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Abstract

The therapy for chronic hepatitis C (CH-C) started with interferon (IFN) monotherapy in the early 1990s and this therapy was considered
effective in about 10% of cases. The present standard therapy of pegylated IFN with ribavirin achieves a sustained virologic response in about
50% of patients. However, about half of the CH-C patients are still at risk of fatal liver cirrhosis and hepatocellular carcinoma. The other
significant event in hepatitis C virus (HCV) research has been the development of a cell culture system. The subgenomic replicon system enables
robust HCV RNA replication in hepatoma cells. And recently, the complete life cycle of HCV has been achieved using a genotype 2a strain, JFH1.
These hallmarks have provided much information about the mechanisms of HCV replication, including information on the host molecules required
for the replication. Anti-HCV reagents targeting HCV proteins have been developed, and some of them are now in clinical trials. However, the
RNA-dependent RNA polymerase frequently causes mutations in the HCV genome, which lead to the emergence of drug-resistant HCV mutants.
Some of the cellular proteins essential for HCV RNA replication have already been discovered using the HCV cell culture system. These host
molecules are also candidate targets for antivirals. Here, we describe the recent progress regarding the anti-HCV reagents targeting host
metabolism.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Hepatitis C virus (HCV) was discovered in 1989 [1] as the
causative agent of chronic hepatitis C (CH-C), liver cirrhosis
and hepatocellular carcinoma (HCC) [2]. It is estimated that
170 million people worldwide are infected with HCV [3]. The
ultimate goal of both clinical and basic HCV studies is the
suppression of liver-related death caused by HCV infection.
With respect to clinical studies, interferon (IFN) has played a
major role in the treatment of patients with CH—C. IFN therapy
started with IFN monotherapy in the early 1990s, and a sus-
tained virologic response (SVR) was obtained in about 10% of
patients [4]. IFN therapy was developed by the hepatologists,
and the current therapy of pegylated IFN (PEG-IFN) with
ribavirin has improved the SVR to about 50% [4]. Therefore,
the next stage of the therapy for CH-C is to develop new anti-
HCYV reagents to improve the SVR.

During the development of IFN therapy, the most striking
discovery in the basic research was the development of a cell
culture system for robust HCV RNA replication. In 1999,
Lohmann et al. [5] achieved subgenomic HCV RNA replication
in a human hepatoma cell line, HuH-7. The advantages of this
novel system (known as the replicon system) were that it
provided not only a way to screen for anti-HCV reagents but also
information about the mechanism of HCV RNA replication.
This cell culture system has been further improved, and recently
the complete life cycle of HCV was achieved using a genotype
2a HCV strain, JFH1 [6—8]. This newest system has extended
the targets of the anti-HCV therapy to the virus infection and
release.

The effects of anti-HCV reagents selected from the cell
culture-based screening should be evaluated using an animal
model system for HCV infection before they can be released to
clinical trial. Chimpanzees were the only animal model in the
early HCV studies [9]. However, the use of chimpanzees is
limited for ethical and financial reasons. In addition to
chimpanzees, a study using tree shrews (Tupaia belangeri
chinensis) has been reported [10]. A different approach to the
study of HCV using animal models was achieved using the
related GB virus B (GBV-B). GBV-B belongs to the Flavivir-
idae family and can be transmitted to tamarins and marmosets

[11,12]. These animal models may be valuable surrogate
models for HCV study. Another approach was demonstrated in
a study using urokinase plasminogen activator-severe com-
bined immunodeficiency (uPA-SCID) mice transplanted with
human hepatocytes [13]. This chimeric mouse model can
support chronic HCV viremia under the circumstance without
immune system. Mass screening for anti-HCV reagents using
cell culture systems will become a more powerful tool when
combined with small animal model systems to evaluate the
antiviral effects of selected reagents before clinical trial.

In considering a new strategy for CH—C to be used in place
of or in combination with IFN, the main targets are HCV
proteins and HCV RNA. With respect to the HCV proteins, two
of these, nonstructural (NS) 3-4A and NS5B, have been well-
characterized as protease and RNA-dependent RNA polymer-
ase (RdRp), respectively [14,15]. Several reagents have been
reported to be inhibitors of NS3-4A serine protease, including
SCH6 [16,17], SCH503034 [18], VX-950 [19,20], and BILN-
2061 [21]. Valopicitabine (NM283) was reported to inhibit
NS5B RdRp [22]. HCV RNA itself is also a target of antivirals,
and recent RNA interference technologies using siRNA or
shRNA have targeted HCV RNA [23-25]. As RdRp lacks
proofreading activity, the high mutation rate of RdRp allows the
virus to escape from the reagents targeting HCV proteins and
HCV RNA. These anti-HCV reagent-targeting viral proteins
and genome will be reviewed in another section.

Other targets are the cellular proteins essential for HCV
RNA replication and infection. The expression of HCV
proteins is thought to affect the host cells’ gene expression
profiles and vise versa [26]. The interaction of the specific
cellular proteins with HCV proteins is essential for HCV
replication (Table 1). Cyclosporine A (CsA) is one of the best
characterized inhibitors targeting the cellular proteins required
for HCV replication [27-36]. The interaction of cyclophilin B
(CyPB) with NS5B is required for HCV RNA replication [28].
CsA inhibits HCV RNA replication by interrupting the
interaction between NS5B and CyPB. Heat shock protein 90
(HSP90) has also been reported to be an essential cellular
protein for HCV RNA replication [37-39]. Knockdown or
inhibition of HSP90 has been shown to result in the anti-HCV
activity in cell culture and in uPA-SCID mouse systems [37].
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