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revalence of HBV in volunteer blood donors in Japan
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2 # 2w B ¥ OZF OB

EE : #F Fenton RINIC KD EUBREEZEE VB FUIAEEIRT 2. ZORHHFBOMRILE
[FE(ER FLURZEN U RBIEERTEINTVS. BRNICHIFRSER - FFRRE S OREENE
HENTWD., BEFE L TEEIDOATZOY MY X EFREBEDOBRAFSNTLDD, £DH
ENICEET DERE UT CEFRR, 7)LI—)UVIERFESE, FE7 )L I—IUERRIREFRICBWVTH#
RBEEDEFETTDENFHESNTVND. HRAFEBODFHEES U THRIRND negative regula-
tor T hepcidin DESHEBESMNIINTLDD, WEREREDEDEL, HIEHREEICNT

AT FOSBDINFRRECDHD.

FIIARE | & BIEANUR, HCVHZI(D, hepcidin, FF5E

FU&IC

PR T ARR AR IR 12 BT 2 B EE OIER D
Pz EDLEBTHS. PR TA VA
WX B REBE/AER SN TE0, HREERRED
LLIOHLPICEINBIIONT, $7:BF
C HFEOMBEMICIEVIFREEICB T 2RHFRED
BEEWDS IO -7y TENTEL, FRIELH
EITLRHFEFL L CERFIRE, BERHE
¥, BRRBEELRENBTONLD, ABIZBV
THEETFERCBYAHRRHFBRELHRELD
BRICOWTERIIT 5.

PRI ENIC B 5 Z 22 SEFERSFTH D,
ZOES LEBRTEA L HEREEEOBENE
BB ENS, FICCREBMIFA - FEE,
T a— VERFEE, TV — VIERRITERA
(nonalcoholic steatohepatitis : NASH) TiZ#®
FREOBHMOV LD LTHRHEEN L a8
NTW5. ZZTRERBICBIAHRFEE DS

1) NEERRFEREEAR S
Hepatocarcinogenesis and iron metabolic disorder
Sohji NISHINA and Keisuke HINO"

FRENPEZETHLPIEINTHLIDN T EE
L, MATHEEELDBERIZOVTEHRT .
| FFRSEFE & FHEE

SRITERNTEE LB X £ F>—F T, Fenton
BB & 0 IEHEEFEE (Reactive Oxygen Spe-
cies; ROS) DO EDTHhA FuFrirsvhn
REAETL L FOF YT VANIEROS DT
LIFICHRVEREEEZR O LPHLMII SN
THEY, ZoE»LLHRIINFFEEERTFTH S
ZEREL{ ML TwE. BEONEKILE I
B LRETHLEEREANEI O P—V AERHE
BT AIHREREY A 7 IZBEEAD 200 5L
bIEIN, FHEICELSLZWERF» L O
BORASINTVEY. FEREOCEEERET
ThAIFEEZEHL TR WIHMBEESO
case-control study 2d& A&, T hbu—|li
RTCEEHEELE~NOHFLEZROTH Y,
INLOFEBIEFANSIEEPREEEREFTH

1) Department of Hepatology and Pancreatology, Kawasaki Medical University
Corresponding author : {=#} #J& (f018ep@med.kawasaki-m.ac.jp)
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$EH 12 7 A B OFFHEN 8-hydroxy-2-deoxyguanosine (8-QHAG) EnEr (C), #HBWHCV TgM IIBIT 2 IFRE
BEH (D) (CCER10 L 9B - &85 HCV TeM DI BV Th.LEIREB ® microvesicular steatosis (&) % &
b o oBIFILENBEETH L (A). HREWHCYV TeMOFI a2y FY T ¥ M= VIR TRKAREREDBAL,
ZYAFOENGE EOREEENEDOLNS B). 12H7ABICBWTEHAEN HCV TgM tho 3 BT 8-0HIG &
ML, FMo3IBLINFNIEREE, 6 VHLERTSOHIGEIZE» -7 (C). HEFHCV TgM BEDOAKIZ
127 BBIC11 AR5 IC (45%) W(CHFEEORE D, 5 b 3 EICIFMBESER SN (D). Control : BEEHET o
vihu—nww R, HCV TgM; BESEAET I AV 22y 7<% R, Control+Fe: &BEEATI Y bO—L=2o 2,

HCV TgM+Fe : &BFHEAT NS VAV 22y VT T A,

AL ERBTLHLDOTHD. Ta— VTR
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HFE £ (C282Y) #ESLTw5 Lo
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LREBOBHBREFTHAZELEH ST
5. NASHEERBEEREE IBWT, HlkE
ALV Y bu— VB 102 6 & R
BAaAPE L5l AT, FEBREBR BT
FEVPEHEETHLIEFREINTWAEY. &
51z, HHIEEEHE6 B EFEEHBFDOCH
FREEEFICOVWTIHNKILE LRI L2 8ET
3, FASKTEE TFE, HE R E 3T
L7-HREEERTFCHLZE2BHLMILTY
Y —F, TIha—vEdH s CRFELER
BB AFFNEERE L FRE L oBEE R
L7-KBEEmE X LTI, FREER S HFE
BEFEEIT VI VEFEEIIB 5 FRE
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HIENHREINTBYY, BAAIBITAC
RFED O OFEEICSGABRFEEST 5 2 LAUR
BENTW5,
CEFAONFBIIBILHBRHOERLHS
PIZTB72DIEHEERARZN R E L2 KBERE
HEFFRPLETH 525, BEIZIBEIMAC RIEH
RIS 2B L TRET SN TV ASHICE
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Figure 2.
11 %3 L IZHEFIH)  HCVEE T ICEBMIC L 28X ML ARED, O/MEFEX b
L AMMIZ L B REARREORE OEH®SH% (CPTY) oM#l+A LT, IFEH
txREsE5.

WTIEHZD L) REfFEEZIT) CLORETH S
FIThbNbNIEBRMICCEBFRXY I VRS
Y7 OFEETICSERFEICHRERFIEBZ
THEPICOVWTIRE 2T 72D TEDRE L M
35, CEFFAYA LA (HCV) O&BEF
FRBITHII ATV 2oy 7wy 2 (HCV
transgenic mouse ; HCV TgM) |[ZBEE Ok &)
HEEHICEASNAED S BICHYTLEE)
52 CRIBHIFRBEZE LRISOHNSKBEC
FTHIEIWEVFREZ E-TLEMIOVTHR
ALY SRBRIBEEN 6 4 A HOHCV TgM i
FFRORETFEESTLE L, POERERICIZ/NE
HEREFEED B o7z, EHICI MY FYTO
BMILEEE RS, BB e (pEikae)
LETF L. BN L2 HHABICRL EFANIEE
BRI & L {12 8hydroxy-2-deoxyguanosine
(QOHAG) OEFEAILEL, HFENIIEERH
HCV TgM OAIZHMEEZ & CHES T 45%
(5/11) g7z (Figure 1). Z®D X HIZHCV TgM
FHFASKBES CEEBERAOZNIZIEHL T
KBEIbary P TEEL LLICHFNDRERL
ENTCEL, BALA ML ADTLETHE L LICE
{LH DNA BEESETLIFREZ 2725 2 L%
Lol ZOXIICHFHKERIZLAI
2 FYTEE, BLZ ML AOEBRIZFREREIC
BUILIBEELRREODDEDLEEZLND,

SREBP1 f @%u

(3D
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BRER HCV TeM XBU A HAMEF LRERBERFO/ n A b —r (UK

F 7z, BRIz AM HCV TgM O fF3E A
BIZB W TEPR IR 2 820 72 S N gkig
BN EERE L EELEOMBEZRT
EIWCEB L, FRNEERE LRIt ok
WCHRET L 72" (Figure 2). sterol regulatory ele-
ment binding protein (SREBP)-lc D¥xE #MEiE
HARFEOV LD LTNEEKA b L 2ADHRE S
NTwaA, HCVIZ L AEEILA b L AN
XML ARTLESY, TOKREEL L TSREBP-1c
MPEHALENE L BIC, BILX PLRIZL S
I b RYTEENI bay MY THRICEE
T 5 PEELEEEE TH 5 carnitine  palmitoyl-
transferase [ (CPT 1) ORI ZEHI LT B E1L
I LT EZ5IE BT L2 BL I
L7z, TOXHICHEHLIEHCY 2L 5 EEK
BHBHWERILA ML AR T i L -SRI
EDEIEBIINL2S FFWNEER & FEEIC HCV
MENREREABICBIIEELREBEELEION
A,

Il BEFERCE T 2%ABERTOREH

=

1. CRIEMITRE:GRHEE

FHEMICBCTHRLBRENICHEL T 55881
HLPCENTELT, AEOKEFEERT
TIRIBHRE LR D OSRIN: 5 NICHENR S D
DEBBIC L VBBEICRE SN TWE. ZOmHI
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BOTHFRECTER, FWEINEXTF FRVEY
hepcidin i + B LMD E MBS X CER
F~vru7 7 —VIZHEAET A ferroportin & 9
SEEEROFBHELZIAFL, TFE» S OFHKIIN
6 TICHEARY L OBRBEEZHHET 5 & TH
NOBREFBERAHTHIEFHALIZEI AT
4. CHEBHFERIIBI 2HRNEEREFICO
WTIEWE ZRBEO ARSI, FRILD nega-
tive regulator T& % hepcidin 2% C BT S
BETETLTWREWIHELH LY. R@wmXLT
BLREVWOIL, CERFRTIEIBIEFEALIEBHE
C BB A & A THX A % hepcidin O RHRE
PMET$ 5 &) X U, hepcidin/ferritin H, ¥
b b ERERITH T A AR % hepcidin DFEH
EPMETFTLTWEEVWIRTHSE. ZNIFICH
BYEFRERICEERI NI NNSGER EEEANE
70T b—YARCROND L) LEELZDOTIE
wek v BEMNEELEHT S TlE, 2¥C
BB 2 TS ER I % hepcidin O FH A
FENTWBEDTHA I 2. TORIZDWTHEE
W72 HCV TgM Z W T 417 - 7-DTH
i B

HCV TgM Tid CEBEFREE & RIS
N AEL VFHROKBRES I PEr—L3 T A
WCHRTHEEICEAL, ZRIZ—ELTHAD
hepcidin mRNA OFEHRIMET L7z, HCV TgM
DO FAEZ FFHIAE % F W 72 4T T hepcidin @
TaE—F —EEMETL, FOEKE LT hep-
cidin DEERFO O & DTH S CCAAT/enhan-
cer binding protein (C/EBP) a ® 7 X E—% —
EBADFEEDPERT LTW/. &5, C/EBPa
@ inhibitor T & 4 C/EBP homology protein
(CHOP) »#IAROSEAL EE L CTIEL,
ZhiZX Y C/EBPa @7 E— 4% —HBADRE

ERHESNATRENHL M E 2o 7-. HCV
a7 & I EBAI IR TEE, ROS

EAERBIC OV TIIREAOHE LEET 5.
Miura 5 % HCV &&EFrEAInzL 7Y
I VHRRE A WV CREBRIC ROS OTTHEIIC £ 1 hep-
cidn DEEFEFFH shE I L 2zHELTw
5% L# L, hepcidin DEEHFIEE T D

HAMLSRERMRS £109% $£45

NOBBEEETELZ>TWwA, ROSIZE Y his-
tone deacetylase DIEFMEATTHE L T histone D
T FNVEPMEE S N, BEERTTHS C/EBPa
% signal transducer and activator of transcrip-
tion 3 (STAT3) @ hepcidin 712 € — ¥ —$Ei5%
NOFEENPETTHEREL TS, 52,
histone deacetylase DIEEITTEIZ~Y 7 AFTD
hepcidin D% % ##9 % hypoxia inducible fac-
tor (HIF) 2ZELEFLIEIRENT WA,
IO X HIZHCV ITEE T 5 HEEEE A hepeidin
DEFEZHHITLEN) VF U FEIHBEBL TS
%3, hepcidin DEEIFIEEICETEVIRAD
LNADIIERETNVORBVWIILZDNS Lk
v (Figure 3). L2L, TNOLDEBREFILT
ERELVIRFIARFELT S, KEE
interleukin-6 (IL-6)/STAT3RY 7 FLEMNLT
hepcidin PEEZRET L EAFHALPICESH
Twa®, CEEBEFEABRETIIREIZL S hep-
cidin DEETTHEIEEIL A M L 212 & 5 hepeidin
DEEWHIZEZ T ARELHD, e FTId L
0 B hepcidin OEBRI AT b TV BT
RBEPEZ L5,

2. ThVva— VEREE L SAHEE

T — N ERFEECBWT LI LN
HEVROONL. BEGOLPEEDOT VI VE
FCE DAL EVE LA L DRI TY
B9 TlIvoltnirET7TVa—VERMIZL YT
HNEKILEDBEL LD TH A ) 4.

RN~ DO ERELY A AL, F 1T transferrin
receptor (TfR) 2 L7 b7 2721 V8D
HOAADEERTHS. TIRICEE T ST LM
(CHEET S TIRL & FFHRFENICEIL T
TIR2ZD 2\ H 5. Suzuki bOEHEIC L 5
& Tha- VEREEEZOFERERIC BV
TEHEEIC TRl ORFATLEZ RO 71205, BEE
TRED LN o727 25y PR EERERF
MRz HV2EBRIIBWTY, ThVI—VERIC
Lo TCTRIDEHRITELHMBA~ND MF V2
7 ) YERY AL E RO, TAI—NIC
X5 TR BHAEDOEFICEHLTE, 7rva—
VREEYTHAETEPTLTE FIZLAROS
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ROS; reactive oxygen specles,

CHOP; C/EBP homology protein,
C/EBR; CCAAT/enhancer binding protein,
HIF ; hypoxia inducible factor,

STAT: ségnai transducer and activation of franseription
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Figure 3. HCV ¥ Y87 FAET B 5 FFNEAHE T OB (R 13, 14 & ) k).

B A% iron regulatory protein (IRP) /iron respon-
sive element (IRE) O#E&THEEX ¥ L T TRIL
ORBPEINEZIRLIENEZLONTVEY,
72, CEM£EEMIIZ, 7Tra—LVER~Y AL
MRk~ sy ) —VEFERIIBWT
hepcidin DFEBRE T 24 L 72 FNSEBEERE IS
DVTHHRESNTWBEYY, 7Ha—-MIZLk5
hepcidin ZFHMHFHF & LT, 7hra— il &
5 ROSEAD, HCV TgM O¥& ERERIZC/
EBPa @ hepcidin 7 12 & — ¥ — il DO &K
T#5&8B 2L, hepcidin DEEZHH$ 5 2
EBMESIN TS,

3. NASH & $HEE

NASH T #BE TH L Z EBBERBICOE
ZLHESNTB Y, NASH OREBEREIZE
BREIREIFEE L CwEZ L, CEEEFED

La L RBREBMIC L ) R EEIRET S
ERLVHENE R 72 LI L, ¥ NASH
THHNEEBEB I 202200 TIZ CEFFXIZ
EHOLPICENTORVOPBIRTH S, Z0A

(33)

W2 2T Otogawa HIE 73 F D NASH EF V%
AWTHHRSGERERICOWTHRE L Tw 5™,

Z OB E TV O FRIMEREE 12 1 phosphatidylser-
ine NEWB SN THRMHKOEEEELIFHEL, —F
Kupffer T 7R b— Y Al E &% T
$5H5MFGESDEENTLELTEY, TD72d)
IRIERAS Kupffer HBBICEE I NS T 252 &
PHASGERO—REHEL T 5. F7- Aigner
HIZLBE, NASHRBEIZBITAHNSEREE
& LT, tumor necrosis factor (TNF) o D
AR %> Kupffer MR BT % Sk %A
T & % ferroportin @ down-regulation % 5| ¥ B
I & THANOEKEZHH LT, FR&E
BABlaBIIHRELHELTWAEY. T/
Yanagitani 513 L F / 4 v BBZ%1K o dominant
negative O b S VAV =y s T A TR
TERREBZ LZOBIEREZELTI LR
ELTWAD®, AEOIIAEFVIIBNTL
F /) 4 F 375 V% hemojuverin DEE R 12
BMELTWwAZ Ea|mELLT. §4hbbL T/
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A K& hemojuverin DEE X #Hl 45 Z & TF
DTFTHD Y 7+ VTH A TIR2 % hepcidin D &
HErIE L, BRELTII YA 72 VO
D AAHIET & ferroportin DFEBITHE L 5 IFH
B & DI & o THHBBANOSEZET S
LEEBL TS, U EOBRIZBHER&ICE
FAELVF 4 RV FVOBENTFASAEE % 5]
EBITHEEERALTEY, NASHIZBIT A
FHSEEEFELE 25 A THIERY. 20k
HIZNASH oKRHABFIZOVTIRV L 2Hh D
BEIHE SN TWAD, CEFALTVI—L
HFEE T 5N 5 hepeidin DRBETITD
WTHEBE LI oTELT, BL28EREE
DU EeEAMERE SN B,

M FFASEREZERT27-O0H - LiRE

DOEEEHIZ DN T

BREBEL LLLRIHIBUEFEETHLCH
BT S - FFEE, 7 a— VEFER, NASH
b FOFREETICRILA b L XHEEL
BE5LTWAERTHL. LidoT, SHM~HE
EEWEL, BLAFLAERIHET S L3R
FEHHEIE WO BEP LD EELRERKETH 5.
C REBMIFAICNT 2 BMEREIREIL MO T
MESNEETH VY, 20REMWL O TITH
BRI & &0 - REBERNR R IR OB
BEICL D VSN TP, BlZREDE
ELTRUEINTWAEIENLLHELR L)
12, AV RHER;HEE 2 CREEIFRICINT
LiEE L T—E0FHIE 2T Tn5b 2 LI3HEE
Thb. F7-, BIETIENASH O BEE R IH
DHDEEERLE LTEMBEENRAALNLTY
530 ARIFIZB VT D Sumida 5 1E, NASH IZ
WL CEMZ )& hmmE s v 273
F—ERBEIERTTAIEaHEL T AP,
F/-Valenti 52k 5 &, Bferritin lEEL & B
79 NASH BEI L TERZTo 72 %A. %
BRED AL ZITEL T BMI, HOMA-
IR, 5O X ¥R 1) v JEBEHFEOHEED
EHEEIGBERELA VA VERESREESNS
ZEEHELTVAEY. E5IEMEEIE NASH
P TiE 7z L, B ferritin ME %2 K3 5 HERRKA

(34)

B
Al

HARBIAFRESE $109% %45

EYBLURBEZICHLTDY, 41 2 V#EH
WArRET LI EMRESIN TS, Thes—E
DRERBITBMICE Y £ v AU VIEFUEISET S
CERRBT AL, BRMIZEMA NASH 1258
A REARH SO RERNENRETRELY
EOEPRIGROBELMERELEI LN,

Tz, BRSNS BIIF I N5 HRERBRO
OO T 7 —F R HRICHINTT S, Yamasaki
LOFHEIZLDE, HENHELEEETHRZED
Lo o ETHEEZ LT, F72ad93
VENEIC LA ERMEERFBAL TS oz ey
5, EROPIEAREEIMEOETFRICH LT
#F L — MIDE R 2 R REEE L & ATREE S
REEN®. UL, 77xudxd iy (F2
7 =7 — ) AR A T O R pLTE
PRHRE TE TRV EFRFEME L, BB
ZEDBMEROMER DA, ZNITH LRI
a7 7=z9vu07x (7724 F) 1%
BOOHFL— bEITHY, EHRATAZ LT
L0+ nekF L — MERASEIFE RN, BERE D
HEB A 7 7D 5B OEIRED BN & 72
ILPEPHFEEINDEIATHAS.

HCV #HEHMAZ 2 B 1T % hepcidin DF I % #HH
9 5 histone deacetylase (2 EH 5 &Y, ZDMH
ERIIFE MR HREFR b T eI %
PHT 52 &EDin vitro THLRNIZE R TW
%% ¥ 7> histone deacetylase 12X Y ZEILL,
hepcidin ®FEH % Hi#l 5 % HIF O BN EETF ¢
FEHRICZ (BB 52 Ld 5, histone deacety-
lase FHEFIHER L LTHIRE I TWAET, L
727585 T histone deacetylase FHEHE C BIF%
W2 BIT B B RRAE L EIE] 722 & O°IZ hepcidin D FH
RILESETHRNZHAET 5 E I BEur b
FREZHHL D AW REEND 5.

*7-NASH COHEBLILF /AN T7F 0
DEENVELS L TWAIRBREICDODVWTERLE
P FTTIEBRRLTF /1 FOERER2 A RS
WHT A2 ERI0EDEDRIICHESINTS
N®  ZOFEBRUFEEICTFNSREROBRR
BEG LPRPEEFICERRRENEIATH
%. #O8%F L — &l histone deacetylase FHE
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Abstract

populations.

Background: A recent genome-wide association study (GWAS) using chronic HBV (hepatitis B virus) carriers with
and without hepatocellular carcinoma (HCC) in five independent Chinese populations found that one SNP
(rs17401966) in KIF1B was associated with susceptibility to HCC. In the present study, a total of 580 HBV-derived
HCC cases and 1351 individuals with chronic hepatitis B (CHB) or asymptomatic carrier (ASC) were used for
replication studies in order to evaluate the reported association with HBV-derived HCC in other East Asian

Results: We did not detect any associations between 1517401966 and HCC in the Japanese cohorts (replication 1
OR=1.09, 95 % Cl=0.82-143; replication 2: OR=0.79, 95 % Cl=0.54-115), in the Korean cohort (replication 3:
OR=0.95, 95 % Cl=0.66-1.36), or in the Hong Kong Chinese cohort (replication 4: OR=1.17, 95 % Cl=0.79-1.75).
Meta-analysis using these cohorts also did not show any associations with P =0.97

Cenclusions: None of the replication cohorts showed associations between 1517401966 and HBV-derived HCC. This
may be due to differences in the genetic diversity among the Japanese, Korean and Chinese populations. Other
reasons could be the high complexity of multivariate interactions between the genomic information and the
phenotype that is manifesting. A much wider range of investigations is needed in order to elucidate the differences
in HCC susceptibility among these Asian populations.

Keywords: Hepatitis B, hepatocellular carcinoma, candidate SNP, replication study, genome-wide association study

Background

Hepatitis B (HB) is a potentially life-threatening liver in-
fection caused by the hepatitis B virus (HBV), and ap-
proximately 360 million people worldwide are thought
to be chronically infected with HBV. The clinical course
of HBV infection is variable, including acute self-limiting
infection, fulminant hepatic failure, inactive carrier state
and chronic hepatitis with progression to cirrhosis and
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hepatocellular carcinoma (HCC). Although some HBV
carriers spontaneously eliminate the virus, 2-10 % of
individuals with chronic HB (CHB) develop liver cirrho-
sis every vear, and a subset of these individuals suffer
from liver failure or HCC. Around 600,000 new HCC
cases are diagnosed annually worldwide, with HCC
being relatively common in Asia-Pacific countries and
sub-Saharan Africa; more than 70 % of HCC patients are
diagnosed in Asia (with 55 % in China) [1]. However,
HCC is relatively uncommon in the USA, Europe and
Australia [1,2]. The majority of HCC develops in
patients with cirrhosis, which is most often attributable

© 2012 Sawai et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecornmons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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to chronic HBV infection followed by chronic HCV in
the Asia-Pacific region [3].

A recent genome-wide association study (GWAS)
using Japanese CHB cases and controls confirmed that
11 SNPs in a region including HLA-DPAI and -DPBI
were associated with CHB [4]. Moreover, a GWAS using
chronic HBV carriers with and without HCC in five in-
dependent Chinese populations reported that one SNP
(rs174Q1966) in KIFIB was associated with HCC suscep-
tibility [5]. In the present study, we performed replication
studies using Japanese, Korean and Hong Kong Chinese
cases and controls in order to evaluate the reported
association with HBV-derived HCC in other East Asian
populations.

Results

We performed SNP genotyping of rs17401966 located in
the KIF1B gene for the purpose of replication analysis of
the previous GWAS report [5]. Four distinct cohorts
were used for these replication analyses (Table 1). We
first examined two independent Japanese case—control
samples including 179 cases and 769 controls from
Biobank Japan (replication 1), and 142 cases and 251 con-
trols from various hospitals (replication 2). We did not de-
tect any associations between rs17401966 and HCC in the
Japanese cohorts (replication 1: OR=1.09; 95 % CI=
0.82-1.43, replication 2: OR=0.79; 95 % Cl=0.54-1.15).
We further examined Korean case—control samples com-
prising 164 cases and 144 controls (replication 3) and
Hongkongese 94 HCC cases and 187 CHB controls (repli-
cation 4), but again did not detect any association
(replication 3: OR=0.95; 95 % CI=0.66-1.36, replica-
tion 4: OR=1.17; 95 % CI =0.79-1.75). Logistic regression
analysis adjusted for age and gender also did not show any
association (Pjog=0.65, 0.27, 0.11, 0.56 for each replication
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panel). Moreover, we conducted meta-analysis to combine
these studies, also not detect any association (P = 0.97).

Discussion and conclusions
Zhang et al. [5] reported that SNP rs17401966 was
significantly associated with HBV-related HCC (joint
OR=0.61). They conducted a GWAS using 348 cases
and 359 controls in a population in Guangxi in
southern China, and selected 45 SNPs for the replica-
tion study based on the results (P<10%. In the first
replication study, they used 276 cases and 266 controls
from Beijing in northern China, and 5 SNPs showed the
same direction of association as in the GWAS (P < 0.05).
They performed a further replication study (of 507 cases
and 215 controls) in Jiangsu in eastern China and
only one SNP showed the same trend (P=3.9x107).
Guangdong and Shanghai samples from southern and east-
ern China were used for further replication studies. The as-
sociation yielded a p-value of 1.7 x 107*® on meta-analysis.
We performed four replication analyses using Japanese,
Korean and Hong Kong Chinese samples (Table 1). Al-
though sample size of each cohort is smaller than that of
the previous GWAS, we conducted mete-analysis of all
our study. The result did not show any association be-
tween rs17401966 and HBV-derived HCC (P,,,et, = 0.97).
This may be due to differences in genetic diversity
among Japanese, Korean and Chinese populations. A
maximum-likelihood tree of 126 populations based on
19,934 SNPs showed that Japanese and Korean popu-
lations form a monophyletic clade with a 100 % boot-
strap value [6]. However, Chinese populations form a
paraphyletic clade with two other populations. This
indicates that Japanese and Korean populations are
genetically closer to one another than the Chinese
population.

Table 1 Association between rs17401966 and HBV-derived HCC

cohort sample size cases controls OR
(cases/controls) GG AG AA GG AG AA HWE p (95 % CJ) p? Pret ©
replication 1 179/769 13 61 105 45 261 463 0599 1.09 0578
(Japan 1) (7.2) (34.1) (58.7) (59) (33.9) (60.2) (082-143)
replication 2 142/251 5 46 91 14 91 146 1 0.79 0212
(Japan 2) (3.9 (324) (64.1) (56) (36.2) (58.2) (0.54-1.15)
replication 3 164/144 17 59 88 15 55 74 0616 095 0.790
(Korea) (104) (36.0) (53.6) (104) (38.2) (51.4) (0.66-1.36)
replication4 -~ 94/187 10 39 44 13 80 94 0.767 1.17 0432
(Hong Kong) (106) (41.5) (46.8) 6.9) (42.8) (50.3) (0.79-1.75)
Meta-analysis © 0996 0965 0423
(0.84-118)

P value of fisher'’s exact test for allele model.
PResult of Breslow-Day test.
“Results of meta-analysis were calculated by the Mantel-Haenzel method.
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We did not find any association with Hong Kong
Chinese cohort (P =0.43). Moreover, a study using 357
HCC cases and 354 HBV-positive non-HCC controls in
Hong Kong Chinese did not show any significant differ-
ence (P=0091) [7]. Previous population studies have
revealed that various Han Chinese populations show vary-
ing degrees of admixture between a northern Altaic clus-
ter and a southern cluster of Sino-Tibetan/Tai-Kadai
populations in southern China and northern Thailand [6].
Although Hong Kong is located closed to the Guangdong
(cohort 3 of Zhang et al study), there is great heterogen-
eity for rs17401966 between Hong Kong cohorts (our
study and Chan’s study [7]) and Guangdong cohort (our
study versus Zhang's study: Phee = 0.0066; Chan'’s study ver-
sus Zhang'’s study: Pret=0.035). This result suggests the
existence of other confounding factors, which can differ-
entiate the previous study in China and this study.

One of the possible reasons could be the high com-
plexity of multivariate interactions between the genomic
information and the phenotype that is manifesting. HCC
development is a multiple process which links to causa-
tive factors such as age, gender, environmental toxins, al-
cohol and drug abuse, higher HBV DNA levels, and
HBV genotype variations [8]. The eight HBV genotypes
display distinct geographical and ethnic distributions.
Genotypes B and C are prevalent in Asia. Specific varia-
tions in HBV have been associated with cirrhosis and
HCC. These variations include in particular mutations in
pre-core region (Pre-C), in basal core promoter (BCP) and
in ORF encoding Pre-S1/Pre-S2/S and Pre-C/C. Because
there is an overlap between Pre-C or BCP mutations and
genotypes, these mutations appear to be more common in
genotype C as compared to other genotypes [9].

Aflatoxins are a group of 20 related metabolites and
Aflatoxin B1 is the most potent naturally occurring chem-
ical liver carcinogen known. Aflatoxin exposures multipli-
catively increase the risk of HCC in people chronically
infected with HBV, which illustrates the deleterious im-
pact that even low toxin levels in the diet can have on
human health [10-12]. Liu and Wu estimated population
risk for aflatoxin-induced HCC around the world [13].
Most cases occur in sub-Saharan Africa, Southeast Asia
and China, where populations suffer from both high HBV
prevalence and largely uncontrolled exposure to aflatoxin
in food. But we could not obtain the information of these
confounding factors from both of the previous GWAS
study and this study. A much wider range of investigations
is thus needed in order to elucidate the differences in
HCC susceptibility among these Asian populations.

Methods

Samples )

Case and control samples used in this study were collected
from Japan, Korea and Hong Kong listed in supplementary
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Additional file 1: Table SI. A total of 179 cases and 769
control subjects were analyzed in the first replication study.
DNA samples from both CHB controls and HBV-related
HCC cases used in this study were obtained from the
BioBank Japan at the Institute of Medical Science, the
University of Tokyo [14]. Among the BioBank Japan sam-
ples, we selected HBsAg-seropositive CHB patients with
elevated serum aminotransferase levels for more than six
months, according to the guidelines for diagnosis and
treatment of chronic hepatisis from The Japan Society of
Hepatology (http://www jsh.orjp/medical/gudelines/index.
html). The mean (and standard deviation; SD) age was 62.0
(9.4) years for the cases and 54.7 (13.5) years for the con-
trols. The second Japanese replication sample sets for the
cases (n=142) and controls (n=251) study were obtained
from 16 hospitals. The case samples for the second repli-
cation included 142 HCC patients and the controls
included 135 CHB patients and 116 asymptomatic carriers
(ASC). The mean (SD) age was 61.3 (10.2) years for the
cases and 56.2 (10.9) years for the controls. The Korean
replication samples were collected from Yonsei University
College of Medicine. The third replication set was com-
posed of 165 HCC patients and 144 CHB patients. The
mean (SD) age was 52.2 (8.9) and 37.3 (11.3) years for the
cases and controls, respectively. The samples in Hong
Kong were collected from the University of Hong Kong,
Queen Mary Hospital. The fourth replication set was
composed of 94 HCC patients and 187 CHB patients. The
mean (SD) age was 58.0 (10.5) and 56.9 (8.3) years for the
cases and controls, respectively. All participants provided
written informed consent. This research project was
approved by the Research Ethics Committees at the
Institute of Medical Science and the Graduate School of
Medicine, the University of Tokyo, Yonsei University
College of Medicine, the University of Hong Kong, Nationa
Center for Global Health and Medicine, Hokkaido
University Graduate School of Medicine, Teine Keijinkai
Hospital, Iwate Medical University, Saitama Medical
University, Kitasato University School of Medicine,
Musashino Red Cross Hospital, Kanazawa University
Graduate School of Medicine, Shinshu University School of
Medicine, Nagoya City University Graduate School of
Medical Sciences, Kyoto Prefectural University of Medicine,
National Hospital Organization Osaka National Hospital,
Kawasaki Medical College, Tottori University, Ehime
University Graduate School of Medicine, and Kurume
University School of Medicine.

SNP Genotyping

For the first replication samples, we genotyped rs17401966
using PCR-based Invader assay (Third Wave Technologies,
Madison, WI) [15], and for the second, third and fourth
replication samples, we used TagMan genotyping assay
(Applied Biosystems, Carlsbad, CA). In the TagMan SNP



