G 4)
[16£k0310514h0005]
Rk 294 48 30H

VoK 2 8 S ZEGE M JE PR JE R R W R E

I EAER
+ ¥ 4 (AAGEE) REIRER IS (BAUTRAEESER LTS
(I B Program on the Innovative Development and the Application of

New Drugs for Hepatitis B

WEHGRES ©  (AASE) SR EIRRF LT IR AT BRIATH 7 A )V ARGy NEWE T L DB &
Z DIt
(@& 3E) Development of the next generation hepatitis B virus infected small

animal model that holds immune system and its application

WY (HAGE) ENREHEAKRIRORS: Zd% 71RRER
e 2k B4 0 (3% 3B) Osaka University Professor Tetsuo Takehara

£ o O ERk28HF4H1H ~ FRk2943H31H

gy o %E (AAGE) HBV HEHH « YT T /L ONERY & Sl b B Ot
B 3 3 H 4 (@& EE) Development of HBV proliferation/infection model and

analysis of its immune response.

WERR S HE (HAGE) ERCRHEEANKIORY: GEil 323855
e &0k K4 0 (5 3B) Osaka University Associate Professor Tomohide Tatsumi

gy HOWF %t (BEAGE) & M~ 2ADERkE HBV H85E « 3% T /L OVERK,
PR 8 4 (¥  3E) Generation of humanized liver mice and development of HBV

proliferation/infection model.

WEEE s (HAGE) ERRAEEARRORY: B3 BHEAN
e 2k B4 0 (@5 3B) Osaka University Assistant Professor Hayato Hikita

s HOoaF %R (HAGE) HBV 22X N7 FOfEk & HBV HEREOFHN
B % R 8 4 ¢ (@& §E) Generation of HBV construct and evaluation of HBV multiplication



WHIERRE T
FTiE Bk KA

gy HOBF %R
P & RO 4

WHFEBRIE A
FTiE Bk KA

gy OB %R
P & RO 4

WHFEBRIE T
FTiE Bk KA

(BAGE) ERNRAEARRRY: #d%  EHE
(F FE) Osaka University Professor Keiji Ueda

(HAGEE) © b iPS/ES MDAk
(I EE) Generation of hepatocyte—like cells from human ES/iPS cells

(AAGE) ENLREAENKERRS: Zd% KA

(F FE) Osaka University Professor Hiroyuki Mizuguchi

(AAGE) E b iPS Al & ik OE

(@ B Induction of hematopoietic stem cells from human iPS cells.

(AAGE) ASUE AR EE AT EEgtE b
(@ #B) Tokyo Metropolitan Institute of Medical Science



IL

BEROBE  (kerERTZTE,
N Ra A7y 7IRCTT ) #47° A O HBV 2581 &87- NOG ~ 7 AL 5 A LLEIZHi= 0 @y A
JVAMSEZ 7R LTS, 7 ) 2 A 7 C O HBV Z3BLEH7- NOG ~ 7 A TldfnH 71 /L A ESHFN cccDNA &,
HB s FUFIHMHIEEOMES . K3 A TOTH B MRIEELI T &7z, HBV 7 Z A 7 CIds ) 247 A
£ 0 Sy R A IR = i N 2 & AR LT
b MFHIHES 2 7 TKNOG ~ 7 AIZ B AUSMETABE MG 2B 2 &, Fiptddediior Lo, & MFao
NTCP % siRNA (& CHEBIIHI SH5 & HBV 5% D 1B s HUFBHMSHIIRORL IR Sh, M L 286
Hl &= 2 Ene, NICP 2 & LTI rlREMEA VR S v,
NOG ~ 7 ADSE A X BICHEHI SE7-MIC class 1 & class 11 X7V v 777 hNOG~ A (dKO-NOG)
(AR Y > <Ek (PBMC) 4% 5- L7z, NOG DU ATHROIND L 972 GVID # 2 TEMAF L, B
t U SERDSHERF S 7z, dKO-NOG ~ 7 ADFTIERIC BV 23 ELEH, ZDtkt b PBMC 285925 &, BV #F
BRI T U o Bk (CIL) OFFBEMER ST, £72, HBV FBHluaBAE L & b PBIC 24 5-L T,
HBV 4 CTL 2SR & 407~ PBMC 2R L7 dKO-NOG ~ w7 R BRINFR D 7 F L 2 $ 545 & | B AaDiEE
{bZHEE U HBs HUAPEADSHER SV,
HBV BUMUEY~ 7 AT H L HBV/HOV ke~ w7 A Cldufi A HBV DNA (HEfECHERS L 7=, HCV/HBV e~ 7 2D
HCV @7 DAA I X VRS2 & ifdEF HBV DNA 13 5 U7z, FMREFZEATHI G, HBV BUMUBGURE b L
T, HCV/HBV DIEYURF I PN JEE R < FEELL Tl ¥ | HEH O HBV DNA ST 72, 0D TRN & A
95 Z & T, _HiFH BV DNA EDHEINZ DT,
B2 PRI A T~ D ADT T » 74 —5E LT, IFHIAERY) Mc-1 K8 NOG ~v A, A TK-
NOG ~ 7% (TTR-TKmut30-NOG ~ 7 2) Z/Efickzh L=,
NOG ~ 7 ADB{r 14 R LI RHGE 28 RhD AL Lo, 0574 : NOG-HLA-A2,11, 24, NOG-
HLA-DR9,12,15, (HLA ¥ IGO59) B iRt - NOG-GM-CSF/L-3 (ML ik 0riE), NOG-
hIL-6 (§iEk/Ti) ., NK MMt NOG-hIL-2, NOGIL-15 (NK Mo b, HER) « s s&8858 : NOG-
PRORyt-yc (U o7 SHilEHEIC X H50EHE85%) , ~ 7 A2 MHC B2 : NOG-MHC-LII DKO, NOG-A2Tg/MHC-
LIIDKO (¥ff GVHD K
HBV Eut: - G2 AR - EEINCTHI CE 2R Y 7 = 7 — Bl FANET 5 Y a2 e
N HBV (£1Z41 reHBV-GFPhyg, rcHBV-LUCneo) ZAEEEL, UA NVADEAZMER LT, rcHBV-LUC
DRBYME RN 23 5 IEGe L E Rl F[iE Ch D Z L VRS,
t |~ iPS MR O LD U A 7 28T 572012, A T 7 b—3 a7 U —0t bk iPS il
EEEEMERL L=, A>T 71— ar7U—t b iPS filiad koS T OiFiia~ & o amE L,
i — MBS 5 Z LI L - T, MBEEET N~ ADEFREPYGETH Z LN T, v VA E N7 LT
BT 20 ng/ml LA EETRD T L ERER LT,
<7 A iPS IS, HEEIR- Lhx2 ZEREPEE S5 Z Lok @i~ GREIc ks L, SHh
T mEs L, ~ v AT 5 & BB A R L, T LN OSFRIBHI o0k L7, Lhx 1%,
TR EEFRET 2 Z LAV L, Lhx2 OMEEPEEIC L 01557 EmeEs il X, Lhx2 OREAHIT 25 &
T AN % 2 & &38R LTz, GSK3 B ARFEAISHERAIZ VT, &k iPS Hlfa) DR & < ik iiia e
WL CE DEEES AT LOBIFRICHE) L=,
[Al— RF—HkD bt  iPS AT & PBMC % TK/ dKO-NOG ~ 7 A ITAHIET 5 Z & T, GVHD UGS AEZ
T2 L7 IR LU e MEENTeFX A T~ A2ET 5 2 ITkE LT,



NOG mice were transfected by hydrodynamic injection with the HBV expression plasmids pHBA1.2 or
pHBC1.2. Serum levels of HBV DNA, HBsAg and HBeAg in mice transfected with pHBA1.2 were
maintained over 5 months. In contrast, those in mice with pHBC1.2 gradually decreased over time and
reached undetectable levels within 3 months after transfection. HBcAg-stained hepatocytes were detected
in mice transfected with pHBA1.2, but not pHBC1.2, 5 months post-transfection. Hepatocytes expressed
HBYV genotype C, but not genotype A, suggested to be induced cell death without immune cells.
TK-NOG mice with a humanized liver were susceptible to HBV and persistently infected for more than 3
months. siRNA-mediated NTCP knockdown suppressed the spread of HBV infection in the liver and evoked
declines in serum HBV DNA and HBsAg levels, which suggested that NTCP-targeted therapy has potential
for regulating HBV infection.
MHC class I and class IT double KO NOG mice (AKO-NOG) with human PBMC survived longer time without
GVHD than NOG mice with human PBMC. Human PBMC transplantation into HBV-expressed dKO-NOG
mice induced HBV-specific cytotoxic T lymphocyte. Human PBMC transplantation into dKO-NOG mice with
HBV-expressed hepatoma cells also induced HBV-specific cytotoxic T lymphocyte. Human PBMC
transplantation into dKO-NOG mice with HBV vaccine induced B cell activation and production of anti-HBs
antibody.
The serum HBV DNA levels of HBV -HCV co-infected mice were lower than HBV-infected mice. Elimination
of HCV in HBV - HCV co-infected mice by DAA therapy increased the serum HBV DNA levels. In primary
human hepatocytes, the IFN response was strongly expressed at the time of HBV - HCV coinfection
compared with HBV single infection, and the levels of HBV DNA in the supernatant were low.
Suppressing this IFN response increased the levels of HBV DNA in the supernatant.
We developed hepatocyte-specific /Mcl-1 knockout NOG mice and improved TK-NOG mice (TTR-TKmut30-
NOG mice) for generating new chimeric mice with a humanized liver.
We established gene-modified NOG mice for improving human hematopoiesis (Total 28strains)

Promotion of acquired immune responses: NOG-HLA-A2,11, 24, NOG-HLA-DR9,12,15

Enhanced myelopoiesis: NOG-GM-CSF/IL-3, NOG-hIL-6 (monocyte/macrophages)

Induction of human NK cells: NOG-hIL-2, NOG-IL-15 (differentiation/maintenance of NK)

Augmentation of immune responses: NOG-pRORgt-gc (restored development of lymph nodes)

Depletion of mouse MHC genes: NOG-MHC-LII DKO, NOG-A2Tg/MHC-LII DKO (reduction of

xenogeneic GVHD)

We constructed recombinant HBV which encoded a fluorescent protein or a luciferase gene (ccHBV-GFPhyg
and rcHBV-LUChneo, respectively) and confirmed that such recombinant HBV was produced. Infectivity of
rcHBV-LUCneo was observed, though the level was relatively low.
In this study, we attempted to generate human liver chimeric mice with human iPS cell-derived hepatocyte-
like cells. To decrease the risk of teratoma formation, we generated several integration-free human iPS cell
lines. These human iPS cell lines were differentiated into hepatocyte-like cells under the 2D or 3D cell culture
condition. The human iPS cell-derived hepatocyte-like cells were transplanted to liver-injury model mice by
using two transplantation methods (intrasplenic transplantation and cell-sheet transplantation). After the
transplantation, the survival rate of those mice and human ALB concentration in the mice were examined.

We confirmed that the survival rate of liver-injury model mice and human ALB concentration could be



enhanced by cell sheet transplantation of integration-free human iPS cell-derived hepatocyte-like cells
generated under the 3D condition

We successfully induced hematopoietic stem cells (HSCs) from mouse iPS cells by overexpression of
transcription factor Lhx2.These HSCs showed long-term hematopoiesis repopulating activity and
differentiated into various hematopoietic cells except T cells. We found that Lhx2 inhibited T cell
differentiation and Lhx2-induced HSCs could give rise to T cells by removal of Lhx2 expression. We
developed a robust in vitro hematopoietic differentiation induction system of human iPS cells by GSK3b
inhibitor.

Using class I and classII double KO TK-NOG mice, we generated both human hepatocyte and human
immune system chimeric mice without GVHD by transplanting iPSCs-derived hepatocyte-like cells and
autogenic PBMCs
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