25

26

2014

4



7.

RNA

HBV
invitro HBV

The discovery of host restriction factors required for HBV entry
(infection) into mouse cells
Hussein H Aly

12

16

23

26

30

36

40



HBV

44

49

59



HBV

25
HBV
NOG-SCID
B B
B uPA/SCID
B NOG-SCID
HBV
uPA-SCID NOG-SCID
uP
A-SCID
NK TK-NOG
HBV DNA
CTL HBV
3 iPS HBV
iPS AFP

HBV sodium taurocholat
e cotransporting polypeptide (NTCP) NTCP NTCP-HepG2
in vitro HBV cccDNA HBV c¢

ore CRISPR/Cas HBV 1/5

HBV Polymerase

Hussein H Aly




HBV

A.
B
HBV
HBV
HBV
NTCP NTCP
in vitro HBV
HBV
cccDNA
B.
uPA/SCID
NOG-scid, NOD-scid
B
B
iPS
HBV
Cre-loxP
HBs
HBV

HBV
C.
NOG-scid
B
NOG/SCID
uPA/SCID
uPA/SCID NOG/SCID
HBV
(Kosaka
et a., BBRC, 2013) HBV
HBV
DNA uPA/SCID
CTL
iPS
SCID
20-50%
a
HBV iPS
HBV

IPS



HBV

uPA/SCID
uPA
HBV
uPA
cDNA-uPA/SCID
20
HBV
HBV
HBV
HBV 14 HBV
HBV
3
2 #31, #84 HBV DNA
5 log copy/ml HBs
0.3-0.51U/ml  HBe
10-201U/ml
1 #K HBV DNA
4-5 log copy/ml HBs
12 IU/ml HBe 110 1U/ml
HBV core
#31 core
#K core
3
HBV NTCP
NTCP

HBV HBV

HBV
NTCP
NTCP-HepG2 NTCP

Hussein

NTCP-HepG2 SIRNA
HBV

HBV

500
HBV
4 HBV

TSSK2
(Hussein )
HBV
hydrodynamics
ISG20 HBV
1SG20
HBV
IPS-1, TICAM-1
type
IFNAR

IRF3

1SG20

HBV

Dane

Dane



HBV

HBV
preSl-preS2-S,
preS2-S, S, preCore-Core, Core, HBe

Core C
Core
Core C
HBV
HBV

IFNB, IRF3, IFN stimulation responsive
element (ISRE)

Cantell
Polymerase
Polymerase
Polymerase
RT
HBV
HCV
3
microRNA

lon PGM

microRNA HBV
41 HCV
10

29

microRNA HBV

21 HCV
11
23 microRNA 3
microRNA miR-221 3
cccDNA
HBYV core FIF
HNF4 TALE
HBV
TALE
CRISPR/Cas HBV
1/5

D.

NOG-scid

HBV
CTL
E.
HBV Tg iPS

cDNA-uPA/SCID



in vitro HBV
HBV
CRISPR/Cas
cccDNA HBV

G

1.

1). Kosaka K, Hiraga N, Imamura M, Yoshimi
S, Murakami E, Nakahara T, Honda Y, Ono A,
Kawaoka T, Tsuge M, Abe H, Hayes CN, Miki
D, Aikata H, Ochi H, Ishida Y, Tateno C,
Yoshizato K, Sasaki T, Chayama K. .A novel
TK-NOG based humanized mouse model for
the study of HBV and HCV infections.
Biochem Biophys
2013;441:230-235

2). Arataki K, Hayes CN, Akamatsu S,
AkiyamaR, Abe H, Tsuge M, Miki D, Ochi H,
Hiraga N, Imamura M, Takahashi S, Aikata H,
Kawaoka T, Kawakami H, Ohishi W, Chayama
K. Circulating microRNA-22 correlates with
microRNA-122 and represents viral replication

Res Commun.

and liver injury in patients with chronic
shepatitis B. JMed Virol.2013;85:789-798.

3). Tsuge M, Murakami E, ImamuraM, Abe H,
Miki D, Hiraga N, Takahashi S, Ochi H,
Nelson Hayes C, Ginba H, Matsuyama K,
Kawakami H, Chayama K. Serum HBV RNA
and HBeAg are useful markers for the safe
discontinuation  of

nucleotide  analogue

treatments in chronic hepatitis B patients. J
Gastroenterol. 2013 ;48:1188-1204.



HBV

25
B
B
HBV AFN
HBV IRF-3
HBV ~ MAVS(IPS-1)RNA
STING-TBK1 I .
IFN HBV HBV  plasmid
Leong et al., submitted transfection
B IFN hydrodynamics ISG20 HBV
HBV HBV
1ISG20 IPS1, TICAM-1
IFN IRF3
HBV HBV IFNAR
HBV 1SG20
1. HBV
HBV IFN
2. DNA transfection type I IFN
KO STING-TBK1
HBV in IFN
VIVO
KD, HBV
Hydrodynamiics KO IFNAR  HBV
IRF-3/7-/-, IFNAR-/- KO 1SG20
HBV IFN HBV
HBV DNA IFN
HepG2 HBY

IFN KD HBV




HBV
IFN
HBV
IFNAR
1SG20
DNA IFN
HBV
HBV
DNA
RNA phase HBV

In vivo hydrodynamics

HBV

HBV DNA IFN
IFNAR
HBV Invivo

F.

1

1. Okamoto M, Oshiumi H, AzumaM, Kao N,
Matsumoto M, SeyaT. IPS-1 IsEssentid for Typelll
IFN Production by Hepatocytes and Dendritic Cdlsin
Responseto Hepatitis C VirusInfection. J Immunal.
2014 Feb 14. [Epub ahead of print]

2. TaemasuM, SeyaT, Matsumoto M. Beyond
dsRNA: Toll-like receptor 39gndlingin
RNA-induced immune responses. Biochem J. 2014
Mar 1,458(2):195-201.

3. Suzuki T, Oshiumi H, MiyashitaM, Aly HH,
Matsumoto M, SeyaT. Cdl type-specific subcdlular
localization of phogpho-TBK 1 in responseto
cytoplasmic vird DNA. PLoSOne 2013 Dec
9;8(12):e83639.

4. EnokizonoY, KumetaH, Funami K, Horiuchi M,
Samiento J, YamashitaK, Sandey DM, Masumoto
M, SeyaT, Inagaki F. Structuresand interface
mapping of the TIR domain-containing adgptor

moleculesinvolved ininterferon Sgnding. Proc Natl
Acad Sa U SA. 2013 Dec 3;110(49):19908-13.

5. Tekeki H, HondaK, Atarashi K, Kobayashi F,
EbiharaT, Oshiumi H, Matisumoto M, Shingal M,
SeyaT. MAV S-dependent IRF3/7 bypass of
interferon B-induction restricts the response to measles
infection in CD150Tg mouse bone marrow-derived
dendritic cells. Mol Immunal. 2014
Feb;57(2):100-10.

6. Takaki H, Takeda M, Tahara M, Shingai M,
Oshiumi H, Matsumoto M, Seya T. The MyD88
pathway in plasmacytoid and CD4+ dendritic cells
primarily triggers type I IFN production against
measles virus in a mouse infection model. J Immunal.
2013 Nov 1;191(9):4740-7.

7. Oshiumi H, Miyashita M, Matsumoto M, Seya T.
A distinct role of Riplet-mediated K63-Linked
polyubiquitination of the RIG-I repressor domain in
human antiviral innate immune responses. PL0S
Pathog. 2013;9(8):¢1003533.

8. TanakaY, Suenaga T, Matsumoto M, Seya T,
Arase H. Herpesvirus 6 glycoproteins B (gB), gH, gL,
and gQ are necessary and sufficient for cell-to-cell
fusion. J Virdl. 2013 Oct;87(19):10900-3.

9. Nishitsuji H, Funami K, Shimizu Y, Ujino S,
Sugiyama K, Seya T, Takaku H, Shimotohno K.
Hepatitis C virus infection induces inflammatory
cytokines and chemokines mediated by the cross talk
between hepatocytes and stellate cells. J Viral. 2013
Jul;87(14):8169-78.

10. Tatematsu M, Nishikawa F, Seya T, Matsumoto
M. Toll-like receptor 3 recognizes incomplete stem
structures in single-stranded viral RNA. Nat
Commun. 2013;4:1833.

11. Seya T, Azuma M, Matsumoto M. Targeting
TLR3 with no RIG-I/MDAS activation is effective in
immunotherapy for cancer. Expert Opin Ther
Targets 2013 May;17(5):533-44.

12. Oshiumi H, Funami K, Aly HH, Matsumoto M,
Seya T. Multi-step regulation of interferon induction
by hepatitis C virus. Arch Immuno Ther Exp
(Warsz). 2013 Apr;61(2):127-38.

13. Toscano F, Estornes Y, Virard F, Garcia-Cattaneo
A, Pierrot A, Vanbervliet B, Bonnin M, Ciancanelli
MJ, Zhang SY, Funami K, Seya T, Matsumoto M,
Pin JJ, Casanova JL, Renno T, Lebecque S.
Cleaved/associated TLR3 represents the primary form
of the signaling receptor. J Immunal. 2013 Jan
15;190(2):764-73.

G.

1.






HBV

25
B (HBV)
in vitro HBV NTCP
HBV in vivo HBV
HBV NTCP
B
NTCP
B (HBV)
RNA HBV
RNA
RIG-I-like receptors (RLRs) B HBV
RLRs
(
cGAS
dsDNA B
HBV
HBV NTCP SiRN
A

RL
R cGAS
HBV



NTCP

NTCP
in vitro HBV

DMSO PEG

HBV

G.

1) Funabiki M, Kato H, Miyachi Y, Toki H,
Motegi H, Inoue M, Minowa O, Yoshida A,
Deguchi K, Sato H, Ito S, Shiroishi T,
Takeyasu K,Noda T, and Fujita T Autoimmune
Disorders Associated with Gain of Function of
the Intracellular Sensor MDAS. Immunity 2014
Feb;40.1-14

2)Ng CS, Jogi M, Yoo JS, Onomoto K, Koike S,
Iwasaki T, Yoneyama M, Kato H, Fujita T.
Encephalomyocarditis virus disrupts stress
granules, the critical platform for
triggering antiviral innate  immune
responses.J Virol. 2013
Sep;87(17):9511-22.



25

HBV

uPA CcDNA-uPA/SCID
homozygote CDNA-UPA/SCID
HBV 14 TUNEL
HBV

(mo-SMA, mCD14, mHGF, mTNFa, mTLR4, mProcollagen typel, mTGFBR, mTGF(1)

Apoptosis hTNFRSF10C, hFAS
hPBK, hRRM2, hNCAPG
HBV HBV
HBV 2
17 18
cDNA-uPA/SCID hemizygote
cDNA-uPA/SCID HBV 20

cDNA-uPA/SCID

cDNA-uPA/SCID

uPA/SCID uP cDNA-uPA/SCID

HBV

HBV

3 cDNA-uPA/SCID hemizygote
uPA 2YF 2




2.5x 1075 mo-SMA, mCD14,

3 6 mHGF, mTNFa, mTLR4, mProcollagen
typel, mTGFBR, mTGFp1 HBV
h-Alb 4
32 34 28
31
hTNFRSF10C, hFAS hPBK, hRRM2,
hNCAPG Tsuge M, et al.The Journal
HBV 14 of Infectious Diseases
cDNA-uPA/SCID 2 2011;204:224-8 primer
6 primer
cDNA-uPA/SCID H HBV 3
BV Total RNA Affimetrix
2YF 14 11 GeneChip Human Genome U133 Plus 2.0
cDNA-uPA/SCID 11 Array (
HBV 20 )
11 5 HBV Genotyp
e C 1.0x 10”7 copie
s/mL 100 p L 6 H HBV DNA
BV
HBV 1
50 p L 2 puL
h-Alb 10 py L HBV DNA
RT-PCR
H&E
HBV cDNA-uPA/SCID

real-time RT-PCR



C.
cDNA-uPA/SCID

2. HBV

HBV

HBV
HBV

Apoptosis
hTNFRSF10C, hFAS

hPBK, hRRM2,
hNCAPG

HBV cDNA-uPA/SCID

HBV cDNA-uPA/SCID

HBV

18
cDNA-uPA/SCID

HBV

HBV 14

HBV
1.6

/sz * *
2.04 + 0.31 x10° 1 1
1.34 + 0.07 x10° 1.6 2.7
cDNA-uPA/SCID
HBV
h-Alb
100
E10
2 o
<1
<
0 T T T T T T T
0 5 10 15 20 25 30 35
HBV
25
20 -+
@ 15 A
___o___
10 A
PR,
5 -
0 T T T T T T T
0 5 10 15 20 25 30 35
2 HBV
—_ 1.E+10
'é 1.E+09 -
E 1.E+08 -
g 1.E+07
~ 1.E+06
é 1.E+05
A
| 1.E+04
1.E+03 T T T T T
10 15 20 25 30 35
3 HBV HBV




8 22 HBV

1
20
20 HBV 2
h-Alb 17 18
HBV
HBV real-time RT-PCR
8
1-3
D cDNA-uPA/SCID
HBV
UPA 20
E.
H 14 HBV cDNA-uPA/SCID
BV
UPA Apoptosis
cDNA-uPA/SCID homozygote
S
HBV
HBV (14 ) HBY
2 17
HBV 8 HBV20
. cDNA-uPA/SCID
Apoptosis
Apoptosis

HBV



1
(1) Kakuni M,
Tachibana A, Yoshizane Y, IshidaY
with

Yamasaki C,

Tateno C. Chimeric mice

humanized livers: a unique tool
for in vivo and in vitro enzyme
induction studies. Int J Mol Sci.
2013 Dec 20;15(1):58-74.

(2) shi N,

Hayes CN,

Hiraga N,
Zhang Y,
Okazaki A, Murakami E, Tsuge M, Abe
H, Aikata H, Takahashi S, Ochi H,
Tateno-Mukaidani C, Yoshizato K,

Imamura M,
Kosaka K,

Matsui H, Kanai A, Inaba T, McPhee
F, Gao M, Chayama K.Combination
therapies with NS5A, NS3 and NS5B
inhibitors on different genotypes
in human
Gut

of hepatitis C virus
hepatocyte chimeric mice.

62;1055-61, 2013
(3) Asato Tachibana, Chise Tateno,

Katsutoshi Yoshizato Repopulation

of the Immunosuppressed
Retrorsine-treated Infant Rat
Liver with Human Hepatocytes.
Xenotransplantation 20;227-38,
2013

(4) Nakagawa S, Hirata Y, Kameyama
T, Tokunaga Y, Nishito Y,

Hirabayashi K, Yano J, Ochiya T,
Tateno C, Tanaka Y, Mizokami M,
Tsukiyama-Kohara K,

Yoshiba M, Takaoka A,

Inoue K,
Kohara M.

Targeted induction of

interferon-A in humanized
chimeric mouse liver abrogates

hepatotropic virus infection.

PLoS One. 8;e59611, 2013

(5) Kosaka, K. Hiraga, N. Imamura,

M. Yoshimi, S. Murakami, E.

Honda, Y. Ono, A.

Kawaoka, T. Tsuge, M. Abe, H. Hayes,
C. N. Miki, D. Aikata, H. Ochi, H.

Ishida, Y. Tateno, C. Yoshizato, K.
Sasaki, T.
TK-NOG based humanized mouse model

for the study of HBV and HCV
infections. Biochem. Biophys. Res.
Commun.441;230-5, 2013

(6) Arai M, Tokunaga Y, Takagi A,

Tobita Y, Hirata Y, Ishida Y,

Tateno C, Kohara M. Isolation and

Nakahara, T.

Chayama, K. A novel

characterization of highly

replicable virus
genotype la strain HCV-RMT. PLOS

ONE 2013 Dec 16;8(12):e82527.
)

hepatitis C

" PXB-cells”

7 ” ” , 2013
2

(1) IshidayY, Yamasaki C, Yanagi Y,
Yoshizane Y, Chayama K, Tateno C.
Development of a novel 1in vitro
hepatitis B virus-infection model
by using fresh human hepatocytes
humanized

isolated Tfrom mouse



liver. 2013 International Meeting
on Molecular Biology of Hepatitis
B Viruses 25 10 21

Shanghai Medical College, Fudan

University

(2) Kakuni M, Tachibana, A,
Shimada T, Tateno C. Using
PXB-mice® to Study the Effects of
Antiviral Agents against
Hepatitis B Virus. 2013
International Meeting on

Molecular Biology of Hepatitis B
Viruses 25 10 21
Shanghai Medical College, Fudan
University

(3) Yamasaki C,
Yoshizane Y, Kageyama Y, lwasaki Y,

Yanagi A,
Ishiza Y, Tateno C. 1In vitro
evaluation of human hepatocytes
isolated from chimeric mice with
(PXB-mice®)
transplanted from two different

humanized livers
donor cells 28
25 10 9

(4) Ishida Y, Yamasaki C, Yanagi A,
Yoshizane Y, Chayama K, Tateno C.
Primary human hepatocytes
isolated from mice with humanized
livers as a novel in vitro
hepatitis B virus infection model.
20 25 9
27
(5) Tateno C. Recent improvement

and applications of chimeric mice

with humanized livers for drug
development. 20
25 9 27

(6) Yanagi A, Yamasaki C,Yoshizane
Y, Ishida Y, Tateno C.
reaction of the humanized chimeric

Cellular

mouse liver after Dbile-duct
ligation. 20
25 9 26

(7) Nagamoto YV,
Tashiro K, Tateno C, Sakurai F,
Tachibana M, Kawabata K, lkeda K,
Tanaka Y,

Takayama K,

Mizuguchi H.
Over-expression of Bcl-xL mutant
(FNK)
efficacy of human 1IPS cell-derived

improves the engraftment

hepatocytes in the liver of
uPA/SCID mice. 20
25 9 26
(8)
PXB
HBV
9
25 6 29
(€))
ALT-1 ELISA 40



25

25 4 10

2012-102814 H24 4 27

6 19
(10)
HBV
49
25 6 6
(11)
4
H.
1
H25 4
2

25

PCT/JP2013/062806



HBV

25
TALE B
B HBV HBV
TALE HBV TALEN CRISPR
HBV CRIPSR/Cas
HBV
A. Cas HBV
(HBV)
DNA  cccDNA
C.
cccDNA TALE TALEN
DNA HepG2 HBV
CCCDNA CRISPR/Cas
HBV

CRIPSR/Cas /5

D.

TALEN
B. HBV
HBV TALE TALEN
FTF HNF4 TALE
HBV TALE TALEN
TALEN HepG2 HB

Vv
HBV CRISPR/




HBV
TALEN
TA
LE TALEN CRISPR/Cas H
BV
CRISPR/Cas
HBV
CRISPR/Cas
of
f-target
E.
CRISPR/Cas HBV
off-target
Double nickase Cas
HBV
F
G
1.

1)Tokumasu D, Sakuma T, Hayashi Y, Hosoi S,
Hiyama E and Yamamoto T. FAST-id system
for enrichment of cells with TALEN-induced
mutations and large deletions, Genes Cells,
2014, in press

2)Ochiai H, Miyamoto T, Kanai A, Hosoba K,
Sakuma T, Kudo Y, Asami K, Ogawa A,
Watanabe A, Kagjii T, Yamamoto T and
Matsuura S. TALEN-mediated single-base -pair
editing identification of an intergenic mutation
upstream of BUBI1B as causative of PCS

(MVA) syndrome. Proc Natl Acad i U S
A, 2014, 111: 1461-1466

3)Nakagawa Y, Yamamoto T, Suzuki KI, Araki
K, Takeda N, Ohmuraya M and Sakuma T.
Screening methods to
TALEN-mediated  knockout
Anim, 2014, 63: 79-84

4) Sakuma T, Ochiai H, Kaneko T, Mashimo T,
Tokumasu D, Sakane Y, Suzuki K, Miyamoto T,
Sakamoto N, Matsuura S and Yamamoto T.

identify
mice. EXp

Repeating pattern of non-RVD variations in
DNA-binding modules enhances TALEN
activity. Scientific Reports, 2013, 3: 3379
5)Sakuma T, Hosoi S, Woltjen K, Suzuki K,
Kashiwagi K, Wada H, Ochiai H, Miyamoto T,
Kawai N, Sasakura Y, Matsuura S, Okada Y,
Kawahara A, Hayashi S and Yamamoto T.
Efficient TALEN construction and evaluation
methods for humancell and animal applications.
Genes Cells,2013, Genes Cells, 18: 315-326

2.

1) Platinum TALEN
2013
2)Yamamoto T, Targeted genome editing using
highly-active TALENS IPS
2013

3)Sakuma T, Woltjen K, Hosoi S, Suzuki K,
Kawahara A, Okada Y, Ochia H, Matsuura S
Improved TALEN
construction and evaluation methods for animal

and Yamamoto T,

and human cel applications, Genome
Engineering-Research & Applications, Italy,

2013



4)Sakuma T and Yamamoto T, Platinum Gate
TALEN: Establishment of highly-active

TALEN construction system, 46" Annual 1)PPR DNA
Meeting for the Japanease Society of
Developmental Biologists, Matsue, 2013 2013-88940
5. 2)
TALEN
36
2013-098724

2013 3)DNA
6) L] H ] ’ 2013_166768

, Woltjen Knut, : 4) 2013-2303

, . TALEN CRISPR/Cas9

iPS 36
2013
7) , TALEN
65
2013
8) ,
2013
9 -
25
2013
10
15

2013



HBV

25
B RNA
HBV HCV
1onPGM RNA
HBV RNA
HCV RNA
RNA
RNA
A. RNA
B
RNA
HCV
I NA
> F)G%Bv HCV RNA
HBV
HCV
RNA RNA
B.
HBV
HCV
RNA A
gilent bioanalyzer
RNA
RNA
lon PGM RNA




C.
HBV HCV
RNA
lon PGM
318
lon PGM
miR base
RNA
RNA HBV
HCV
HBV
RNA
HCV
RNA
RNA
RNA
RNA  miR-221
RNA HBV HCV
RNA
HBV
RNA
RNA
D.
HBV HCV
RNA
RNA
RNA
RNA miR-221

2F MYC NF-kB [ -catenin, RB1,

RNA

E

WEE1

1 APAF1 ANXA1l, C
TCF
miR-221
RNA
EMT
RNA
RNA
E.
RNA
HBV
RNA
HCV
RNA
RNA
RNA
G.
1

(1) Mikihisa Takano, Chieko Yamamoto, Kei
suke Sambuichi, Keisuke Oda,Junya Nagai,

Akira Shimamoto, Hidetoshi Tahara, and Ry
oko Yumoto, Introduction of a Single Trans
porter Gene ABCA3 Directs RLE-6TN to M
ore Type II-like Alveolar Epithelial Cells,

MEMBRANE Vol.38 5 246-253 2013

(2) Shiotani B, Nguyen HD, Hakansson P,
Maréchal A, Tse A, Tahara H, Zou L., Two
distinct modes of ATR activation orchestrat
ed by Radl7 and Nbsl., Cell Rep. 2013 Ma
y 30;3(5):1651-62,(10.1016/j.celrep.2013.04.01
8).

2

(1) Hidetoshi Tahara Proteomic analysi
ISE
V Workshop on EV Proteomics and Lip
Melbourne 2014

s of EV in senescence and cancer.

idomics

(2)



2014
(3) , : :
, ____ PRPF19
siRNA
36 2013
(4)
miR-22
36
2013
(5) , : :
, PR
PF19 miR-27b
36 2013
(6)
small RNA
36
2013
(7) : : ,
; : exo0so
me
36 2013
(8)
microRN
A
36 2013
(9) , : o
o MiRNA
36
2013

(10) Therapeutic role of micro
RNAs in cancer and cellular senescenc
e Small RNAs to Stem Cells & Epigen
etic Reprogramming Asia-2013 Meeting

2013
(11)
72
2013
(12)
microRNA
72
2013
(13) PR
PF19 DNA
72
2013
(14) R
____ MiRNA
2013
(15) _
L PRPF19
miRNA R
NAI 2013
(16)
miR-22
RNAI
2013
(17)
exosome
RNAI 2
013

(18)



RNA H25
2013
(19) RNA
14
2013
(20) lon Torrent(T
M) lon T
orrent
2013
(21)
exosome DDS 29
DDS 2013
(22) PR
PF19
17
2013

(23) M. Okada, A. Nakamura, M. Mune
oka and H. Tahara Characterization O
f Exosomes Secreted From Senescent F
ibroblasts. ISEV 2013 Boston 2013
(24) H. Tahara, M. Okada, M. Muneok
a and A. Nakamura Secretory mechani
sm and functions of senescence-associat
ed exosomes ISEV 2013 Boston 2013
H.

2014 XXXXX

2014-41594



HBV

HBV

25
HBV
invitro HBV
HBV
Cre
Cre LoxP HBV
2
B
invitro HBV TALEN
HBV DNA
HBV
A. invivo
B (HBV) HBV
HBV HBV
HBV
HBV
HBV
promoter  enhancer
HBV
HBs
Cre
HBV Cre LoxP
HBV promoter




B
DNA HBV
DNA RNA
HBV

Apolipoprotein B100 mRNA Editing Enzyme

APOBEC APOBEC
C
DNA RNA
APOBEC3G
APOBEC3F, APOBEC3C HBV
APOBEC

APOBEC
activation induced
cytidine deaminase(AID) HBV
HBV
HBV
HBV
DNA
STING, cGAS
HBV APOBEC family
HBV
HBV
TALEN
in vitro
1 B
Cre
Cre

estrogen



estrogen

tamoxifen
estrogen (ERT2) Cre
Albumin promoter
injection Fo, F1
Cre LoxP
promoter
HBV
CAG promoter loxP
(GFP)
HBs
Cre
GFP
Cre LoxP
HBs
injection
FO
FO F1
F1
2.invitro HBV
HBV APOBEC family
DNA
STING, cGAS
in vitro HBV

TALEN
TALE DNA
TALEN
TALE 34
12,13 DNA
AID,

APOBEC3F/G, STING, cGAS

targeting vector

17 6 29
19 8 16
20 7 31
DNA
15 97

15



16

18 6
C.
B
7
(ERT2) Cre

Albumin promoter

injection
LoxP
promoter loxP
HBs

Cre

injection FO
F1

Cre

estrogen

Cre
HBV

CAG
GFP

HBs

injection FO 7

GFP
HBs

RNA Real-time-RT
PCR
HBs
invitro HBV
in vitro HBV
DMSO+PEG HepG2
HBV
HepG2
TALEN
AID,
APOBEC3F/G, STING, cGAS
TALE
TALEN
(puromycin)
targeting vector
vector
HepG2 puromycin

hetero-knockout



1) Ikeda A, Shimizu T, Matsumoto Y, Fujii
homo-knockout HBV Y, Eso Y, Inuzuka T, Mizuguchi A,
in vitro Shimizu K, Hatano E, Uemoto S, Chiba T,
Marusawa H: Leptin Receptor Somatic
Mutations are frequent in HCV-infected
D. Cirrhotic Liver and associated with
HBV Hepatocellular Carcinoma.
Gastroenterology. 2014.146(1):222-232.
2) UedaY, Kaido T, Ito T, Ogawa K,

B B Yoshizawa A, Fujimoto Y, Mori A,
Miyagawa-Hayashino A, Hga H,
invitro Marusawa H, Chiba T, Uemoto S: Chronic
HBV rejection associated with antiviral therapy

for recurrent hepatitis C after living donor
genotype liver transplantation. Transplantation.
2014(in press)
3) Kim SK, Nasu A, Komori J, Shimizu T,
HBV Matsumoto Y, Minaki Y, Kohno K,
Shimizu K, Uemoto S, Chiba T, Marusawa
H: A model of liver carcinogenesis
E. originating from hepatic progeniytor cells
B with accumulation of genetic alterations.
Int J Cancer.2014.134(5):1067-76.
HBV 4) Watashi K, Liang G, Iwamoto M,
Marusawa H, Uchida N, Daito T,
invitro HBV Kitamura K, Muramatsu M, Ohashi H,
TALEN HBV Kiyohara T, Suzuki R, Li J, Tong S,
Tanaka Y, Murata K, Aizaki H, Wakita
T: Interleukin-1 and tumor necrosis
factor-a trigger restriction of hepatitis B
F virus infection via a cytidine deaminase
AID. J Biol Chem. 2013.
288(44):31715-27.
G 5) Ueda Y, Marusawa H, Kaido T, Ogura Y,
Ogawa K, Yoshizawa A, Hata K, Fujimoto



6)

7)

Y, Nishijima N, Chiba T, Uemoto S:
Efficacy and safety of prophylaxis with
entecavir and hepatitis B immunoglobulin
in preventing hepatitis B recurrence after
living donor liver transplantation.

Hepatol Res.2013.43: 67-71.

Ohtsuru S, Ueda Y, Marusawa H, Inuzuka
T, Nishijima N, Nasu A, Shimizu K,
Koike K, Uemoto S, Chiba T: Dynamics
of defective hepatitis C virus clones in
reinfected liver grafts in liver transplant
recipients; ultra-deep sequencing analysis.
Journal of Clinical Microbiology. 2013.
51:3645-3652.

Ueda Y, Kaido T, Ogura Y, Ogawa K,
Yoshizawa A, Hata K, Fujimoto Y,
Miyagawa-Hyashino A, Haga H,
Marusawa H, Teramukai S, Chiba T:
Pretransplant serum hepatitis C virus RNA
levels predict response to antiviral
treatment after living donor liver

transplantation. PLos One .2013.8:e58380.

() R

2

3)

72
2013.

72

2013.

17
2013.

4) Guoxin Liang
IL-1/TNF-a
AID B
61

H.

1

2.

3.

2013.



HBV
25

The discovery of host restriction factors required for HBV entry (infection) into

mouse cells.

Hussein Hassan Aly lIbrahim

There is no immunecomptent small animal model that is permissive to hepatitis B virus
(HBV) infection. We are trying to identify the host factors that are required for the species
restriction of HBV infection in human and chimpanzees, and use it to construct an
immune-competent transgenic mouse that is permissive for HBV. The block of HBV
infection in mouse cells is reported to be at the entry level, since all other parts of HBV life
cycle can be efficiently recapitulated in mouse. Recently, sodium taurocholate transporter
(NTCP) was discovered as a new entry receptor for HBV infection. NTCP overexpression
rendered HepG2 cells permissive to HBV infection, in this year we tried to establish HBV

infectivity in mouse hepatocytes by the overexpression of human NTCP.

A. Aim
The aim of this study is to understand the

anti-HBV immune response and to utilize this
knowledge for the development of novel and
evidence-based

chronic HBV infection. To accomplish this, the

therapeutic  regimen  for

primary aim of this study isto first establish an
model
supporting HBV infection. The intermediate

immunecomptent  small  animal
objective is to assess if an evidence-based and
innovative therapy can be developed for
chronic HBV-infected subjects with retrieved
information. The final target is to provide a
strategy and road map of immune therapy for

HBV patients.

B. Method
In order to establish immune-competent HBV

small animal model system we are aiming to
first discover the human restriction host factors
that limit HBV infectivity to only human and
Chimpanzee hepatocytes. Last year, we used
induced pluripotent stem cells (IPS) cells.
These cells were previously shown to pass into
4 different stages until they differentiate into
human hepatocytes (Definitive endoderm,
Hepatic specification, Immature hepatocytes,
Mature hepatocytes.) We aimed on identifying
the stage of differentiation that is permissive
for HBV infection, and by comparing the gene
expression in this stage and the previous non
permissive stage, we aimed to identify the



receptor required for HBV entry.
However, sodium taurocholate transporter
(NTCP) was found last year to be the receptor
recquired for HBV entry.
We then changed our am from identifying the
HBV entry receptor, to analyse if human NTCP
can induce HBV infection of mouse
hepatocytes.
To reach this target we used the following:
1- Establishment of mouse hepatocyte cell
line permissive to HBV replication.
In-vivo primary mouse hepatocytes were
HBV

replication, however primary hepatocytes

previoudly reported to support
undergo senescence and death when
cultured in-vitro. Hence we used primary
like immortalized mouse hepatocytes by
SV40-LT Oncogene. We then assayed HBV
replication in these cells using the
following:

HBV genome expressing plasmid is
transfected into the obtained cell clones and
HBV replication was assayed by the
amplification of nuclease resistant
HBV-DNA packaged in HBV-core particles
by real-time PCR.

2- HBV-infection into immortalized mouse
hepatocytes.

-HBV virus inoculum was derived from the
medium supernatant of HepG2-4A5 cells.
The supernatant was concentrated with
PEG, and was used for infection.

Myc tagged Human NTCP was cloned

from primary human hepatocytes, Myc tag

is added at carboxy terminus and cloned
into lenti virus vector and intoduced into
mouse hepatocytes. The expression of
human NTCP was confirmed by western
blot. HBV infection was then performed,
and infected cells were assayed for HBV
infectivity by the amplification of nuclease
resistant HBV-DNA packaged in HBV-core
particles by real-time PCR.

Ethical

All mice that will be used in this study will
receive human care and permissons from
ingtitutiona review board to conduct the study.

C. result
HBV replication by the transfection of

HBV-DNA was successfully established in
immortalized mouse hepatocytes confirming
that no block is present at the replication level
of HBV Human NTCP
expresson was confirmed by western blot

in these cdlls.

analysis and its distribution to the cell
membrane was aso confirmed by
immunofluorescence. However, infection of
HBV particles into these cells was not
successfully  established, suggesting the
presence of other host restriction factor
required for HBV entry into mouse cells.

We then moved into the identification of host
factors required for HBV life cycle in human
HepG2 cells. Stable HepG2 cells expressing
human NTCP and efficiently infected with

HBV were established. We treated these cells



with  SIRNA
membrane proteins followed by HBV infection

libraries targeting severa
after 2 days. We then screened for the
membrane proteins required for HBV entry
which might act as another HBV receptor, this
work is still undergoing.

We also screened for host factors required for
HBV replication using AD38.7 cells. Since
kinases are involved in many signaling
pathways, and protein functions. We screened
500 human kinases for its function on HBV
replication. We identified 4 kinases that are
required for HBV replication, and 5 kinases
that significantly suppress HBV. One of these
kinases, TSSK2, it showed an efficient
suppression of HBV infection and replication.
Using interferon non-responsive cells we
proved that the suppressive function of this
kinase on HBV is interferon independent. We
are now working on the identification of the

mechanism by which TSSK 2 suppress HBV.

D. discussion
The permissiveness of mouse hepatocyte to

HBV replication confirmed that there is no
block at the replication level to HBV in mouse
cells. However the lack of infection by HBV
particles into human NTCP expressing cells
suggested the presence of a still unknown host
factor required for the establishment of HBV
infection into mouse hepatocytes. This host
factor may be another entry receptor, or
another internal factor suppressing the early

steps of HBV infection. Using sSiRNA library

screening, we are currently trying to identify
human host factors required for HBV life cycle,
and its effect on HBV infectivity when
overexpressed in human NTCP expressing

mouse hepatocytes.

E. conclusion

Mouse hepatocytes were susceptible to HBV
replication, however HBV entry was not
observed even after the expression of human
NTCP receptor, suggesting the lack of another
factor required for HBV entry. We are aiming
to identify host factors affecting HBV entry
and/or replication that might be required for
HBV infectivity in mouse hepatocytes.
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