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Abstract

Background

Ribavirin (RBV) is a potential partner of interferon-based therapy and recently approved
therapy using direct acting antivirals for patients with chronic hepatitis C. However, the pre-
cise mechanisms underlying RBV action against hepatitis C virus (HCV) replication are not
yet understood. To clarify this point, we attempted to develop RBV-resistant cells from
RBV-sensitive HCV RNA-replicating cells.

Methodology/Principal Findings

By repetitive RBV (100 uM) treatment (10 weeks) of 3.5-year-cultured OL8 cells, in which
genome-length HCV RNA (O strain of genotype 1b) efficiently replicates, dozens of colonies
that survived RBYV treatment were obtained. These colonies were mixed together and fur-
ther treated with high doses of RBV (up to 200 pM). By such RBV treatment, we successful-
ly established 12 RBV-survived genome-length HCV RNA-replicating cell lines. Among
them, three representative cell lines were characterized. HCV RNA replication in these cells
resisted RBV significantly more than that in the parental OL8 cells. Genetic analysis of HCV
found several common and conserved amino acid substitutions in HCV proteins among the
three RBV-resistant cell species. Furthermore, using cDNA microarray and quantitative
RT-PCR analyses, we identified 5 host genes whose expression levels were commonly al-
tered by more than four-fold among these RBV-resistant cells compared with the parental
cells. Moreover, to determine whether viral or host factor contributes to RBV resistance, we
developed newly HCV RNA-replicating cells by introducing total RNAs isolated from RBV-
sensitive parental cells or RBV-resistant cells into the HCV RNA-cured-parental or -RBV-re-
sistant cells using an electroporation method, and evaluated the degrees of RBV resistance
of these developed cells. Consequently, we found that RBV-resistant phenotype was con-
ferred mainly by host factor and partially by viral factor.
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Conclusions/Significance

These newly established HCV RNA-replicating cell lines should become usefut tools for fur-
ther understanding the anti-HCV mechanisms of RBV.

Introduction

Hepatitis C virus (HCV) infection causes persistent hepatitis, leading often to liver cirrhosis
and hepatocellular carcinoma [1, 2]. Since approximately 170 million people are estimated to
be infected with HCV worldwide, this infection is a serious global health problem [3]. HCV is
an enveloped virus with a positive single-stranded 9.6 kilobase (kb) RNA genome and belongs
to the Flaviviridae family. HCV encodes a single open reading frame, producing a large poly-
protein precursor of approximately 3000 amino acids (aa). This precursor polyprotein is pro-
cessed by host and virus proteases into the following mature proteins: core, envelope 1 (E1),
E2, p7, nonstructural protein 2 (NS2), NS3, NS4A, NS4B, NS5A, and NS5B [4, 5].

Ribavirin (RBV) is a synthetic guanosine analog and shows efficacy in the treatment of viral
diseases. RBV has been used in combination with pegylated-interferon (PEG-IFN) in the for-
mer standard therapy for patients with chronic hepatitis C. This treatment achieves greater
than 50% sustained virological response (SVR), while monotherapy with IFN achieves only a
30% SVR [6]. Furthermore, by combining PEG-IEN and RBV with a direct-acting antiviral
(DAA), such as telaprevir or boceprevir, more than 70% of treatment-naive patients recently
showed an SVR [7-9]. Very recently, many DAAs for HCV infection have been developed, and
newer treatments using these DAAs, such as sofosbuvir, simeprevir, or sofosbuvir plus ledipas-
vir, were approved by the FDA [10].

To date, several mechanisms underlying RBV antiviral action against HCV have been pro-
posed 11, 12]: the inhibition of NS5B RNA-dependent RNA polymerase activity, the induction
of mutagenesis in the HCV genome leading to a so-called “error catastrophe”, the enhance-
ment of the IFN-signaling pathway, the inhibition of inosine monophosphate dehydrogenase
(IMPDH) leading to GTP depletion, and immunomodulation of the switching of the Th cell
phenotype from type 2 to type 1. Although most of these mechanisms were proposed based on
studies using HuH-7 (human hepatoma cell line)-derived cells, which are currently used as the
only cell culture system for robust HCV replication, the effective concentrations (50-1000 pM)
of RBV were much higher than the clinically achievable concentrations [11, 13, 14]. Indeed, the
effective concentration of RBV in our HuH-7-derived cell assay system (OR6) [15], in which
genome-length HCV RNA (O strain of genotype 1b) encoding renilla luciferase replicates effi-
ciently, was more than 100 uM [16]. Under such a situation, we accidentally found that human
hepatoma Li23-derived ORL8c cells, whose gene expression profile was distinct from that of
HuH-7 cells, enabling efficient HCV RNA replication and persistent HCV production, had
high sensitivity to RBV [16~18]. Therefore, using Li23-derived HCV RNA-replicating cells
(ORL8 and ORL11), we demonstrated that RBV at clinically relevant concentrations causes the
inhibition of IMPDHs activity, resulting in GTP depletion and the inhibition of HCV replica-
tion [16]. Furthermore, we recently demonstrated that adenosine kinase, which phosphorylates
RBV to generate mono-phosphorylated RBV, which in turn inhibits IMPDHs, is an essential
determinant of anti-HCV activity of RBV in cell culture [19].

Although we have found that adenosine kinase is a crucial factor for ORLS cells to be sensi-
tive to RBV as mentioned above, we thought that this finding was obtained by the comparison
between specific monoclonal cell lines (OR6 and ORLS8). Therefore, we hypothesized that there
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