20/320038 4

R T BRI e R &

FFRETRBESXIRFEEE

A NVAEEBHEREDRRBICEEL G525

/mmm%ﬂwﬁ%mﬁﬁ (B89 AT

TRk 2 5FEE  RIETSEREE

MERFE =K KM

Yrk26 (2014) £3 A



I. wiEmRsE

7 AV AMIBMEITRBOIREIZEE Y 5 2 ZniRNAZ R OMERAIER ) BT 2858 1
ZIRKAE
I1. PR B DOTITICEE T A —EFR e 7

III. BFZERREDTFUITE-BIURI- - 10



BEAEFBBFMAEME FRERRBEERIIIEEFE)
MIEHT SRR EE

A NV A HEITRBORREBICEE 2 B 2 ZniRNAS R OBREAIERRICE 55

WZERERE =R KM MSATBOE NBE(LSEAISERT  BHEE

WREE  FRBOZEHRS CIL, BEDS ) MEREZER LEIMEERNRED S D &
Y ODH LN, KRE L THEEDECHER N2 THHA SR TIERW L, EEOMER!
LR DOV DO TIEARV, Filf, #iEL R o7/ v« 2 —F 1 ' JRNADTFIENH & H>
272> TE R, FTHnIRNAIFREEZ E0E < OREBTHRAS I~ —— L U THFEF
I, INEEBREEROEFERN L LICRBHEITRIGEEOBKRBRINETT THL, ZLE
TOGWASR~ A 7 a7 LA DIFR, BEOMET —F — A 2FH L CEERITHETT 5 Z
& T, GIASTIFFAL DIC TE RS T2 U A NV AEBEIFRBORE~FEE 5 X HniRNAZ
RORER B L TREZITo T\ 5, HFREZEORET (B - BRE) (28T 2G6WAS
F—HEZFAL, FEFTEHEONTZ Y 7T A OIEEINLE T DniRNASR & BRI F A
DEFBRZ, v 707 LA RHMAT — 4 _N—ANLE LN ARAECHBFREER DS
IR EREZFRA LT, BITEM S 72 2niRNAS R A Uz, $72, REEERETIZE
HL., Tho&ERE T 2niRNAZ M U, SERITERM E Lz, 25 L THIH S 7210084
EDBABESNPIZ D& | 5, 000 AT DgenotypingZ 4TV, FEA & OREEIZ OV THESHM
BEEZAT -T2 L ZA, BROBLOHE D, W< OPDOBEERER TE TR, ERERDE
HeEDTND, 5%, BREBRLITo- ET, 28 L REFA L OREIZOWTHIAMEN
BTELBOIOWTIE, NEK. MBI~ L ED B TETH S, FRHC, /A Fv—
H—& LTOREDH/HTE 2RI L Cd, BENREAEZFEM L C. BHRISHADOR
BEBET 5, FHRAA T~ — I —RABLEFEICK TS HDWITEIHLER~DOERR 7
EL AT LD TRKICRICE T oRERE BHE L T, AMZEEEZ2ED T1T<,




<WFtI1E >
BEmTE
JMEHREEAE  ALREAERRE iR
FrET

JAdbiEEIEAE  FLIREARRE BIFTR

ROMFEE ER

B 75 8
IRBRFERZR Hikds - REPESE e
AR R

IRERFERERE Hbgs - RENEE TR
ib;z’

A. BFSEERY

7 LU A REEMEYT (GWAS) ([2&->T, C #
BHEFRBEICHT DA v F—T 2 VRO
REBIBET D IL2BBEFLRPFER S,
TARTAVTHEVRAEND R E, T TITEK
SRR STV S, AT 5. GHAS % B BUBIEAT
% - C BUBMERTR O G REME, ITHRE - B~
ERR CICEET BT EAL L VT —EES
BO(SNP) ZBALNMZLTER, LAL, GWAS T
EH A= LENRWYT ) AEBOFESS, Hat®
BRI DR R EORBEMERR L LTE > T
Ho —H T HREEHETDH /- a—F 4 7 RNA,
HTh 21~25 HEEIE & D miRNA BRI A 5105
K OEBTHRAL =D — & LTHIRHF S,
N EBEROEN & Lz ¢ BUBMET K R IREE
DEFERBRPEITF CH DL, EENEEST
W5, DREICBITAFRAENEE THL LWV

5 BRTCI. BRRIG A VML 5 D & B
Z 65 miRNA ZRFFEIC T2 2 & I3HfrEE R
mWwelBbihd, £z, BECEIMLEZE#HT 5
JRTIE, SNP AT &) RO B D FiEE VD
TERERYETHLEEDND, BEER LWEA
DRBMET —F_X—REIERT 5D LT, hEH
2, ZHETO GHAS T LI TE R oY
A NV AMEBYEITER B O RE - fl 4 ORI B E
3% miRNA OZEOFEE X BT

B. WEHIE

INETOMNASOEREZIEN LN S, SHIZ
M- BELTNDEL DT —FX—XDEHR
(miRNABZZY, AFERISNPAEEE, BB &, M
HREREME, Gene Ontology, /SAW = A, %) %4
MRENZHEA L, IEAT 5 & 2T, GNASTIZH & »
2 L7203 - 7omiRNAZ R 2 Zh i sk BT B,

1. MR T 7 a—F : GWAST — & & 5\ TR
ST —F_X—2A&FIH L. fBHTHZSNP % 85
HZHR 0 AT,

2. T T a—F U A NV AEITRBOIRRRIZ
BETHDIEBZLN TV DRE Y AT LAORIE,
MRME(L, FRBIE OB T A 1EH & LIS HmiRNADIT
£EDSNPIZ DWW T, BRI ER & LTS,

FFE L BLU2 AT Ko TSNPE R L7z, ER,
ALY == T HOY 7V E VN TPCR-based
SNP genotyping (Invader assay) Z4TV), #EtEF
HIRE 21T > T D,

Yo TN LAY D BRIRIE IR D FFEBE. AL
WRIEAEIRBE, TR B RFRHEE & T OBERBE L Vo
TR MR TN SN TR Y . TS L
LfEx ORBEIFNZOWTIL, EHREHIEI LD
T RAA REZT IR @ ZIT o7,

(fRERE ~DERE)



e N5 & - BAGFESTITZEIZ BT 2 i Fa £t )
IZESNT, A1 v 74 —L K artr b3 GL
NIREERCTER LU, FrBRFZEHEE o mEHE
LZESOERBE/RCTERM LI,

C. WrEssER
F9, Fex B Tom BARANT AV AEIEMEIFE
BB GWAS T — b & DIRFE & DESE /R

ENDHEBLCFENOEEEICSIET S niRNA D 5 5,

pri-miRNA & %V & pre-miRNA & %\ M3 mature
miRNA EIZ SNP 2T D56 DET —FX—ZAM b
BRELZ, 202bH, TVTANCBITE~AF—
T VVEEEN 1%L LD SNP Zxigrl Uiz, Fiz,
miRNA FEFDOMMRF R & AR S =B H D
BT —ZX=ANLBELNIERLED T, £
T B 72 B % 4T o 7o b CEESENEAL & 1), fEdTiE
i & 72 % miRNA 65 & HhiH L7z,

W T e —F AT LT, $TICMmEND
WEO B o - JFRAERE niRNA 20, s R
T LR EDOEERBEHBEFHDIVIENAT = A
EHIE LD Z LD seed BRI & OMMMEEDD
FTHRISND miRNA % fEHTEM & LT L
Teo MPREBOREFEMRICEELEZX 55 Z O
DEEFEEA L LED niRNA IZOWTHIHTE,
BEtTTH D,

ZOEHILT, THETITH 200 fED SNP %
fEATEEM & U ORIl L7z, B, T Z R Ofift
KR E IR BRBIBIKIE LR 7 V—= T RHY
7N (B RKTHBY 38X OVHCV BAEFRBEREE
2,000 A, &% A 1,000 ADOHUHE) ZHVT, SNP
genotyping 2{T-> T\ 2%, T TITHEFHIRE %
TolcbDOFT, BESLVANVAEE L OHEE
DRHR 2415 miRNA 2R Z R D2, Zhbic
DWVWTIE, REEICERABRZITV., EHEICHH

PEEHERE L TV, BHRESHRA TEZb0IC
DN, REBICEEL G X2 DA =X L%H
DMNTT DT D OBEERT A TET D,

—J5 T, MEEHT 7 a—F & L COER miRNA
SR OBIAHZAT I BRICHIAT 2 S EXE DR
BB 5 GWAS 7 — & DFENTIZ BT, ARERE
WK ONDFTT-RBRB S 572, CRUBMERF K
MOIFEEE~OHERE, CRBMEFX DS REMEIC
DWT, HLA DZERMENEETH L Z L 2 BIRF
BN Z DB TET,

E7. BT E SIS DniRNADBEREREAT 517 5
ETD. in vitro®d W din vivoD FEBRFR b B R
FNTHER A ED TV D,

D. &%

AHFFE R B4R BE C b B ARAE FE OBFSE I3 72
WIOTEBY ER Lz, BIEIIMEMniRNAZ R D
WER7 Y —=2€y FThgenotyping# 1FIF
2 T BEFEITB &9, WA LARE D IBREFER D fE
REBEZ CEEICTHETO2LERN DD LEZD
NHELO0, BEHROLOHED T, REE L DR
HEAREBIND S OPEERD INTVD,

72, GWAS 7 —Z OFEHTIZ IV TH bz THCY
B DIEMEALITIE HLA-DQB1%03 Z HE$ 5 SNP 2%
MBI LTWD) LWHFIR L, TZDHLA &
TR IE T HOV Bt BEE L ZE X 5N TV D
IFNL4 230 & BSFEEAER L TV B ATEEMEDR & 5 |
EWVWOIHIRESEZSD, ZhonWTh, BifE, iR
W Thd, ZORKIZEIT S niRNA OEFORE
TNZDNT | BEUENT OFEH BB > THRIZN,

U A NV AMEFRBO SRR RIITOWNT,
FERYIZmIRNAD LR & DBSEZBFT 2 & 572, &
fER - BRI ZNE TIATONTE LT,
AWFFPOHF L, BIRICAERZEREZREHE S



RIS B EEZTVWD,

E. fwm

GWAST — Z RRILDT — &2 X— 2 & {E M LT
MrHeAl & 72 ZmiRNABEE OSNP A HhHS L, EBRICH
L DY T E AV Tgenotyping & 1T o T2 A5 R.
T AV AMEBMATRE ORI R & OBIER R S
DSNPEHEFRIET 52 E BN TE R, 5% OER
REBOBRP S BIZEETH D,

GWASHRHT DR, CHUBMEIEGLZ 33U N THLA-DQBI
BLOINAOBETHZANERETHHZ L B
CEN S OHREAERZRET 5 MR %257,

U A N AMERFRB DR IR EA LTS
728, FEIZniRNARHRIERIZ OV T, BIZT2AF
WaEEDTIT<Z L L L,

F. (EEEERIEH

7L
G. Hroeses®R
1. 3R

1) Miki D, Ochi H, Takahashi A, Hayes CN,
Urabe Y, Abe H, Kawaoka T, Tsuge M, Hiraga N,
Imamura M, Kawakami Y, Aikata H, Takahashi S,
Akuta N, Suzuki F, Ikeda K, Kumada H, Karino
Y, Toyota J, Tsunoda T, Kubo M, Kamatani N,
Nakamura Y, Chayama K. HLA-DQB1#*03 confers
susceptibility to chronic hepatitis C in
Japanese: a genome-wide association study.
PLoS One. 8(12):e84226, Dec, 2013.

2) 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 Res Commun. 441 (1) :230-5, Nov, 2013.
3) Tsuge M, Murakami E, Imamura M, 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. 48(10):1188-204,
Oct, 2013.

4) Zib —%, BE FHi, K KB ATRE
DR BBIEER T GWAS % & W 7= Bt O &1 R
b, FARILAR MRS 11029 5
Pagel577-1590 (2013. 09)

5) Abe H, Hayes CN, Hiraga N, Imamura M, Tsuge
M, Miki D, Takahashi S, Ochi H, Chayama K. A
translational study of resistance emergence
using sequential direct—acting antiviral
agents for hepatitis C using ultra—deep
sequencing. Am J Gastroenterol.

108(9) :1464-72, Sep, 2013.

6) Lange CM, Miki D, Ochi H, Nischalke HD,
Bojunga J, Bibert S, Morikawa K, Gouttenoire
J, Cerny A, Dufour JF, Gorgievski-Hrisoho M,
Heim MH, Malinverni R, Muillhaupt B, Negro F,
Semela D, Kutalik Z, Miller T, Spengler U,
Berg T, Chayama K, Moradpour D, Bochud PY;
Hiroshima Liver Study Group; Swiss Hepatitis
C Cohort Study Group. Genetic analyses reveal
for vitamin D

a role insufficiency in

HCV-associated hepatocellular carcinoma

development. PLoS One. 8(5):e64053, May,



2013.

7) Arataki K, Hayes CN, Akamatsu S, Akiyama
R, 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 and liver
injury in patients with chronic hepatitis B.
J Med Virol. 85(5):789-98, May, 2013.

8) Urabe Y, Ochi H, Kato N, Kumar V, Takahashi
A, Muroyama R, Hosono N, Otsuka M, Tateishi
R, Lo PH, Tanikawa C, Omata M, Koike K, Miki
D, Abe H, Kamatani N, Toyota J, Kumada H, Kubo
M, Chayama K, Nakamura Y, Matsuda K. A
genome-wide association study of HCV-induced
liver cirrhosis in the Japanese population
identifies novel susceptibility loci at the
MHC region. J Hepatol. 58(5):875-82, May,
2013.

9) Lo PH, Urabe Y, Kumar V, Tanikawa C, Koike
K, Kato N, Miki D, Chayama K, Kubo M, Nakamura
Y, Matsuda K. Identification of a functional
variant in the MICA promoter which regulates
MICA expression and increases HCV-related
hepatocellular carcinoma risk. PLoS One.
8(4):e61279, Apr, 2013.

10) Nakano Y, Chayama K, Ochi H, Toshishige
M, Hayashida Y, Miki D, Hayes CN, Suzuki H,
Tokuyama T, Oda N, Suenari K, Uchimura—-Makita
Y, Kajihara K, Sairaku A, Motoda C, Fujiwara
M, Watanabe Y, Yoshida Y, Ohkubo K, Watanabe
I, Nogami A, Hasegawa K, Watanabe H, Endo N,
Aiba T, Shimizu W, Ohno S, Horie M, Arihiro
K, Tashiro S, Makita N, Kihara Y. A

nonsynonymous polymorphism in semaphorin 3A
as a risk factor for human unexplained
cardiac arrest with documented ventricular
fibrillation. PLoS Genet. 9(4) :e1003364, Apr,
2013.

2. FRER

1) Miki D, Ochi H, Hayes CN, Abe H, Kawaoka
T, Tsuge M, Hiraga N, Imamura M, Kawakami Y,
Aikata H, Takahashi S, Akuta N, Suzuki F,
Tkeda K, Kumada H, Karino Y, Toyota J, Chayama
K. HLA-DQ confers susceptibility to chronic
hepatitis C in Japanese: a genome-wide
association study. The Liver Meeting 2013.
Washington DC, USA. 2013/11/5

2) Hayes CN, Akamatsu S, Tsuge M, Miki D,
Hiraga N, Abe H, Imamura M, Takahashi S, Ochi
H, Chayama K. Integrative analysis of early
and late changes in microRNA and gene
expression profiles in human hepatocyte
chimeric mice following infection with
hepatitis B virus or hepatitis C virus. The
Liver Meeting 2013. Washington DC, USA.
2013/11/5

3) Karino Y, Nakajima T, Ozeki I, Hige S,
Kimura M, Arakawa T, Kuwata Y, Sato T, Ohmura
T, Toyota J, Ochi H, Miki D, Chayama K.
Analysis of the usefulness of HCV core amino
acid substitution, serum IP-10 level and
IFNL4 genotype as the predictive factor of
anti-HCV effect in triple therapy including
protease inhibitor. The Liver Meeting 2013.
Washington DC, USA. 2013/11/5

4) Kawaoka T, Imamura M, Aikata H, Miki D,



Ochi H, Tashiro H, Ohdan H, Chayama K.
Relationship between survival rate at 10
years and virological response to IFN therapy
in patients with recurrent hepatitis C after
living donor liver transplantation. The
Liver Meeting 2013. Washington DC, USA.
2013/11/4

5) Hayes CN, Akamatsu S, Tsuge M, Miki D,
Hiraga N, Abe H, Imamura M, Takahashi S, Ochi
H, Chayama K. Early and late changes in gene
expression profiles following infection with
hepatitis B or C virus in human hepatocyte
chimeric mice. The Liver Meeting 2013.
Washington DC, USA. 2013/11/4

6) Abe H, Hayes CN, Hiraga N, Imamura M, Miki
D, Tsuge M, Ochi H, Chayama K. Expression
levels of IFNL4 and other IFN-lambdas are
determined by dinucleotide polymorphism of
IFNL4 and correlate with basal expression
levels of interferon stimulated genes and
effect of interferon. The Liver Meeting 2013.
Washington DC, USA. 2013/11/4

7) Tsuge M, Murakami E, Imamura M, Abe H, Miki
D, Hiraga N, Ochi H, Hayes CN, Ginba H,
Matsuyama K, Kawakami H, Chayama K.
Monitoring serum HBV RNA is useful for
predicting rebound of hepatitis after the
discontinuation of nucleotide analogue
therapy in chronic hepatitis B patients. The
Liver Meeting 2013. Washington DC, USA.
2013/11/3

8) Murakami E, Tsuge M, Hiraga N, Kawaoka T,
Ono A, Miki D, Abe H, Imamura M, Aikata H, Ochi

H, Hayes CN, Chayama K. Antiviral effect of

tenofovir disoproxil fumarate on
drug-resistant HBV clones and different
susceptibility between HBV genotype A and C.
The Liver Meeting 2013. Washington DC, USA.
2013/11/3

9) ZAKH, BEFH, RKL—8. FHEEC
BIFAEFEFBICEREDYT ) LU A NIRRT
JDDW2013. FA. 2013/10/9

10) ZAKME, MFHE. DEBIAE], PRAETE &
N EWRE, hAHhEE, 45L—%. DEPDCS &ix¥
JEALIE A A A > HBV BEEE MR 36 & OF ¢ ZUg
PEFFZ¢ & VEBEE L 72\, 25 72 [  ABE S5 257
D, JHIL. 2013/10/5

11) F[EELE, ~A X« XY | FEEME,
ARERE, WRETEE ., ZAKE. EEE—. B
BHHM, FL—%. b MNFRX AT~ T RE
WA — 7 o —F VT BT D A L A
VXD HOV &7 DOFRMT. 5 49 I8 5 FAHIE S
DD, KA. 2013/6/7

12) ZARKME, KAaFdE, BEHFMR ~1 X -
FoVY . BTERGAZE. WRAENEE . SATERE, S
BEZ., TR, 2 L—&. HCV Genotype 1 *
YA VARG T D7 IFNa2b - U
v CHFRBEOIRRME L h T T 0 YA
N A RBEIZ DWW T DIRFY. 4 50 [5) B AlEH:
DNFEFD[FHES. HL. 2013/4/12

H. S0AMAEMED HIRE - BRI
L. BFErES

3L

2. FERTERBE

L

3. F O

L



FIERR R DOTFUTIZEE 5 —&FR

HERE
REE K4 LT A bV RRFEA & ~N—Y | HRE
Miki D, Ochi H HLA-DQB1%03 confers |FLoS One 8(12) e84226 | 2013
Takahashi A, Hayes susceptibility to
CN, Urabe Y, Abe H, chronic hepatitis C in
Kawaocka T, Tsuge M, Japanese: a
Hiraga N, Imamura M, | genome-wide
Kawakami Y, Aikata H, | association study.
Takahashi S, Akuta N,
Suzuki F, Ikeda K,
Kumada H, Karino Y,
Toyota J, Tsunoda T,
Kubo M, Kamatani N,
Nakamura Y, Chayama
K.
Kosaka K, Hiraga N, A novel TK-NOG based |Biochem 441(1) 230-5 2013
Imamura M, Yoshimi S, |humanized mouse model |Biophys Res
Murakami E, Nakahara |for the study of HBV and | Commun
T, Honda Y, Ono A, HCV infections
Kawaoka T, Tsuge M, Abe
H, Hayes CN, Miki D,
Aikata H, Ochi H,
Ishida Y, Tateno C,
Yoshizato K, Sasaki T,
Chayama K.
Tsuge M, Murakami E, |Serum HBV RNA and HBeAg|J 48(10) 1188-204 |2013
Imamura M, Abe H, Miki|are useful markers for |Gastroenterol

D, Hiraga N, Takahashi
, Ochi H, Nelson Hayes
, Ginba H, Matsuyama

S
C
K, Kawakami H, Chayama
K

the safe
discontinuation of
nucleotide analogue
treatments in chronic

hepatitis B patients.




il —%, B Flt, | FPREOKEEERE | Sk | 11089% |1577-90 | 2013
=A KA T GWASEEWIRILD | Sy
HRDG.
Abe H, Hayes CN, Hiraga|A translational study |Am J 108(9) 1464-72 2013
N, Imamura M, Tsuge M, |of resistance Gastroenterol
Miki D, Takahashi S, |emergence using
Ochi H, Chayama K. sequential
direct—acting
antiviral agents for
hepatitis C using
ultra—deep sequencing.
Lange CM, Miki D, Ochi |Genetic analyses PLoS One 8(5) e64053 2013
H, Nischalke HD, reveal a role for
Bojunga J, Bibert S, |vitamin D
Morikawa K, insufficiency in
Gouttenoire J, Cerny |[HCV-associated
A, Dufour ]JF, hepatocellular
Gorgievski-Hrisoho M, |carcinoma
Heim MH, Malinverni R, |development.
Miullhaupt B, Negro F,
Semela D, Kutalik Z,
Miller T, Spengler U,
Berg T, Chayama K,
Moradpour D, Bochud
PY; Hiroshima Liver
Study Group; Swiss
Hepatitis C Cohort
Study Group.
Arataki K, Hayes CN, |Circulating J Med Virol |85(5) 789-98 2013
Akamatsu S, Akiyama R, |microRNA-22 correlates
Abe H, Tsuge M, Miki D, |with microRNA-122 and
Ochi H, Hiraga N, represents viral
Imamura M, Takahashi |replication and liver
S, Aikata H, Kawaoka T, | injury in patients with
Kawakami H, Ohishi W, |chronic hepatitis B.
Chayama K.




Urabe Y, Ochi H, Kato |A genome—wide J Hepatol 58(5) 875-82 2013
N, Kumar V, Takahashi |association study of
A, Muroyama R, Hosono |HCV-induced liver
N, Otsuka M, Tateishi |cirrhosis in the
R, Lo PH, Tanikawa C, | Japanese population
Omata M, Koike K, Miki|identifies novel
D, Abe H, Kamatani N, |susceptibility loci at
Toyota J, Kumada H, the MHC region.
Kubo M, Chayama K,
Nakamura Y, Matsuda K.
Lo PH, Urabe Y, Kumar |Identification of a |PLoS One 8(4) e61279 2013
V, Tanikawa C, Koike K, | functional variant in
Kato N, Miki D, Chayama | the MICA promoter which
K, Kubo M, Nakamura Y, |regulates MICA
Matsuda K. expression and
increases HCV-related
hepatocellular
carcinoma risk.
Nakano Y, Chayama K, |A nonsynonymous PLoS Genet 9(4) 1003364 | 2013

Ochi H, Toshishige M,
Hayashida Y, Miki D,
Hayes CN, Suzuki H,
Tokuyama T, Oda N,
Suenari K,
Uchimura-Makita Y,
Kajihara K, Sairaku A,
Motoda C, Fujiwara M,
Watanabe Y, Yoshida Y,
Ohkubo K, Watanabe I,
Nogami A, Hasegawa K,
Watanabe H, Endo N,
Aiba T, Shimizu W, Ohno
S, Horie M, Arihiro K,
Tashiro S, Makita N,
Kihara Y.

polymorphism in
semaphorin 3A as a risk
factor for human
unexplained cardiac
arrest with documented
ventricular

fibrillation.




OPEN a ACCESS Freely available online @PLOS | ONE

HLA-DQB1*03 Confers Susceptibility to Chronic Hepatitis
C in Japanese: A Genome-Wide Association Study

Daiki Miki'?%®, Hidenori Ochi'23®, Atsushi Takahashi*, C. Nelson Hayes'??, Yuji Urabe?, Hiromi Abe'?,
Tomokazu Kawaoka'??, Masataka Tsuge®°, Nobuhiko Hiraga'??, Michio Imamura'?3, Yoshiiku
Kawakami®?3, Hiroshi Aikata'?? Shoichi Takahashi?3, Norio Akuta®, Fumitaka Suzuki®, Kenji lkeda®,
Hiromitsu Kumada®, Yoshiyasu Karino’, Joji Toyota’, Tatsuhiko Tsunoda®, Michiaki Kubo®, Naoyuki
Kamatani?, Yusuke Nakamura'?, Kazuaki Chayama'**

1 Laboratory for Digestive Diseases, Center for Integrative Medical Sciences, RIKEN, Hiroshima, Japan, 2 Department of Gastroenterology and Metabolism,
Applied Life Sciences, Institute of Biomedical & Health Sciences, Hiroshima University, Hiroshima, Japan, 3 Liver Research Project Center, Hiroshima
University, Hiroshima, Japan, 4 Laboratory for Statistical Analysis, Center for Integrative Medical Sciences, RIKEN, Yokohama, Japan, 5 Natural Science Center
for Basic Research and Development, Hiroshima University, Hiroshima, Japan, 6 Department of Hepatology, Toranomon Hospital, Tokyo, Japan, 7 Department
of Gastroenterology, Sapporo Kosei General Hospital, Hokkaido, Japan, 8 Laboratory for Medical Science Mathematics, Center for integrative Medical
Sciences, RIKEN, Yokohama, Japan, 9 Laboratory for Genotyping Development, Center for Integrative Medical Sciences, RIKEN, Yokohama, Japan,
10 Laboratory of Molecular Medicine, Human Genome Center, The Institute of Medical Science, University of Tokyo, Tokyo, Japan

Citation: Miki D, Ochi H, Takahashi A, Hayes CN, Urabe Y, et al. (2013) HLA-DQB1*03 Confers Susceptibility to Chronic Hepatitis C in Japanese: A
Genome-Wide Association Study. PLoS ONE 8(12): e84226. doi:10.1371/journal.pone.0084226

Editor: Ludmila Prokunina-Olsson, National Cancer Institute, National Institutes of Health, United States of America

Received September 19, 2013; Accepted November 20, 2013; Published December 20, 2013

Copyright: © 2013 Miki et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was partially supported by Grants-in-Aid for scientific research and development from the Ministry of Health, Labor and Welfare (http://
www.mhlw.go.jp/seisakunitsuite/bunya/hokabunya/kenkyujigyou/) and Ministry of Education Culture Sports Science and Technology (http://
www.mext.go.jp/a_menu/shinkou/hojyo/main5_a5.htm), Government of Japan. The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Competing interests: The authors have declared that no competing interests exist.
* E-mail: chayama@hiroshima-u.ac.jp
® These authors contributed equally to this work.

Introduction hepatocellular carcinoma (HCC) [3,4]. HCV establishes a
chronic infection in approximately 70-80% of infected

At least 1.5 million people in Japan and more than 200 indjviduals [5,6], and host genetic factors in addition to viral
million people worldwide are chronically infected with the  factors are assumed to partially explain the heterogeneity in
hepatitis C virus (HCV) [1,2]. In many western countries and ~ HCV persistence or clearance. Many researchers have

Japan, HCV infection is the most common risk factor for  examined the effect of human leukocyte antigen (HLA) on viral
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Table 1. Summary of GWAS and replication studies.

HLA-DQB1*03, IFNL4 and Chronic Hepatitis C

SNP Case

Control MAF

2nd replication 206 695 477

3279 11284 10260

0.402 0.358 0.84 (0.77-0.90) 7.63E-06

Combined all studies®

0.79 (0.75-0.84) 3.59E-16 1.13E-01

MAF; minor allele frequency, OR; odds ratio, Cl; confidence interval.

Odds ratios and P values for independence test were calculated by the Mantel-Haenszel method.

20dds ratios of protective allele (C) from two-by-two allele frequency table. bp value of Cochran-Armitage trend test.

CResult of Breslow-Day test. IMeta-analysis of GWAS and 1st replication study. ®Meta-analysis of all three studies.

doi: 10.1371/journal.pone.0084226.t001

persistence because of its critical role in the immune response
to HCV [7-10] and because numerous HLA class |l alleles have
been reported to affect HCV clearance; however, results of
almost all such studies have been inconclusive. On the other
hand, a strong association between HCV clearance and
variants close to interferon-A3 (IFNL3), previously known as
IL28B, has been consistently replicated in multiple studies,
including two genome-wide association studies (GWAS).
Those studies have been performed mainly using individuals of
European and African, but not Asian, ancestry [11-13].
Recently it was reported that a dinucleotide polymorphism
(ss469415590) creates or disrupts an open reading frame
belonging to a newly discovered gene, IFNL4 [14]. It is well
known that there are great differences among ethnic groups in
allele frequencies in both HLA class 1l and IFNL4 variants or
variants from the IFNL3-IFNL4 region. To identify genetic
markers associated with chronic HCV infection in the Japanese
population, we conducted a case control study consisting of a
GWAS and two replication studies that included 6,218 cases
with chronic HCV infection and 29,894 controls for a total of
36,112 Japanese individuals. In Japan, the prevalence of
chronic hepatitis C is approximately 1%, and it was reported
that the frequency of individuals testing positive for antibody to
HCV (anti-HCV) was 0.49% among 3,485,648 Japanese first-
time blood donors [15]. As the risk of exposure to HCV is low in
Japan and the potential occurrence of HCV infection in controls
is unlikely to affect the results, we tried to detect loci involved in
susceptibility to HCV persistence using a large number of
individuals in the general population as controls.

Results

GWAS and Replication Studies

In the GWAS phase, single nucleotide polymorphism (SNP)
genotyping was performed using the lllumina HumanHap610-
Quad BeadChip for cases and the lllumina HumanHap550v3
BeadChip for controls. Genotype concordance between these
two BeadChips was 99.99% among 182 duplicated samples,
indicating the low possibility of genotyping error. 458,207 SNPs
passed quality control filters and were analyzed using an
additive model for genotype-phenotype association in 481
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patients with chronic HCV infection and 2,963 controls.
Principal component analysis revealed no population
substructure in our population. In addition, a quantile-quantile
plot using the results of the Cochran-Armitage trend test
showed that the inflation factor, A, was 1.007, indicating a low
probability of false-positive associations resulting from
population stratification (Figure S1A). Using the additive model,
one SNP reached the genome-wide significance level for
association after Bonferroni correction (calculated as P <
0.05/458,207 = P < 1.09 x 107), and another 24 SNPs showed
suggestive association (P < 1 x 10%) in our GWAS (Figure S1B
and Table S1). Next, we conducted the first replication study to
validate the results of the GWAS phase using 4,358 cases and
1,114 controls. We performed genotyping of 18 SNPs with P
values < 1x10% in the GWAS phase, after excluding 7 SNPs
with » = 1 in the same locus based on the HapMap-JPT
database, and successfully genotyped all SNPs using multiplex
PCR-based Invader assay (Table S2), except for rs9275563,
which is moderately linked with rs9275572 (2 = 0.56). Only
rs9275572 in the HLA-DQ locus on chromosome 6 showed
significant replication of the association (P < 0.05/17), and the
association reached a genome-wide significance level when we
combined the two studies using the Mantel-Haenszel method
(P =2.04 x 107", odds ratio [OR] = 0.75; Table 1). We further
confirmed the association in 1,379 cases and 25,817 controls
and found a highly significant association with chronic HCV
after meta-analysis of all three studies (Pempines = 3-59 x 10715,
OR = 0.79, 95% confidence interval [Cl] 0.75-0.84). As shown
in Table 1, we observed no heterogeneity among the three
studies (heterogeneity test P = 0.113).

Multiple Logistic Regression Analysis and Stratified
Analysis

We next evaluated the association in more detail using the
first replication set. Both HCV case and healthy control
samples were collected at Hiroshima University. After adjusting
for gender and age using multiple logistic regression analysis,
the rs9275572 C allele remained highly significant with an OR
= 0.79 (95% Cl 0.70-0.89) (Table S3). Our study also
confirmed a stronger protective effect of female gender
compared to male gender [12,16]. Subsequently, we analyzed
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the effect of rs9275572 according to gender and age. As
shown in Table S4A, we observed no significant difference
between subgroups. In addition to host genetic factors, such as
HLA alleles, the distribution of viral genotypes is also highly
variable around the world, and it has been suggested that
different HCV genotypes result in different clinical outcomes
[17,18]. For example, HCV genotype 1, the most common
genotype in Japan, shows stronger resistance against IFN-
based anti-viral therapy than HCV genotype 2, the second
most frequently encountered genotype in Japan [19,20].
Hence, we stratified HCV cases by HCV genotype and
compared each with healthy controls. We observed that the
effect tended to be slightly greater in genotype 1 (OR = 0.74
[0.66-0.82]) than genotype 2 (OR = 0.83 [0.74-0.94]), but there
was no significant difference (heterogeneity test P = 0.127)
(Table S4B).

Detailed Analysis of HLA-DQ alleles

Other than rs9275572, which is located within the HLA-DQ
locus (Figure $82), several SNPs within the major
histocompatibility complex (MHC) region showed suggestive
associations but failed to be validated in a replication study.
The linkage disequilibrium (LD) structure around the HLA-DQ
region indicates that the landmark SNP is located in an LD
block containing HLA-DQB1 and HLA-DQAT (Figure 1 and
Figure S3). Therefore, we next genotyped HLA-DQAT and
HLA-DQB1 alleles by direct sequencing of exon 2 using all
1,114 healthy controls of the first replication set and the same
number of cases with HCV genotype 1 obtained from the same
set and collected from the same geographical area. Over 95%
of samples were successfully genotyped for each HLA-DQ, and
common alleles with frequencies of more than 1 % were
determined (7 and 11 alleles for HLA-DQA1 and HLA-DQB1,
respectively) (Table 2, Table S5A and S5B). Although no allele
showed significant association (P < 0.05/7) among HLA-DQA1
alleles, the HLA-DQB1*0303 allele showed significant
association among HLA-DQB1 alleles (P < 0.05/12, OR =
0.69). We also performed haplotype analysis using 1,025
cases and 1,038 controls that had been successfully
genotyped for HLA-DQA1, HLA-DQBT1 and rs9275572 to
investigate the effects of haplotype combinations; however, no
haplotype showed stronger association than the single
association of HLA-DQB71*0303 (Table S6). In our Japanese
cohort, DQB1*0303 was the most frequent of the DQB1*03
alleles and showed the strongest effect against HCV
persistence, but we also found that all DQB1*03 alleles tended
to have a protective effect. Hence, we speculate that not only
DQB1*0303, but all DQB1*03 alleles share protective residues.
We searched for a variant that is common to all DQB1*03
alleles but that differs from non-DQB1*03 alleles and found that
SNP rs1130380 is a variant specific to DQB1*03 (Table S5A
and S5B). Then, we evaluated the single marker effect of
several nucleotide variants, which are useful to distinguish
among common DQB1 alleles using the same individuals with
the haplotype analysis, and finally determined that rs1130380
(P =6.08 x 1077, OR = 0.72) had a stronger effect than the
landmark SNP, rs9275572 (P = 2.07 x 1075, OR = 0.76) (Table
87). After mutual adjustment between rs1130380 and
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rs9275572 using multiple logistic regression analysis, the
association for both variants was remarkably attenuated (P =
2.38 x 10™° and P = 0.0534, respectively), suggesting their
mutual linkage (D’ = 0.99, * = 0.28) (Figure S4). Therefore,
these variants probably represent the same genetic signal and
rs1130380 could be more compatible as a representative
variant of the signal. This nucleotide polymorphism causes an
amino acid substitution at position 55 on the HLA-DQB1
molecule. We examined the position of this amino acid
substitution using on a three-dimensional structure of HLA-DQ
molecule that was determined by X-ray diffraction method [21].
As shown in Figure S5, the amino acid at 355 forms part of a
peptide-binding pocket in the HLA-DQ molecule, suggesting a
critical role in antigen presentation. The change from Arg to Pro
implies a physicochemcial change from basic to hydrophobic
(Figure S6), but we have no relevant data with which to show a
change of affinity to certain peptides at this time. Further
functional analysis is therefore needed.

Evaluation of IFNL3-IFNL4 locus in GWAS

In spite of our failure to detect it in our GWAS screen,
variants close to /IFNL3 have been reported to be associated
with spontaneous clearance of HCV, so we tried to confirm the
association using our GWAS data. Because genotype data for
rs12979860 was not available in our platform, we checked the
genotype data using another frequently reported SNP,
rs8099917, which is highly linked with rs12979860 in the
Japanese population (©# = 0.94) [22,23]. As shown in Table S8,
the association was confirmed in our GWAS set (P = 3.22 x
1073, OR = 0.73) with the same allele conferring a protective
effect.

Analysis of IFNL3-IFNL4 locus and HLA-DQ*03

We genotyped a [FNL4 variant, ss469415590, and two
representative variants close to [IFNL3, rs12979860 and
rs8099917, by Invader assay using the same individuals used
in the detailed analysis of the HLA-DQ alleles above (1,114
cases and 1,114 controls). Each of these three polymorphisms
were successfully genotyped in 1,074 cases and 1,073
confrols. rs12979860 and ss469415590 were in almost
complete LD, and ss469415590 showed the strongest
association with HCV persistence under the additive model (P
= 2.96 x 1073 OR = 0.75) (Table 3). After adjusting for the
effect of the HLA-DQ*03 allele using multiple logistic regression
analysis, the significance level of ss469415590 increased
slightly (P = 1.67 x 1073, OR=0.74). We additionally analyzed
the association under different genetic models other than
additive. Among several genetic models, the IFNL4 variant,
55469415590, showed the strongest association under the
recessive model for the protective allele (the dominant model
for the risk allele), whereas rs1130380 showed the strongest
association under the allelic model (Table S9). We further
evaluated the effect of the DQB1*03 allele stratified by
5469415580 genotype (Table 4). Interestingly, DQB1*03
showed a stronger effect in individuals with the ss469415590-
TT/TT genotype, and this tendency became more pronounced
for rs9275572, the landmark SNP in our GWAS (heterogeneity
test P=2.45 x 1073).
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Figure 1. Linkage disequilibrium structure around the HLA-DQ region based on D’ using HapMap-JPT Data. P-value plot
and genomic structure of the GWAS stage. Blue lines represent the LD block containing the HLA-DQAZ2 and HLA-DQB2 loci. Black
lines represent two LD blocks containing the HLA-DQAT and HLA-DQB1 loci, and the black dotted line represents the boundary
between them. The red line represents the most strongly associated SNP, rs9275572, which is located within the HLA-DQB1 locus.

The LD maps were created using HaploView software.
doi: 10.1371/journal.pone.0084226.9001

Discussion

The MHC region containing the HLA locus is widely believed
to play an important role in viral infection, and a recent GWAS
revealed a strong association between the HLA-DP and DQ
locus and hepatitis B virus (HBV) persistence [24,25] as well as
HBV-induced HCC [26] in East Asia. In our GWAS with two
replication studies, we aimed to clarify the genetic factors
involved in chronic HCV infection, and we successfully
identified an association with the HLA-DQB1 locus based on
the landmark SNP rs9275572. An association between the
MICA locus and the risk of developing HCV-induced HCC was
previously reported in a Japanese GWAS [27], and this study
identified rs9275572 as a second associated SNP. HCV-
positive cases in the previous study, which are independent of
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ours, showed a similar minor allele frequency (MAF) of
rs9275572 to our cases (0.407 in GWAS stage and 0.429 in
replication stage), which strongly supports our results.
Furthermore, according to the 1000 Genomes database, the
MAF of this SNP is 0.348 in the Japanese population, which is
consistent with the MAF of our controls.

On the other hand, while we observed no significant
heterogeneity across the three studies, there were some
differences in MAF among studies in both case and control
populations. For both cases and controls, MAFs were lower in
the first replication study than in the other two studies. Among
the three studies, only the first replication set was collected
from the same geographical area, therefore, geographical
differences might affect the differences in MAF among studies,
but this is only speculation. There are also differences in the
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Table 3. Case-control association analysis of 5 variants using 1,074 chronic hepatitis C cases and 1,073 healthy controls.

Control

Allele Case

Protective AF

rs8099917 GIT 15 235 824 10 188 875

AF; allele frequency, OR; odds ratio, Cl; confidence interval.

3p value of Hardy-Weinberg equilibrium test. POdds ratio of protective allele. °P value of Cochran-Armitage trend test.

doi: 10.1371/journal.pone.0084226.t003

Table 2. Effect of common HLA-DQA1 and HLA-DQB1
haplotypes on chronic hepatitis C.

Case Control

DQA1 *0101 304 143 320 144 0.99 (0.84-1.18) 9.53E-01

*0103 445 21.0 423 19.0 113 (0.97-1.31)

a0dds ratios of haplotype from two-by-two frequency table. PP value of chi-
squared test.

Only alleles with frequencies of more than 1% were shown.

doi: 10.1371/journal.pone.0084226.t002

gender and age distribution among studies (Table S10).
Nonetheless, it is difficult to find a suitable explanation for the
differences in MAF at this time.
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In the current study, we failed to detect the previously most
replicated IFNL3-IFNL4 locus during GWAS screening even
though the association indeed existed in our GWAS set (P =
3.22 x 10°% OR = 0.73; Table $8). The odds ratio for
rs8099917 is nearly the same as for rs9275572, but the P
values were quite different, with rs9275572 ranked in the top 9
candidate SNPS, whereas the other is far below at number
1,640. This crucial difference may be explained by differences
in allele frequencies. The minor allele frequency of rs9275572
is over three times higher than that of rs8099917, and the
statistical power to detect each SNP in our GWAS was
calculated to be only 65% and 8%, respectively, compared to
the 80% recommended to detect an association of the
expected effect size. We are concerned that there are several
remaining undetected SNPs that might affect HCV persistence
or clearance, in addition to the IFNL3-IFNL4 locus. To
overcome this problem, it will be necessary to use a larger
sample size, as well as more appropriate control samples. In
fact, the major limitation of our study involves the selection of
controls. Undoubtedly, the most appropriate control set would
include patients who have been exposed to HCV (anti-HCV
positive) but who spontaneously cleared the infection (HCV-
RNA negative). Although the risk of exposure to HCV in the
Japanese general population is very low, making it difficult to
locate suitable control subjects, we admit concede that our
choice of study design has reduced the statistical power of the
study and might have undermined the conclusions.

HLA-DQs belong to the HLA class Il molecules that form a-8
heterodimers on the cell surface of antigen-presenting cells,
such as macrophages, dendritic cells and B lymphocytes. HLA-
DQ genes play a central role in immune-mediated diseases by
presenting peptides derived from extracellular proteins to CD4-
positive T lymphocytes. Both HLA-DQB1 and HLA-DQA1 are
highly polymorphic, especially in exon 2, which encodes
antigen-binding sites that confer binding specificity. We
speculated that the association of the landmark SNP with
chronic hepatitis C might reflect variation in HLA-DQ antigen-
binding sites and that somewhat different effects of rs9275572
between HCV genotypes might reflect differences in binding
affinities between the HLA-DQ pocket and HCV genotype-
specific epitopes (Table S4B). Finally, we found that a single
amino acid polymorphism (R55P) corresponding to DQB1*03,
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Table 4. Effect of HLA-DQB1*03 and rs9275572 on the susceptibility of chronic hepatitis C stratified by genotype of

$5469415590.

55469415590 Allele Case Control

Protective AF

(0.61-0.81)

3.09E-06

AF; allele frequency, OR; odds ratio, Cl; confidence interval.

20dds ratios of protective allele from two-by-two allele frequency table. bp value of Cochran-Armitage trend test. “Result of Breslow-Day test.

doi: 10.1371/journal.pone.0084226.t004

a very common allele worldwide [28], has the strongest
protective effect against HCV persistence. Among DQB1*03
alleles, DQB1*0307 has the highest frequency various
populations worldwide and has been reported in association
with viral clearance in several European and American studies
[7,13]. A suggestive paper by Cangussu et al. found an
association between protection against HCV persistence and
not only DQB1*0307 but also DQB1*0302 and DQB1*0303 in a
white Brazilian cohort [29]. They suggested that HLA-DQ beta
molecules responsible for protection are present not only in
molecules encoded by DQB1*0307 but also by DQB1*0302
and DQB1*0303, and the common polymorphic residues
shared by DQB1*03 alleles are responsible for the selection of
particular HCV epitopes. In the current study, we identified that
not only the allele with the strongest effect, DQB1*0303, but all
DQB1*03 alleles share protective residues at position 55 in at
least the Japanese and white Brazilian populations. Although
the human MHC region encompasses a complex and extended
LD structure, and LD among SNPs in the HLA-class Il locus is
known to vary among ethnic populations, various
immunological functions of MHC molecules have gradually
become clear. Several issues had to be overcome in order
improve our understanding of whether or not the HLA-DQB1
molecule has common functions across multiple populations.

In this study, we also made an intriguing observation that
HLA-DQB1*03 showed a stronger effect in individuals with the
$s469415590-TT/TT genotype (Table 4), suggesting that the
effect of HLA-DQB71*03 on HCV persistence might be affected
by the genotype of the IFNL4 polymorphism. The fact that in
the Japanese population the frequency of the ss469415590-
TT/TT genotype is nearly equal to that of the rs12979860-CC
genotype (JPT 78.7%, CEU 57.6%, AFR 15.4% based on the
1000 Genomes database), with a higher frequency than most
other populations, might partially explain the differences among
the top loci in European versus Japanese GWAS results.
Finally, we determined the relationship between HLA-DQB1*03
(rs1130380) and IFNL4 variants (ss469415590) in cases and
controls (Figure S7A and S7B). In cases, the proportion of
individuals with the protective ss469415590-TT/TT genotype
significantly increased while the proportion of protective
DQB1*03 alleles decreased, but this tendency was not
observed in controls. During any phase of HCV infection, these
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two polymorphisms might affect each other in complementary
or exclusive fashion.

A recent GWAS reported that variants close to IFNL3 and
DQB1*0301 are independently associated with spontaneous
resolution of HCV infection [13]. On the other hand, our study
newly suggests that a single amino acid polymorphism,
common throughout the world, at position 55 on the HLA-DQB1
molecule has the strongest association with chronic HCV
infection and may not be independent of the [FNL4
polymorphism.

In summary, we conducted a GWAS followed by two
independent replication studies and detected genetic variants
in the HLA-DQ genes strongly associated with chronic hepatitis
C in the Japanese population. Our findings suggest that
variation in antigen-binding sites involved in antigen
presentation on HLA-DQ molecules might play an important
role in HCV persistence or clearance. Further research is
required to determine the distinct roles of HLA-DQB1 and
IFNL4 in chronic HCV infection.

Materials and Methods

Study Population

Characteristics of each case-control group are shown in
Table S10. Case samples used in this study were obtained
between 2002 and 2012 from Toranomon Hospital Department
of Hepatology, Sapporo Kosei General Hospital and Hiroshima
University-affiliated hospitals. We used 481 samples from
Toranomon Hospital as cases for the GWAS and the remaining
1,004 samples, along with 375 samples from Sapporo Kosei
General Hospital, as cases for the second replication study.
We used all 4,358 samples from Hiroshima University-affiliated
hospitals as cases for the first replication study. All cases had
abnormal levels of serum alanine aminotransferase for more
than 6 months and were positive for both anti-HCV and serum
HCV RNA. All patients were negative for hepatitis B surface
antigen (HBsAg), had no evidence of other liver diseases, and
had not received immunosuppressive therapy before
enroliment. Control samples used for the GWAS and second
replication studies were obtained from BioBank Japan at the
Institute of Medical Science, University of Tokyo [30]. The
control groups included 2,057 individuals for the GWAS and
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25,817 independent samples for the second replication study
and consisted of GWAS samples for unrelated diseases in the
BioBank Japan project. We excluded samples that were
positive for HBsAg or anti-HCV or that were registered as
positive for any liver disease. We also obtained DNA from 906
Japanese control subjects from volunteers without liver disease
in the Osaka-Midosuji Rotary Club, Osaka, Japan. In addition,
we obtained 1,114 samples as healthy controls for the second
replication study from volunteers without any liver diseases at
Hiroshima University, Hiroshima, Japan.

Ethics statement

All subjects received a detailed explanation, and all signed a
written informed consent form. The study protocol conforms to
the ethical guidelines of the 1975 Declaration of Helsinki and
was approved a priori by the ethical committees at University of
Tokyo, Hiroshima University, Toranomon Hospital and Sapporo
Kosei General Hospital and by the Ethical Committee at the
SNP Research Center, the Institute of Physical and Chemical
Research (RIKEN), Yokohama.

SNP Genotyping and Quality Control

Genomic DNA was extracted from peripheral blood
leukocytes using a standard method. For the GWAS stage, we
genotyped 496 cases using the lllumina HumanHap610-Quad
BeadChip (San Diego, CA, USA). We excluded 2 samples with
call rates < 0.98. 13 other samples with apparent kinship or
sample duplication were excluded from the analysis based on
PI_HAT values (> 0.4). We assessed population stratification
using the smartpca program in the EIGENSOFT package using
SNPs informative for the Japanese population according to a
previously described method [31]. Analysis was performed
based on the GWAS data and the Japanese (JPT), Han-
Chinese (CHB), European (CEU), and African (YRI) individuals
from the International HapMap Project. Principal component
analysis identified no outliers from the JPT/CHB clusters.
458,207 autosomal SNPs passed the quality control filters (call
rate = 0.99 in both cases and controls, a MAF > 0 and a Hardy-
Weinberg equilibrium P value = 1.0 x 107 in controls). We
used multiplex-PCR-based Invader assays (Third Wave
Technologies, Madison, WI, USA) for the replication studies
[32]. Samples for both cases and controls were distributed
randomly on genotyping plates in both phases of the study, and
all persons performing genotyping and interpretation of results
were blind to case / control status.

HLA-DQA1 and HLA-DQB1 Genotyping

We analyzed HLA-DQ genotypes using 1,114 cases and
1,114 controls in the first replication set. Exon 2 of the HLA-
DQA1 and HLA-DQB1 genes were amplified and directly
sequenced following the protocol of the International
Histocompatibility Workshop Group [33]. HLA-DQA1 and DQB1
alleles were determined based on the alignment database of
dbMHC (http://www.ncbi.nim.nih.gov/gv/mhc/align.cgi?
cmd=aligndisplay&locus_name=HLA-DQB1&banner=1#).
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Protein Analysis

To represent the position of amino acid substitution caused
by the SNP, we edited the image of a three-dimensional
structure of HLA-DQ molecule that was previously determined
by X-ray diffraction method [21] using Protein Data Bank Japan
(PDBj) Viewer (http://www.pdbj.org/index_j.html). The amino
acid numbering excludes the 32 amino acid signal peptide.

Statistical Analysis

Genotype-based associations were tested using the
Cochran-Armitage trend test. ORs and Cls were calculated
from a two-by-two allele frequency table. Combined analysis
was performed following the Mantel-Haenszel method.
Heterogeneity among studies was examined using the
Breslow-Day test. We used HaploView software to analyze the
association of haplotypes and LD values between HLA-DQs
and SNPs [34]. Chi-squared or Fisher exact tests were used to
analyze categorical data, as appropriate. For general statistical
analysis, we used the R statistical environment version 2.12.0
(http://www.cran.r-project.org/) or PLINK 1.06 (hitp://
pngu.mgh.harvard.edu/~purcell/plink/) [35]. Power analysis was
performed using Power for Genetic Association Analyses
software [36]. SNP allele frequencies were collected from the
1000 Genomes database (http://browser.1000genomes.org/).

Supporting Information

Figure S1. Results of the GWAS. (A) Quantile-quantile plot
for the Cochran-Armitage trend tests for the GWAS phase. The
horizontal axis represents P values expected under a null
distribution, and the vertical axis shows the observed P values.
Under the null hypothesis of no association at any locus, the
points would be expected to fall along the line (y=x). (B)
Manhattan plot showing the -log,, P value of each SNP
calculated using the 1-d.f. Cochran-Armitage trend test. The
red line shows the Bonferroni cutoff for genome-wide
significance (P = 1.09x1077) given the number of SNPs
analyzed in this study (0.05/458207).

(TIF)

Figure S2. Case-control association results of the MHC
region. P-value plot and genomic structure of the GWAS stage
within the extended MHC region of chromosome 6. The black
dotted line represents the SNP with the strongest association,
rs9275572, which is located within the HLA-DQ locus.

(TIF)

Figure S3. Linkage disequilibrium structure around the
HLA-DQ region based on D’ and r? using GWAS data. The
red line represents the most strongly associated SNP,
rs9275572, which is located within the HLA-DQB1 locus. The
LD maps were created using HaploView software.

(TIF)

Figure S4. Linkage disequilibrium structure between
rs1130380 and rs9275572 based on D’ and r? using data
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from 2,063 individuals (1,025 cases and 1,038 controls).
The LD maps were created using HaploView software.
(TIF)

Figure 85. The position of the amino acid at 55 on the
HLA-DQ molecule. An edited representation of the three-
dimensional structure of HLA-DQ molecule that was previously
determined by X-ray diffraction method [21] is shown. Protein
Data Bank Japan (PDBj) Viewer (hitp://www.pdbj.org/
index_j.htm!) was used for editing. The alpha and beta chains
are represented by green and yellow, respectively. The amino
acid at B55 is indicated as red. Amino acid numbering excludes
the 32 amino acid signal peptide.

(TIF)

Figure S6. Chromatograms of different alleles of
rs1130380 and their predicted effects on protein
translation. Two different PCR amplifications were performed
for genotyping of HLA-DQB1 alleles: amplicon 1 for the
02/03/04 alleles and amplicon 2 for the 05/06 alleles [33]. The
G to C nucleotide change of codon 55 leads to amino acid
substitution from Arg to Pro. The properties of Arg and Pro are
basic and hydrophobic, respectively. We also observed the G
to T nucleotide change, but this variant was not considered for
further analysis because of its low frequency (< 1%).

(TIF)

Figure §S7. Relationship between HLA-DQB71*03
(rs1130380) and /FNL4 variant (ss469415590) in chronic
HCV patients (A) and healthy controls (B). Proportion of
individuals with ss469415590 TT/TT in cases and controls
according to HLA-DQB1*03 status. P values were calculated
using the chi-squared test.

(TIF)

Table $1. Results of GWAS.
(PDF)
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Table S3. Multiple logistic regression analysis for the risk
of chronic hepatitis C using 1st replication samples (4,347
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Table S4. (A) Effect of rs9275572 on the susceptibility of
chronic hepatitis C stratified by gender and age using 1st
replication samples. (B) Effect of rs9275572 on the
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