clones being 1.173 (Table 1). 
Among analyses of each subgenomic region, the 5'UTR showed the greatest ratio 
of mean genetic distances, 1.387, and was identified as the region with the greatest 
deviation. For amino acids, mean genetic distances of the entire genome between 
JFH-1 and other 2a strains (JCH-1 to -6 and HC-J6) and among all 2a strains were 
0.0918±0.0052 and 0.0716±0.0139, respectively, giving a ratio of mean genetic 
distances of 1.282. Analyses of each the subgenomic region revealed greater 
diversity for core, nonstructural (NS) 3, and NS5A, with mean genetic distance 
ratios of 1.560, 1.464, and 1.596, respectively. The complexity of HCV infection 
in the fulminant hepatitis patient was also assessed by determining the distribution 
of quasispecies in the hyper-variable region (HVR). Sequences of the 20 amplified 
clones of the envelope (E) 2 region were determined and the frequencies of these 
sequences were examined at the two time points at days 1 and 23 after admission. 
In the early point of acute phase (day 1 after admission), 17/20 HVR sequences 
were identical and those of the other 3 clones showed a difference of only one aa 
substitution. At the later time point of the acute phase (day 23 after admission), the 
HCV clones were identical (20/20,). These data suggest that the HCV in this patient 
showed lower complexity than that of the general viral population. Monoclonality 
of the viral population has also been reported for another case of HCV related 

Fig. 1. Phylogenetic tree based on the entire HCV genome of for JFH-1, JCH-1 to -6 and representative 
strains for which the entire genome has been reported. The number of nucleotide substitutions per site 
at each position was estimated by the six-parameter method, and a phylogenetic tree was drawn using 
the neighbor-joining method. The length of the horizontal bars indicates the number of nucleotide 
substitutions per site.
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fulminant hepatitis (Farci et al., 1996). Thus, we speculated that monoclonality of 
the viral population is related to the development of fulminant hepatitis and that 
the JFH-1 clone, especially in the 5' UTR, core, NS3 and NS5A regions, has some 
specific viral characteristics related to fulminant hepatitis.

PREFERENTIAL PROCESSING FOR CORE PROTEIN OF JFH-1
Among the subgenomic regions of JFH-1, 5'UTR, core, NS3 and NS5A were 
identified as deviated regions. Among these regions, core protein is known to form 
the viral particle and also to regulate multiple functions in host cells (Moriya et al., 
1998; Ray et al., 2001; Watashi et al., 2003; see Chapter 3). During virus assembly, 
the core protein undergoes two consecutive membrane-dependent cleavages, and 
it develops into two forms, p23 and p21 (Liu et al., 1997). The p21 core protein 
is cleaved from the endoplasmic reticulum-bound p23 core protein or the longer 
precursor polyprotein by host signal peptide peptidase (McLauchlan et al., 2002). 
The p21 core protein was predominantly observed in patient serum containing native 
viral particles (Yasui et al., 1998). Thus, the p21 core protein is the mature and 
stable form that accumulates in the cell and eventually constitutes the viral capsid. 
We investigated the differences in p21 core protein production between JFH-1 and 
the other genotype 2a clones isolated from chronic hepatitis patients (JCH-1 to -5) 
(Kato et al., 2003a). Using the core or core-E1 expression vector of JFH-1 and 
JCH-1, we found that JFH-1 could preferentially produce the p21 core protein in 

Table 1. Ratios of mean genetic distance for each subgenomic 
region.
Region Nucleotide Amino Acid
5'UTR 1.387 NA**
Core 1.251 1.560
E1 0.986 0.940
E2 1.107 1.066
NS2 1.243 1.298
NS3 1.168 1.464
NS4A 1.249 1.044
NS4B 1.178 1.223
NS5A 1.222 1.596
NS5B 1.213 1.208
3'UTR 0.989 NA
Entire Genome 1.173 1.282
*Ratios were calculated using the mean genetic distances [ratio = 
mean genetic distance between JFH-1 and other 2a strains (JCH-1 to 
-6 and HC-J6) in each subgenomic region or entire genome / mean 
genetic distance among all 2a strains in each subgenomic region or 
entire genome] (Kato et al., 2001).
**NA, not available
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both in vitro translation assay and cell transfection assay with Huh7, HepG2 and 
HeLa cells. Similar results were also obtained when comparing JFH-1 with the 
other clones (JCH-2 to -5) isolated from chronic hepatitis patients. Investigations 
with chimeric constructs revealed that differences in core protein processing depend 
on the c-terminal region of the core protein. We identified 4 aa substitutions in this 
region of the core protein between JFH-1 and the other clones isolated from chronic 
hepatitis patients. Through experiments with mutation-introduced constructs, all 4 
of these aa of JFH-1 were found to be responsible for the preferential production 
of p21 core protein. Based on these findings, we suspected that JFH-1 may be able 
to preferentially produce viral particles over other HCV clones.

REPLICATION CAPACITY OF JFH-1 AS A SUBGENOMIC 
REPLICON
To investigate the function of the NS region of JFH-1, we constructed a subgenomic 
replicon system using this clone. The HCV subgenomic replicon system has enabled 
us to mimic HCV replication in Huh7 cells, and has been used as a tool in the study 
of the mechanism of HCV replication (Lohmann et al., 1999; see Chapter 11). 
JFH-1 showed higher colony formation efficiency that was approximately 500-
fold more efficient than the prototype Con-1 replicon and 50-fold more efficient 
than the Con-1/NK5.1 replicon, which contains highly adaptive mutations (Kato 
et al., 2003b). Furthermore, the JFH-1 replicon could replicate efficiently not only 
in Huh7 cells, but also in other hepatocyte-derived cell lines, HepG2 and IMY-N9 
cells (Date et al., 2004), and non- hepatocyte derived cell lines, HeLa and 293 cells 
(Kato et al., 2005). This result may be attributed to the replication proficiency of 
JFH-1. Importantly, the JFH-1 replicon did not require an adaptive mutation in order 
to replicate in these cell lines. Most clones isolated from each of these cell lines 
showed no or a few aa mutations in the HCV-derived replicon regions. Previously, 
Bukh et al. (2002) demonstrated that HCV infection could not be achieved with 
full-length HCV RNA containing multiple cell-culture adaptive mutations. Thus, 
the higher replication capacity and the absence of adaptive mutations of JFH-1 may 
be important for developing an infectious HCV system.

CONSTRUCTION OF FULL-LENGTH JFH-1 cDNA
Based on results obtained using subgenomic replicons, we found that the JFH-
1 strain replicates very efficiently in Huh7 cells, as shown not only by colony 
formation assay with G418 selection, but also by transient replication assay (Kato 
et al., 2003a; 2003b; Date et al., 2004; Kato et al., 2005). This suggests that the 
JFH-1 genome can replicate autonomously in Huh7 cells without the help of G418 
selection pressure and the development of adaptive mutations. Taking advantage 
of the efficiency of the JFH-1 strain replication capacity, we planned to test the 
replication of a full-length JFH-1 clone in Huh7 cells.
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Monoclonality is one of the specific characteristics of HCV strains in fulminant 
hepatitis, and the JFH-1 strain, as confirmed by isolations made from other patients 
(Farci et al., 1996; Kato et al., 2001). This characteristic is also advantageous in the 
construction of consensus clones in the production of full-length cDNA because, 
usually, HCV possess a wide variety of mutations called quasispecies (Martell et al., 
1992). Thus, it was necessary to inject 10 different clonal mixtures into a chimpanzee 
to establish the first infectious clone for chimpanzee (Kolykhalov et al., 1997). On 
the other hand, JFH-1 cDNA was cloned from RT-PCR fragments and, although 
some sequence diversity was present, the aa sequences were highly conserved and 
full-length HCV cDNA encoding the JFH-1 strain consensus sequence was easily 
assembled by connecting the cloned PCR fragments (Kato et al., 2001; Wakita et 
al., 2005). The T7 promoter sequence was inserted just upstream of the full-length 
JFH-1 cDNA sequence, and full-length synthetic JFH-1 RNA was transcribed from 
pJFH-1 by T7 RNA polymerase.

REPLICATION OF FULL-LENGTH JFH-1 RNA IN Huh7 CELLS
We first transfected in vitro transcribed full-length JFH-1 RNA into naïve Huh7 
cells, which is the original cell line used for subgenomic replicon studies. As we 
expected, full-length JFH-1 RNA replicated efficiently in the transfected cells, as 
determined by Northern blot analysis (Wakita et al., 2005). Viral proteins produced 
from replicated RNA were demonstrated by immunofluorescence and Western blot 
analyses. Transfection of replication incompetent mutant RNA transcribed from 
pJFH1/GND, in which GDD catalytic motif of NS5B was mutated to GND, into 
Huh7 cells, however, did not lead to viral replication or protein production.

We expected to achieve replication of full-length RNA in transfected Huh7 cells 
because full-length genotype1b RNA with adaptive mutation had been reported 
to replicate in Huh7 cells and subgenomic replicons of the JFH-1 strain had been 
shown to produce more colonies in Huh7 cells than genotype1b replicons (Ikeda et 
al., 2002; Pietschmann et al., 2002; Kato et al., 2003b). However, it was difficult to 
predict viral particle formation and secretion because these had not been achieved 
by full-length HCV RNA transfection, even though RNA replication was observed 
in the transfected Huh7 cells (Ikeda et al., 2002; Pietschmann et al., 2002). To 
determine whether the viral particles were formed and secreted into the culture 
medium from the full-length JFH-1 RNA transfected cells, we performed several 
biological assays. First, we analyzed the density of secreted viral proteins and 
viral RNA by sucrose density gradient. It has been reported that the supernatant 
of full-length replicon RNA replicating cells of the Con1 strain secrete viral RNA 
into culture medium; however, the density of viral RNA was found to have a very 
similar culture medium density as that from subgenomic RNA replicating cells 
(Pietschmann et al., 2002). We thus first analyzed an aliquot of culture supernatant 
from full-length JFH-1 RNA transfected cells by sucrose density gradient. Following 
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ultracentrifugation, 16 fractions were obtained from the bottom of the tube. Both 
viral core protein and RNA were quantified using sensitive core ELISA (Aoyagi 
et al., 1999) and RT-PCR with real-time detection, respectively (Takeuchi et al., 
1999). Interestingly, both core protein and RNA peaks occurred in the same fraction 
(around 1.17 g/ml), a density greater than the one where subgenomic replicon cells 
usually segregate. Next, we determined RNase sensitivity of these peaks, as the viral 
RNA genome packed in the particles should be protected from RNase digestion in 
culture. Culture medium from the transfected cells were RNase digested, followed 
by density centrifugation. The profile analysis of the density peaks revealed that 
RNase digestion did not change the density gradient distribution of both RNA and 
core protein, indicating the viral genome was protected from nuclease digestion 
(Wakita et al., 2005).

Next, we confirmed whether the envelope proteins were incorporated into secreted 
viral particles. If the viral particles are properly and completely formed and secreted, 
viral genome and core protein form a nucleocapsid and are surrounded by envelope 
proteins (E1 and E2 proteins). To assay envelope proteins, we treated culture 
medium with detergent to strip the envelope components from the viral particles. 
Viral envelope usually comprises cellular membrane components such as lipids, 
making the density of envelope lighter than that of the inner nucleocapsids. We 
found that both core protein and RNA peak fractions became heavier (around 1.25 
g/ml), indicating the removal of the lighter envelope components by the detergent 
treatment. Furthermore, we demonstrated the incorporation of both E1 and E2 
proteins by Western blot analysis of peak fractions of viral RNA after density 
gradient centrifugation. We collected approximately 2.5 litter of culture medium 
from transfected cell cultures. Culture medium was concentrated by ultrafiltration 
and then by ultracentrifugation, and was then fractionated by sucrose density 
gradient. Each collected fraction (counted from the bottom of the centrifuge tube) 
was further concentrated by ultrafiltration. Concentrated fractions were separated by 
SDS-PAGE and then transferred onto PVDF membrane. Core, E1 and E2 proteins 
were detected on each fraction using specific antibodies. Thus, all the components 
of the viral particle were detected in the same density gradient fraction, suggesting 
proper viral particle formation and secretion. Finally, viral particles secreted into 
the culture medium were visualized by immuno-electron microscope analysis using 
anti-E2 monoclonal antibody. Viral particles were shown to be spherical, with an 
outer diameter of about 55 nm (Wakita et al., 2005).

INFECTIVITY OF SECRETED VIRAL PARTICLES FROM JFH-1 
TRANSFECTED CELLS
After having confirmed the presence of secreted viral particles, we were interested 
in the infectivity level of secreted viral particles. We used double-chambered culture 
plates equipped with polyester membrane (0.45 μm pore size) separating the inner 
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and outer chambers. Thus, substances smaller than this pore size, such as virus 
particles, can diffuse across the membrane and populate both chambers. Full-length 
JFH-1 RNA transfected cells were transferred to the inner chamber and naïve Huh7 
cells were seeded in the outer chamber. A few days after the start of the experiment, 
naïve Huh7 cells in the outer chamber were stained with anti-HCV antibodies to 
confi rm infection by secreted virus particles. To our surprise, a few cells were 
positively stained, although at very low frequency. To confi rm that infection occurred 
for naïve Huh7 cells, we collected culture medium of transfected Huh7 cells, which 
was subsequently cleared by low speed centrifugation and fi ltered through a disk 
fi lter (0.45 μm-pore size). Naïve Huh7 cells were inoculated with the cleared free 
virus in a culture plate for 3 hours. Inoculated cells were then washed with PBS 
and cultured for another 48 h in complete medium. To increase infection effi ciency, 
culture medium was concentrated by ultrafi ltration. Inoculation of concentrated 
culture medium increased the numbers of infected cells, however, the effi ciency 
was still low at around 0.5% with Huh7 cells. Inoculated cells were harvested after 
infection, and HCV RNA titer was determined by PCR with real time detection 
(Fig. 2a). Only 1% of inoculated HCV RNA was adsorbed by inoculated cells and 
HCV RNA copies in the infected cells were further decreased within 12 hours 
after inoculation. However, RNA titer in the infected cells increased at 24 hours 
after inoculation. Core protein expression measured in infected cells by sensitive 
ELISA showed a decrease within 12 hours after inoculation and an increase at 24 
hours after infection (Fig. 2b). These data clearly showed that viral particles were 
infectious for Huh7 cells, although at low effi ciency (Wakita et al., 2005).

Fig. 2. HCV RNA replication (a) and core protein production (b) in infected Huh7 cells. Culture 
medium was collected from full-length JFH1 RNA-transfected cells and concentrated by ultrafi ltration. 
Naïve Huh7 were seeded 24 h before infection. Filtered (0.45-µm pore size) culture media was 
inoculated for 2 h with periodic rocking. After inoculation, cells were washed with PBS and were 
cultured in complete culture medium for another 12, 24, 48, 72, and 96 h. Experiments were performed 
in triplicate, and mean titers (closed circles) SD (bars) are shown.
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NEUTRALIZATION OF JFH-1 INFECTIVITY BY CD81 ANTIBODY 
AND PATIENT SERA
CD81 has been identified as an E2 protein binding protein (Pileri et al., 1998). 
We thus tested the effectiveness of anti-CD81 antibody for inhibiting infectivity 
of culture supernatant for naïve Huh7 cells. Naïve Huh7 cells were treated with 
10 μg/ml of anti-CD81 antibody at room temperature and then washed with PBS 
followed by inoculation with culture medium from transfected cells (Wakita et 
al. 2005). HCV RNA titer in the inoculated cells was inhibited more than 1 log, 
indicating that infection by secreted viral particles is at least partially dependent on 
a CD81-specific pathway. Further studies will be necessary to determine whether 
CD81 is a sole receptor molecule involved in adsorption and internalization steps 
or whether other molecules are also involved.

The neutralizing activity in chronically infected patient sera has been shown by 
experiments using pseudotype virus harboring HCV envelope proteins (Bartosch et 
al., 2003; Yu et al., 2005; Logvinoff et al., 2004). We also tested some patient sera for 
neutralizing activity against JFH-1. To increase sensitivity of the assay, a bicistronic 
replicon construct containing luciferase reporter was used (Wakita et al. 2005). 
Indeed, patient serum tested positive for neutralization of virus infection proved to 
contain some neutralizing antibodies against JFH-1 (Wakita et al., 2005).

IN VIVO INFECTIVITY OF JFH-1 CULTURE MEDIUM
To further confirm authenticity of the viral particles produced in our study, in vivo 
infectivity was tested in a chimpanzee (Wakita et al., 2005). Electroporated culture 
supernatant was harvested from the full-length JFH-1 RNA-transfected cells and 
cleared by low-speed centrifugation and then passed through a 0.45-μm disk filter. 
Control culture medium was prepared from the cells mixed with JFH-1 RNA, but 
with the omission of electroporation pulse. A chimpanzee was first inoculated with 
undiluted control culture medium, and no infection was observed. Then, 104 diluted 
culture medium harvested from the transfected cell was used for inoculation, but 
again, no infection developed. Six weeks later, 103 diluted culture medium was 
inoculated in the same subject, and viremia was induced. Viral titer was low, with 
the highest HCV RNA titer being 2.04x103 copies/ml. Furthermore, HCV infection 
was cleared without any evidence of abnormal liver histology or elevation of liver-
specific enzymes or HCV-specific antibody seroconversions (Wakita et al., 2005). 
Further investigation is necessary to determine whether the nonvirulent phenotype 
is a characteristic of the JFH-1 strain.

PERMISSIVE CELLS FOR JFH-1 INFECTION
The infection efficiency of JFH-1 was quite limited as only a small percentage 
of the inoculated cells appeared positive for HCV by antigen staining (Wakita 
et al., 2005). To increase the infection efficiency, specific cell lines derived from 
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Huh7 cells were analyzed by several groups. Huh7.5, which is one of the cured 
cell lines established from original HCV replicon cell lines, supported high levels 
of subgenomic HCV replication with Con1 and H77 strains (Blight et al., 2002). 
Huh7.5.1 is a cell line derived from Huh7.5 (Zhong et al., 2005). Indeed, infectivity 
of Huh7.5 or Huh7.5.1 cell line with JFH-1 was markedly increased (almost 100%) 
compared to standard Huh7 cells (Lindenbach et al., 2005; Zhong et al., 2005). 
Furthermore, Zhong and colleagues (2005) also were able to prevent in vitro-
produced virus from infecting Huh7.5.1 using an anti-CD81 antibody, whereas 
Lindenbach and his coworkers (2005) accomplished this with Huh7.5 by using a 
soluble recombinant CD81 fragment.

SUMMARY AND CONCLUDING REMARKS
Recombinant HCV particles were produced and secreted from JFH-1 RNA-
replicating cells, and the secreted viruses were infectious to both Huh7 cells and 
a chimpanzee (Zhong et al., 2005; Lindenbach et al., 2005; Wakita et al., 2005). 
Biophysical property analysis showed that cell culture-grown virus particles have 
a density of about 1.15 – 1.17 g/ml, are spherical, and have an outer diameter of 
about 55 nm (Wakita et al., 2005). Both the density and the overall diameter of the 
particle are in agreement with a recent report describing the production of virus 
particles with a DNA-based expression system (Heller et al., 2005). Infectivity can 
be significantly neutralized by CD81-specific antibodies, supporting observations 
that CD81 plays an important role in HCV cell entry made in HCV pseudo particles 
(Zhong et al., 2005; Lindenbach et al., 2005; Wakita et al., 2005; Bartosh et al., 2003; 
Hsu et al., 2003). Some level of neutralization was achieved with immunoglobulins 
in patient serum, showing that potentially protective antibodies are generated during 
chronic infection but that their capacity to prevent chronicity may be limited. We 
also observed cross-neutralization in sera from patients infected with a genotype 
1 virus (Wakita et al., 2005).

Thus, JFH-1 is the first HCV strain with the capability to produce infection in 
tissue culture, and serves as a platform for a new generation of HCV investigations. 
Furthermore, the use of permissive cell lines such as Huh7.5 and Huh7.5.1 cell lines 
will further expedite full virus culture experiments in the laboratory. This infectious 
HCV system should provide opportunities to study the full HCV life cycle, including 
virus entry, replication, virus particle formation, and virus secretion, as well as to 
develop effective antivirals and vaccines.
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