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1) Cyclophilin B, a cellular cofactor for HCV replication, determines the diverse anti-HCV 
efficacy of cyclosporin A among strains: K. Watashi, N. Ishii, K. Goto, M. Hijikata, T. Wakita, 
N. Kato, K. Shimotohno 
 
     The regulation mechanisms of hepatitis C virus (HCV) genome replication in the cells have 
widely been unclear. Until now, we have shown that an immunosuppressant, cyclosporin A (CsA) 
suppresses HCV genome replication in cell culture system. And we also analyzed the anti-HCV 
mechanism of CsA. Cyclophilin (CyP) B, one of the targets of CsA, served as a cellular cofactor for 
replication of a genotype 1b HCV strain: CyPB bound HCV NS5B to stimulate its RNA binding 
capacity. In this study, we further characterized the association of CyPB with HCV replication. We 
observed that the presence of viral structural proteins did not influence the anti-HCV activity of CsA. 
Among HCV strains, the replication of genotype 1b replicons was strongly suppressed by treatment 
with CsA. In contrast, JFH1 replication was less sensitive to CsA and its analog, NIM811. 
Replication of JFH1 did not require CyPB. CyPB stimulated the RNA binding activity of NS5B in 
the genotype 1b replicon. But in the case of JFH1, CyPB did not augment NS5B-RNA binding. So 
far, no reports have described the different cellular-dependency for HCV replication among strains. 
The findings in this study provide an insight into the mechanisms of diversity governing virus-cell 
interactions and in sensitivity of these strains to anti-viral agent. 
 
2) Evaluation of the anti-HCV effects of cyclophilin inhibitors, cyclosporine A and NIM811: K. 
Goto, K. Watashi, T. Murata, T, Hishiki, M. Hijikata, K. Shimotohno 
 
     We have recently discovered that an immunosuppressant cyclosporin A (CsA) and its 
analogue lacking immunosuppressive function, NIM811, strongly suppress the replication of HCV 
in cell culture. The maximum effect of each cyclosporin was comparable to that of IFNα. We 
revealed that the inhibition of a cellular replication cofactor, cyclophilin (CyP) B, is critical for its 
anti-HCV effects. Here, we explored the potential use of CyP inhibitors for HCV treatment by 
analyzing the HCV replicon system for the development of new anti-HCV strategies. Treatment 
with CsA and NIM811 for 7 days reduced HCV RNA levels by 2-3 logs, and treatment for 3 weeks 
reduced HCV RNA to undetectable levels. NIM811 exerted higher anti-HCV activity than CsA at 
lower concentrations. Both CyP inhibitors rapidly reduced HCV RNA levels even further in 
combination with IFNα carrying little increased cytotoxicity. This combination treatment showed 
synergistic anti-HCV effects at dose levels providing higher antiviral effects than ED99, showing 
much stronger anti-HCV effects than those of ribavirin in combination with IFNα. No modification 



on the IFNα signal transduction pathway was observed by the addition of CsA. In conclusion, CyP 
inhibitors may provide a novel strategy for anti-HCV treatment. 
 
3) Establishment of efficient serum-derived hepatitis C virus infectivity in innate immune 
response-suppressed human primary hepatocytes: H.H. Ali, K. Watashi, M. Hijikata, H. 
Kaneko, Y. Takada, H. Egawa, Uemoto, K. Shimotohno 
 
     Infection with Hepatitis C virus (HCV) is a serious problem worldwide as the number of 
infected individuals is estimated to exceed 170 million. HCV infection develops chronic hepatitis, 
cirrhosis, and, ultimately, hepatocellular carcinoma. Therapeutic options are still limited and under 
progress. Hence the developing of an efficient in-vitro infection system for HCV is important in 
order to develop new anti-HCV strategy. The JFH-1 strain derived from fulminant HCV-2a and its 
chimeras were shown to produce infectious virions that infected and propagated efficiently to 
Huh7.5.1 and Huh7.5 cells. There is no hepatocyte cell line other than Huh7 able to replicate HCV 
efficiently. In a trial to establish a mature hepatocyte cell line that is phenotypically and functionally 
close to the original primary hepatocytes, we established human hepatocyte cell lines transduced 
with human telomerase reverse transcriptase together with human papilloma virus 18/ E6E7 
(HPV18/E6E7) genes or simian virus large T gene (SV40 T). Our results showed that even after 
prolonged culture HPV18/E6E7-immortalized hepatocytes stably expressed hepatocytes markers 
and functions and were more prone to HCV infection than those immortalized with SV40 T. The 
susceptibility of HPV18/E6E7-immortalized hepatocytes to HCV infectivity was further improved 
in these cells, in particular, by impairing the innate immune response and by the utilization of 
3-dimentional culture system. HPV18/E6E7-immortalized hepatocytes are useful for the analysis of 
HCV infection, anti-HCV innate immune response, and screening of antiviral agents with a variety 
of HCV strains. 
 
4) Proteasome-dependent, ubiquitin-independent degradation of c-Jun mediated by HTLV-1 
HBZ: O. ISONO, T. OSHIMA, J. Matsumoto, and K. SHIMOTOHNO 
 
     Human T-cell leukemia virus type-1 (HTLV-1) encodes an antisense viral gene product 
termed HTLV-1 basic leucine-zipper factor (HBZ). We have previously reported that HBZ 
suppresses AP-1 activity by two distinct mechanisms. HBZ not only impairs DNA-binding activity 
of c-Jun, a member of AP-1 family, but also promotes its proteasomal degradation. We further 
investigated the mechanism by which HBZ destabilizes c-Jun. Most of the proteasomal substrates 
are targeted for degradation by the conjugation of polyubiquitin chains. However, the ubiquitination 
level of c-Jun was remarkably decreased in the presence of HBZ. Interestingly, ubiquitination was 
not required in HBZ-mediated proteasomal degradation of c-Jun. Deletion and point mutation 



analysis of HBZ revealed that the N-terminal region of HBZ (especially some hydrophobic residues) 
is essential for the destabilization of c-Jun. Furthermore, we revealed that the N-terminal region of 
HBZ directly interacts with 26S proteasome via multiple proteasomal subunits. These results 
suggest that HBZ acts as a bridging factor between c-Jun and proteasome, and facilitates 
degradation of c-Jun in ubiquitin-independent manner.  
 
5) Comprehensive analysis of microRNA expression patterns in hepatocellular carcinoma and 
non-tumorous tissues: Y. MURAKAMI, T. YASUDA, K. SAIGO, T. URASAHIMA, H. 
TOYODA, T. OKANOUE, and K. SHIMOTOHNO 
 
     MicroRNAs (miRNAs) are a non-coding family of genes involved in post-transcriptional gene 
regulation. These transcripts are associated with cell proliferation, cell differentiation, cell death and 
carcinogenesis. We analysed the miRNA expression profiles in 25 pairs of hepatocellular carcinoma 
(HCC) and adjacent non-tumorous tissue (NT) and nine additional chronic hepatitis (CH) specimens 
using a human miRNA microarray. Targets and references samples were co-hybridized to a 
microarray containing whole human mature and precursor miRNA sequences. Whereas three 
miRNAs exhibited higher expression in the HCC samples than that in the NT samples, five miRNAs 
demonstrated lower expression in the HCC samples than in the NT samples (P<0.0001). 
Classification of samples as HCC or NT by using support vector machine algorithms based on these 
data provided an overall prediction accuracy of 97.8% (45/46). In addition, the expression levels of 
four miRNAs were inversely correlated with the degree of HCC differentiation (P<0.01). A 
comparison of CH and liver cirrhosis samples revealed significantly different pattern of miRNA 
expression (P<0.01). There were no differences, however, between hepatitis B-positive and hepatitis 
C-positive samples. This information may help clarify the molecular mechanisms involved in the 
progression of liver disease, potentially serving as a diagnostic tool of HCC. 
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