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BRFFRDEMAL « 7 A NV ABERRIZEET A EEERIZOWT, HIAT UL
B L OB EE TR 2 BB R T DS

BIERES B BE RRKEREREERHAN NBEEESE SEHK
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MRER AR TIX, BRIFEDOBHEN, VA VAPERB L OREERICES T 58
CERZBREAICIRE T 5 LR, BBAOBERERTH 2 HLA-DPOFEM2 e & EfE 3
ZEXZERLET D, 20FTOEE /IHERIC L INE S - B AR ARBEHRIL, 3008112
st U T, HLA-DPAIR X ONHLA-DPBIDHLAZ A ¥ ZHFER Uiz, HERD%, SEEMH.
EHER. A EFMEEHL, S00RBRIEIZOWVWTHHAZ A VU 7V EEMB LT, 7. 5l
BLERBELZ B E LIZGWASE EE L7,

HBVFERRER M Z B 3 D HLA-DPBIT V VIRIEED & DREEBT 21T o7 & Z A, KATHF
FLRED2OOT IV NTOBEENRR LN, ETNMIINE TIZHRE I T
RO DIEFIMET VL E 1 ODRKEZMET VIV THZICEEN R SN, B/ R
TINEANTATEHETAFRFEDBELVBVEELZRTIEHHALNI L, EE
EFTIEAARER L HXBEDO2ODT V) ABESZM - IEFMHICEET 2ENTIN, B
EFHTEEBEBOT YV VIOBEFEICEET 2ENRINE, ¥ EFMTHEH. BAEH
CWRELRDSTIVNOBEENRENTZ, HBVY A /VAHERRIZBEET 5 HLA-DPBIT V) )VEIE
D7 D BEHEMENT 21TV, HBVIRFGR L BT VLV TOBES R L, £/-. fRE
HERIZEEE S B HLA-DPBIT V )VIRITE D 2 O BEERENT 21T\, HLA-DPBI*02:0IH3 8 MHAk.D
KO TIREERICHLEET AT VL E LTCRIESNTZ, BRFFADOBMHLE L UYERE
ERICEETAFROEBCERERZERNE L-GASEZER L, BLICEET 2 EBCE
K zRELT,

TOTITBWT, BB I OVREERICEET S 7 VL oL@Et & BREMEHAND
ET, FRBICBIT AHLA-DPOMREDIARIZEN D L iz, BRBIOT UVTIZBIT %R
BFHREIRLOBNEREIND, EFRCRESNZBEERERE VA VAR
RERZHBAADEDET, FRZENECEREEOBRRBICRIL TCHIENRYFIND,
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X7z, L2xL GWAS TIZFNLIA D5
BEERIIRE 20> TWHRW,
AWFZETIE, B BIFFRDEBMHENL - A
AHERCTRREERICE ST A BEER Y&
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HET, BRMOBLEERTH D HLA-DP
D72 RET 2 ET 5,
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TREERTEER & HICE BT A AT A AW
TeRRIEEUEE - FRERIEMROBREE 1T o7z,
HUTUNEE U= o P EES 412 T DNA
BLOME 2 - 2B L7252 E S E R
EEFIE v #—~E 5N, BEIZDNA B
X O & S BEE DY v T AT OW T,
BHiER D> O B EEE S E R E M o & —
225 B, BERR TR SRR BRI,
WA REE 4 b & N 7 18 L [ T [ R = et
P H—llkEb Tz, WE SRS
WEITTIOREEICREETDEL, 7 AR
MR OF -7 1D B’MmE =, —EELL
Ehi=4 7 5 DNA & ERERIE#HIT, R KE
KEREFZRFRBAEREFEZSIFICED
i,
FROBETERERNZHFERTH2ELZ AN
& LT, UN4E L7~ HBV BB R BE 1, 356 14
EKEBRELTH /L TARSNP #A
T EEmR LU, A 720X Affynetrix
> AXIOM ASI 1 Array (9 60 FFED SNP
ZEE) Vi, Overall call rate @
13 99. 41%, DishQC D FEHIIE 0. 969 & 72
ST, AU THRERICESNT, R
s L ONEALIZDOWT A ) AT A REGEE
Hr (GWAS) % ZEhE L7,

(EE~DEE)
AREZITOICHIZY, RRETHLE
HOFBRT HIRRRFEFHE N7/ A -
BEETFHRT A GEEEZESNOERE
B, £, B TER LRI RK
Btk ET5 (B RFFL T A RREY
DIFREFNIBIT 2B ERFHFIZOWT, A
B BIEFETZ AV, FIRZIERD
IBFEEDRBEZITOMER] ITB VW TRES
NizbDOTHY . &x DRFZELHEE KO
R HENFBET AHEICBWTYL, mE
BHREZEBENLEBEBZOLIZY T
V£ % FEh LTz,

C. WFsEHER

GWAS 1= X ¥ HBV Bt el LUV A LA
BERRICERE DS R STz HLA-DP BinF D
M72RETE BEO L L, 22 D FT OB %R i
BRI XV INEE X7z BA N HBV BB EE 489

F1 HAZMEVTEREL-Y VT —K

population  Japanese Korean  Hongkongese Thai
total nuber of 1,281 586 661 629
HBV patients 489 340 281 330
age ave. 57.1 44.7 57.9 52.0

(min-mag  (20-84) (18-74) (32-86) (21-84)

gender (M/F/ND)  337/149/3 265/75/0 239/42/0 289/101/0

Resolved 335 106 190 113
age ave. 59.7 43.1 40.0 48.2

{min-maxj (18-87) (12-66) (18-60) (39-66)

gender (M/F/ND)  173/162/0 61/45/0 11377710 83/30/0
Healthy controls 467 140 190 126
age ave. 39.0" 3.7 26.2 46.6

{min-max) (23-84) (1-59) {16-60) {38-79)

gender (M/F/ND)  370/97/0 67/73/0 87/103/0 73/53/0

fR{R, HBV BEfERRYLERE 335 MR, BEH
B 467 BR(E (Bt 1,291 #afR) 1ot LT,
HLA-DPAI 3 X OV HLA-DPBI @ HLA # A ¥
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LG A %, wRESLMEET 586 MRk (HBV
FBEE B 340 1K, HBV BEFERCELEE 106 ik,
R ERE 140 friK) . BHHEMF 661 Mk
(HBV /B #F 281 FafAk. HBV BETEREGEEE 190
MRk, BEER 190 RIE) BXOF 1 £H
£t 629 trik (HBV FR3E 8 390 iR, HBV BEfE
FRULERE 113 Befk, BEEFERE 126 KRIR) 12
ONWTHHAFA U 7 HER L (FE 1),
HBV Rl B~ 5 HLA-DPT ) V%
RET 2%, BARANERO HBV BER L&
WEBED HLA-DPBI 7V )V D EREMEMNT 21T
o7& T A, HLA-DBPI05:01 (R&ZMHET )
V).  HLA-DPBI'04:02 (BT VL) T
BB 2BEN R DT & B O R
BPR/ONT, £, TRUM I NETIZ
HEINLTWARW 2 SDOERET Y L
(HLA-DPBI*02:01, OR=0.71, P=2.1x107%;
HLA-DPBI*04:01, OR = 0.34, P = 2.4x107)
L1 ODOREZMET U NV (HLA-DPBI1#09.01, OR
= 1.94, P = 3.7x10°) THFHZIZEENTR
SNy, HLA-DPA1 7 V)& HLA-DPBI 7V
NOMBEDLE (NTrEATF) ITHONT
b BT 2 EME L7228, BED AT e X
A FCREENFEMACRE AEmITIR O
9. HLA-DPBI DD T U )28 HBV HrfeRk
YUt A REMER L ORPIEICEETh
HTEWRBREINTZ, -, EHRET VLV
ERETHETAHEAE~T O THETAES
EHEL, ~TRTHETAERLVEER
BAEAE RTZEEALMNT LI, BEZHT
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M IEPEICEET A ERR I, BEE
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B ICEET 2 ENRENT, A £EH
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~ENT,

72 HBV 7 A /L A HEBRICEEE 5 HLA-DP
TIYNERET DA, BARANEHO HBV A&
FREL HBc PUEEEMRE (T A NV ABERRER)
D HLA-DPBI 7V VD REEMEF 24T o712 &
Z A, HLA-DBPI09:01 (BE=ZMT V).
HLA-DPBI*04:02 (X=MET7 V) THEER
B EH 2 R & v . HA-DPBI'02:01,
HLA-DPBI*04:01, HLA-DPBI'04:02 T % B
DA H R 5 (0. 1<p<0. 5) . HBV £y
EHBOT VN TOREENR I N,
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BiR) 2oy ha— B E LT GWAS 2 FEh
L7z, P<10°Z7~d SNP iX 53 2ETR.H .
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REICRIDENEFIND, T2, FR
BLEEROBZLZBHNLELTEmRL =
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HBV-Related Diseases Identified by a Trans-Ethnic
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Abstract

Previous studies have revealed the association between SNPs located on human leukocyte antigen (HLA) class Il genes,
including HLA-DP and HLA-DQ, and chronic hepatitis B virus (HBV) infection, mainly in Asian populations. HLA-DP alleles or
haplotypes associated with chronic HBV infection or disease progression have not been fully identified in Asian populations.
We performed trans-ethnic association analyses of HLA-DPA1, HLA-DPB1 alleles and haplotypes with hepatitis B virus
infection and disease progression among Asian populations comprising Japanese, Korean, Hong Kong, and Thai subjects. To
assess the association between HLA-DP and chronic HBV infection and disease progression, we conducted high-resolution
(4-digit) HLA-DPAT and HLA-DPB1 genotyping in a total of 3,167 samples, including HBV patients, HBV-resolved individuals
and healthy controls. Trans-ethnic association analyses among Asian populations identified a new risk allele HLA-DPB1*09:01
(P=136x10"% OR=1.97; 95% Cl, 1.50-2.59) and a new protective allele DPB1*02:01 (P=5.22 %105 OR=0.68; 95% Cl,
0.58-0.81) to chronic HBV infection, in addition to the previously reported alleles. Moreover, DPB1*02:01 was also associated
with a decreased risk of disease progression in chronic HBV patients among Asian populations (P=1.55x10"; OR=0.50;
95% Cl, 0.39-0.65). Trans-ethnic association analyses identified Asian-specific associations of HLA-DP alleles and haplotypes
with HBV infection or disease progression. The present findings will serve as a base for future functional studies of HLA-DP
molecules in order to understand the pathogenesis of HBV infection and the development of hepatocellular carcinoma.
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Introduction

Hepatitis B virus (HBV) infection is a major global health
problem, resulting in 0.5--1.0 million, deaths per year [1]. The
prevalence of chronic HBV infection varies. About 75% of the
chronic carriers in the world live in Southeast Asia and East Pacific
[2]. Due to the introduction of vaccination programs, the
prevalence of HBV infection in many countries has gradually
been decreasing with consequent decreases i HBV-related
hepatocellular carcinoma (HCC) [3]. Although some HBV
carriers spontaneously eliminate the virus, about 10-15% of
carriers develop liver cirrhosis (LC), liver failure and HCC [4].
Moreover, the progression of liver disease was revealed to be
associated with the presence of several distinet mutations in HBV
ifections [5]. Genetic variations in STAT4 and HLA-DQ genes
were recently identified as host genetic factors in a large-scale
genome-wide association study (GWAS) for HBV-related HCC in
China [6].

With regard to the genes associated with susceptibility to
chronic HBV infection, HLA-DP and HLA-DQ genes were
identified by GWAS in Japanese and Thai populations in 2009
[7] and 2011 [8], respectively. In addition, our previous GWAS
confirmed and identified the association of SNP markers located
on HLA-DPAI (rs3077) and HLA-DPBI (rs9277535) genes with
susceptibility to chronic hepatitis B (CHB) and HBV clearance in
Japanese and Korean subjects[9]. The significant associations of
HLA-DP with CHB and HBV clearance have mainly been
detected in Asian populations, such as Japanese [8,9], Thai [7],
Chinese [10-12], and Korean [9]. In 2012, the association
between HLA-DPAI gene SNPs and persistent HBV infection was
replicated in a Germany non-Asian population for the first time;
however, this showed no association with HBV infection [13].
These results seem to be explained by the fact that allele
frequencies of both rs3077 (0.155, 0.587 and 0.743 for C allele,
on HapMap CEU, JPT, and YRI) and rs9277535 (0.261, 0.558
and 0.103 for G allele, on HapMap CEU, JPT, and YRI) are
markedly different between populations. Moreover, the previous
study showed that HBsAg seropositivity rates were higher in
Thailand and China (5-12%) than in North America and Europe
(0.2-0.5%) [2]. These results suggest that comparative analyses of
HILA-DP alleles and haplotypes in Asian populations would clarify
key host factors of the susceptible and protective HLA-DP alleles
and haplotypes for CHB and HBV clearance. Here, we performed
trans-ethnic analyses of HLA-DP alleles and haplotypes in Asian
populations comprising Japanese, Korean, Hong Kong and Thai
individuals. The findings from this study will serve as a base for
future functional studies of HLA-DP molecules.

Results

Characteristics of studied subjects

The characteristics of a total of 3,167 samples, including
Japanese, Korean, Hong Kong and Thai subjects, are shown in
Table 1. Each population included three groups of HBV patients,
resolved individuals and healthy controls. The clinical definitions
of HBV patients and resolved individuals are summarized in
Materials and Methods. Some of the Japanese and all of the
Korean samples overlapped with the subjects in our previous study
[9,14].
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We performed genotyping for HLA-DPAT and HLA-DPBI in all
3,167 samples, and a total of 2,895 samples were successfully
genotyped. The characteristics of successfully genotyped samples
are shown in Table S1.

Association of HLA-DPAT and HLA-DPBT alleles in Asian
populations

As for a general Asian population, including 464 Japanese, 140
Korean, 156 Hong Kong, and 122 Thai subjects, five HLA-DPAI
alleles and twenty-four HLA-DPBI alleles were observed (Table
52). The frequencies of HLA-DPAI and HLA-DPBI alleles were
similar between Japanese and Korean subjects. On the other
hand, the number of alleles with frequencies of 1-2% was larger in
Hong Kong and Thai populations, despite the small sample size.
Although the frequencies of HLA-DP alleles varied in Asian
populations, HLA-DPBI*05:01 was the most prevalent with over
30% in all populations.

The associations of HLA-DPAl and HLA-DPBI alleles with
chronic HBV infection (i.e., comparison between HBV patients
and healthy controls) are shown in Table S2. To avoid false
positives caused by multiple testing, the significance levels were
corrected based on the numbers of HLA-DPAI and HLA-DPBI

Table 1. Number of individuals in this study.

Population Japanese Korean

Hong Kong Thai

CH 147 175 187 198

338/151

265/75 239/42

289/101

173/162 61/45 113/77

Gender (M/F)

370/97 67/73

87/103 73/53

Abbreviation: IC, Inactive Carrier; CH, Chronic Hepatitis; AE, Acute Exacerbation;
LC, Liver Cirrhosis; HCC, Hepatocellular Carcinoma.

* Resolved individuals were HBsAg negative and HBcAb positive.

** 419 of 467 healthy controls were de-identified, without information on age.
doi:10.1371/journal.pone.0086449.t001
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alleles in the focal population. Briefly, the significance level was set
at 0.05/(# of observed alleles at each locus) in each population
(see Materials and Methods). With regard to high-risk alleles of
HILA-DPAI, the most prevalent allele HLA-DPAI*02:02 was
significantly associated with susceptibility to HBV infection in
Japanese (P=345x10"% OR=1.39; 95% CI, 1.16-1.68) and
Korean subjects (P=2.66x107% OR = 1.89; 95% CI, 1.39-2.58),
whereas this association was not observed in Hong Kong or Thai
subjects. The association of HLA-DPAI#02:01 with susceptibility to
HBV infection was significant only in Japanese (P=2.61x107";
OR =1.88; 95% CI, 1.46-2.41). The significant association of
HILA-DPAI*01:03 with protection against HBV infection was
commonly observed among four Asian populations (Table 52).
The pooled OR and 95% CI were 0.51 and 0.41-0.63,
respectively in a meta-analysis (P =3.15x107'% (Fig. S1A).

As shown in Table 82, HLA-DPBI shows higher degree of
polymorphism than HLA-DPA1. The most common allele in Asian
populations, HLA-DPBI*05:01, was significantly associated with
HBV susceptibility in both Japanese and Korean subjects.
Although HLA-DPBI*05:01 showed no significant association in
the Hong Kong and Thai populations, the same direction of
association (i.e., HBV susceptibility) was observed. Meta-analysis
of the four populations revealed a significant association between
HLA-DPBI*05:01 and susceptibility to HBV infection
(P=151x10"% OR =1.45; 95% CI, 1.19-1.75) (Fig. SIB). The
frequency of HLA-DPBI*09:01 was significantly elevated in
Japanese HBV patients (15.7%) as compared with healthy controls
{8.7%) (P=3.70x107% OR =1.94; 95% CI, 1.45-2.62), and this
association was most significant (i.e., the smallest P value) in the
Japanese population. Because of lower allele frequencies of HLA-
DPBI*09:01 or lack of statistical power in the other populations,
no significant associations were observed. A common allele in Thai
subjects, HLA-DPBI*13:01, was significantly associated with
susceptibility to HBV infection (P=2.49x107% OR=2.17; 95%
CI, 1.40-3.47) with the same direction of associations in Japanese
and Hong Kong (OR =1.52 and 1.40, respectively).

HLA-DPBI*04:02 was identified as the most protective allele for
HBV infection in Japanese (P=1.59x1077; OR =0.37; 95% CI,
0.24-0.55) and Korean subjects (P=1.27x10"7; OR =0.19; 95%
CI, 0.10-0.38). Both HLA-DPBI*02:0] and HLA-DPBI*04:0]
were also significantly associated with protection in the Japanese
population, and the former was significantly associated with
protection in Hong Kong subjects (P=9.17x10"% OR =0.49;
95% CI, 0.32-0.76). This common allele among four Asian
populations, HLA-DPB1#02:01, showed a significant association
with protection against HBV infection (P=5.22x107%
OR =0.68; 95% CI, 0.58-0.81) in a meta-analysis (Fig. S1B).

The frequencies of associated HLA-DP alleles in a comparison of
HBYV patients with healthy controls (Table S2) or with HBV-
resolved individuals (Table S3) were similar in all four Asian
populations. In the Japanese population, the associations of
susceptible and protective HLA-DPBI alleles to chronic HBV
infection seem weaker in the comparison of HBV patients with
HBV-resolved individuals than in the comparison of HBV patients
with healthy controls. Moreover, the results of association analyses
showed no difference in the comparison of HBV patients with
HBV-resolved individuals, including or excluding HCV positive
individuals (Table S3). In contrast, the association became
stronger in the comparison of HBV patients with HBV-resolved
individuals among the Korean subjects. The protective allele HLA-
DPBI*04:01 was also identified to have a‘strong association with
HBYV clearance in Hong Kong subjects (Table S3). Moreover, in
Hong Kong subjects, the HLA-DPBI*05:01 associated with the
risk for HBV infection showed lower frequency in HBV-resolved
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Table 2. Association of number of DPB1*02:01 alleles (i.e, 0, 1
or 2) with disease progression in CHB patients assessed by
multivariate logistic regression analysis adjusted for age and
sex.

P value

Population

OR (95% CI)

Korean 0.025358 0.55 (0.33-0.93)

*Population was adjusted using dummy variables.
doi:10.1371/journal.pone.0086449.t002

individuals (42.9%) than in the healthy controls (48.1%), which
accounts for a strong association in the comparison of HBV
patients with HBV-resolved individuals (P=6.24x107%
OR =1.64; 95% CI, 1.14-2.36). Although the number of samples
was insufficient, HLA-DP*100:01 showed a significant association
with protection against HBV infection in the Hong Kong
population (P = 3.05x107% OR =0.03; 95% CI, 0.0007-0.20).

As for disease progression in CHB patients among Asian
populations, a protective effect of HLA-DPBI*02:0] on disease
progression was observed in the Japanese (P=4.26x1077,
OR=045; 95% CI, 0.30-0.67) and Korean populations
(P=8.74x10"% OR=047; 95% CI, 0.29-0.75) (Table S4).
Multivariate logistic regression analysis adjusted for age and sex
revealed that the number of DPBI#02:01 alleles (i.¢., 0, 1, or 2) was
significantly associated with disease progression in CHB patients in
Japanese (P=1.77x107% OR=047; 95% CI, 0.32-0.70)
(Table 2). Moreover, protective effects of DPBI*02:01 on disease
progression in Asian populations (P=1.55x10"7; OR=0.50;
95% CI, 0.39-0.65) were detected in a multivariate logistic
regression analysis adjusted for age, gender, and population
(Table 2).

Associations of DPA1-DPB1 haplotypes in Asian
populations

The estimated frequencies of HLA DPAI-DPBI haplotypes are
shown in Table S5. The most frequent haplotype among the four
Asian populations was DPA1*02:02-DPBI*05:01. The number of
haplotypes with low frequencies of 1-2% was 10 in both Japanese
and Korean subjects, whereas more haplotypes appeared with
frequencies of 1-2% in Hong Kong and Thai subjects. The
associations of DPAI-DPBI haplotypes with HBV infection are
shown in Table S5. In the Japanese population, DPAI*02:01-
DPBI1#09:01 showed the most significant association with suscep-
tibility to HBV infection (P=3.38x107% OR=1.95; 95% CI,
1.46-2.64). The most common haplotype in the four Asian
populations, DPAI*02:02-DPB1%05:01, was found to be signifi-
cantly associated with susceptibility to HBV infection in the
Japanese and Korean subjects (P=7.40x107% OR =1.37; 95%
CI, 1.14-1.66 for Japanese, and P= 450x107% OR =2.02; 95%
CI, 1.48-2.78 for Korean). In the Thai subjects, HLA-DPBI*15:01
was the most significant risk allele for HBV infection (Table S2);
however, no significant associations were found for the three
different haplotypes bearing HLA-DPBI*13:01: DPAI*02:01-
DPBI*13:01, DPAI1*02:02-DPB1%13:01, and DPAI*04:01-
DPBI*13:01 indicating that the association of HLA-DPBI1#]5:01
with susceptibility to HBV infection did not result from a specific
DPAI-DPBI haplotype or combination with a specific DPAI allele.
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In the Japanese population, both haplotypes DPAI*01:03-
DPBI*04:01 and DPAI*01:03-DPBI1*04:02 showed significant
associations  with  protection  against HBV  infection
(P=117x10"% OR=032; 95% CI, 0.18-0.56 for
DPAI*01:03-DPBI*04:0] and P=195x10""; OR=0.37; 95%
Cl, 0.24-0.55 for DPAI*01:053-DPB1%04:02). In the Korean
subjects, a significant association of DPAI*01:03-DPBI1*04:02
was also demonstrated; however, no association was observed for
DPAT#01:03-DPB1*04:01. Because the observed number of each
haplotype was small, none of the other haplotypes showed a
significant association with protection against HBV infection.

In order to identify trans-ethnic DPAI-DPB1 haplotypes
associated with HBV infection, a meta-analysis was performed.
A meta-analysis further revealed that the DPAI*01:03-
DPBI*02:01 haplotype was significantly associated with protection
against HBV infection (P =1.45x 107% OR = 0.69; 95% CI, 0.58-
0.82) (Fig. S1C).

Discussion

Among 2.2 billion individuals worldwide who are infected with
HBV, 15% of these are chronic carriers. Of chronic carriers, 10-
15% develops LC, liver failure and HCC, and the remaining
individuals eventually achieve a state of nonreplicative infection,
resulting in HBsAg negative and anti-HBc positive, i.e. HBV-
resolved individuals. To identify host genetic factors associated
with HBV-related disease progression may lead HBV patients to
discriminate individuals who need treatment.

The HLA-DPAI and HLA-DPBI genes were identified as host
genetic factors significantly associated with CHB infection, mainly
i Asian populations [7-12], and not in European populations
[13]. In the previous association analyses of HLA-DPBI alleles with
HBYV infection, one risk allele HLA-DPB1*05:01 (OR = 1.52; 95%
CI, 1.31-1.76), and two protective alleles, HLA-DPBI*04:01
(OR=0.53; 95% CI, 0.34-0.80) and HLA-DPBI*04:02
(OR=0.47; 95% CI, 0.34-.64), were identified in the Japanese
population {7]. In this study, we further identified a new risk allele
HILA-DPBI*09:01 (OR=1.94; 95% CI, 1.45-2.62) for HBV
infection and a new protective allele HLA-DPBI*02:01
(OR=0.71; 95% CI, 0.56-0.89) in the Japanese population, in
addition to the previously reported alleles (Table S2) [7]. The
discrepancy in the association of HLA-DPBI1*09:01 allele with risk
for HBV infection in a previous study [7] results from the elevated
frequency of HLA-DPBI*09:0] in the controls (12.2%), which is
higher than our controls (8.7%). In this study, healthy subjects
were recruited as controls. In contrast, individuals that were
registered in BioBank Japan as subjects with diseases other than
CHB were recruited as controls in the previous study [7], which
may have included patients with diseases with which HILA4-
DPBI*09:01 is associated. Although no significant association of
HLA-DPBI*09:01 with risk for HBV infection was observed in the
Korean subjects, HLA-DPB1%09:01 appears to have a susceptible
effect on HBV mfection, as it showed the same direction of
association. When the association analyses in Japanese and
Korean subjects were combined in meta-analysis, the association
was statistically significant (P=1.36x107% OR =1.97; 95% CI,
1.50-2.59). Thus, HLA-DPB1#09:01 may be a Northeast Asian-
specific allele associated with risk for HBV infection.

Moreover, a significant association of HLA-DPBI*13:01 with
risk of HBV infection (OR=2.17; 95% CI, 1.40-3.47) was
identified in the Thai subjects. However, the frequency of HLA-
DPBI*13:01 in Thai healthy controls (11.5% in the present study)
reportedly varies, ranging from 15.4% to 29.5%, due to the
population diversity [15-17]. Therefore, a replication analysis is
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required to confirm the association of HLA-DPBI*13:01 with
HBV infection in the Thai subjects. There were four other
marginally associated HLA-DPBI alleles with low allele frequencies
below 5% in HBV patients and healthy controls, including HLA-
DPBI1#28:01, -DPB1*31:01, -DPB1*100:01, and -DPB1*105:01, in
the Hong Kong and Thai subjects. Because these infrequent alleles
may have resulted from false positive associations, the association
needs to be validated in a large number of subjects.

HLA-DPBI*02:01 showed a significant association with protec-
tion against HBV infection in both Japanese and Hong Kong
populations (Table S2); however, the HLA-DPBI1*02:01 allele was
not associated with HBV infection in the previous study [7].
Although HLA-DPBI#02:01 showed no association in either
Korean or Thai populations, a significant association of HLA-
DPBI*02:01 with protection against HBV infection among four
Asian populations was detected in meta-analysis (P=5.22x107°;
OR =0.68; 95% CI, 0.58-0.81) (Fig. S1B). We therefore conclude
that the present finding is not a false positive.

A recent report showed that HLA-DPBI*02:01:02, *02:02,
*03:01:01, *04:01:01, *05:01, *09:01, and *14:0] were signifi-
cantly associated with response to booster HB vaccination in
Taiwan neonatally vaccinated adolescents [18]. The HLA-
DPBI#02:01:02, *02:02, *03:01:01, *04:01:01, and *]4:0] were
significantly more frequent in recipients whose post-booster titers
of antibodies against HBV surface antigen (anti-HBs) were
detectable, on the other hand, HLA-DPB1*05:01 and *09:01 were
significantly more frequent in recipients who were undetectable.
Moreover, the HLA-DPBI*05:01 and *09:01 significantly increase
the likelihoods of undetectable pre-booster anti-HBs titers. These
results seem consistent with our findings, in which HLA-
DPBI*05:01 and *09:0] are associated with susceptibility to
chronic hepatitis B infection.

We also identified a protective effect of HLA-DPBI1*02:01 allele
on disease progression in Asian populations. Previous studies
identified the association of HLA class II genes including HLA-DQ
and HLA-DR with development of HBV related hepatocellular
carcinoma in the Chinese population {6,19,20]. In this study using
Japanese and Korean samples, we identified significant associa-
tions between HLA-DPBI*02:01 and disease progression in CHB
patients (P=4.26x107°, OR=0.45; 95% CI, 0.30-0.67, for
Japanese and P= 8.74x107* OR =0.47; 95% CI, 0.29-0.75 for
Korean) (Table S4). Although the association of HLA-DPBI1*02:01
with disease progression was weaker after adjustment for age and
gender in Korean subjects (P=2.54x10"% OR=0.55; 95% CI,
0.33-0.93), the same direction of association was observed (i.e.
protective effect on disease progression) (Table 2). The protective
effects of HLA-DPBI*02:01 on disease progression showed a
significant association after adjustment for age and gender in the
Japanese population (P=1.77x107* OR=0.47; 95% CI, 0.32-
0.70); moreover, a significant association between HLA-
DPBI*02:01 was observed among four Asian populations, under
which population was adjusted by using dummy variables in a
multivariate  logistic  regression  analysis (P=1.55%107";
OR =0.50; 95% CI, 0.39-0.65) (Table 2).

The HLA-DPAI and HLA-DPBI belong to the HLA class II
alpha and beta chain paralogues, which make a heterodimer
consisting of an alpha and a beta chain on the surface of antigen
presenting cells. This HLA class I molecule plays a central role in
the immune system by presenting peptides derived from extracel-
lular proteins. We identified two susceptible haplotypes
(DPA1*02:02-DPB1%05:0] and DPAI*02:01-DPB1#09:0]) and
three  protective  haplotypes  (DPAI1*01:03-DPB1%04:01,
DPAI%01:03-DPBI*04:02, and HLA-DPAI*01:03-DPB1#*02:01) to
chronic hepatitis B infection, which may result in different binding
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affinities between HLA-DP subtypes and extracellular antigens.
Although functional analyses of HLA-DP subtypes to identify
HBV-related peptides are not fully completed, identification of
susceptible and protective haplotypes as host genetic factors would
lead us to understand the pathogenesis of HBV infection including
viral factors.

In summary, we identified a new risk allele HLA-DPBI1*09:01,
which was specifically observed in Northeast Asian populations,
Japanese and Korean. Moreover, a new protective allele HLA-
DPBI#02:01 was identified among four Asian populations:
Japanese, Korean, Hong Kong and Thai. The protective allele
HLA-DPBI1%02:01 was associated with both chronic HBV infection
and disease progression in chronic HBV patients. Identification of
a total of five alleles, including two risk alleles (DPBI#09:01 and
DPBI*05:01) and three protective alleles (DPBI*04:01,
DPBI*04:02 and DPBI*02:01), would enable HBV-infected
individuals to be classified into groups according to the treatment
requirements. Moreover, the risk and protective alleles for HBV
infection and disease progression, identified in this study by means
of trans-ethnic association analyses, would be key host factors to
recognize HBV-derived antigen peptides. The present results may
lead to subsequent functional studies into HLA-DP molecules and
viral factors in order to understand the pathogenesis of HBV
infection and development of hepatocellular carcinoma.

Materials and Methods

Ethics Statement

All study protocols conform to the relevant ethical guidelines, as
reflected in the a priort approval by the ethics committee of
National Center for Global Health and Medicine, and by the
ethics committees of all participating universities and hospitals,
including The University of Tokyo, Japanese Red Cross Kanto-
Koshinetsu Block Blood Center, The University of Hong Kong,
Chulalongkorn University, Yonsei University College of Medicine,
Nagoya City University Graduate School of Medical Sciences,
Musashino Red Cross Hospital, Tokyo Medical and Dental
University, Teine Keijinkai Hospital, Hokkaido University Grad-
uate School of Medicine, Kurume University School of Medicine,
Okayama University Graduate School of Medicine, Yamaguchi
University Graduate School of Medicine, Tottori University,
Kyoto Prefectural University of Medicine, Osaka City University
Graduate School of Medicine, Nagoya Daini Red Cross Hospital,
Ehime University Graduate School of Medicine, Kanazawa
University Graduate School of Medicine, National Hospital
Organization Osaka National Hospital, Iwate Medical University,
Kawasaki Medical College, Shinshu University School of Medi-
cine, Saitama Medical University, Kitasato University School of
Medicine, Saga Medical School, and University of Tsukuba.

Wiritten informed consent was obtained from each patient who
participated in this study and all samples were anonymized. For
Japanese healthy controls, 419 individuals were de-identified with
information about gender, and all were recruited after obtaining
verbal informed consent in Tokyo prior to 1990. For the 419
Japanese healthy individuals, written informed consent was not
obtained because the blood sampling was conducted before the
“Ethical Guidelines for Human Genome and Genetic Sequencing
Research” were established in Japan. Under the condition that
DNA sample is permanently de-linked from the individual, this
study was approved by the Research Ethics Committee of
National Center for Global Health and Medicine.
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Characteristics of studied subjects

All of the 3,167 genomic DNA samples were collected from
individuals with HBV, HBV-resolved individuals (HBsAg-negative
and anti-HBc-positive) and healthy controls at 26 multi-center
hospitals throughout Japan, Korea, Hong Kong, and Thailand
(Table 1). In a total of 1,291 Japanese and 586 Korean samples,
1,191 Japanese individuals and all 586 Korean individuals were
included in our previous study [9]. With regard to additional
Japanese individuals, we collected samples from 48 healthy
controls at Kohnodai Hospital, and 52 HBV patients at Okayama
University Hospital and Ehime University Hospital, including 26
individuals with LC and 26 individuals with HCC. A total of 661
Hong Kong samples and 629 Thai samples were collected at
Queen Mary Hospital and Chulalongkorn University, respectively.

HBV status was measured based on serological results for
HBsAg and anti-HBc with a fully automated chemiluminescent
enzyme immunoassay system (Abbott ARCHITECT; Abbott
Japan, Tokyo, Japan, or LUMIPULSE f or G1200; Fuyjirebio,
Inc., Tokyo, Japan). For clinical staging, inactive carrier (IC) state
was defined by the presence of HBsAg with normal ALT levels
over | year (examined at least four times at 3-month intervals) and
without evidence of liver cirrhosis. Chronic hepatitis (CH) was
defined by elevated ALT levels (>1.5 times the upper limit of
normal [35 IU/L]) persisting over 6 months (by at least 3
bimonthly tests). Acute exacerbation (AE) of chronic hepatitis B
was defined as an elevation of ALT to more than 10 times the
upper limit of normal (ULN, 58 IU/L) and bilirubin to at least
three times ULN (15 umol/L). LC was diagnosed principally by
ultrasonography (coarse liver architecture, nodular liver surface,
blunt liver edges and hypersplenism), platelet counts<<100,000/
em®, or a combination thereof. Histological confirmation by fine-
needle biopsy of the liver was performed as required. HCC was
diagnosed by ultrasonography, computerized tomography, mag-
netic resonance imaging, angiography, tumor biopsy or a
combination thereof.

The Japanese control samples from HBV-resolved subjects
(HBsAg-negative and anti-HBc-positive) at Nagoya City Univer-
sity-affiliated healthcare center were used by comprehensive
agreement (anonymization in a de-identified manner) in this
study. Some of the unrelated and anonymized Japanese healthy
controls were purchased from the Japan Health Science Research
Resources Bank (Osaka, Japan). One microgram of purified
genomic DNA was dissolved in 100 pl of TE buffer (pH 8.0)
(Wako, Osaka, Japan), followed by storage at —20°C until use.

Genotyping of HLA-DPA1 and HLA-DPB1 alleles

High resolution (4-digit) genotyping of HLA-DPAI and -DPBI
alleles was performed for HBV patients, resolved individuals, and
healthy controls in Japan, Korea, Hong Kong, and Thailand.
LABType SSO HLA DPA1/DPBI kit (One Lambda, CA) and a
Luminex Multi-Analyte Profiling system (xMAP; Luminex, Austin,
TX) were used for genotyping, in according with the manufac-
turer’s protocol. Because of the small quantity of genomic DNA in
some Korean samples, we performed whole genome amplification
for a total of 486 samples using GenomiPhi v2 DNA Amplification
kit (GE Healthcare Life Sciences, UK), in accordance with the
manufacturer’s instruction.

A total of 2,895 samples were successfully genotyped and
characteristics of these samples are summarized in Table S1.

Statistical analysis

Fisher’s exact test in two-by-two cross tables was used to
examine the associations between HLA-DP allele and chronic
HBV infection or disease progression in chronic HBV patients,
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using statistical software R2.9. To avoid false-positive results due
to multiple testing, significance levels were adjusted based on the
number of observed alleles at each locus in each population. For
HLA-DPAI alleles, the number of observed alleles was 3 in
Japanese, 4 in Korean, 5 in Hong Kong, and 5 in Thai subjects.
Therefore, the significant levels for o were set at o=0.05/3 in
Japanese, «=0.05/4 in Korean, «=0.05/5 in Hong Kong, and
o =0.05/5 in Thai subjects. In the same way, significant levels for
HLA-DPB]I alleles were o= 0.05/10, 0.05/11, 0.05/12, and 0.05/
16, respectively. Multivariate logistic regression analysis adjusted
for age and sex (used as independent variables) was applied to
assess associations between the number of DPBI*02:01 alleles (i.e.,
0, 1, or 2) and disease progression in CHB patients. "To examine
the effect of DPBI*02:01 allele on disease progression in all
populations, population was further adjusted by using three
dummy variables (i.e., (c1, ¢2, ¢3)=(0, 0, 0) for Japanese, (1, 0, 0)
for Korean, (0, 1, 0) for Hong Kong, and (0, 0, 1) for Thai) in a
multivariate logistic regression analysis. We obtained the following
regression  equation:  logit(p) = —3.905+0.083*age+(—0.929)*-
sex+(—0.684*DPBI*02:01+1.814%c1+(—0.478)*c2+0.782%c3. Sig-
nificance levels in the analysis of disease progression in CHB
patients were set as o= 0.05/10 in Japanese, o0 =0.05/11 in
Korean, 0=0.05/15 in Hong Kong, and «=0.05/15 in Thai
subjects. The phase of each individual (i.e., a combination of two
DPAI-DPBI haplotypes) was estimated using PHASE software
[21], assuming samples are selected randomly from a general
population. In comparison of the estimated DPAI-DPBI haplotype
frequencies, significant levels were set as o0=0.05/14 in Japanese,
a=0.05/17 in Korean, o= 0.05/17 in Hong Kong, and o= 0.05/
18 in Thai subjects. Meta-analysis was performed using the
DerSimonian-Laird method (random-effects model) in order to
calculate pooled OR and its 95% confidence interval (95% CI).
We applied meta-analysis for alleles with frequency>1% in all
four Asian populations. The significance levels in meta-analysis
were adjusted by the total number of statistical tests; o= 0.05/20
for DPAI alleles, .= 0.05/57 for DPBI alleles, and o= 0.05/74 for
DPAI-DPBI haplotypes.

Supporting Information

Figure 81 Comparison of odds ratios in association
analyses for HLA-DP with chronic HBV infection among
four Asian populations: (A) HLA-DPAI alleles; (B) HLA-
DPBI alleles; and (C) HLA DPA1-DPBI haplotypes. Meta-
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High-accuracy imputation for HLA class I and II genes based
on high-resolution SNP data of population-specific references

S-S Khor', W Yang?, M Kawashima', S KamitsujiZ, X Zheng?, N Nishida'*, H Sawai', H Toyoda', T Miyagawa', M Honda®,

N Kamatani? and K Tokunaga'

Statistical imputation of classical human leukocyte antigen (HLA) alleles is becoming an indispensable tool for fine-mappings of
disease association signals from case—control genome-wide association studies. However, most currently available HLA imputation
tools are based on European reference populations and are not suitable for direct application to non-European populations. Among
the HLA imputation tools, The HIBAG R package is a flexible HLA imputation tool that is equipped with a wide range of population-
based classifiers; moreover, HIBAG R enables individual researchers to build custom classifiers. Here, two data sets, each comprising
data from healthy Japanese individuals of difference sample sizes, were used to build custom classifiers. HLA imputation accuracy in
five HLA classes (HLA-A, HLA-B, HLA-DRB1, HLA-DQB1 and HLA-DPBT) increased from the 82.5-98.8% obtained with the original
HIBAG references to 95.2-99.5% with our custom classifiers. A call threshold (CT) of 0.4 is recommended for our Japanese classifiers;
in contrast, HIBAG references recommend a CT of 0.5. Finally, our classifiers could be used to identify the risk haplotypes for
Japanese narcolepsy with cataplexy, HLA-DRB1*15:01 and HLA-DQB1*06:02, with 100% and 99.7% accuracy, respectively; therefore,
these classifiers can be used to supplement the current lack of HLA genotyping data in widely available genome-wide association

study data sets.

The Pharmacogenomics Journal advance online publication, 24 February 2015; doi:10.1038/tpj.2015.4

INTRODUCTION

Human Leukocyte Antigen (HLA) represents the primary system,
which encodes cell-surface protein that presents the specific
antigen peptides for the host immune system. Specific HLA
proteins have been implicated as the major susceptible factors for
adverse drug reactions, transplant/graft rejection and a wide
range of autoimmune and infectious diseases. The HLA, or major
histocompatibility complex (MHC), region in humans is located on
chromosome 6p21.3 HLA loci, and HLA proteins are highly
polymorphic because of natural selection against a wide range
of pathogens.! For example, as of October 2014, the IMGT/HLA
database contained up to 12 000 HLA alleles,? and HLA-B and HLA-
DRB were the most polymorphic in HLA class | and HLA class |l
genes, with 3693 and 1684 two-field alleles, respectively.

Over the years, different methodologies have been developed
for genotyping HLA alleles, from classical two-digit serotyping to
four-or-more-digit DNA-based typing methods. However, HLA
genotyping is still notorious for being time consuming and costly
for research studies that involve thousands of samples. To
overcome these problems, methods for predicting HLA genotypes
based on single nucleotide polymorphisms (SNPs) have been
developed.>* However, the utility of such prediction methods is
limited to specific populations for which a particular prediction
system is built. An alternative method uses multiple SNPs in the
proximity of HLA regions to predict HLA genotypes. Leslie et al.’
developed an HLA prediction system based on identity-by-
descents model; this system uses multiple SNPs to infer haplotype

information. Using the same statistical algorithm Dilthey et al.®
developed an integrative software program, HLA*IMP, based on
SNP data from European populations with a modification of the
SNP selection process, which increased the imputation accuracy. A
subsequently developed software program, HLA*IMP:02,” based
on SNP data from multiple populations that can accommodate
haplotypic heterogeneity, is also available. Each version of
HLA*IMP required users to upload the genotype data to a secure,
online server; this requirement may exclude certain research
groups from using HLA*IMP.

SNP2HLA is an HLA and amino-acid imputation software
program built based on the imputation algorithm used for the
software package BEAGLE2 SNP2HLA has enabled researchers to
interrogate functional coding variants within HLA genes that
might be causal for certain diseases. Non-synonymous changes
within HLA genes might cause variations in the binding affinity of
the respective HLA protein, but the exact underlying mechanisms
of how such changes contribute to disease susceptibilities remains
unknown.

The HIBAG R package is an another tool for HLA genotype
imputation based on the attribute bagging method.” Attribute
bagging maximizes the advantages of bootstrap aggregation and
the random variables selection methods to improve accuracy of
HLA imputation.'® In brief, ensemble classifiers are built by
randomly selecting sets of individuals from a training data set
and randomly selecting representative SNP markers from a set of
available SNP sets. The ensemble classifiers are then used as
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