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MFFERR R OBEEE (3530) : We investigated protein interaction between Hepatitis C virus (HCV)-NS4B
and signaling molecules associated with interferon (IFN) production, including Cardif, and STING. The
weak interaction between HCV-NS4B and Cardif was observed. Our data, including BiFC analysis,
immunoprecipitation assay, and immunostaining, demonstrated that HCV-NS4B specifically binds

STING. We showed that NS4B suppresses STING-mediated [FN production.
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receptor X° retinoic-inducible gene I (RIG-T),
melanoma-differentiation -associated gene 5
(MDAS) 72 EIZifik s, HEOHFT A LR
FOGEME L S, T RO IR TFN A3 8
A& D, RIG-T T4 " HEEH RNA (dsRNA)
F 721X dsRNA @O 57 K 3 U bz ik L
Cardif (MAVS/VISA/IPS-1) @ caspase
recruitment domain (CARD) L #EA3 %, £
# Cardif < TANK binding kinase 1 (TBK1), I
x B kinase ¢ (IKK ¢ ) kinases & A L IFN
regulatory factor 3(IRF3) % U »{b LIGME(L
95, £7- TBKI1.IKK ¢ OiEFMEALIZ L Y IRF-3
FXIRF-T Y b b EE~BE L
IFN- 3 mRNA DIEENFHFE I N5,

INHOfEEMRIZEBT ALY A VA KR
% HCV Core & F1<° NS3/4A & E M9 5
HRNZINE THE SN T2, NS3/4A 1
Cardif @ Cys-508 ZEIWr9 52 LI2LV I b
a2y RU T HilERE L, 15 IFN fRK % fHE
T 5L ENDH T, BIOWIETIE Cardif IX
S har R TNBEEN TS ZEEEZ B L
THED IFN JEA Y 7 v s b+ 5 2 &2
AlRE L WG D STV 5,

ZINHDORERD G FWED IFN ¥ 7 /Widk
LIZBE L C Cardif O b KU 7 & DOfEA
FOLLZEBRENEELZEZ O, 2D,
NS3/4A LSO 7 A v A FKIK T H 5 LT
WD ATREMER B 2 BTz,
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Fox X2 FE TIZ, HCV-NS4B 7% NS3/4A
[F4£1Z TBK1-, IKK ¢ 2745
inreferon-stimulated response element {5
(ISRE) X4l L 72\ A%, RIG-I, Cardif % /14"
% ISRE {EMEZ 3~ 5 FE2 @A LT\,
ZH B OFERD B NS4B 1% Cardif 7213
Cardif & TBKI/IKK ¢ DD REND 5y % 1=
By & U CIFN pEA S 7 L 2 i3 2 mlREM:
EZ I,

—J7iT4E, RIG-TIZ L > T/ &5 IFN
T VOFHER A & L CH72 1T stimulator
of interferon genes (STING/MITA/ERIS/
MPYS/TMEMI173)3 e S 47z, T D51
/NEBARIZJBTE L T RIG-I, Cardif, TBK1, IKK ¢
EREET DT EDREBIL, U A IV AEYLRFC
Cardif/ TBK1/IRF-3 #HEAKDO RS20 & T
Xz,
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(1) HCV-NS4B truncated plasmid, Cardif,
STING FHL 7" 7 A X ROVERK, FEBUREHT :
NS4B, Cardif, STING % PCR CTHilE L *h =
FUH 4k L 7= monomeric Kusabira-Green
(mKG) vector [ZFFA L, N AK¥i £ 7213 C K
IZ truncate X472 mKG & §5A L 7= NS4B,
Cardif, STING OFE T T A I F&{ER L7,
FERHRO 72 mKG @ e 77 A X K& kR 7kl
HioHC293T Ml B IE 8 A LT,

(2) HCV-NS4B & Cardif, STING Dy Ys
€0 : NS4B |X 5 DFTDOMER R A A 5 b
INEEIZ JRTES 5, — 7. Cardif 13C A
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DOEADOHANERZHRT D720, ZnEh
JRTE % &/ NRAREE & ONLE BIfR % fifdr 3 5 <
<SR R L — P —BEIERE & O TR R
BN X DRI AT o 72,

(3) HCV-NS4B & Cardif, STINGDBIFC 7 vt
A . =k : Bimolecular fluorescence
complementation (BiFC) 1% & %, #& G RE & fi~
oLtz 2omEREDENENE, NR
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F IR RRIEIC K DR 2T o 72,

4. WFFERH
(1) Cardif & HCV-NS4B O FH A {EH
N-Cardif & NS4B-C, N-Cardif & C-NS4B,
C-Cardif & NS4B-N, C-Cardif & N-NS4B DO
FEDETHWEENR 5=, F£7= BiFC
> 7 VR O EIE X N-Cardif &
NS4B-C, C-Cardif & NS4B-N Ol &HE T
HINL T\,
HOLPAMEE Tl mKG-Cardif O —#8725 2 b
ay RY 7 EHFEL TV, Z0HFEET
CardifmKG TIZR 517, C EKifki~D mKG
DMAIZEY I hary RUTHA RAAL U0
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(2) STING & HCV-NS4B DA HAEH



STING IZ2oW T H YK L7- mKGEH & N
Fi b L<ILCRIG CRlS L7 EARBL T T
A I FERAERL L, #kx s o TR T
WAL, £ORRETOMAEHOE TN
HO A8, NS4B & STING OAH AAER 23R
Xz, 7a—H%A4 kA KU —"T% NS4B
& STING-mKG & HEH D2 TOMAELE
SRV BIFC v 7 L &R, £/-av bn
—/L & il L NS4B & STING-mKG #EIZH0:
T BiFC BRI O LERIT A B E Do T2,

F7ZNS4BMNSTING &G THZ EI2LD,
Cardif & STING D E#/EH % [HE 7 5 AragtE
BHEx . RELREE O CORE LTz,

F£7°. NS4B & Cardif £7213 NS4B & STING
HRBLT 57T A K% HEK293T fllfld & 7=
I% Huh7 MR B AR 8 LS e L7,
NS4B /% HEK293T #fifid, Huh7 D i )5 T
STING & 38 < A LTz, —Ji TNS4B &
Cardif & DRITITNT L OMAL T HFEATTA
LR hoTo, - BERO & BV STING &
Cardif O IZHRWEA 2R L7z, S (ZHLR
BN Z L2 HEK293T fiifi, Huh7 AHE O 5
C. STING & Cardif, NS4B OILFEHIZ LY
NS4B DEBAKAFVEIC STING & Cardif OAHA.
TEREBE U, Bz 2 R2IclE Sz,

INHORERN B, HCV-NS4B & STING
IZEEFES L DD 2 L. NS4B & Cardif O
BEARLETHY, LA Cardif & STING
DRERIZ X DV 7 IVBiE %R, NS4B (X T
T 5 TR A L CRLE L IFN-BIREBLFHE 240
L TWAZ EZHALMNIL, BRLE

(Hepatology, 2013)

5. E7RFEERR L
(BFFERERAE, BRIE A L ORI T8 1
TR

CdERERm S0 (FH 10 14)

1. Nitta S, Sakamoto N, Nakagawa M, Kakiuma
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. Hepatitis C virus
NS4B protein targets STING and abrogates
RIG-I-mediated type-I interferon-dependent

innate immunity. Hepatology 57(1):46-58,
2013. A HiA doi: 10.1002/hep.26017.

2. Kakinuma S, Kiyohashi K, Kamiya A,
Sakamoto N, Nitta S, Yamanaka H, Yoshino

K, Fujiki J, Murakawa M, Kusano-Kitazume
A, Shimizu H, Okamoto R, Azuma S,
Nakagawa M, Asahina Y, Tanimizu N,
Kikuchi A, Nakauchi H, and *Watanabe

M. Wnt5a Signaling Mediates Biliary
Differentiation of Fetal Hepatic
Stem/Progenitor Cells. Hepatology in press,
2013. &HEA doi: 10.1002/hep.26293.
Asahina Y, Tsuchiya K, Nishimura T,
Muraoka M, Suzuki Y, Tamaki N, Yasui Y,
Hosokawa T, Ueda K, Nakanishi H, Itakura
J, Takahashi Y, Kurosaki M, Enomoto N,
Nakagawa M, Kakinuma S, Watanabe M,
Izumi N. « -fetoprotein levels after
interferon therapy and risk of
hepatocarcinogenesis in chronic hepatitis C.
Hepatology in press, 2013. & #t4 doi:
10.1002/hep.26442.

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. %
#e A doi:10.1128/AAC.05764-11

Funaoka Y, Sakamoto N, Suda G, Itsui Y,
Nakagawa M, Kakinuma S, Watanabe T,
Nitta S, Kitazume A, Kiyohashi K,
Murakawa M, Azuma S, Tsuchiya K,
Watanabe M. Analysis of interferon signaling
by infectious hepatitis C virus clones with
substitutions of core amino acids 70 and 91.
J Virol 85:5986-94, 2011. &#iH doi:
10.1128/JVI1.02583-10.

Watanabe T, Sakamoto N, Nakagawa M,
Kakinuma S, Itsui Y, Nishimura-Sakurai Y,
Ueyama M, Funaoka Y, Kitazume A, Nitta S,
Kiyohashi K, Murakawa M, Azuma S,
Tsuchiya K, Oooka S, Watanabe M.
Inhibitory effect of a triterpenoid compound,
with or without interferon-alpha, on hepatitis
C virus infection. Antimicrob Agent
Chemother 55:2537-45, 2011. 5t

doi: 10.1128/AAC.01780-10.

Ueyama M, Nakagawa M, Sakamoto N,



10.

(s

1.

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-02b plus ribavirin.
Antivir Ther 16:1081-1091, 2011. 5t

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. #AHiA

doi: 10.1111/§.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. 7wt

doi: 10.1002/jmv.22038.

Itsui Y, Sakamoto N, Kakinuma S, Nakagawa
M, Sekine-Osajima Y, Tasaka-Fujita M,
Nishimura-Sakurai Y, Suda G, Karakama Y,
Mishima K, Yamamoto M, Watanabe T,
Ueyama M, Funaoka Y, Azuma S, Watanabe
M. Antiviral effects of the interferon-induced
protein guanylate binding protein 1 and its
interaction with the hepatitis C virus NS5B
protein. Hepatology 50(6):1727-37,2009. %t
@t doi: 10.1002/hep.23195.

) (FH 1944

Sayuri Nitta, Naoya Sakamoto, Mina
Nakagawa, Sei Kakinuma, Akiko Kusano
Kitazume, Miyako Murakawa, Megumi
Tasaka-Fujita, Yasuhiro Asahina, Mamoru

Watanabe. HCV-NS4B protein binds STING
and blocks the RIG-I mediated IFN pathway.
10th single topic conference. November 21-22,
2012, Tokyo.

Sayuri Nitta, Naoya Sakamoto, Mina
Nakagawa, Sei Kakinuma, Kako Mishima,
Akiko Kusano-Kitazume, Kei Kiyohashi,
Miyako Murakawa, Kohei Yoshino, Megumi
Tasaka-Fujita, Yasuhiro Asahina, Mamoru
Watanabe. HCV-NS4B blocks the RIG-I
mediated IFN pathway through targeting of

STING. 19" International Symposium of
Hepatitis C Virus and Related Viruses. 5-9
October, 2012, Venice, Italy
BV BRL, SORER ., EEHRE. AR
m% ALRSaE 7. GG BAERT. M
C IEESR. RS, ST HCV
NS4B FZ & 2 RIG-1%5 5 i Interferon 7&
LR O IR IC DUV T O, JIDDW
2012, 20124100 10H-13H, 7
B BR, FIHRERS, R, A
%HA% ALEEsh 7, MHEEE, B,
WO, TIIESR, i 57 IFNARHNIC
B 7;) 5 32 B ARG ILE & HCVIKRERAR
FTTRIEARS X —T A D
A U2, 201246 H21 H-22H, #H.
BT BRL, SRR, EEHRE AR
Hj% JbEb s, RHEE, HOERT. Wi
i, TNEZR, FIHL RS JE05F.  HCV
NS4BE FIESTING Z /I LRIG-Ii% 5k
InterferonfE A SE 2 JNil9 % ZH48[AIIT
Pz, 20124R6 H7-8 A, 4R
BRED <Z . WpHMET. IR E.HCV
genotype 1bFkF X 7 7 A )L 2% HW -
HCV corefElik 7 X/ E£70/9128 FL1K D fftfy
4811 A AT, 20124F6 H8 H |
&R
Suda G, Sakamoto N, Itsui Y, Nakagawa M,
Tasaka-Fujita M, Funaoka Y, Watanabe T,
Nitta S, Kiyohashi K, Azuma S, Kakinuma S,
Tsuchiya K, Imamura M, Hiraga N, Chayama
K, Watanabe M. IL-6-mediated
intersubgenotypic variation of interferon

sensitivity in hepatitis C virus genotype 2a/2b
chimeric clones. 62th. Annual Meeting of
American Association for the Study of Liver
Diseases. November 4, 2011, San Francisco

. Nitta S, Sakamoto N, Nakagawa M,

Kakinuma S, Mishima K, Kusano-Kitazume



10.

11.

12.

13.

14.

15.

A, KiyohashiK, Murakawa M, Yoshino K,
Tasaka-Fujita M, Watanabe M. HCV-NS4B
targets STING and abrogates RIG-I-mediated
type-I interferon-dependent innate immune
response. September 8, 2011, Seattle

By R, BORERE, HEHD 2 dEES
o TR CE, MR, ML fE
BT SE, /NP, R IE#T. HISE
5. FiE W, i 5P HCV-NS4BAE
H LIFNFBLY 7 L0+ & O 4y F-RAH A

TEFOfFNT  548[A A ATH L&,

20114F7H21H, &R

BV HERL, SORERR, EEED S fliE
B, AW JEESs 1. SHEE, it
R AT I - R LB 36 /NP ER IR
B s PISESR. B BRI
5. HCV-NS4B# [ & RIG-TA AL PEIFNFE £
I OVEEER & O EERO
it %478 BRI S, 2011486
H2H., Hn

Itsui Y, Sakamoto N, Nakagawa M, Osajima Y,
Tasaka M, Sakurai Y, Suda G, Karakama Y,
Mishima K, Yamamoto M, Watanabe T,
Ueyama M, Funaoka Y, Azuma S (Chen CH),
Kakinuma S, Yauchi T, Watanabe M. Antiviral
effects of interferon-induced proteins GBP-1

and its interactions with hepatitis C virus
NS5B protein. 60th. Annual Meeting of
American Association for the Study of Liver
Diseases. November 2, 2009, Boston

D SHr A F—7 =1 38 - (EH)
Bt CHCVE R $13[E B A=
2. 20094E10H 140 5

Mishima K, Sakamoto N, Sekine-Osajima Y,
Nakagawa M, Tasaka M, Nishimura-Sakurai
Y, Itsui Y, Wakita T, Watanabe M.
Establishment and genetic analyses of
cytopathogenic HCV-JFHI mutants by
plaque-forming assay. 3 October, 2009, Nice
PN EF-, PSR, MRldraisr, fEEH
E. SRR AT NEET HH
ML, B =, BROSH, FREBHR T
FHETERGE, B BB SORESR, 60 ~F.
Genotype 2BICTRUEM TR DA o Z—T =
B BTGNS 2 FHRIR O A 5
4500 AARNFIBS SRS 20094E6 4 H |
fe =

FHBEIRRERS . OARERE, PIER, K0

T HIRO S A SE HERIE, =

16.

17.

18.

19.

AR AT T R LB R SE D T
AAREBEAT. P SF. HCVESSE Z 95
Interferoni5 & E H & HCVIEMSEE A OFH
HAEH YT %5450 A ARFIRF SRS,
20094E6 4 H ., #RF

SRR WARER, ISR, HEIERE
W RS, BROSH, B % A
FE A= | LAY T A L B 58 S 7
RN T TR/T N S VA NS R 1) O] e S
HCV-JFHI subclone® i & KEREMRAT 5
450 H AR S/ 2. 20094E6 H4H |
FCal

ZAHMA, ARER, FIESR, HRD S
F B SEL NBET, IR, R
B R ER R SRR | HE R
BR TEHT. SATERE, ZSIL—82, L SE
Genotype 2b/aMEITF R HIKHCV Y = — D
RS & HEOH - R TR RRE D fRAT 2545151 H
AR AR S 2009456 H4H , fhF
IRlRGAT, SOREER, HEFERERS, M
AL HINER, BROSH, B sE b
BT AR T A L B
BE IEHT. B SFOHCV = 7 B Rk
FHEANIA B —T = R R
PNHESIE R 723 IABE O IRFT #5450 A AT
B E, 20094E6 H4H . =

B = BORERR, H)ISEZs, HEohaE
I BRSO A NEE AR, =
B o AT T R LB R SE MR AT
W&, BEEH, 2 SF. HCVER
BEFHIZBE S SRR R > b — 7
OREFERIMEAT 55450 B RIS,
20094F6 4 A

(XE) Gt ofh)

(PEZESPEME)
Ok Gt o)

OBfskIL Gt 0f)

(D)
R e U

6.

AT FERH



(HIFZEREE

EH (H%) 8 <A

(Fujita-Tasaka Megumi)

FOUR R R R
KFBEER R AR FHTEhE
WFgEHE %+ 50510369

Qe
2 7% (Asahina Yasuhiro)
HOXER R
KFBEE e FHa e e st Bz
e 5 00422692

B IE#Hr (Azuma Seishin)
HORERERRY: R RPE
Gl

WF9EE 7 10376783

YA [E#k (Sakamoto Naoya)
EHRER Y EFRUPER B
WFZEE 2 10334418

(H24 : BFFEH178)

GrEFENTEE
mL




