DEPARTMENT OF VIRALONCOLOGY
LABORATORY OF HUMAN TUMOR VIRUSES

1) Serum derived hepatitis C virus infectivity in infterferon regulatory factor-7-suppressed
human primary hepatocytes: H. H. Aly, K. Watashi, M. Hijikata, H. Kaneko, Y.
Takada, H. Egawa, S. Uemoto, K. Shimotohno

At this moment, we don’t have an efficient in vitro infection system for natural HCV from
sera of patients with hepatitis C. We, therefore, aimed to establish an immortalized hepatocyte
cells that could be infected by HCV particles from patients' sera. We transduced primary human
hepatocytes with human telomerase reverse transcriptase together with human papilloma virus
18/E6E7 (HPV18/E6GET) genes to immortalize cells. Finally we analyzed HCV infectivity in these
established immortalized cells. Even after prolonged culture HPV18/E6E7-immortalized
hepatocytes exhibited hepatocyte functions and marker expression and were prone to HCV
infection. The susceptibility of HPV18/E6E7-immortalized hepatocytes to infection of HCVs,
including those of genotype 1b, and 2a, was further improved, in particular, by impairing
signaling through interferon regulatory factor-7. We observed HCV infection and replication in
these cells were effectively inhibited by treatments of CsA or NIM811. The susceptibility of
HPV18/E6E7-immortalized hepatocytes to HCV infectivity was also further improved in these
cells by the utilization of 3-dimentional cell culture system. Newly established these immortalized
hepatocytes are useful for the analyses of HCV infection, anti-HCV innate immune response, and
screening of antiviral agents with a variety of HCV strains.

2) The lipid droplet is an important organelle for hepatitis C virus production: Y.
Miyanari, K. Atsuzawa, N. Usuda, K. Watashi, T. Hishiki, M. Zayas, R. Bartenschlager,
T. Wakita, M. Hijikata, K. Shimotohno

The lipid droplet (LD) is an organelle that is used for the storage of neutral lipids. It
dynamically moves through the cytoplasm, interacting with other organelles, including the
endoplasmic reticulum (ER). These interactions are thought to facilitate the transport of lipids and
proteins to other organelles. HCV capsid protein (Core) associates with the LD, envelope proteins
E1 and E2 reside in the ER lumen, and the viral replication complexes are assumed to localize on
ER-derived membranes. We showed that the LD is involved in the production of infectious virus
particles using the infectious recombinant HCV (JFH-1) producing cultured cells, which have
been developed recently. We demonstrated that Core recruits nonstructural (NS) proteins and
replication complexes to LD-associated membranes, and that this recruitment is critical for
producing infectious viruses (Fig. 3). Furthermore, virus particles were observed in close



proximity to LDs, indicating that some steps of virus assembly take place around LDs. This study
reveals a novel function of LDs in the assembly of infectious HCV and provides a new
perspective on how viruses usurp cellular functions.

3) Anti-hepatitis C Virus Activity of Tamoxifen Reveals the Functional Association of
Estrogen Receptor with Viral RNA Polymerase NS5B: K. Watashi, D. Inoue, M.
Hijikata, K. Goto, H. H. Aly, K. Shimotohno

Hepatitis C virus ( HCV) is a major causative agent of hepatocellular carcinoma. HCV genome
replication occurs in the replication complex (RC) around the endoplasmic reticulum membrane.
However, the mechanisms regulating the HCV RC remain widely unknown. Here, we used a
chemical biology approach to show that estrogen receptor (ESR) is functionally associated with
HCV replication. We found that tamoxifen suppressed HCV genome replication. Part of ESR alpha
resided on the endoplasmic reticulum membranes and interacted with HCV RNA polymerase NS5B.
RNA interference- mediated knockdown of endogenous ESR alpha reduced HCV replication.
Mechanistic analysis suggested that ESR alpha promoted NS5B association with the RC and that
tamoxifen abrogated NS5B- RC association. Thus, ESR alpha regulated the presence of NS5B in
the RC and stimulated HCV replication. Moreover, the ability of ESR alpha to regulate NS5B was
suggested to serve as a potential novel target for anti-HCV therapeutics.

4) The expression of phosphatidic acid phosphatase 2a, which hydrolyzes lipids to generate
diacylglycerol, is regulated by p73, a member of the p53 family: T. Ishida, A. Iwai, M.
Hijikata, K. Shimotohno

p73, a p53-related gene, is essential for a development of animals, while p53 is important for
tumor formation. And little is known about the target genes specifically regulated by p73.
Identifying the specific targets of p73 is important to understand the physiological roles of p73.
To identify the genes specifically regulated by p73, we conducted serial analysis of gene
expression to quantitatively evaluate messenger RNA populations. We found that the gene for
phosphatidic acid phosphatase 2a (PAP2a), an enzyme that hydrolyzes lipids to generate
diacylglycerol, was specifically upregulated by ectopic production of p73 beta. The promoter
region of this gene contains an element that is functionally responsive to p73 beta. And the
quantity of PAP2a protein was upregulated by ectopic production of p73 beta. These results
suggest that the expression of PAP2a is directly regulated by p73.

5) Negative regulation of the RIG-I signaling by the ubiquitin ligase RNF125: K-I. Arimoto,
H. Takahashi, T. Hishiki, H. Konishi, T. Fujita, K. Shimotohno



Retinoic acid-inducible gene | (RIG-I) plays a pivotal role in the regulation of cytokine
production induced by pathogens. The RIG-1 also augments the production of IFN and other
cytokines via an amplification circuit. Because the production of cytokines is closely controlled,
up- and down-regulation of RIG-I signaling also needs strict regulation. The mechanism of this
regulation, however, remains elusive. Here, we found that RIG-1 undergoes proteasomal
degradation after conjugation to ubiquitin by RNF125. Further, RNF125 conjugates ubiquitin to
MDADS, a family protein of RIG-1 as well as IPS-I, which is also a downstream protein of RIG-I
signaling that results in suppressing the functions of these proteins. Because RNF125 is enhanced
by IFN, these functions constitute a negative regulatory loop circuit for IFN production.
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