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& H : Establishment of evaluation systems of antiviral agents for hepatitis C virus and

analysis of cyclophilin inhibitors as anti-HCV drugs
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For the development of anti-viral drugs against hepatitis C virus (HCV) infection,
the efficient and effective infection systems arewere required. HCV replicon systems
enable in-depth analysis of the life cycle of HCV. However, the previously reported
full-genome replicon system is unable to produce authentic virions.

First, I constructed newly designed full-genomic replicon RNA, which is composed
of the intact 5' -terminal-half RNA extending to the NS2 region flanked by an extra
selection marker gene. Huh-7 cells harboring this full-genomic RNA proliferated well
under G418 selection and secreted virion-like particles into the supernatant. These
particles, which were round and 50 nm in diameter when analyzed by electron microscopy,
had a buoyant density of 1.08 g/mL that shifted to 1.19 g/mL after NP-40 treatment; these
figures match the putative densities of intact virions and nucleocapsids without envelope.
The particles also showed infectivity in a colony-forming assay. This system may offer
another option for investigating the lifecycle of HCV.

Next, multiple genotype la clones have been reported, including the very first HCV
clone called H77. The replication ability of some of these clones has been confirmed in vitro
and in vivo, although this ability is somehow compromised. I now report a newly isolated
genotype GT1a clone, designated HCV-RMT, which has the ability to replicate efficiently in
patients, chimeric mice with humanized liver, and cultured cells. An authentic subgenomic
replicon cell line was established from the HCV-RMT sequence with spontaneous
introduction of three adaptive mutations, which were later confirmed to be responsible for
efficient replication in HuH-7 cells as both subgenomic replicon RNA and viral genome
RNA. Following transfection, the HCV-RMT RNA genome with three adaptive mutations
was maintained for more than 2 months in HuH-7 cells. One clone selected from the
transfected cells had a high copy number, and its supernatant could infect naive HuH-7
cells. Direct injection of wild-type HCV-RMT RNA into the liver of chimeric mice with

humanized liver resulted in vigorous replication, similar to inoculation with the parental
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patient’s serum. A study of virus replication using HCV-RMT derivatives with various
combinations of adaptive mutations revealed a clear inversely proportional relationship
between in vitro and in vivo replication abilities. Thus, I suggest that HCV-RMT and its
derivatives are important tools for HCV genotype GT1a research and for determining the
mechanism of HCV replication in vitro and in vivo.

Cyclosporine A (CsA) is an immunosuppressive drug that targets cyclophilins,
cellular cofactors that regulate the immune system. Replication of HCV is suppressed by
CsA, but the molecular basis of this suppression is still not fully understood. To investigate
this suppression, I cultured HCV replicon cells (Con1, HCV genotype GT1b, FLR-N cell) in
the presence of CsA and obtained nine CsA-resistant FLR-N cell lines. I determined
full-length HCV sequences for all nine clones, and chose two (clones #6 and #7) of the nine
clones that have high replication activity in the presence of CsA for further analysis. Both
clones showed two consensus mutations, one in NS3 (T1280V) and the other in NS5A
(D2292E). Characterization of various mutants indicated that the D2292E mutation
conferred resistance to high concentrations of CsA (up to 2 pM). In addition, the missense
mutation T1280V contributed to the recovery of colony formation activity. The effects of
these mutations are also evident in two established HCV replicon cell lines—HCV-RMT
(genotype GT1a) and JFH-1 (genotype GT2a). Moreover, three other missense mutations in
NS5A—D2303H, S2362G, and E2414K— enhanced the resistance to CsA conferred by
D2292E; these double or all quadruple mutants could resist approximately 8- to 25-fold
higher concentrations of CsA than could wild-type Conl. These four mutations, either as
single or combinations, also made Conl strain resistant to two other cyclophilin cyp
inhibitors, N-methyl-4-isoleucine-cyclosporin (NIM811) or Debio-025. Interestingly, the
changes in IC50 values that resulted from each of these mutations were the lowest in the
Debio-025-treated cells, indicating its highest resistant activity against the adaptive

mutation.
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Establishment of evaluation systems of antiviral agents for hepatitis C virus
and analysis of cyclophilin inhibitors as anti-HCV drugs '
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