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WFIER R OMEEE (F30) : The objective of this research project is to clarify the molecular
pathways in host cells related to life cycle of Hepatitis C virus (HCV) infection, including
entry and replication of HCV. Comprehensive microarray analysis and hierarchical
clustering of gene expression data revealed that the expressions of genes related to
molecular pathways of lipid metabolism are significantly increased in host cells expressing
HCV replicon. Furthermore, analysis on the interaction between HCV-NS4B protein and
cellular interferon (IFN)-mediated antiviral signaling clarified that NS4B specifically binds
STING, and that NS4B suppresses STING-mediated IFN production. These results showed
that we explored the new interaction between HCV and host signal protein related to HCV
replication. Disruption of that interaction could constitute a novel therapeutic strategy for
the eradication of HCV.

AR AERE
(EHHAL : 1)
[ERETES LIRS & &t
AR ERE 3, 300, 000 990, 000 4,290, 000

T e
FEREE 0 - M« IVRLRERFREEF: - LRV

‘J”\'“_‘Ij“_‘ }\ : Cﬁ!ﬁ?ﬁ%ﬁ/ﬁb%\ @*EE"]@%ZIH_T\ pathwayﬁﬁiﬁ‘ '{Jﬁjz . lj/r/l/Xj:H;E‘L’ﬁzﬁﬁ‘ E%ﬁﬁ
&P‘_“



1. WFSERRAA LA DT 5

ENIZHI 150 5 NDBMERGE MFHET D
HCV 1%, &HOREZ AW THBITIRED
NN 9 DA ZNRIT 4 BN 723k
D £ < OFEFINIEREETF A2 - P
ICRET 5, 16> T, HCV Frfoids - ffks
EINE D5y THFE ORI 3 L O -7 bt
AN APEOBRENEE TH 5, HCV &Y -
WA IR A 7o e EE A L OMEERZ RS
ZEMbhroTEY, BUEE CAHRBEINE
B ERIEFTEH (V¥ —Txur A
VA —T v VSRR - RIG-T - TLRs 72
E) . B EE R, oy v Xe
ELOMEERIZOWTHEIN TS, =
AUD OBIETFBL 2 WFEHITR Y - fifiT 5
FIEL LT, WEEDNA ~A 7 a7 LA LN
FEYER TR E L TEH SN TW D23, R L
L DIRNE K DBIR T DOFENTIX A FIHET
bb, FE, WA —7 2B S h.
FIERBE T ORBUT N LZE L TITZD
Kootz

2. WFREOHT

C TR A /L AHCV)EYE « BIET A 79
A7 MBS 5 EEA, (AE - v 7r
BREZA ST D720, HiEEOFEET
MEICBERE L= HCV H45H - B2 %2 M
WT, DNA F v 75, B —7
HEARIC LV | FEBLER T OB RERI T
pathway fRHT 247V, HEIFEIZBEE 2 75 1K
B T AR AT D, B O RER
Z FEZ HCV TR BT 263 - v A
NAEAOHAEREZH G E L, Fiiz7eht
TANVAFIERBEORMBET L L 2N
ET5,

3. WHED Tk

(1) FOCERREIL 7Y = Ul OREE,
DNA ~A 7 v 7 LA fiffr kA — o 4
fi#HT : HCV-1b 3 L Uareplicon 77 A I K
DFA~A > (Neo) BIs 1%, yellow
fluorescent protein (YFP) & Neo % @l SH72
F A 7 Bnf(Yeo)lJiEHR L 722, Huh 7l
N LT, Yeo repliconfH & FBLMIIL 2 #EEE L
Teo 7otV —& —% U T Yeo replicon 5
FEHMEOZENZITV, ZHGICIFN 25

95 Z L2 L Vreplicon ZFRE L, cured
/Huh7 #fd (cHuh7)Z{ER L7z, 2D Lo
L CH 54172 1b, 2a-Yeo replicon 1= %8 BLAMNE
cured-1b, -2a #fd, BlFEHuh7 Mld D& % 5
total RNA Z {174, Gene ChipZz H\ 7=~ A
7 a7y VAT, BLXOEOT —¥ % TicfE
JEWI 7 T A B —fRifT 24T o T, Flo, FBBLE
DRI B s RICEBIT D50 FRIRIGRN
AT = ANZOWTHRAT 572912, KEGG
Pathway 7 — & N— R |ZBFR STV DH /A
VA EAOBEFRALEO~ vV Tk
1Tolz, £, W —7 % TOfT %
1To7=,

(2) HCV-NS4B truncated plasmid D {ERL , F& Bifi
BT HES L72RRNS4B 77 A X K% Cardif
FIZIESTINGFHL 77 A I RILIZHuh7 #lifi
THRBIFRBL S, INF-f 7 aE—4— - UK
— X — BXWISRE-V R—F—TFFAI N%&
FAWTIFNF B> 7 F L L~V & E& L, IFN
FIRIH OB MOBED FAA |
MWAHAERT 2EEEAEHRF LT,

(3) HCV-NS4B * Cardif, STING 7% Y
4 NS4B (I 5 WFTDOREMR KA A ZFf b
MEFZRET D, —77, Cardif (3C A
DOIEEE R AA T hay R 7AMECT
=L TWHEPRESINL TS, b
DEBAOHAERZHERT D720, Tt
JITEZ & /NIRARIEE & DAL 1E BAFR 2 T3 5
HFEA L — P —BAMEE 2 FH T aon s
BT L DRI AT o 72,

(4) HCV-NS4B ¥ Cardif, STINGOBIFC 7 vt
A . $efEiLKE : Bimolecular fluorescence
complementation (BiFC) % & 13, #& & HEZ TR
EoLtFr2onEREDEAENE, NR
M5y & CRMHESIIZ 538 LIZYFP O [H] TRt
BEAEEERL, 2 50FEEENPEAETD
Gt \CYFPOSLIBHEE S FRAE S, a3l
BINDH W), FEIZESSHDOTH D,
ZDOFEZE W THEEEITHCV-NS4B &
Cardif 2 O'STING & O EAEH OfEHT 21T
fEMT LT, 7o SB IR IR X DM 247 -
720

(5) HCV H4FEIZ B9 2 15 FHFHIAE O micro
RNA FEEBLOOIERIENT © HCV HEFHEIZ B
9% 15 EAFHAE Omicro RNA (miRNA) % 251
& L 7-anti-micro RNA(antagomir) % #8535 L |



VitaminE, 2L AT a— /L& XU0H LT 51k
“FAES % Jii L 7-antagomir 2 1ERL, ELH D
A VAT G- 2 DR ZMGE LT,

4. WFFTRR

(1) EHEARRL 7V a2 M OREE,
DNA~ A 7 a7 LA fifhr, R —or 4
fEHT : genotype 1b, 2aDHCV-replicon &% 5.
Huh 74, Z 210 % IFNALER TR 25 L 7= cured-1b,
-2a Huh 7, BURRHuh 74812 0> 4% % 7> Dtotal
RNAZ . Gene Chip (Affymetrix)Z >
Te~A 77T UA T, BLORERBRZ 7 2
2 — R EAT o T2, T ORER, 1b, 2a-Yeo
replicon = ZEBLAIE T I3 E BIER I O A &
RFBTHE ARz, Fio, W —r v
FEHTIZ L o THRIBEOFERBP G N, =
D Lix, TRERBOME D 7 A L AR
LB T2 RLTCNE, 20
fEREbL &I, LU alilas Auvcies
HIZARNED & IR LB DA 7 ) —=
7 %47\, N-(morpholine-4-carbonyloxy)
amidine/L AW HCVEEFE 2 3045 = & %
72 L7 (Antimicrob Agent Chemother,
2012),

(2) HCV-NS4B truncated plasmid D 1ERK., & B i
Hr. HCV-NS4B & Cardif, STING D e (s,
L T2 /KENS4BY 7 A 2 K % Cardif, RIG-I,
STINGHHL 77 A I K & L@ I S+,
IFN-BRE BRI DTS KOED R AA
v AHEAERT 2 EERIZOW T L,
Z DGR, Cardific X W §##38 X 41 HIFN-BEEAE
Y, HCV-NS3/4AE H & NS4BE H DM
T Z31T 52 L, STINGIC LV FE s
LIFNPREAFEEIL, HCV-NS3/4AZE A Tl
] S L7225 NSABAE FI CHRe BN 252
52 ERREINT, S HIT, NSABONAK
NZIFN-B 7 B E—4% — U R — X —DiEME &
FIBIT DML FAET D Z E R DN E Te o
776

(3) HCV-NS4B & Cardif, STING D e (h,
HCV-NS4B & Cardif, STING D +H A1 % fe R
T B0, ENTENDRIE &/ NURE & Ofr
(& BARR 2 RT3 % ~  BEEPE BRI B 1T 5
G Y ta BT o T2, E DOFER, HCV-NS4B
& STING M D CHLRICAFET D2 DI LT,

NS4B & Cardifl3—£T 555 & —E L 722
GWH DL LRI,

(4) HCV-NS4B & Cardif OBiFC assay : ZEfifin %
FAWTH L7 BF—5 X B HAER O
M - 22 [ 72 281k % W kL C & 2 BiFC assay
% FV T, HCV-NS4B & STINGDFH HAEH D
fif T 22 HA9IC . BiFC assay & 1T > 7o, S LM
15 & DOFER GO, HCV-NS4B & STINGIZE
BEfEA LD D Z &, NS4B & Cardif OfE A 13
LZETHDY , T LACardif& STINGDFEAIT &
5Ly 7 RiEER | NSABIZ T+ 2 TR A
L CRHE L, IFN-BRIBFEZIMH L T\ D Z
EEZH BT L, FE5K LTz (Hepatology, 2013)
(5) HCV HEFHIZ B 2 15 F Al DO micro
RNA FEELOCIFEHIMEAT : HCV HFHE I B
92 15 EHFAAE Omicro RNA (miRNA) % 42 1)
& L 7-anti-micro RNA(antagomir) % ££5% L |
VitaminE, 2 VA7 a0 — L &2X 0 LT 51k
FAEA & Bt L 7-antagomir 2 B, £ 6D
A NVAVTHIZ 5 2 WA BRE LT, & O
B, UA VARG R R 5 2 D R R
antagomir DA EIZIZE S o7 b DD, 15
DT ARERZ REFELIRRIZ . R 1B & &
BIZS BITHTT 5 2 L Z2FE LTV 5,

5. ERRERmIE

(WFZEAFHE . WFFEHE K ONEEEIT7EE 12
ESY )

USR] (B9 1)

1. Nitta S, Sakamoto N, Nakagawa M,
Kakinuma S, Mishima K,
Kusano-Kitazume A, Kiyohashi K,
Murakawa M, Nishimura-Sakurai Y,
Azuma S, Tasaka-Fujita M, Asahina Y,
Yoneyama M, Fujita T, Watanabe M:
Hepeatitis C virus NS4B protein targets
STING and abrogates RIG-I-mediated
type-I interferon-dependent innate
immunity. Hepatology 57:46-58, 2013.
i A DOI:10.1002/hep.26017

2. Nakagawa M, Sakamoto N, Watanabe T,
Nishimura-Sakurai Y, Onozuka I, Azuma S,
Kakinuma S, Nitta S, Kiyohashi K,
Kusano-Kitazume A, Murakawa M,
Yoshino K, Itsui Y, Tanaka Y, Mizokami M,




Watanabe M, Ochanomizu Liver
Conference Study Group: Association of
ITPA gene variant and serum ribavirin
concentration with blood cells decline in
pegylated interferon-alfa plus ribavirin
therapy for chronic hepatitis C. Hepatol Int
7(1): 153-161, 2013. 455 H DOIL:
10.1007/s12072-012-9363-6
Kusano-Kitazume A, Sakamoto N, Okuno
Y, Sekine-Osajima Y, Nakagawa M,
Kakinuma S, Kiyonashi K, Nitta S,
Murakawa M, Azuma S,

Nishimura-Sakurai Y, Hagiwara M,

Watanabe M: Identification of novel
N-(morpholine-4-carbonyloxy) amidine
compounds as potent inhibitors against
hepatitis C virus replication. Antimicrob
Agent Chemother; 56(3):1315-23, 2012.
A HiA DOL:10.1128/AAC.05764-11

Suzuki Y, Ohtake T, Nishiguchi S,
Hashimoto E, Aoyagi Y, Onji M, Kohgo

Y; The Japan Non-B, Non-C Liver
Cirrhosis Study Group (Goto T, Ohnishi H,
Maeda S, Saito Y, Nakajima S, Abe M,
Okada M, Haneda M, Hosoki T, Hasebe C,
Nakamoto S, Yokosuka O, Murohisa T,
Hiraishi H, Utsunomiya T, Michitaka K,
Tokumoto Y, Kanno Y, Ohira H,
Hashizume H, Mori M, Sakamoto N, Aoki
T, Kawata S, Kazuyuki Suzuki KK, Abe
H, Aizawa Y, Kon K, Watanabe S,
Deguchi A, Masaki T, Saito T, Tsutsumi
M, Usui S, Hibi T, Yoshimaru Y, Sasakiy,
Kawaguchi T, Sata M, Morita A,

Sugimoto R, Takei Y, Takahashi Y, Izumi
N, Mori H, Wada S, Fujimoto M, Fukui H,
Nozaki Y, Yanase M, Arakawa Y,
Moriyama M, Hirano M, Kawai H, Doi T,
Okuda T, Morikawa H, Kawada N, Oshita
M, Miyatake H, Kim SK, Osaki Y,
Nishiwaki M, Okanoue T, Inao M,
Mochida S, Endo A, Nagasaka A,
Nakajima T, Toyota J, Kimura T, Tanaka
E, Mikami M, Takikawa H, Shida H, Tsuji
K, Nishimura-Sakurai Y, Yara S,

Matsuzaki Y, Tobari M, Oyama K,
Murawaki Y, Enooku K, Koike K,
Amemiya F, Enomoto N, Matsuda M,
Fujii H, Ishii R.) Survey of non-B, non-C
liver cirrhosis in Japan. Hepatol Res.
2012 Dec 26. [Epub ahead of print]
PubMed PMID: 2334743774 i
DOI:10.1111/hepr.12056

Ueyama M, Nakagawa M, Sakamoto N,
Onozuka I, Funaoka Y, Watanabe T, Nitta
S, Kiyohashi K, Kitazume A, Murakawa
M, Nishimura-Sakurai Y, Sekine-Osajima
Y, Itsui Y, Azuma S, Kakinuma S,
Watanabe M and the Ochanomizu-Liver

Conference Study Group: Serum
interleukin-6 levels correlate with
resistance to treatment of chronic hepatitis
C infection with pegylated-interferon
alpha 2b plus ribavirin.  Antivir Ther
16:1081-1091, 2011. #FE
DOI:10.3851/IMP1864

Yamamoto M, Sakamoto N, Nakamura T,
Itsui Y, Nakagawa M, Nishimura-Sakurai Y,
Kakinuma S, Azuma S, Kato T, Wakita T,
Watanabe M: Studies on virus kinetics

using infectious fluorescence-tagged
hepatitis C virus cell culture. Hepatol Res
41:258-269, 2011. Z i

DOI: 10.1111/5.1872-034X.2010.00771.x
Sakamoto N, Nakagawa M, Tanaka Y,
Sekine-Osajima Y, Ueyama M, Kurosaki
M, Nishida N, Tamori A,
Nishimura-Sakurai Y, Itsui Y, Azuma S,
Kakinuma S, Hige S, Ito Y, Tanaka E,
Hiasa Y, Izumi N, Tokunaga K, Mizokami
M, Watanabe M, and the

Ochanomizu-Liver Conference Study

Group:Association of IL28B variants with
response to pegylated-interferon alpha
plus ribavirin combination therapy reveals
intersubgenotypic differences between
genotypes 2a and 2b.  J Medical Virol
83:871-878, 2011. 4 7¢

DOI: 10.1002/jmv.22038

WO, WA s, BUE SR



1.

BRE, &iitis 4 Brm iR, b
fa 1, AP St Il 3648, KRR
i, W0 SE. SRR O
REIZBI4 % Gd-EOB-DTPA &5 MRI &
CTAP/CTHA & D blkpgt « EE & 3R
%269 % |1 =5 Page64-66,2013. A HifE

B WHAL, SR ERk, BE o<
I, WA WE, AL et 7, AEEE 1
SteAE (F, Aekd Hi, L E, B
I B, NP R, #IE = I
E43, W OIEHT, €10 5F. HCV-NS4B
BHE IFN BELR Y 71 L Dby
T AR OfftT - H{bER & fuy
48 5 Pagel74-177,2012. 4 Fe

(Fa%E) GHi131h)

Kusano-Kitazume A, Sakamoto N, Okuno
Y, Mori, K, Nakagawa, M, Kakinuma S,
Nitta S, Murakawa M, Azuma S,
Nishimura-Sakurai Y, Matsumoto A,
Hagiwara M, Asahina Y, Watanabe M:
Antiviral effetcts and action mechanisms of

novel N-(morpholine-4-carbonyloxy)
amidine compounds against hepatitis C
virus. 63rd Annual Meeting of American
Association for the Study of Liver Diseases,
Nov-11-2012, Boston, MA.

Asahina Y, Murakawa M, Sakamoto N,
Kakinuma S, Nakagawa M, Azuma S,
Nishimura-Sakurai Y, Nitta S,
Kusano-Kitazume A, Watanabe M:

Impaired IL28B gene induction and poor

IL28B promoter activity influenced by the
IL28B minor allele are closely associated
with a null response to interferon in chronic
hepatitis C patients. 63rd Annual Meeting
of American Association for the Study of
Liver Diseases, Nov-11-2012, Boston, MA.
JERGEs -, BoRERE, BB, T
JIEZS, AlivENg, RidEE, rmybm
B, APNEMT, BOERT, BJEmE, #K
JRIERS, ST HFUHCV iGtEz A4 2
N-(morpholine-4-carbonyloxy) amidine
LAY OIFE. JDDW 2012 5 16 [ H
AP RE 20124210 H 10 H #

.

Murakawa M, Sakamoto N, Nakagawa M,
Kawai F, Fuziki J, Otani S, Yamanaka H,
Kitazume A, Nitta S, Watanabe T,
Sakurai Y, Kakinuma S, Asahina Y,
Watanabe M : Impaired induction of
IL28B expression in PBMC is associated
with null response to interferon therapy in
chronic hepatitis C. 19th International
Symposium on Hepatitis C Virus and
Related Viruses. Oct-8-2012, Venice,
Italy

FNSE T, SORERR, H)IER, &
BpRERE, ftistE, dEER T, Frmn
mA, PESOE, #IEEE, RIEE, Al
B, WOSF A o H—T L
AREB L OBV A LV ATRESN R D
% IL28B 1512 BI(SNP) DR RERRAT .
55 48 [8] A ANl fss 201246 A
8 H &R

BIsE, FISESS, | OIEH, fiAEng,
PWOARESE, W0 5F: JEBIEC A
DOIF3IE I BET 5 R OfFt. 56 48
[ H ARk a 2012426 H 7 H
&R,

HOERT, SOARERE, B, HHHE,
ARG E, TR mA, e, A
JNFEth -, FIES, MR, WHDsF
EOB-MRI 5 £ OY Angio-CT (2 & % £ i1
PRI s | B3 2 Mat. 55 48 [ A AR
FFifF ks 2012426 H 7 H 4K,

HOEHT, SOARE R, ks, HEPRE,
MUAGEE, HHEYHBRL, AEES T, A
JIZEth1, FIES, fitArg, JE05TF
JHEHEBEHE 235 1 D EOB-DTPA 15
MRI & Angio-CT @ bR, 45 98 [A]
HATE L3R a2 2012484 11 19
ER -y

Azuma S, Sakamoto N, Sakurai Y,
Nakagawa M, Kakinuma S, Watanabe M:
Treatment and outcomes for elderly
patients with hepatocellular caricinoma.
The 22nd Conference of the Asian Pacific



10.

11.

12.

13.

Association for the Study of the Liver,
Feb-18-2012, Taipei, Taiwan.

Sakamoto N, Tanaka Y, Nakagawa M,
Yatsuhashi H, Nishiguchi S, Enomoto N,
Azuma S, Nishimura-Sakurai Y,
Kakinuma S, Nishida N, Tokunaga K,
Mizokami M, Watanabe M: ITPA gene

variant protects against treatment-induced

anemia and improves viral clearance by
pegylated interferon-alfa and ribavirin
therapy in chronic hepatitis C patients.
62nd Annual Meeting of American
Association for the Study of Liver
Diseases, Nov-4-2011, San Francisco,
CA.

BIEsE, W)IlER, YORER : FEBIE
C HFiHZZ D FREICBT 2555 15 ]
H ATl 2 K2 2011 4F 10.20 48[,

HOERT, OARE S, BIEsE, HFEHHE,
itigd, FrEvYmR, JbEER T, A
JISEth 1, HISES:, MiVARGE, LS
e R AR g FR T Lok D IR 1k
& EDORE. 515 B H R ke
2011 4510 A 20 H &,

BT =2, PINESR, WORES, LR
2, e, B 155, MiE i,
HHE A, 8RR, a5 C B
1B VEF 4 @ PEG-IFN « -2b/Ribavirin ff
FPRIEIC BT 5 ITPA Ein+ D EERAY
EFR.EE 47 18] B AR /42,2011 4
6 H3H HA.

(XE) GFofh)

(PEZEIY PERE)
OHiIRP (B0 £4)

OBAFIRIL (B0 1)

(& Dfth)
AR I

6. WFFCRERK

(HAFZERERFE

i 3 (NISHIMURA-SAKURAI  YUKI)
HOXERREL Y - EFEHEREE - ER
WFIEE &R - 70547455

Q) HwrgEE
2L

Q)EHEZEFE
2L



