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1. Summary of fundamental research to prevent hepatitis virus replication and pathogenesis

We compiled research progress of our research group, shared information and promoted collaborative research.
Established HBV infection-susceptible cells were provided it to many researchers including other research
teams. We established a cell line in which the hepatitis B virus gene of the main genotypes. A cell line that
efficiently produces cccDNA was established and the host factor PRPF31 involved in ccc DNA formation was
identified and analyzed. We clarified that stability of HBV mRNA is controlled by RNA quality control
mechanism by exosome complex. SKIV2L and HBS1L are involved in this mechanism. Furthermore, it was
found that the presence of the pre-core stop codon increases the stability of x-mRNA.

2. Research on post-transcriptional regulation during HBV replication

Little is known about regulatory mechanisms of the post-transcriptional process of HBV pregenome RNA
during the viral replication to date. AUF1, hnRNPU and PUF60 were identified as binding factors for the PRE
region within HBV pregenome. We found that these factors are involved in destabilization of pregenome, and
that hnRNPU contributes to promotion of pregenome splicing in the viral replication cells.

3. Cell-free protein production and functional analysis of Hepatitis B virus gene products

Cell-free system was used to prepare virus and related host proteins, and an assay system for high-throughput
detection of their binding activity was constructed. As a result of a drug screening, compounds that inhibit HBV
infection were identified. We made high-quality monoclonal antibodies that recognize each steric structure of
viral proteins and promoted their functional analysis, and distributed them inside and outside the group
requested.

4. Crystal structure Hepatitis B virus of NTCP receptor

Sodium taurocholate cotransporting polypeptide (NTCP) is a membrane protein that acts as the cellular
receptor for HBV, and has therefore become an extremely promising drug target to prevent viral infection.
Following tests with various expression vectors, NTCP has been successfully expressed and purified.

5. Development of macrocyclic peptide inhibtiors against ANTCP

In this year, in order to improve the physical properties of already acquired anti-hNTCP specific peptide
inhibitor, we synthesized a compound with PEGylation and PEG dimerization and studied its physiological
activity.

6. Analysis of anti-HBV immune response using novel mouse model expressing HBV genome

By establishing a novel mouse model in which whole viral protein of HBV is specifically induced in the liver
tissue, we identified several key molecules that might play critical roles in anti-HBV immune response.

7. Functional analysis of HBx protein in hepatocarcinogenesis and persistent infection



The HBV X protein (HBx) is a multifunctional protein, and is associated with replication and carcinogenesis. To
find the chemical compounds which bind to HBx and inhibit its function, we screened the FDA-approved drug
library and found 2 compounds significantly inhibited HBV replication.
8. Elucidating Mechanisms Responsible for Liver Fibrosis Caused by Hepatitis B Virus Infection to Develop
New Drugs for Chronic Hepatitis B
In studies aiming at elucidating the mechanisms responsible for fibrosis caused by HBV infection, we have
discovered the followings. First, we showed that HBV infection caused liver fibrosis in human-hepatocytes
chimeric mice in a TLR-4 signaling dependent manner. We also showed that transgenic mice that accumulate
HB large S antigen (LHBs-Tg mice) develop chronic hepatitis in association with the upregulation of ER stress
related genes.
9. Analysis of structure and function of host proteins that interact with viral proteins
We identified peroxiredoxin 1 (Prdx1) and SMYD3 as novel HBx-interacting host proteins, which have been
considered as a tumor suppressor and a transcriptional regulator, respectively. We have demonstrated that
Prdx1 inhibits HBV replication by facilitating HBV RNA degradation and, also, alleviates HBV pathogenesis by
down-regulating HBx-induced oxidative stress.
10. Analysis of HBV life cycle and its significance in HBV-infected hepatocytes

- HBV expression or infection promoted autophagy via activation of ULK1 in HBV genome-transfected
hepatoma cells, NTCP overexpressing hepatoma cells and mice with a humanized liver.

+ Inhibition of autophagy decreased HBV proliferation or replication, which might suggested to be a new target
for the treatment of HBV infectious disease.
11. Establishment for HBV replication model by using patient-derived sequences
We established the replication-competent 1.38-fold HBV genome length molecular clones by using the patient-
derived sequences. After transfection of these molecular clones into HepG2 cells, the viral replications and ETV
susceptibilities were evaluated by measuring the amount of intracellular core-particle-associated HBV DNA.
This model system is useful to assess replication efficiency, susceptibility to anti-HBV reagents, and responsible
resistance mutations.
12. Identification of host factors involved in HBV propagation.
HBx is involved in the onset of hepatic cancer due to HBV infection, but its function is not well understood.
Therefore, in order to identify host factors involved in the proliferation of HBV, we searched for proteins that
interact with HBx and identified JMJD5. JMJD5 interacts with HBx, and proliferation of HBV markedly
decreases in cells lacking JMJD5. Since JMJD5 losing its ability to bind to HBx does not enhance HBV
proliferation, it was found that a strategy to inhibit the interaction between HBx and JMJD5 could be a
therapeutic target for new HBV.
13. Analysis of the role of HBV preS region in the pathogenesis of HBV-related liver disease
In this year H28, we disclosed that preS 132-141 amino acid region to be most responsible for disease
progression in the HBV preS genome through deep sequencing study using clinical samples. Moreover, we
demonstrated the possibility that HBV-RNA detected in the patients’ sera even under the nucleoside analogue
therapy could be used as a tool for viral genome sequencing and mutation analysis.

14. Identification and development of anti-HBV agents targeting viral capsid proteins
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We have previously identified a novel compound that interferes with HBV capsid formation. The structure of
the compound was modified by Dr. Sakakibara, and some derivatives were found to be more potent inhibitors of
HBYV replication. In addition, we have elucidated the anti-HBV mechanism of novel nucleoside derivatives,
which inhibit the transcription from cccDNA to HBV RNA in infected cells.

15. A new series of heterocyclic analogs as anti-HBV agents targeting at capsid assembly

A series of novel 4-substituted 2-arylamino-3,4-dihydro-8-methyl-6 H-pyrimido[1,2-a]-1,3,5-triazin-6-one
derivatives were designed and synthesized as inhibitors of HBV capsid assembly. Some of these compounds
showed good-to-moderate activity with ECso values in the submicromolar range.

16. Mechanism of chronic HBV-infection

A therapeutic vaccine, containing high doses of both HBsAg and HBcAg administered via nasal and systemic
routes, has shown its safety and prolonged efficacy than pegylated interferon in treatment-naive chronic
hepatitis B patients; the response seems to be related to induction and maintenance of HBecAg-specific
immunity in these patients.

17. Exhaustive proteome analysis of host factor which are induced by HBV

We identified the increased cells in the GO/G1 phase in the presence of replicating HBV. Our results indicated
that autophagy might play an important role in maintenance of homeostasis of HBV induced cells. Our results
indicated that impairing host innate immune response was common to among HBV genotypes.

18. Characterization of HBV polymerase and development of high throughput screening system of its inhibitors.
HBV RT and RNase H were biochemically characterized. HBV RT required Mg or Mn ions, but RNase H
required only Mg. The substrate affinity of HBV RT was very low. The high throughput screening system of
HBV RT and RNase H inhibitors is established.

19. Study on the HBV genome in the human nucleus

We identified several host factors, including INI1, Rad18, Rad51, and MOV10, as well as DDX3 RNA helicase
as HBx binding proteins. These host factors bound to HBx and altered the HBx subcellular localization. Indeed,
DDX3 and MOV 10 sequestered HBx from nucleus to cytoplasmic P-body to lead the restriction of HBV
replication.

20. Pathophysiological and molecular mechanism of HBV-related liver disease

Risk of hepatocellular carcinoma still remains even under suppression of HBV replication by
nucleotide/nucleoside analogues (NUCs). We found mutational profile of cancer gene were different among
conditions of HBV infection, and HBV suppression by NUCs may lead to decrease rate of TERT promoter
mutations.

21. Study for mechanistic analysis on Hepatitis B Virus life cycle

We identified that an immunosuppressant cyclosporin A inhibited HBV entry through directly targeting an HBV entry
receptor, NTCP. We also demonstrated that the immunosuppressive activity of cyclosporin A was dispensable for the anti-
HBV activity.

22. Generation of novel 3D-culture system using human 1PS cell for HBV infection

We showed the generation of functional 3D lLiver buds from human iPS cell, HUVEC and MSC. By using this
3D cell culture using human iPS cell, we created novel and efficient HBV infection system. This 3D-culture
system shows longer infection period and higher release of HBV compared to 2D-culture of iPS cell derived
hepatocyte-like cells.
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Mechanism of HBV entry and the role of NTCP, H5H, Watashi K, APASL Single Topic Conference (STC) -

16



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6th HBV Conference, 2016/12/16-18, [EIF%.
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hepatitis B virus in the three-dimensional culture condition. 2016 International HBV Meeting The
Molecular Biology of Hepatitis B Viruses (Seoul, Korea), Sep21-24, 2016 KA % —

Senko Tsukuda, Koichi Watashi, Taichi Hojima, Masanori Isogawa, Masashi Iwamoto, Ryosuke Suzuki,
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T, Tanaka Y, Tong S, Mizokami M, Narimatsu H, 2016 International HBV Meeting The Molecular Biology
of Hepatitis B Viruses, 2016/9/21-2, [E|&.
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Retinoid inhibitors abolish the host permissiveness to hepatitis B virus infection by modulating the
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Kawai F, Tsukuda S, Suzuki R, Aizaki H, Park SY, Wakita T, Ogasawara Y, Watashi K, 23rd International
Symposium on Hepatitis C Virus and Related Viruses, 2016/10/11-15, [EF%.
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Production and characterization of monoclonal antibodies against HBV entry receptor NTCP, 78 A 4 —, {2
A, B A MoK, LRHEORER, B2 IS5, ALiR= o ta e 2 —, 2016/10/23, [EA.
Characterization of origomeric flavonoids as a novel class of anti-HBV entry inhibitors that directly target
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Y, Mizokami M, Wakita T, & 64 [B]|H K™Y A L 2227852y (The 64th Annual Meeting of the Japanese
Society for Virology) , fLIE =X v g & % — Room 5, dbiffiE, FLIE, 2016/10/24, [EHN, =1
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the American Association for the Study of Liver Diseases(AASLD2016), John B. Hynes Veterans Memorial
Convention Center, The United States of America, Boston, 2016/11/11, E4}, <A 2016/11/11-2016/11/15.
Kaneko S, Kakinuma S, Asahina Y, Kamiya A, Miyoshi M, Tsunoda T, Nitta S, Sato A, Asano Y, Nagata H,
Otani S, Kawai-Kitahata F, Murakawa M, Nakagawa M, Azuma S, Watanabe M. Genetically modified
human induced pluripotent stem cell-derived hepatic progenitor-like cell lines as a model for interaction
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We identified several host factors, including INI1, Rad18, Rad51, and MOV10, as well as DDX3 RNA
helicase as HBx binding proteins. These host factors bound to HBx and altered the HBx subcellular
localization. Indeed, DDX3 and MOV 10 sequestered HBx from nucleus to cytoplasmic P-body to lead the

restriction of HBV replication.
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