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ARTICLE INFO ABSTRACT

Development of suitable in vitro model for the study of HCV pathogenesis is a major
concern for complete eradication of HCV infection. While pre-clinical anti-HCV drug
screening is still hampered by the lack of readily infectable small animal models.
Development of appropriate in vitro cell culture model systems has driven a promising new
wave of HCV antiviral drug discovery. Primary human hepatocyte (PHH) culture system
represents one of the most physiologically relevant targets for the study of HCV infection in
vitro, due to its high proliferation efficiency. This review explains about the compensation
and limitations with a subsequent more in depth focus on the available in vitro cell culture
models.

INTRODUCTION
Development of in vitro model for the study of HCV
pathogenesis is a major concern for complete eradication of
HCV infection. The available culture model system for
complete understanding about the HCV pathogenesis does not
provide the vital infection for HCV infection. There is an
urgent need to develop effective therapeutics that is affordable,
well-tolerated and effective in all patients and against all
genotypes. Molecular cloning and sequencing approaches have
provided most of the information about the HCV genome
organization. However, the absence of appropriate in vitro
culture model systems for efficient propagation of HCV has
hampered the understanding of HCV life cycle and its
persistence. Various studies have used different cell lines like
Huh-7 and its derivatives for studying the HCV infection but
failed to demonstrate several important aspects of viral
infection and host cell response (Lohmann et al., 1999, Blight
et al., 2002). Procurement of liver biopsy for the studies of
HCV infection is mostly un-predictable, due to low plating
efficiency of cells. Primary human hepatocyte (PHH) culture
system also represents one of the most physiologically relevant
targets for the study of HCV infection in vitro, due to its high
proliferation efficiency. To know the complete mechanism of
viral entry and replication in vivo models are not available due
to various ethical issues, for this reason different types of
systems are prepared previously for the propagation of HCV in
vitro including: (i) human hepatocyte or non-hepatocyte cells
lines (ii) primary cultures of hepatocytes from experimentally
infected chimpanzees or from chronically infected patients and
(iii) normal primary culture of hepatocytes from chimpanzee
or human foetus. This review reveals advantages and

limitations with a subsequent more in depth focus on the
available in vitro cell culture models.

Biology of Hcv Pathogenesis

Approximately 3% (170 million people) of the world’s
population infected with Hepatitis C Virus (HCV) is a major
causative agent for human health (Alter et al., 2007). HCV
belongs to the members of Hepacivirus genus within the
family of Flaviviridae, and with single stranded positive sense
RNA (+ssRNA) virus, its genome size is 9.6kb in length. It
contains 3010 amino acids and have internal ribosomal entry
site (IRES) at 5’UTR is useful for viral replication. Recently
our article is published on first comparison of data derived
from Pubmed articles revealed genotyping methods, though
due to nucleotide variations in HCV genome. Inno-LiPA is
most widely used method for HCV genotyping and 5'UTR is
most conserved region for HCV genotyping and CORE has
been identified for subtype discrimination (Raju Nagarapu et
al., 2013). Polypeptide structured HCV genome is cleaved
with 10 proteins in order of 5’UTR-Core-E1-E2-p7-NS2-NS3-
NS4A-NS4B-NS5A-NS5B-3’UTR. The Structural proteins
comprise the building blocks for the virion and the
nonstructural proteins replicate the viral RNA (Timpe et al.,
2008). HCV has 7 genotypes and more than 120 subtypes.
Because of the genome variability, approximately 31-34%
nucleotide sequences variations in genotypes, and 20-23%
among subtypes. Generally genotype 1 and 3 are prevalent in
India but our study showed that HCV genotype 5a might have
been circulating for longer period. Although rarely reported in
this country, genotype 5a may have been more frequent in the
past and may currently be fading away (Rahamathulla Syed et
al., 2013). There is an urgent need to find the way for their
entry, replication and complete life cycle. HCV infects
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hepatocytes with tetraspanin CD81, Scavenger receptor class B
member I (SR-BI), the tight junction proteins claudin-1 and
occluding cellular receptor molecules (Pileri et al., 1998,
Scarselli et al., 2002). C-type lectins, lipoprotein receptors, and
heparan sulfate are the initial factors for attachment to the host
cells (Zeisel et al., 2011). HCV enters into the cells with
clathrin-mediated endocytosis and release RNA into the
cytoplasm, translation and replication occurs in specialized
endoplasmic reticulum membrane (Zeisel et al., 2011

Host Cell and HCV Interaction

The liver is the primary target organ of HCV, and the
hepatocyte is its primary target cell. Replication of the HCV
genome has been demonstrated in vivo and in vitro in liver
hepatocytes, and hematopoietic cells including dendritic cells
and B lymphocytes (Sung et al., Goutagny et al., 2003).
Attachment of the virus to the cell surface followed by viral
entry is the first step in a cascade of interactions between the
virus and the target cell that is required for successful entry
into the cell and initiation of infection (Marsh et al., 2006).

HCV Entry

HCV entry into the host cell viral determinants and cellular
determinants are useful mechanisms. Viral determinants
include envelope glycoproteins E1 and E2. Cellular
determinants include CD81 (Pileri et al., 1998), the low-
density lipoprotein (LDL) receptor (Agnello et al., 1999),
highly sulfated heparan sulfate (Barth et al., 2003), scavenger
receptor class B type I (SR-BI) (Scarselli et al., 2002) and DC-
SIGN (dendritic cell-specific intercellular adhesion molecule 3
grabbing non integrin)/L-SIGN (DC-SIGNr, liver and lymph
node specific) (Pohlmann et al., 2003, Lozach et al., 2004)
(Fig 1).

Viral Determinants

HCV is thought to adopt a classical icosahedral scaffold in
which the two envelope glycoproteins E1 and E2 are anchored
to the host cell-derived double-layer lipid envelope (Penin et
al., 2004). E1 and E2 are type I transmembrane glycoproteins
containing up to 6 and 11 potential glycosylation sites,
respectively (Op De Beeck et al., 2000) and forming
noncovalent heterodimers. These envelope glycoproteins are
important for viral entry into host cell.

Cellular Determinants

Several cell surface molecules have been identified interacting
with HCV and host during viral binding and entry. These
include Capture molecules GAG (Glcosaminoglycan: heparan
sulfate) and Lectins (DC-SIGN/ L-SIGN), entry receptors
include Tetraspanins (CD81, and Cladin-1), the low-density

lipoprotein (LDL) receptor, scavenger receptor class B type I
(SR-BI).

a. Capture Molecules

i. Glcosaminoglycan (GAG)

GAG chains on cell surface proteoglycans provide primary
docking sites for the binding of various viruses and other
microorganisms to eukaryotic cells. The GAG heparan sulfate
is an important cellular binding molecule for several viruses
and may serve as the initial docking site for HCV attachment
before the virus is transfered to high-affinity entry receptors.

ii. Lectins (DC-SIGN/ L-SIGN)

C-type lectins may act both as adhesion molecules and as
pathogen recognition receptors. The mannose binding C-type
lectins DC-SIGN and L-SIGN serve as adhesion receptors to
mediate contact between dendritic cells, T lymphocytes and
endothelial cells. Both lectins are not expressed in hepatocytes.
DC-SIGN is expressed in Kupffer cells, which are immobile
liver macrophages localized close to LSEC and hepatocytes
(van Kooyk et al., 2003).

b. Entry Receptors

i. Tetraspanins (CD81, and Cladin-1)

ii. Tetraspanins are widely expressed proteins that regulate cell
morphology, motility, invasion, fusion and signaling (Hemler
et al., 2005). These proteins contain four transmembrane
domains, short intracellular domains and two extracellular
loops, namely the small extracellular loop and the large
extracelullar loop (LEL). CD81 functions as an HCV entry co-
receptor after docking of the virus to attachment molecules.
Most recently, other member of the tetraspanin family claudin-
1 (CLDN1) has been identified as an HCV co-entry factor by
expression cloning (Evans et al., 2007). CLDN1 is highly
expressed in the liver and in other tissues also (Furuse et al.,
1998). However, CLDN1 expression correlates with HCV
permissiveness and expression of CLDN1 in non-hepatic 293T
cells renders them susceptible to HCVpp entry. CLDN1 is not
an alternative entry pathway to CD81, it acts at a post binding
step after HCV interaction with CD81 (Evans et al., 2007).

iii. Scavenger Receptor SR-BI

SR-BI or CLA-1 (CD36 and LIMPII Analogous-1) is a 509
amino acid glycoprotein with a large extracellular loop
anchored to the plasma membrane at both the N- and C-
termini by transmembrane domains with short extensions into
the cytoplasm (Krieger et al., 2001). SR-BI is involved in
bidirectional cholesterol transport at the cell membrane and is
a multiligand receptor as it can bind native high-density
lipoprotein (HDL) and low density lipoproteins (LDL) as well
as modified lipoproteins such as oxidized LDL (oxLDL). SR-
BI is highly expressed in liver and steroidogenic tissues
(Krieger et al., 2001) as well as human monocyte-derived
dendritic cells but not on any other peripheral blood
mononuclear cells (Yamada et al., 2005).

iv. Low Density Lipoprotein Receptor (LDLR)

The LDL receptor transports cholesterol-containing
lipoproteins into the cell by endocytosis via clathrin-coated
pits. Receptor-ligand complexes are delivered into endosomes
where low pH induces the release of lipoproteins which then

Fig 1 Receptors involved in viral entry
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proceed to lysosomes where free cholesterol is generated by
cholesterol ester hydrolysis (Beglova et al., 2005). The
apolipoprotein B (apoB)-containing LDL and apolipoprotein E
(apoE)-containing very low-density lipoproteins (VLDL) are
the major LDLR ligands. As HCV is able to associate with
LDL and VLDL in serum (Thomssen et al., 1992, Andre et al.,
2002), the LDLR was suggested to be a putative HCV receptor
candidate. The LDLR has been shown to mediate internalize
serum-derived HCV by binding virus-LDL particles (Agnello
et al., 1999). Anti-LDLR antibodies as well as anti-apoB and
apoE antibodies were able to inhibit HCV endocytosis
(Agnello et al., 1999, Wunschmann et al., 2000, Germi et al.,
2002, Bartosch et al., 2003). It could also demonstrate that
LDLR plays a role in an early step of serum-derived HCV
infection of primary human hepatocytes (Molina et al., 2007).

HCV Replication within Host Cells

The accurate mechanisms of HCV replication are still
inadequately understood. By analogy with other positive-
strand RNA viruses, HCV replication is thought to be semi-
conservative and asymmetric with two steps, both of which are
catalyzed by the NS5B RdRp. The positive-strand genome
RNA serves as a template for the synthesis of a negative-strand
intermediate of replication during the first step. In the second
step, negative-strand RNA serves as a template to produce
numerous strands of positive polarity that will subsequently be
used for polyprotein translation, synthesis of new
intermediates of replication or packaging into new virus
particles (Bartenschlager et al., 2004).

Treatment Modalities

Interferon alpha (IFN-α) is the only treatment for HCV which
is first discovered in 1957. In 20th Century HCV treatment has
been encouraged for treatment with pegylated-interferon
(PEG-IFN) which has longer half-life (Buckwold et al., 2007).
Ribavirin (1-beta-D-ribofuranosyl-1, 2, 4- triazole- 3-
carboxamide) is a purine-analog was discovered 30 years ago
and is effective against HCV when used with interferon or
PEG-IFN-α-2a in combination therapy and increases SVR rate.
Ribavirin is not very effective in monotherapy and pegylated
interferon (PEG-IFN) and Ribavirin combination is a golden
standard treatment for hepatitis C (Koev et al., 2007). Some
mechanisms such as modulation of interferon gene expression,
inhibition of Inosine monophosphate dehydrogenase,
regulation of immunity, inhibition of the viral RNA
polymerase and lethal mutagenesis of genomes, caused by
Ribavirin triphosphate can suppress HCV infection and life
cycle. Unfortunately, IFN and Ribavirin are toxic and some
side effects such as headache, fever, severe depression,
myalgia, arthralgia and haemolytic anaemia have been
reported. Recently our study demonstrates that EVR, RVR,
NR and most importantly SVR are important factors for the
achievement of complete virological response against HCV
genotypes and subtypes and it suggests that males have greater
chance of achieving SVR as compared to the females in

against the combination therapy for HCV genotype 1 and
genotype 3 (Neha Tabassum et al., 2014). However, the
combinational therapy with IFN-α plus ribavirin will provide
an effective therapeutic agent to treat the disease caused by
HCV genotype 5a (Rahamathulla syed et al., 2013).

Animal models to study HCV pathogenesis

Only few animal models are identified for the study of HCV
life cycle, they are Chimpanzee Model, transgenic mouse
model as well as Xenograft models like immunodeficient mice
or tolerized mice or rats, and Small Non-Human Primate
Models like marmosets and tamarins. Table 1 provides a list of
these animal models.

Chimpanzee Model

The chimpanzee is the closest genetic relative to human, which
explains why many features of hepatitis C disease are so
common between humans and chimps. It provides early
characteristics of HCV (Bassett et al. 1998, Bigger et al., 2004;
Nam et al., 2004).

Transgenic Mouse Models

A number of transgenic mouse models have been developed to
examine the potential pathogenic effects of the HCV core
protein and/or the envelope glycoproteins on hepatocytes.
Transgenic mouse models have elucidated the pathophysiology
of specific viral proteins, but they are limited by their in ability
to support HCV replication (Pasquinelli et al., 1997, Moriya et
al., 1997).

Xenograft models

Xenograft models provide an environment for human
hepatocyte engraftment in mice and subsequent infection with
HCV. Two xenograft models for studying HCV have been
developed and are now being used to evaluate HCV biology
and anti-HCV therapies. Both models rely on transplantation
of human hepatocytes into mice and subsequent repopulation
of the mouse liver (Heckel et al., 1990, Sandgren et al., 1991).

Small Non-Human Primate Models

The chimpamzee is the only truly validated animal model for
studying HCV, but because they are an endangered species,
expensive to work with, and the subject of ethical debates,
other non-human primates were evaluated for infection by
HCV. Early studies concluded that NANBH virus could infect
marmosets (Feinstone et al., 1981) and tamarins (Karayiannis
et al., 1983), both of which are New World monkeys.
However, these studies were undertaken before the NANBH
virus group had been subdivided into identifiable agents and
before specific diagnostic tests for HCV were available. Once
these were obtained, it was concluded that chimpanzees, but no
other non-human primates, were susceptible to HCV infection
(Garson et al., 1997).

The chimpanzee remains the best animal model for studying
the biology of HCV, as it is the only animal that is susceptible

Table 1 different type of cell lines to study HCV life cycle

Animal Model HCV lifecycle Reference
Marmosets NANBH virus infection Feinstone et al., 1981
Tamarins NANBH virus infection Karayiannis et al., 1983

Chimpanzee HCV infection and replication Bassett et al., 1998, Bigger et al., 2004; Nam et al., 2004
Transgenic Mouse Pathophysiology of specific viral proteins Pasquinelli et al., 1997, Moriya et al., 1997

Xenograft HCV biology and anti-HCV therapies Heckel et al., 1990, Sandgren et al., 1991
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to HCV infection and replication, and because the liver disease
observed in chimpanzees mimics the pathology seen in
humans.

In vitro cell culture systems to study HCV pathogenesis

Different types of systems are prepared previously for the
propagation of HCV in vitro including: (i) human hepatocyte
or non-hepatocyte cells lines (ii) primary cultures of
hepatocytes from experimentally infected chimpanzees or from
chronically infected patients and (iii) normal primary culture
of hepatocytes from chimpanzee or human foetus.

Huh-7 Cell Line

Hepatoma cells are commonly Huh-7, Huh-7.5, Huh-7.5.1 they
are supported efficient HCV replication with replicon systems.
Huh-7 cells are transfected with sub-genomic replicons and
selected cells containing replicating RNA for prolonged
interferon-α treatment to cure cells of the viral RNA was
described by Blight and Colleagues (Blight et al., 2002). Huh-
7 clones shows significant enhancement in HCV replication
compared to other clones, efficient virus replication in Huh-7.5
cells were partly attributed to a defective retronic-acid-
indusible gene-I (RIG-I) pathway, which is essential for an
antiviral immune response (Lanford et al., 2003, Sumpter et
al., 2005). The HCVpp and HCVcc systems are capable of
infecting Huh-7 cells at significantly high level of viral entry
and replications.

Other Hepatoma Cell Lines

Several other hepatoma cell lines have been reported for HCV
infection. Huh-6 cells are derived from hepatoblastoma cells
transfected with HCV replicons, they support efficient viral
RNA replication and they are highly resistant to interferon-γ
treatment making them a potential tool to study antiviral
compounds in vitro (Windisch et al., 2005). Hep3B cells are
derived from hepatocellular carcinoma, support high levels of
HCV entry and reduced viral RNA replication and they
expressed all four HCV receptor proteins (Sainz et al., 2012).
SK-N-MC, SK-PN-DW cells are derived from
Neuroepithelioma, they are useful for viral entry (Fletcher et
al., 2010). hCMEC/D3, HBMEC are from Brain endothelia
used for viral entry and replication (Fletcher et al., 2012). The
polarized Caco2 cells are used by Mee et al., they are
supported to HCV infection and express all four HCV
receptors. Tight junctions create a barrier that restrict HCV
entry into Caco2 cells and disruption of these junctions

increased virus infection suggesting that polarity may reduce
HCV infection of hepatocytes. HepG2-CD81 cells are obtained
from hepatoblastoma cells and support HCV entry and
replication (Mee et al., 2009, 2010, Wilson et al., 2012).

Genomic replicon models

Replicons are nothing but autonomously replicated genetic
elements, Lohmann and colleagues has mentioned these
replicon models for the study of HCV replication. In these
replicon models they are used neomycin phosphotransferase
gene (neo) (Lohmann et al., 1999).

The major advantage of replicon is easy measurement of
selectable sub-genomic RNAs (Bartenschlager et al., 2005).
However the process of viral entry and assembly could not be
studied using this in vitro model. Genome and basic genomic
and sub-genomic replicons of HCV are used to study in this
replicon models, neo gene allows for stable replication under
antibiotic selection, in transient replicons the neo gene is
usually replaced with a reporter gene coding for GFP or
luciferase reviewed in R Malgorzata (Malgorzata et al., 2007).
Replicon model system provided the freedom to insert a
heterologous dominant selectable marker (e.g., neomycin
phosphotransferase, neo) without exceeding the natural length
of the HCV genome. The prototype replicon was a bicistronic
RNA of genotype 1b (Con1 isolate) encoding a neomycin
resistance gene under the control of the HCV internal
ribosomal entry site (IRES), followed by a second IRES from
encephalomyocarditis virus (EMCV) that controlled
expression of the genes for NS3-NS5B. Based on a functional
HCV replicon system, it has been demonstrated that NS3,
NS4A, NS4B, NS5A and NS5B as essential for viral RNA
replication. Upon transfection of synthetic RNAs derived from
such a construct into the human hepatoma cell line Huh-7 and
G418 selection, cell lines containing high amounts of self-
replicating HCV RNAs could be obtained (Lohmann et al.,
1999).

HCV Pseudoparticles

HCV Pseudoparticles (HCVpp) are the useful tools for the study
of entry aspect of the virus (Hsu et al., 2003). Some researchers
studied mechanisms of virus entry into host cells, and realized that
HCV interacts in host cells with the viral encoded glycoproteins
(E1, E2) (Cocquerel et al., 2000) and then insert genome into host
cells and replicate. Pseudoparticles take advantage of the ability of
retroviruses to incorporate heterologous glycoproteins in their
membrane during budding. Hepatoma cells were infected with

Table 2 Different types of cell line to study HCV life cycle

Cell type Tissue HCV lifecycle Reference
Huh-6 Hepatoblastoma Entry/ replication Windisch et al., 2005, Haid et al., 2010

Huh-7 HCC Full lifecycle
Lohaman et al., 1999, 2003, Blight et al., 2002, Sumpter et
al., 2005, Zhaohui et al., 2005, Zhong et al., 2005, Yi et al.,

2006, Gottewein et al., 2009

Huh-7.5 HCC Full lifecycle
Blight et al., 2002, Sumpter et al., 2005, Trotard et al., 2009,
Barbara Roe et al., 2011, Maillard et al., 2011, Yi-Ping Li et

al., 2012, Mohsan Saeed et al., 2013
Hep3B HCC Entry McKeating et al., 2004, Sainz et al., 2012

HepG2-CD81 Hepatoblastoma Entry/ replication Mee et al., 2009, Mee et al., 2010, Wilson et al., 2012
PLC/PRF/5 Primary liver Entry Sainz et al., 2012, Blanchard et al., 2006

293-T Kidney Entry/ replication Evans et al., 2007
hCMEC/D3 Brain endothelia Entry/ replication Fletcher et al., 2012

HBMEC Brain endothelia Entry/ replication Fletcher et al., 2012
SK-N-MC Neuroepithelioma Entry Fletcher et al., 2010

SK-PN-DW Neuroepithelioma Entry Fletcher et al., 2010
Caco2 Colorectal adenocarcinoma Entry/ replication Mee et al., 2008
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HCVpp, HCV E1 and E2 glycoproteins are removed with
specialized E1, E2 neutralizing reagents for confirmation of HCV
entry and provided the functional assay to screen the effects of
neutralizing antibodies on virus entry (Lagging et al., 1998,
Cocquerel et al., 2000, Bartosch et al., 2003). HCVpp also infect
hepatocytes but the level of the infection is lower than
hepatocarcinoma cell lines (Bartosch et al., 2003). The generation
of infectious HCV pseudoparticles were Co-transfection with
293T human embryo kidney cells with plasmids allowing
expression of plasmid 1 is unmodified HCV E1-E2 glycoproteins,
plasmid 2 is retroviral core proteins, and plasmid 3 is a packaging-
competent green fluorescent protein (GFP) expression construct
leads to secretion into the supernatant of pseudo particles bearing
HCV envelope glycoproteins instead of the retroviral envelope
protein on their surface (Bartosch et al., 2003). Various viral entry
attachment factors and receptors have been identified or verified
using this system including GAG, LDLR, claudin-1 and occludin.

Cell-culture derived HCV Model (HCVcc)

The major breakthrough model in 2005 is HCV strain that
replicates and release infectious particles in cell culture
(Wakita et al., 2005, Lindenbach et al., 2005, Zhong et al.,
2005). One HCV genotype 2a strain was isolated and cloned
from a Japanese patient with severe acute infection, referred to
as Japanese Fulminant Hepatitis 1 (JFH-1) with the HCV clone
it is useful for the study of viral life cycle, identification of
HCV co-receptors and HCV life cycle with HCVpp in vitro.
HCVcc as an in vitro system can help in improving antiviral
drugs against HCV (Lindenbach et al., 2006). The HCVcc
infectious virus system uses either JFH-1 HCV genomic RNA
or chimeras of this genome with heterologous sequences (such
as J6). These RNAs are electroporated into permissive cell
lines and yield infectious HCV virions that can be used to
infect naive cells or animal models. Productive infection can
be monitored by detection of the expression of NS5A, by a
number of reporter genes, or by direct measure of viral RNA.
Lindenbach et al., (2005) developed HCV cell culture
(HCVcc) system and infected cells with full length genome
(2a), it is replicated and produced viral particles. This system
works rapidly and nearly 105 infectious units per milliliter
were produced within 48 hours (Lindenbach et al., 2005).
HCV genome was first time cloned from the Japanese patient
with fulminate hepatitis called as JFH1. Darong et al., (2011)
used this clone to infect isolated primary hepatocytes. Previous
studies demonstrated that Huh-7.5 cells are infected with JFH1
virus containing an inactivating mutation in RIG-1 is an import
component for interferon response via virus related ds RNA
sensing machinery and fails to induce type 1 IFN and ISGs
expression. But with the same virus clone is able to induce the
IFN-β and ISGs expression in PHH and induction of IFN-β by
viral infection in PHH depends on RIG-1 signaling pathway,
one of the reasons may be related to the activation of innate
antiviral responses in PHH with HCV infection.

After several unsuccessful attempts with JFH-1 virus from
2005, recently Francois Helle et al., worked on this and
obtained efficient high titer (4x109 ffu/mL) viral particles after
24 successive infections in PHHs (Francois Helle et al., 2013).
In addition to the F172C and P173S mutations originally
introduced in the core protein and known to increase viral
particles secretion (Delgrange et al., 2007),   Six putative
adaptive mutations which could be responsible for the viral
titer increase namely R1373Q and M1611T in NS3, S2364P

and C2441S in NS5A, R2523K in NS5B. In this R1373Q and
C2441S are of major importance for the increased fitness of
cell culture. The induction of a strong type III interferon
response in infected PHHs was responsible for HCV inhibition
(Francois Helle et al., 2013).

Primary Hepatocyte cell culture model

Hepatitis C Virus was discovered in 1989, later researchers
demonstrated the entry and replication mechanism with hepatic
progenitors cells because these are primarily effected cells in
vivo. HCV replication in non-transformed human fetal
hepatocytes, which maintained and secreted HCV particles for
2 months after transfection, reported by Lazaro et al., (2007).
The use of primary cell cultures from humans were inadequate
for several reasons; they supported low levels of HCV
replication, heterogenous virus populations and HCV-specific
antibodies in the sera of infected patients impaired the levels of
infection (Bartenschlager et al., 2001, Gondeau et al., 2009).
Human pluripotent stem cell-derived hepatocytes are also
useful for the study of HCV life cycle. They have the capacity
to produce non-transformed differentiated cells and to express
all four HCV receptor molecules and support for complete
replication cycle (Yoshida et al., 2011, Wu et al., 2012, Si-
Tayeb et al., 2012, Roelandt et al., 2012). HCV infection of
stem cell-derived hepatocytes induces antiviral inflammatory
response including the production of interferon genes
(Marukian et al., 2011).

Valerie et al., (2002) used primary cultures of healthy,
uninfected human hepatocytes, these can be infected in vitro
and support HCV replication and useful for study in the level
of treatment, for this they have treated hepatocytes culture with
IFN-alpha, which specifically binds to high affinity receptor at
the surface of target cells, and binding to its receptor triggers a
cascade of intracellular reactions, leading to activation of
numerous IFN-induced genes. IFN-alpha primarily inhibits
HCV replication through its nonspecific antiviral effects; it
suggests that human hepatocytes culture model is useful for
study intrinsic HCV resistance to IFN-alpha. Coming to
discuss about RNA, in this Valerie et al., observed positive
sense RNA strands were detected on day 1 post infection and
were still present in the last plate and then negative sense RNA
strand was detected on day 2 post infections and were
detectable up to day 10.

Lazaro et al., (2003) established long term maintenance of
human fetal hepatocytes culture and they can be kept for 2 to 4
months without apparent loss of hepatic trait, because HFHs
are highly proliferative and activity is high during the first 7 to
10 days in culture and decreases more than 2 fold at 2 months.
After the establishment of culture system on non-transformed
hepatocytes that supports HCV replication after transfected
with full-length in vitro transcribed genotype 1a HCV RNA
and patient sera of diverse HCV genotypes. For the
determination of those transfected HFHs cells produce
infections HCV virions, they propagated HCV infection into
non-infected cells, after co-cultivation newly infected cells
were analyzed and obtain positive results for HCV. Infected
HFHs with HCV sera also given higher titer at day 18, after 40
days culture, HCV appears to be produced as homogenous
particles with a density of 1.17 g/ml.

Buck et al., (2008) described PHHs are permissible to the
direct infection with naturally occurring HCV genotypes 1, 2,
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3 and 4 in the blood of HCV infected patients. In his work
CD81 and SRB-I receptors also studied these receptors are
crucial for virus entry into the host. For this assessment
infection was blocked with antibodies specific to CD 81 and
SRB-I and identified infection was inhibited. The density of
HCV virions in primary and secondary human hepatocytes
infection fluctuated between 0.987 g/cm3 and 1.238 g/cm3,
and 0.9901 g/cm3 and 1.259 g/cm3 respectively. In natural
infections, HCV genotypes 1a, 1b are less responsive to IFN
therapy. In PHHs culture system also showed less sensitive to
inhibition of replication, it suggests that HCV infection in PHs
imitates natural HCV infections (Krishna et al., 2010).
HepaRG human progenitor cells shows morphology and
functionality of adult hepatocytes, Ndieme ndongo Thiam et
al., (2011) investigated the susceptibility of HepaRG
hepatocytes to in vitro infection with serum derived HCV
particles (HCVsp). HCV particles are produced from HCVsp
an infected HepaRG cell into culture media 25 days after
infection and replication was neutralized with E1E2 specific
monoclonal antibody (mAb) D32.10. This system is used to
test cell entry blockers.

Schwartz et al., (2012) introduced human induced pluripotent
stem cells are useful for modeling of HCV infection. The
directed differentiation of human iPSCs into hepatocytes like
cells, express known HCV host factors, including like CD81,
SRB-1, CLD1 and Occludin. iHLCs support the complete
HCV life cycle, including replication and release of infectious
virions.

DISCUSSION
The most prevalent infectious disease caused by HCV in
worldwide, no preventive vaccines are there for this. HCV
have 7 genotypes and more than 120 subtypes, its high risk to
develop vaccines. Currently interferon and ribavirin
combination therapy is only to control this virus causes certain
side effects, recently two NS3 inhibitors (Boceprevir and
Telaprevir) are introduced. HCV infects in humans and
chimpanzees only, we don’t have right to use the animal
models to know about HCV entry and replication. So, only one
way is in vitro model systems. A variety of in vitro cell culture
model systems are being investigated from last few years to
provide a better insight for complete understanding of HCV
pathogenesis.

Lohamann et al., (1999) used cloned full length consensus
genome for construct sub-genomic selectable replicons upon
transfection into a human hepatoma cell line, but they not get
replication due to in the cloned genome low transfection
efficiencies and then after they are constructed replicons with
G418 resistant (neomycin).

Replication efficiency decreased with increasing amounts of
transfected replicon RNA, it indicates viral RNA or proteins

are cytopathic or that host cell factors in Huh-7 cells limited to
RNA replication. Further Sumpter et al., (2005) used these
replicons to infect Huh-7 and Huh-7.5 cells for culturing of
HCV replication and their studies including genetic
manipulation revealed that permissiveness is due to mutational
inactivation of RIG-1, an interferon inducible cellular DEx
D/H box RNA helicase. Its helicase domain binds HCV RNA
and transduces the activation signal for IRF3 by its caspase
recruiting domain homolog. RIG-1 is thus a pathogen receptor
that regulates cellular permissive to HCV replication and as an
interferon responsive gene, may play a key role in interferon-
based therapies for the treatment of HCV infection.

Zhaohui et al., (2005) constructed stable human hepatoma cell
lines that contain a chromosomally integrated genotype 2a
HCV cDNA and constitutively produce infectious virus.
Replication is inhibited with specific types of CD81 and E1,
E2 antibodies and suppressed with alpha interferon; this
system allowed to study each aspect of the entire HCV life
cycle and helped a lot t o understand about HCV pathogenesis.
With the further analysis Revie et al., (2005) first time

prepared robust in vitro system for the isolation and
propagation of HCV from infected donor blood, in this system
involves infecting freshly prepared macrophages with HCV
and then transmission of macrophages adapted virus into
immortalized B-cells from human fetal cord blood and other
cells including B-cells, T-cells and neural precursor cells also
infected and produced in vitro transmissible infectious virus
and it gives sufficient levels of RNA for molecular, biological
and immunological investigations.

Zhong et al., (2005) used JFH-1 molecular clone for infecting
Huh-7 derived cell line and investigate entry level study Anti-
CD81 and Anti-E2 antibodies are using for inhibition of HCV
infection and demonstrated that these receptors are required for
HCV replication. Following to the explanation of the above
study Gottwein et al., (2009) developed cell culture systems
for genotype 1-7, infection blocked with specific types of
antibodies against CD81 and SRB-1, >90% infection inhibited.
Berger et al., (2009) identified 7 host cofactors of viral
replication including Cdc42 and Rock 2 (Actin
polymerization), EEA1 and Rab5A (early endosomes), Rab71
and P13-kinase C2gamma and P14-kinase III alpha
(Phospholipid metabolism) these are required for viral
replication.

As far as primary human hepatocytes are concerned general
studies have proved it as more effective model to study the
HCV pathogenesis. Lanford et al., (1994) observed that both
positive and negative strand RNA was maintained at constant
levels for at least 25 days post infection. Whereas Iacovacci et
al., (1997) obtained same results as like 30 days after infection,
his studies molecular characterization of HCV replication
using human fetal hepatocytes and found highest level of viral

Table 3 Primary hepatocyte culture models to study HCV life cycle
Cell type Tissue HCV lifecycle Reference

Primary human hepatocytes Human liver Full lifecycle
Chantal Fourneir et al., 1998, Valerie et al., 2002, Krishna et al., 2010,
P.  Podevin et al., 2010, Ploss et al., 2010, Fofana et al., 2010, Wu et

al., 2012, Francois Helle et al., 2013.

Human Fetal hepatocytes Fetal liver Entry/ replication
Silvia Iacovacci et al., 1997, Revie et al., 2005, Lazaro et al., 2007,

Buck et al., 2008, Marukian et al., 2011, Andrus et al., 2011.
Chimpanzee hepatocytes Chimp liver Replication Lanford et al., 1994.

Stem cell derived hepatocytes
Human
embryo

Full life cycle Yoshida et al., 2011, Wu et al., 2012, Roelandt et al., 2012.
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replication which was detected 30 days post-infection.  While
Chantal Fournier et al., (1998) also accomplished same work
but in uninfected adult human hepatocytes using for in vitro
culture and analyzed that intracellular negative strand RNA
appeared at day 1 post-infection and maximum level at 3 and 5
days and decreased until day 14. Positive sense RNA
decreased gradually after few days post-infection but remained
detectable for at least 8 days. Primary human hepatocytes
remain differentiated and metabolically active for at least 35
days when cultured (Ferrini et al., 1997). This was the closest
in vitro model to natural infection in man.

PHHs are represents the most physiological relevant cell
culture model for HCV infection, but these are not readily
accessible, display individual variability and are largely
refractory to genetic manipulation. Pluripotent stem cells and
definitive endoderm were not permissive for HCV infection
where as hepatic progenitor cells were persistently infected
and secreted infectious particles into culture (Wu et al., 2012).

CONCLUSION
To develop efficient cell culture model many researchers are
working, but till date only three scientists are developed cell
culture systems using full length HCV clones in that Wakita et
al., (2005) developed in vitro system that replicates a sub-
genomic RNA. Zhong et al., (2005) also prepared in vitro
system and blocked with receptors of CD81, using anti-CD81
antibody, while Lindenbach et al., (2005) blocked the same
receptor with a soluble recombinant CD81 fragment and
prevented in vitro-produced virus from infecting Huh-7.5 cells.
All three scientists are used hepatocyte cell lines for this study.
HCVpp model is useful for the study of virus entry into the
host cell, replicon models to understand replication of the
virus, HCVcc model for whole HCV life cycle and primary
hepatocytes were also used for replication but they are time
consuming and low level of infection.
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