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II. RRROBIE (RIEFTERE)
(1) E#Zee AP ORI O HBY ekl 4 B3 2 SR MRu BT i D BA S
D) 2 E TS KRB ATRE 7R HBV LS M A T = ¥ 2 BRI HIIE > NTCP S8 3 HepG2 il 2 AT v
72 HBV Ffge s R g (AH. 1), 2)3 RocE#IZ X % HBY Frfgesulis & 00 B %8 M OVt at
2 ORESE (Fa7K) . ) A A)—TF > NEFIA 7 V) — = T R %15 (HBV/ Gaussia luciferase ¥ AT
L) 4) ARNRF—L 0 277 —BiEmiE TR Z 80 - BiE L & MTIEY A 7~ U 2 Z2Epk, £
DOFEREMENT &2 5 (FEA) o 5) & b iPS MR H R EFAE AT 2 V72 HBV ORI R 2 BAJE (kA1)
(Sakurai F et al. Sci Rep. 2017) .

(2) FEHIRZ7 Y —="7 - GLHBV IEMED X U = X LRI & ORI ER R ER
DEUEFTEDEMTATZ ) — (§ 3 ) ZIEHLEIEMA Y Y —=" 7% Ffi, HBV-DNA KT
HBs HURZMHIT 5 U — F{LAEW A BUG L (PCT/JP2016/079614) . ik Bk (BL7 4 b), KT
J v/ TéHD Entecavir (BTV) & OAHRNEZBDOTZ, DMERARORRZEH O ) —[LEKZFRE
L. #3fk (Kaneko M et al. J Virol. 2015; Tsukuda S et al. Hepatology. 2017; Shimura S et al.
J Hepatol. 2017), feisfbA iz BEAH, 3)NCU-001 |2 X ¥, HepG2-hNTCP-C4 s 2E Fi%H o HBsAg,
HBcrAg J2 OVHBV DNA &, AEICIRT L7z (FFFH 2016-238162 5) . 4)HBV/Gluc & WK1k &
¥ (a-helix &2 FrRAICPHE 32 17,000 FE¥H) OA 7V —=1 7 % Ffi, 8OPLHBV IEMEEZH T 5
T SO EWERE LT UNR), 5) RIRKFORIMAIREA / RX—3 g o X —EOHRE A B L
T, G lb~T BT I TR EZ R CHIL) ca) 7T X T v a— ) g AT VALEERAEL S
L HBV = b U — [ E AW O {bA R, b) DDBI-HBx FH AN ER 2 RR T D701, o FE8hF
LAV arRIT ) == T E 7o, 6) RTv 7 VR a=rIhbiEbhice vy MEAGW
(NCU-001, 7 m 77 T d) Ofi{bapca Biis Lz,
Nk MFBXAZ~ U R AVIZHIEERRR (HF) :a) BU{LZTE/ELT 2 VA & OIEFZ :
HBV-DNA } OF HBs itz 4l 3~ % U — NMbE# 2 BdS L i {b A RS T 50 % LA L Ht HBY 16 M % sl
b Ml A 7~ T A EZ W2 in vivo iR TH HBV-DNA K& O HBs HLR O & MEs® L 7=, b)HLDNA &7
AV ABAZESR FIT039 DHL HBV fEM: 251l : Al COHL HBV IHMEIZTIV 28 BTV & OO R IZA BT
(Tanaka T et al. Antiviral Res. 2016), c)Z a7 7 5 E O (PCT/JP2017/009674 : #hiH) :EEIK
fhd LTERREN TV D AIMFEOIREAICTH D, 7077 T B MNHLHBY M (EC520 nM : BEFOHHE
FELUTEMT S 1/100 DIREE) 2#F 352 xR L, ¥A Ty ARBRIZEY, BAEKKOEV
MHERRIZ IRVEN 2R Lo, oK bmg/kg $65-F Clligs ~OFMENR 20 2 & 2l (BERavEf T - 3
& OIL[EFSE) . d)MEND/HBV-siRNA mix Hi[R[$5-(Z X 5 HBV & H 38 BLHNH] (Yamamoto M, et al. J Hepatol.
2016), e) T v I YA T =D VIHER R NE OHEGICE M OYT (JEL) - BIRF R TF AT~ T AT
DFNIF LTV, BUE, iE{bak (Bak) 2D TWD (Il o (F) Invitro THUHBV i
PE (HBsAg. HBerAg KON HBV DNA #7ifil) %7 L 7= NCU-001 |E%F A T~ 7 2 TOHL) (ETV & OHEHEIE)
MEOLNIe-TeD T, %R EEY EElbarm) AV THRGFZED 5,

(3) b MMM OBREZ T HBERTFOMHA : )b ~ miRNA 2,048 FEIZH 95 mimic Z## L7z
miRNA A 7V —IC XD A7 V—= 7% A5 L, HBV-DNA % 50%LA_E4miil 9~ 2 39 R O A miRNA
FRIE L (A, HY), FOH T niR204, miR3xx & &Tr 9 FIEAIR I HBY 280, Z O Fl#tE
ZH G LT (FFFE 2017-081717 & - HRaH), 2) IFEEIEE LTY Y U HEE O, TAG @ DHA
B0 AL BRI X HBY SR YL TR RIER R STz (V) , HBY BEAEICR A B 2 5 IEE AR (B
EAW) OHEN S, FLIBVIERZ RT3 b0 & LT, mERFIENEE, 2—v—Hiliy, 2127 m—




NG 2 B UTe (BRE)  3) IR & RS (2 k4 2 FLE A GSK199xxx0 |G HBY KL D pEAE
Lz (5) .

(4) SIBVER « I8 A—D 0 ZHRAT : DRIG-T X HBV (T 5 & o —23F & LT HRSGIE A A T
6T DR LT EERERICK DA VAR F & LTHEERE L, BBVIZXH LT DDA N =X A
WX 0B < = & 2 R L7- (Sato et al. Immunity. 2015), 2)TIPARP (TCDD-inducible
poly (ADP-ribose) polymerase) % HBV JEYLIRF D B IRSLPZ I E 2 HIgR X1, R PHiH 2 sk 3~ D 1RIRIE R
L7 RD T LRI (i) o 3)HBV BRI Al fAKIC K 2 M PR ABSRE D FEAT : HBV X 7 LA
Ty RET R — T OB ST T A VAR (86T k) OFERIC XD HBV AETSER O Al
fbicrEh (A)ID, BV OMIANERAIZIX, 7 T AU VI e, B_ATEM, v~ /a1 h—v
Al EEE DO R A F— 2 AREEN B G-, 4) HBY R F A CD8+T A Z OIIE{L 2 H ) & U 7= BISENF
¢ ¢ a) HBV JEYLATAMARIC k32 & AR EM: T M (HBV RF52AY CD8+T AlMW) D S& & KA A —
DU TTHMET D 2 LSBT ()., b)HBV £RELY siRNA (& B HURHIHI P IC TS 2 ik
0. MEEZERTH 2 L, AERYZ: HBV FRRM CDS+T MG E 2 HFETX 5 Z & Nbnotz (K
+1)

(5) HBV JRYBRZ MEBREE DL : 1) AR50kt M FHINE HuS-E/2 HifE % FIV 7= HBY FREERYLESE R OBH%E &
BrPT BV AN Ol 21T > 72 (1), 2) HBx BAFH LY, ER A L ARIEEZN LTS v ¥ —T =
O DXRHT 4T X2 b —F—Th?b S0CS3 « PP2A HHL FLHNBZ VY, FOFREA v X —T 2R
JSMEIZBE 59 5 F A H 23T Uiz, HBY 28 FASELC X 0 PR AE A9 PHSE &b TRN & 7 v & gk
DIFNZRTE (BAR), 3)LHBs O/hafl (ER) 2B Mk (MVB) ~OD#fiklZ RabbB 2B 525 Z & &1
SN Lz Gkl o 49HBV OFHHEAM L 7 A V2R ZEE L, B R 6 LB\ A Oz R
HBV (HBV G/A) 1ZEHURIES 2 2 LbinoTe (JE8),

Vb, AN AR OE ERF 24519 & 3% §t HBV KO PRE N Ot &% O BT 2 f#H 4 % & [FRF
(2, AT =7 A% V7 BilER SR 2 ke L, B AT RAIFEE M b2 B L BRI 2D 72,

(1) Development of in vitro HBV persistent infection model
1) We established an in vitro HepG2-hNTCP-C4 cells as a highly HBV-susceptible cell line by
overexpressing NTCP to HepG2 cells, and HBV-infection model using freshly isolated primary human

hepatocytes isolated from chimeric mice with humanized livers (PXB-cells). 2) The expression of CYP mRNAs in
cryopreserved human adult hepatocytes and human fetal hepatocytes was increased by using three-dimensional
(3D) cell culture systems. 3) Kohara et al. constructed HBV reporter DNA which core gene has been replaced with
Gaussia luciferase gene. The high-through put screening assays (HTS) for developing HBV therapeutics was
developed for drug screening. 4) Human induced-pluripotent stem (iPS) cell-derived hepatocyte-like cells

(iPS-HLCs) were developed as an in vitro HBV infection model.

(2) Drug screeing using the HBV infection model and pre-clinical study

1) We conducted drug screening for developing HBV therapeutics using chemical compounds library of ‘Fujifilm

Corporation’ and found several candidate compounds that inhibited HBV-DNA and HBsAg (PCT/JP2016/079614).

2) Watashi et al. identified that oxysterol, vanitaracins, and proanthocyanidin inhibited HBV entry into host cells.

Vanitaracins and proanthocyanidin were demonstrated to directly interact with NTCP and HBV particles (Kaneko



M et al. J Virol. 2015; Tsukuda S et al. Hepatology. 2017; Shimura S et al. J Hepatol. 2017). 3) The contents of
HBsAg, HBcrAg and HBV DNA in culture medium of HepG2-hNTCP-C4 cells was significantly decreased by
NCU-001 (Tokugan2016-238162). 4) Based on screening of the compound library which is inhibitor/modulator of
intracellular protein-protein interaction using the HTS, several compounds reduced the luciferase activity. Some of
them reduced the viral antigen and DNA in primary human hepatocytes persistently infected with HBV. 5) Using
the application of Nagasaki University Medical Innovation Center, Hatakeyama et al. conducted optimal synthesis
of compounds for innovative drug development. a) Inhibitors of an aminoalcohol phosphoesterifying enzyme were
obtained and their structural analogs were synthesized. b) Inhibitors for HBV cell entry were obtained and their
structural analogs were synthesized. ¢) Molecular dynamics calculation and in silico screening were conducted in
order to obtain inhibitors for the interaction between DDB1 and HBx. 6) In vivo pre-clinical study using chimeric
mice with human hepatocytes. a) Collaboration with Fujifilm Corporation: 50-fold opitimized compounds were
confirmed to reduce HBV-DNA and HBsAg in vivo. b) FIT-039 reduced cccDNA in HBV-replicating or
HBV-infected cells. Furthermore, the antiviral activity of entecavir was significantly enhanced by the combination
with FIT-039 in the chimeric mice (Tanaka T et al. Antiviral Res. 2016). ¢) Ikeda et al. found that nucleoside
analogue, clofarbine, inhibited HBV proliferation by inhibiting the step of reverse transcription. d)
Liver-specific delivery, efficient delivery of siRNA, and effective knockdown of targets were each observed with
MEND. MEND/HBV-siRNA caused efficient reduction of HBsAg and HBeAg in vitro and in vivo (Yamamoto M,
et al. J Hepatol. 2016).

(3) Elucidation of the environmental factors to maintain a human hepatocellular function

1) We performed a functional screening with a library of 2,048 human mature miRNA mimics to identify novel
therapeutic targets that have a strong antiviral effect on HBV. Of 39 miRNAs as candidate for HBV suppression.
Among these miRNAs, 9 miRNAs, including miR-204 and miR-3xx, strongly suppressed HBV replication in HBV
infected cells (Tokugan2017-081717). 2) lipidomics analysis of other hepatic diseases (NASH, NAFLD) revealed
that the increase of PIPs is common in hepatic diseases and that the incorporation into preferentially TAG of DHA
is specific for HBV infection. Polyunsaturated fatty acids such as docosahexaenoic acids, coffee extracts,
and some cholesterol metabolites showed substantial anti-HBV activity. 3) A fatty acid synthase
inhibitor, GSK199xxx0 showed not to inhibit HBV genome replication but egression of infectious
HBYV particles including HBV DNA.

(4) Immune reaction against HBV, and molecular imaging for HBV and immunocompetent cell
1) RIG-I functions as an HBV sensor through its interaction with the € region of viral pregenomic RNA (pgRNA)

to activate innate responses, while it mediates direct antiviral activity by counteracting viral polymerase upon its
interaction with the € region of pgRNA during HBV replication (Sato et al. Immunity. 2015). 2) TCDD-inducible
poly(ADP-ribose)polymerase (TIPARP) is a negative regulator of IFN response during HBV infection and may be
a potential therapeutic target to enhance antiviral innate responses against HBV infection. 3) By the novel
fluorescence labeling method for HBV particles, we have succeeded to visualize the process of host cell invasion of
HBYV. And it enabled us to analyze the efficiency of host cell invasion of the virus in real time. In the analysis of
cell invasion mechanism of HBV, multiple endocytosis pathways, such as clathrin-, caveolae-mediated endocytosis,
and micropinocytosis, were suggested to be involved in the cellular entry of HBV. 4) We succeeded in visualizing
the immune response of HBs antigen-specific human cytotoxic T cells to HBV-infected human hepatocytes for the

first time in the world. 5) We showed that immunization during HBV antigen suppression by HBV-specific siRNA



induced functional HBV-specific CD8+ T cell responses without causing liver disease.

(5) Elucidation of the susceptibility environment of HBV infection

1) The immortalized human hepatocytes, HuS-E/2 cells, derived cell line, E/NtG8 cells, which constitutively
produce exogenous NTCP, HBV receptor molecule, was established. We found that E/NtG8 cells cultured in the 3D
condition using Cellbed made with silica fibers was optimum to study HBV infection and proliferation. 2) We
reveal that HBx protein induced interferon resistant is caused by up-regulation of SOCS3 and PP2Ac via ER stress,
and established HepG2.2.15.7 cells based high-throughput screening for identification of compound that could
restore the HBV protein induced interferon resistance. 3) Transport of LHBs from ER to MVB might be associated
with Rab5B, and retention of LHBs in ER was observed by the depletion of Rab5B. 4) Identified a new

recombinant virus of HBV, and the recombinant HBV G/A can be infected and spread in human.

Expected results: We have already completed HBV persistent culture system and HTS for

promotion of research on the innovative development and the practical application of new drugs for
hepatitis B. Based on the products obtained in this study, it is anticipated that several HBV
therapeutics will be developed, licensed and transferred to pharmaceutical companies through the

collaboration among universities and companies.
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