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Tupaia is small mammal that is similar in appearance to squirrels. The morphological and behavioral



characteristics of the group have been extensively characterized, and despite previously being classified as
primates, recent studies have placed the group in its own family, the Tupaiidae. Genomic analysis has revealed
that the genus Tupaia is closer to humans than it is to rodents. In addition, tupaias are susceptible to hepatitis B
virus and hepatitis C virus. The only other experimental animal that has been demonstrated to be sensitive to
both of these viruses is the chimpanzee, but restrictions on animal testing have meant that experiments using
chimpanzees have become almost impossible.

In this study, we developed a small animal model Tupaia belangeri for hepatitis B virus (HBV) natural
infection model. We performed the whole genome analysis, establishment of tools for characterization.
characterization of immune response in HBV infected tupaia. Furthermore, we have established the HBV-DNA
quantitation, HBs antibody and HBc antibody detection system and high sensitive HBs antigen detection system.
Using a tupaia animal model, we revealed that HBV infection induces hepatic IFN-y expression in early
infection. [FN-y induces the expression of antiviral genes in hepatocytes, including the gene encoding DDX60
RNA helicase, a cofactor of the RNA exosome, which degrades viral RNA. The DDX60 protein promoted
cytoplasmic HBV RNA degradation, thereby suppressing viral replication.

We developed the tupaia HBV infection model and this animal infection model could become a powerful tool

for hepatitis virus research and in preclinical studies on drug development.
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#E) Research on the development of hepatitis B virus animal infection model

Rz M/ N T LD

(2

based on the whole genome analysis of Tupaia belangeri

(AAGE) ENRFHENERBAT #id2
(%

NE IS

#8) Kagoshima University Professor Kohara Kyoko

Rk 284 4 H 1H ~ FRk 294 3 H 31 H

(HAGE) /A PPN R OMESL, HBV=" /3o FEBRE 7 /L DRfESL
(% 5B) Establishment of tupaia immunology and HBV infection system
(AAGEE) ESRFENBRERY #id%
(B

NE IS

3E) Kagoshima University, Professor, Kyoko Kohara

I FROME (RIEHERE)

[(Fnc]

ARGE IR ET VN TF R D —D IR T HBRIFR T A VA (HBV) IZ BRI 5 U A
FEEE /NS ) /XA (Tupaia belangeri) ZHBVIEENMMET L E L TR LT, TN FETIZ, B
FESEFIO/NFOEE T 0P =7 Y = —REFENZETT FREY VA —ORERE 4 —&K
e L, ORI —7 2 RERNWTY S O ) NEfifi L, @Z OfF#zE ki 3 f
FEREBE T DORIE L, @F DINEMNTIZ BRI — /L (0% %15 E K 1 D cDNA R TR
8 RIS U, YL eS ) AMERIZ. WEBEICABEAZTELTCWS, £12, QDY —L %
N T@HBVIERGY Y S A DSIZINE T T LTz, BUEY SA 27 7 AMERICESE, BREER L)
(ISR R OMITICEHEL L B 2 HiLD Y 31 st (CD4, CD87¢ EfufEfi i~ —A—, A
NIA Y - TFEIAIRE) | KBOBETFORENKT L, B fO7r 74 ~—7n—701F
FRBFET LTWD, TIROA V¥ — 7 = 0 VEOBIE T E SR MNL LT, ARG R b BT
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L7co Ziuh &13HNZ, HBV-DNADE &R, HBsHUAR, HBeHUARDRIEROMESL, £ 72 [F CHFFEHED
Al B HNLRFOR EEFEEIZ KV HBsHUR O S E R & sz L C. HBVIERGL ORIl A FIEEIC LTz,
PLEDRRRIZ LD . /3,183 THBVIE YR Z AT K 2 18 M O G 1G22 O FEM 72 AT 53 P 6E
oty o, TUH DY — V& VW TERER 22 gt b A HBVAMEMREY: L7 /31 Tlk, IFN
BOFHENIH SN TWDHFEHH LN L2 57 (Virus Research 2017)

Fo. INFETIZY A OFEE - BN 2 7er L < L 15EEA 10887 6, 3008HLL E AR /<
A ZRFTEIZ, DI, RIMEEZHNL L, HBVEGEOIRIE CTh D 7 A /L A TE &R ORENLCALTE O H]
b 2R TIT - TE 1=, FAEY S A IRICHBY « s - HUA2KK, BRE. CBE. D3KK. D7RK. EFk.
JHR A JiYe S HHBV-DNAZ % H FYIZBLEE L 7oRE . T OHBVERIZY 73 A Sk L7z, HBV-A2%K & JERIC
BWTOANVAO IR E LK BvoT-, A NVAEREIIRE FTHEENBRWVELHLN o7,
ST, A2REFERICK TERT 2 & ®RICFHUELED BT 2 F b O E o T,

— 5T YA EIRIZ L D HBVAS DG MEN B2 5 FH BB 22 & 72 0 | HBVIEGL D BG4 3R 2350%
ERDFMET R L 20RWE LE, 20X R E IRl 2D, BIER IR o pE
FETHRHELNTND, SHIZ, BREIM A T, V31 OBGERHI 2 XV IER L, B0
BWRMAEBIHCTEX D L) ICKREBHWH T — Y OREEITo T,

PLEDRRIZ, YR, ZHBVIEGET /L E L TR L. FIUA VRIS T 7 F 3R & L TEVAR
TV VRO EIR LT,

[3E3]

In this study, we have developed a small animal model Tupaia belangeri for hepatitis B virus (HBV)
natural infection model. We have collaborated with Dr Michinori Kohara (Tokyo Metropolitan
Institute of Medical Science) and Dr Yasuhiro Yasutomi (The Primate Center, NIID), and performed
(D Whole genome analysis of tupaia using next generation sequencing. @ Identification of
immune response genes. (@Establishment of tools for characterization of immune responses
(cDNAs and antibodies for immune regulation genes) and release in the WEB in near future.
®Characterization of immune response in HBV infected tupaia. Until now, identification of
tupaia genes concerning innate immune response and acquired immune responses has been
completed. In addition, HBV-DNA quantitation, HBs antibody and HBc antibody detection system
and high sensitive HBs antigen detection system (by Dr Murakani, Nagoya—City University) have
been established. By using these systems, HBV infection can suppress IFN-f3 induction in tupaia
(Virus Research 2017)

We also established the protocol for breeding of tupaia and get more than 300 babies from
15 female and 10 male tupaia, so far. We established blood collected protocol and chase the
viral load and ALT. Tupaia was susceptible for HBV-A2, B, C, D3, D7, E and J strain. HBV-A2
can easily establish persistent infection when injected to newborn tupaia, subcutaneously.
We also established at least 2 tupaia lines which can established HBV infection at more than
50% positive rate. We also make large cages for the large scale bleeding.

Thus, we have succeeded to develop tupaia HBV infection model and established its protocol

for development of anti-viral drugs and vaccine.
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