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Genome-wide association study of coronary artery
disease in the Japanese

Fumihiko Takeuchi!, Mitsuhiro YokotaZ, Ken Yamamoto?, Eitaro Nakashima*°, Tomohiro Katsuya6,
Hiroyuki Asano’, Masato Isono!, Toru Nabika8, Takao Sugiyama9, Akihiro Fujiokalo, Nobuhisa Awatall,
Keizo Ohnaka!?, Masahiro Nakatochi'?, Hidetoshi Kitajima®, Hiromi Rakugi'4, Jiro Nakamura*,
Takayoshi Ohkubo!>!6, Yutaka Imai'®, Kazuaki Shimamoto!”, Yukio Yamori'®, Shuhei Yamaguchi'®,
Shotai Kobayashi?’, Ryoichi Takayanagi?!, Toshio Ogihara'4#??> and Norihiro Kato*!

A new understanding of the genetic basis of coronary artery disease (CAD) has recently emerged from genome-wide association
(GWA) studies of common single-nucleotide polymorphisms (SNPs), thus far performed mostly in European-descent populations.
To identify novel susceptibility gene variants for CAD and confirm those previously identified mostly in populations of European
descent, a multistage GWA study was performed in the Japanese. In the discovery phase, we first genotyped 806 cases and
1337 controls with 451 382 SNP markers and subsequently assessed 34 selected SNPs with direct genotyping (541 additional
cases) and in silico comparison (964 healthy controls). In the replication phase, involving 3052 cases and 6335 controls, 12
SNPs were tested; CAD association was replicated and/or verified for 4 (of 12) SNPs from 3 loci: near BRAP and ALDHZ2 on
12q24 (P=1.6x10-34), HLA-DQB1 on 6p21 (P=4.7x10~7), and CDKN2A/B on 9p21 (P=6.1x10-16). On 12924, we
identified the strongest association signal with the strength of association substantially pronounced for a subgroup of myocardial
infarction cases (P=1.4x10-49), On 6p21, an HLA allele, DGB1*0604, could show one of the most prominent association
signals in an ~ 8-Mb interval that encompasses the LTA gene, where an association with myocardial infarction had been
reported in another Japanese study. CAD association was also identified at CDKN2A/B, as previously reported in different
populations of European descent and Asians. Thus, three loci confirmed in the Japanese GWA study highlight the likely presence
of risk alleles with two types of genetic effects — population specific and common - on susceptibility to CAD.
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INTRODUCTION

Coronary artery disease (CAD) and its main complication, myocardial
infarction (MI), are the leading causes of death and disability world-
wide, with genetic component substantially contributing to the
pathogenesis.! Genome-wide association (GWA) studies of common
single-nucleotide polymorphisms (SNPs) have recently been reported

association differs or overlaps between populations remains unknown.
Besides comparing the genetic associations between European-descent
and Japanese populations, we aim to identify new genetic variants
through a GWA study.

MATERIALS AND METHODS

to identify susceptibility loci for CAD and/or MI mostly in popula-
tions of European descent.’” Although reproducible evidence of
disease association has been obtained at a few candidate loci that
were originally detected through GWA scan, for example, near the
CDKN2A/B gene on chromosome 9p21, in different populations of
European descent and Asians, 1% the extent to which disease

Subjects

Detailed characteristics of the subjects analyzed in each stage of the study are
described in Table 1 and Supplementary Note. Our CAD genetic studies were
originally organized as part of an ongoing GWA study for cardiometabolic
disorders among Japanese subjects. All participants are of Japanese ancestry.
Cases were enrolled from clinical practices or annual medical checkups at
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Table 1 Baseline characteristics of case and control subjects in the present study

Stage 1b Stage 2

Cases Controls Cases Cases Controls
N 806 1337 541 3052 6335
% of female 22.5 447 22.1 22.3 41.1
Body mass index (kg/m?) 23.9+3.2 23.4+3.2 23.6+3.1 23.7+£3.0 23.0£2.9
Mean age at recruitment (years) 66.6 65.6 65.8 62.7 62.4
Mean age at first event (years) 63.7 — 63.0 62.7 —
% of myocardial infarction 64.8 — 49.0 72.6 —
Former or current smoker (%) 67.4 41.3 62.8 65.7 44.1
Hypertension (%) 67.3 44.8 62.4 53.7 50.1
Diabetes mellitus (%) 53.5 25.5 36.0 37.9 16.7
Dyslipidemia (%) 61.0 54.8 50.7 51.9 49.9

Plus-minus values are means = SD.

Diabetes, hypertension, and dyslipidemia were identified as risk factors on the basis of the meeting of diagnostic criteria or the receipt of treatment for these conditions (see Supplementary Note).
Genotype frequencies in the general Japanese population (n=964) derived from the Genome Medicine Database of Japan (GeMDBJ; http://gemdbj.nibio.go.jp) were used as an in silico control panel

in stage 1b; the detailed characteristics of this sample were not made available.

Subjects genotyped in the present study (a total of 4399 cases and 7672 controls) were enrolled in four distinct sites of Japan: 346 cases and 272 controls in Tokyo; 3745 cases and 6335
controls in Nagoya; 303 cases and 567 controls in Osaka; and 5 cases and 498 controls in Shimane.

medical institutions and university hospitals in accordance with the uniformly
defined criteria. These criteria included (1) a validated history of either MI
(typical electrocardiographic changes; increased serum levels of enzymes/
biomarkers including creatine kinase, aspartate aminotransferase, and tropo-
nin; a ventricular wall motion abnormality detectable with echocardiography)
or coronary revascularization (coronary artery bypass grafting or percutaneous
coronary intervention), or (2) subjective symptoms of angina pectoris with > 1
major coronary vessels showing >75% stenosis documented by coronary
angiography. Cases were consecutively recruited during a given period from
different clinics participating in this cross-sectional study and could be
representative for an average CAD patient population in Japan. Controls were
deemed free of MI by history, physical examination, and electrocardiogram,
also randomly selected from a cross-sectional study of cardiovascular risk
factors without matching of cases and controls in the individual recruitment
areas; the ratios of cases to controls were not concordant among the areas
(Table 1) and the associations were tested separately. In addition to the samples
genotyped here, we incorporated genotype frequencies in the general Japanese
population (1=964) derived from the Genome Medicine Database of Japan
(GeMDB]J; http://gemdbj.nibio.go.jp), which was used as an in silico control
panel, to increase the power of the GWA scan. Despite the recent changes in
lifestyle, the prevalence estimate (<2%)!? and incidence of CAD in the general
Japanese population was much lower than those in Europeans.'* CAD is one of
the common diseases globally. Nevertheless, the in silico control panel seems to
be useful in the case-control study, although we should take into account the
possibility that some samples in this general Japanese population are falsely
attributed.

All participants provided written informed consent, and the local ethics
committees approved the protocols.

Genome-wide scan

We designed a multistage GWA study of CAD in the Japanese population with
three parallel tracks for SNP selection (Figure 1): genome-wide scan at stringent
P-value threshold, genome-wide scan at less stringent threshold, plus targeted
(or candidate-gene based) genotyping in stage 1 as separately described below.
The discovery phase, stage 1, comprised stages la and 1b, which involved a
combined panel of 1347 CAD cases and 1337 unaffected controls plus 964
general population subjects. In this discovery phase, we adopted a joint analysis
strategy;'4 that is, 806 cases and 1337 controls were genotyped with the
Infinium HumanHap550 or Human610-Quad BeadArray (Illumina, San Diego,
CA, USA) in stage 1a, and only the top hit SNPs were followed up for fast track
in stage 1b (Supplementary Table I). Here, in stage la, five SNPs were
genotyped with the TagMan assay (Life Technologies, Carlsbad, CA, USA)
on 12q24 (four SNPs) and 6p21 (one SNP) apart from the whole-genome
genotyping assay in order to infer haplotypes using not imputed but assayed
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data of the SNPs that were in linkage disequilibrium (LD) to lead SNP
(Supplementary Table IT). SNPs showing significant (P<5x 10~%) or suggestive
(P<5x107 in the joint sample of stages la+1b) evidence of CAD association
were forwarded to the replication phase, stage 2, which involved 3052 CAD
cases and 6335 unaffected controls (Supplementary Table III). In stages 1b and 2,
genotyping was performed with the TagMan assay. A scheme for selecting SNPs
genotyped in stages 1b and 2 is described in Supplementary Note.

Data cleaning and analysis were performed using PLINK (version 1.06)!° as
described elsewhere.!® The / value for the genomic control was 1.15 in the stage
la GWA scan samples and the test statistic was adjusted using the genomic-
control method.'” To examine the potential influence of population structure
on the association results for our GWA study, we further applied the EMMAX
model,'® an efficient implementation of a variance component approach to the
stage la results. Details of SNP genotyping and quality control are described in
Supplementary Note.

Imputation of genotypes to the HapMap phase 2 (JPT+CHB) set was carried
out using BEAGLE software (version 3.0.4).!° For 964 general Japanese popula-
tion subjects from GeMDB]J in stage 1b, genotype results were available for SNPs
assayed with the Infinitum HumanHap550 (but not for imputed SNPs).

Replication study of candidate loci

Along with genome-wide exploration, we aimed to replicate the disease
association of 29 SNPs from 29 candidate loci, which had been robustly
confirmed in GWA studies of CAD in European-descent populations (Supple-
mentary Table IV).>® We performed screening of these SNPs in the discovery
phase sample (Figure 1). In addition, as we found prominent CAD associations
of variants other than those previously identified on 6p21 and 12q24 in the
Japanese,2%?! we investigated in the whole sample (4399 CAD cases and 7672
controls) the genetic impacts of 3 SNPs from 3 known genes in the LTA
(lymphotoxin-o) cascade — rs1041981 in LTA, rs7291467 in LGALS2, and
1511066001 in BRAP?0-22

Statistical analyses

SNP association analysis. The SNPs were tested for CAD association by
using the Cochran—Armitage trend test. In the replication phase (stage 2), the
significance level was set at P<0.05 after adjustment for multiple testing with
Bonferroni correction. To summarize the statistical evidence for each SNP
across different cohorts and multistage panels, we used the Mantel-Haenszel
and inverse variance methods, which were implemented in the rmeta package
for the R software (version 2.10.0; http://cran.r-project.org/), and combined the
strata according to enrollment sites (Supplementary Note). For novel loci, we
considered associations genome-wide significant if they attained P<5x1078,
For the loci previously shown to have genome-wide significant associations, we
considered a one-tailed P<0.05 (two-tailed P<0.1) as suggestive evidence of
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Coronary artery disease case-control study

Genome-wide
association scan

Replication study of
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Figure 1 Flowchart summarizing the multistage design of the present study. Independent SNPs (r2<0.8, in principle) were selected in the transition from
stage la to stage 1b. The independency was secured between two parallel tracks for SNP selection in GWA scan (at stringent P-value threshold and at less
stringent threshold) as well as within each track. Furthermore, on 6p21 and 12q24, we excluded SNPs that failed to show region-wide significant association
with CAD after adjustment for lead SNPs: rs11752643 on 6p21 and rs3782886 on 12q24. Here, a region-wide significance level (P<4.0x10~5 for 6p21

and P<2.9x10~4 for 12g24) was set by Bonferroni correction (see Supplementary Table VI).
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Figure 2 Manhattan plots for stage 1 GWA study of CAD in the Japanese. SNPs showing P<5x10-8 are colored in red. The color reproduction of this figure

is available at the European Journal of Human Genetics journal online.

replication. In addition, we tested the association of selected SNPs with MI (as
well as CAD) between a subgroup of cases with a validated history of MI
(n=3003) and controls (n=7672).

Geographical variation. In the stage 1a GWA scan samples, no difference was
evident by visual inspection of the multidimensional scaling plots among the
enrollment sites — Tokyo, Nagoya, Osaka, and Shimane. However, considering
the potential presence of geographical variation within regions of interest on
chromosomes, which could result in population structure, we also examined
allele frequency differences between the subsets of controls, each derived from
separate geographical regions of Japan (Supplementary Note and Supplemen-
tary Table V). Statistical significance at SNPs with a P-value of <1x107° is
defined to be suggestive, as reported by Wellcome Trust Case—Control
Consortium for the British population (Supplementary Figure T).2

Haplotype phylogeny and positive selection on 12q24. A previous European
GWA study claimed significant evidence supporting CAD association and
signatures of natural selection in a 1.6-Mb interval on 12924, near which the
present Japanese GWA study also identified strong CAD associations at several
SNP loci. Using a haplotype-based test, iHS,>> we tested the hypothesis that a
long-range, evolutionarily derived haplotype, upon which CAD risk alleles
could lie, arose from a positive selection in the Japanese (or East Asians)
independently of Europeans.

Imputation of classic human leukocyte antigen (HLA) types on 6p2l. A
number of SNPs in the extended major histocompatibility complex (MHC)
region on 6p21 showed prominent CAD associations in stage la as well as
suggestive evidence of geographical variation (Supplementary Figure I and
Supplementary Table V). To examine the possibility that some classic HLA
alleles were responsible for the association signals, we imputed classic HLA
types for stage 1a samples using SNP genotypes and HLA alleles (at HLA-A, -B,
-C, -DQAI, -DQBI, and -DRBI loci) of the HapMap JPT (n=44) as a training
set (see details in Supplementary Note),>* employing the BEAGLE software
(version 3.0. 4).1° In addition, we investigated the accuracy of imputation by
comparing the tag SNP genotypes with the data for direct genotyping of HLA
alleles in an independent panel of Japanese samples (1=92), which were
provided from the Cell Bank at the RIKEN BioResource Center through the
National BioResource Project of the Ministry of Education, Culture, Sports,
Science and Technology, Japan.?> Alleles at HLA-DRB1 and HLA-DQBI1 were
determined by the Luminex microbead method (Luminex, Austin, TX, USA).

RESULTS

GWA analysis of CAD

In stage la, we observed a cluster of strong association signals in two
chromosomal regions (Figure 2 and Supplementary Table VI) 12q24
and 6p21. On 12q24, significant association signals were observed

European Journal of Human Genetics



GWAS of coronary artery disease in the Japanese
F Takeuchi et al

20 —
o rs11066001
=] 15 — + +
g 153782886 *
o 10— .
E
8 5— ¢ o‘.': . '.'o§
l o ‘o . ) Y . .’
0 - s.,-. .\:..“ . :3... . ...:. .‘:..?.’0:.3: s.‘ (1
[ [ [ [
110 110.5 111 1115
20 - )
(adjusted for rs11066001 effect)
$ 15
®©
>
o 10—
E
8 5
! . °° . . 0 '
0] o= 20?82V 0t s wits o» s e Mam Y
[ [ [ [
110 110.5 111 1115
Position on Chr 12 (Mb)
CCDC63 |l SH2B3 H ERP29 | RPL6 |
MYL2 | ATXN2 el TRAFD1 § RPH3A il
cuxz -+l TMEM116 b PTPN11 [

FAM109A b BRAP Il ERP29|
ACAD10 il Hl MAPKAPKS5
ALDH2 |l il C120rf30
C120rf47 1 | C120rf51

Figure 3 Plots of CAD association for the 1224 region. In the top panel,
all genotyped SNPs in the current Japanese GWA scan (dot) that passed the
quality control in stage la, and four additionally genotyped SNPs (cross)
that are in strong LD with BRAP rs11066001 are plotted with their
—log1o(P) for CAD against chromosome positions (in Mb). In the middle
panel, the —logio(P) for CAD associations with statistical adjustment for
rs11066001 are shown. The bottom panel shows the genomic location of
RefSeq genes with intron and exon structures (NCBI Build 36).

across a ~0.7-Mb interval encompassing the BRAP and ALDH?2 genes
(Figure 3 and Supplementary Table VI). On 6p21, significant associa-
tion was found across an ~8-Mb interval encompassing the MHC
region (Supplementary Figure II and Supplementary Table VI). In
analyzing the joint sample of stages la+1b, we detected another CAD
association near CDKN2A/B on 9p21, whereas SNPs from the other
chromosomal regions did not remain after the multistage GWA scan.
In the Japanese, the strongest evidence of CAD association
(P=6.9x107 at rs3782886 in BRAP and P=1.6x10">* at rs671 in
ALDH?2; summary statistics shown in Table 2) was identified via GWA
scan in a long interval on 12q24 (~ 0.7 Mb), within which previously
reported candidate genes, BRAP and ALDH2,20?% were located
(Figure 3). This 12q24 region was near the locus recently identified
to associate with CAD and/or MI in Europeans;*° a long-range
haplotype (1.6 Mb) was hypothesized to have arisen from a positive
selection specific to Europeans.” Notably, a lead SNP in the Japanese
GWA study- rs3782886 in BRAP — is polymorphic only in East Asians
(Supplementary Figure III) and, conversely, a lead SNP in the
European GWA study — rs3184504 in SH2B3 — is polymorphic only
in Europeans.® We retrieved a total of seven SNPs that were in strong
LD (©*>0.8) with rs3782886 and constituted the evolutionarily
derived haplotype from the HapMap data (footnote to Supplementary
Table II). This haplotype turned out to show CAD association and to
have arisen in Fast Asians independently of Europeans from the
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Table 2 Association results for CAD susceptibility loci identified in the Japanese GWA study

Combined

Replication

Discovery!

Coded
allele freq.

OR
(95% ClI)

Nearby Alleles Coded allele OR
(coded/other)® (95% Cl)

gene(s)

Position

n, total

OR (95% Cl) P-value

n Case  Control

P-value

n

P-value

freq. in JPN®

(build 36)

Chr

SNP

1.26
1.25
1.38
1.42
1.43

0.105 0.083
0.478

0.533

9386
9383

1.27
1.26

2681

2.0E-09

2.08
1.28
1.54
1.68
1.69

0.06
0.46
0.31
0.28
0.23

T/IC
(v2)
(%2)
(v2)

HLA, DRB-DQB
AG

32777351

6
9
12
12
12

rs11752643
rs9447972

2672

3.8E-05

CDKNZ2A/B

22105286
110594872
110603554
110726 149

0.301

9384 0.373

1.2E-22

BRAP

rs3782886
rs11066001

rs671

0.284
0.284

0.361

4.2E-24 9372

BRAP

12041

1.6E-34

0.362

1.9E-24 9383

1.40

2658

7.7E-18

ALDH2

Study design is summarized in Figure 1. Association results in the combined panel were stratified by geographical regions and combined using the Mantel-Haenszel statistics, whereas those in the discovery and replication phase panels were calculated by

pooling samples within each phase. The different sex ratios between the two groups for stage 1a did not cause substantial difference in OR at the five associated loci when they were adjusted for by logistic regression (data not shown).

ars1333049 was genotyped in replacement for rs944797 in the replication phase (12

0.92 in HapMap JPT).

bAlleles are nominated as those in dbSNP Build 130 mapped on the positive strand of Human Genome Build 36.3.

CAllele frequencies in the Japanese general population from GeMDBJ (n:
dDiscovery panel in this table includes stage 1a and 1b samples alone.

964) or HapMap JPT (n=90; rs671).



phylogenetic viewpoint, in a manner similar to the one that we
recently reported for a blood pressure association on 12q24 in East
Asians.?’

On 6p21, we investigated CAD association across an ~8-Mb
interval encompassing the MHC region with regard to HLA types
(Figure 4 and Supplementary Note). The use of high-resolution HLA
and SNP haplotype map?* enabled us to identify a significantly
associated HLA haplotype, DRB1*1302-DQB1*0604 (Supplementary
Tables VII and VIII). We then found that rs11752643 and rs2157339
could tag DQB1*0604 (*=1.0 in JPT) and DRB1*1302 (r?=0.88 in
JPT), respectively, and that these two SNPs were in LD with a
candidate SNP rs1041981 in LTA.2! Furthermore, our construction
of phylogeny involving the three SNPs (rs11752643, rs2157339, and
rs1041981) and association analysis with the resultant haplotypes
revealed that an HLA allele tagged by rs11752643 would constitute a
principal association signal on 6p21 (Figure 4). Independently, we also
found some effects driven by population structure on 6p21 (Supple-
mentary Figure II and Supplementary Table V). This population
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structure highlighted a cluster of SNPs on 6p21 (Supplementary
Table V); they could be categorized into >2 subgroups with regard
to LD and only one of them (represented by rs11752643) appeared to
be prominent in the test of CAD association (Figure 5). Indeed, with
statistical adjustment for rs11752643, most of the association signals
on 6p21 were noticeably weakened (Supplementary Figure II and
Supplementary Table VI). We estimated the average effect size of
rs11752643 to have an odds ratio (OR) of 1.26 (95% confidence
interval (95% CI) 1.15-1.38, P=4.7x10~7; Table 2 and Supplementary
Note).

We made additional assessment of population structure in our
GWA scan as indicated by a relatively high inflation factor, 4, of 1.15
in stage la. We found high reproducibility of association results
between two different approaches, the genomic control method
(PLINK)' and the variance component model (EMMAX),'® indicat-
ing appropriate correction for the residual inflation of test statistic so
as to constrain the risk of false positives and also to prevent the
overcorrection that would remove true positives (data not shown).
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Figure 4 Overview of SNPs and haplotypes explaining CAD association on 6p21. Genotypic association between SNPs across the 8 Mb extended major
histocompatibility complex region and two HLA alleles of interest - DQB1*0604 at HLA-DQB1 (top panels; a—c) and DRB1*1302 at HLA-DRB1 (middle
panels; d—f) — is shown for three HapMap populations: JPT (a, d), CEU (b, e), and YRI (c, f). The SNP positions across the 8 Mb region showing weak
(2<0.5; gray), moderate (0.5<r2<0.8; blue), and strong (2>0.8; red) association with each HLA allele are depicted in the individual plots, above which
the position of HLA-DQB1 and HLA-DRBL1 is indicated by the triangle. In each plot, rs11752643 (tag SNP for DQB1*0604 in JPT (2=1) and CEU (2=1)),
rs2157339 (tag SNP for DRB1*1302 in JPT (r’=0.88), CEU (”=1), and YRI (r?=0.87)), and rs1041981 (nonsynonymous SNP in LTA) are circled in
black, except that rs11752643 is not shown for YRI because of the lack of polymorphism. Data are derived from the study by de Bakker et aP! and
HapMap (http://hapmap.ncbi.nim.nih.gov/). Haplotype frequencies involving the three tested SNPs and CAD association in the largest district, Nagoya (g),
and the phylogeny (h) are also shown. The color reproduction of this figure is available at the European Journal of Human Genetics journal online.
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Figure 5 Relation of geographical variation (which may lead to population
structure) with CAD association on 6p21. It is speculated that more than
two independent subgroups of SNPs are present in the 6p21 region for
geographical variation (a); and that one of them, including rs11752643,
simultaneously accounts for CAD association and constitutes a genuine
association signal (b). Pairwise LD coefficient 2 among 15 SNPs that show
geographical variation on 6g21 in the Japanese is demonstrated in (c).
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Replication of previously reported SNPs

Among the CAD-associated loci previously reported in Europeans,
strong association (after considering multiple testing, ie, P<0.05/
29=0.0017) was replicated at the CDKN2A/B locus in the Japanese
population (Table 2 and Supplementary Table IV). Despite finding
significant association for rs4977574 at CDKN2A/B (P=1.4x107>;
Supplementary Table IV) in the candidate-gene-based genotyping, we
proceeded with rs944797 instead of rs4977574 in the GWA scans from
stages la+1b to stage 2; this decision was made considering the strong
LD between the two SNPs (2=0.94 in stage 1a). Suggestive evidence
of replication (two-tailed P<0.1 in the case of concordant direction of
association) was observed for five other loci — CELSR2-SORT1, 7q22,
CNNM2-NT5C2, HHIPLI, and SMG6-SRR — for CAD association
(Supplementary Table IV).

From known variants in the LTA cascade, we tested association of
rs7291467 (in LGALS2) and rs11066001 (in BRAP) with CAD and MI,
as previously reported in the Japanese.?%?? The strength of association
of rs11066001 was almost equivalent to that of rs671 (in ALDH2),
which showed the strongest association signal on 12q24, and more
prominent with MI than non-MI CAD (OR=1.53, 95% CI 1.44-1.63
and P=6.9x107% for ML OR=1.19, 95% CI 1.09-1.31 and
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P=9.0x10"> for non-MI CAD). No significant association was
found for rs7291467 regardless of the MI status (Supplementary
Table IX).

DISCUSSION

We conducted a GWA study on the Japanese population with greater
coverage of common SNPs (87% of all phase I+II HapMap variants
(minor allele frequency >0. 05) in CHB+JPT) and a larger number of
cases (806 subjects) and unaffected controls (1337 subjects) in the
initial screen than a previous study,?' although our sample size is
rather modest by the current standard of GWA studies (and meta-
analyses) of CAD or MI in populations of European descent.>"8 Three
loci— 12q24, 6p21, and 9p21 — were successfully identified through the
multistage scan; notably, the 6p21 locus has not been claimed to show
significant CAD association in the GWA meta-analyses of Eur-
opeans.>”® The 12q24 locus appeared to overlap with the one
reported in Europeans, while there may be haplotypic heterogeneity.®
In addition, the present genome-wide exploration identified signifi-
cant association near CDKN2A/B in East Asians, as previously
reported in European-descent populations.!">>78 Of the three loci,
which we claim to be associated with CAD in the Japanese GWA study
(Table 2), the disease association at two loci — 1224 and 9p21 — have
been reported in several Asian populations!®'!?® and could be
regarded confirmatory. Nevertheless, two novel findings are noted in
our study: (1) the other locus within an HLA gene, HLA-DQBI, which
is considered to explain the previous descriptions of CAD (in
particular, MI) association signals on 6p21 in the Japanese?! and (2)
a pronounced association with MI, as compared with CAD, for the
variants on 12q24.

The 12q24 haplotype confers risk alleles for CAD much more
significantly in the Japanese than in Europeans.®® A previous Japanese
study reported significant association with MI risk at SNPs (including
rs3782886 and rs11066001) in BRAP, located on 12q24.20 The authors
investigated BRAP (BRCAI-associated protein) as a candidate gene
because of its potential involvement in the cytokine LTA cascade; that
is, BRAP is a possible binding partner of galectin-2, which is encoded
by LGALS2 that can bind to LTA. The same study group originally
claimed significant association with MI risk at the LTA locus on 6p21
in the Iapanese,21 as discussed below. Whether a single variant or
multiple variants can be present on the relevant 12q24 haplotype
remains unknown. In our study, association signals at two SNPs on
12924 — rs11066001 (in BRAP) and rs671 (in ALDH2) — were in
almost complete LD (r>=0.99 in the whole sample) and could not be
distinguished from each other. It is possible that some molecular
variant(s) in either of the two genes or other genes that are contained
in the region covered by the long-range haplotype (1.5 Mb)?” underlie
susceptibility to CAD. Besides BRAP, one such candidate is ALDH2,
encoding the aldehyde dehydrogenase 2; the active and inactive
subunits of the enzyme are encoded by two alleles of rs671, which
showed the most significant evidence of association (P=1.6x1073%),
Using a proteomic search, Chen et al?® found that enzyme activation
of ALDH?2 correlated with reduced ischemic heart damage in rodent
models, in accordance with the results of CAD association. With the
overlapping association signals being detected, further in-depth ana-
lysis of the 12q24 region will be required to dissect the phylogenetic
relationship of CAD causality between the two ethnic groups.

The second strongest association was identified via GWA scan for a
cluster of SNPs in the extended MHC region on 6p21, where an HLA
allele, DQB1*0604 (tagged by rs11752643), could show one of the
most prominent association signals (Figure 5 and Supplementary
Figure II). These findings have brought up an issue of disease



association at LTA?! and candidate genes in LTA cascade, such as
LGALS2.2? On 6p21, the association signal of rs1041981 (in LTA) has
proven to come from that of rs11752643 via LD (D’=1.0, 7*=0.03) in
the present study (Figure 4). Also, we could not detect significant
association at a SNP, rs7291467, previously reported in LGALS2 on
22q13 (OR 1.02, 95% CI 0.96-1.07, P=0.61). This is in good
accordance with a pooled OR of 1.02 (95% CI, 0.99-1.06, P=0.23)
that we estimated by meta-analysis involving all studies reported to
date,?? except for the original one,?? with consideration of the winner’s
curse effect®® (Supplementary Figure IV). Together, the disease asso-
ciation for SNPs in LTA cascade genes may be less outstanding than
what was originally expected, although further investigation is war-
ranted to address this issue.

Because of the low frequency of DQB1*0604 allele (or a proxy SNP,
rs11752643; 0.02 in HapMap CEU; Supplementary Table VIII and
Supplementary Figure V), a large number of samples (n >9600)
would be required to verify the equivalent strength of CAD association
on 6p21 in Europeans. Despite the sufficient sample size (> 14000
cases in the discovery phase),”® neither of two recent large-scale meta-
analyses in Europeans could show significant association on 6p21,
suggesting the absence of susceptibility locus, at least, with the
equivalent effect size. Thus far, positive disease association with the
DQB1*0604 allele has been reported only for myasthenia gravis.?! It is
noteworthy that suggestive evidence of association has been recently
observed between HLA-DRB1 and DQAI loci and acute MI in a
population-based Swedish cohort,>> whereas the reported risk alleles
are not in LD with DQB1*0604.

Moreover, this study identified CAD association at another locus,
near the CDKN2A/B gene, originally claimed by GWA scan in
Europeans. The effect size for CAD was almost comparable between
the populations: OR=1.25 and 1.29 for the Japanese and
Europeans,®’® respectively. Because of the limitation of discovery
phase sample size (stages la+1b), statistical power is insufficient
(power <0.7) to refute the disease association at 19 of 23 candidate
loci previously identified in GWA studies of Europeans, except
CDKN2A/B and 5 other loci showing suggestive evidence of replica-
tion (Supplementary Table IV).

Although GWA studies have thus far made major steps in unravel-
ing the genetics of cardiovascular disease, biological explanations for
the identified associations remain largely unknown. In this context, it
has been hypothesized that different genetic risk factors may con-
tribute to either CAD or MI given the complex nature of transition
from a normal coronary artery to MI. Indeed, a recent GWA meta-
analysis®® has addressed this issue and has indicated the presence of
genetic predispositions leading to MI (in the presence of coronary
atherosclerosis) as well as those shared between CAD and MI
(promoting coronary atherosclerosis). The present findings of SNP—
trait associations can support this notion; that is, the strength of
association is prominent for MI at BRAP/ALDH?2 on 12q24, whereas it
is comparable between the disease entities at CDKN2A/B on 9q21
(Supplementary Table IX).

Our GWA study results have called our attention to sample
admixture with geographical variation, a potential source of popula-
tion structure. Because the bias introduced by population structure
may not be as significant as once feared, performing GWA studies in
admixed populations was suggested to be a reasonable strategy in
increasing sample sizes with the necessity of independent replication.>*
Nevertheless, as has been stated by previous GWA studies in
Europeans,? apparent disease associations in the few genomic regions
identified as showing geographical differentiation need to be inter-
preted with caution. This seems to be the case with the 6p21 region,
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where more than two independent subgroups of SNPs are present for
geographical variation and one of them, rs11752643, appears to
simultaneously account for CAD association even after adjustment
for geographical variation (Figure 5, Supplementary Note, Supple-
mentary Figure II and Supplementary Table IX).

Just like most other GWA studies on CAD conducted to date, the
present study has all the potential biases of cross-sectional analysis,
most importantly a survival bias, as recently pointed out by prospec-
tive studies.>»3 Also, although we attempted to explore CAD suscept-
ibility loci with rather prominent effect sizes, the power cannot be
necessarily sufficient; for example, the power to detect OR=1.2 is very
low (Supplementary Table X). We should keep these limitations in
mind when we interpret the genetic association results.

In conclusion, our GWA study has confirmed that three loci in
three chromosomal regions are associated with CAD in the Japanese.
These loci highlight the likely presence of risk alleles with largely two
types of genetic effects — population specific and cosmopolitan — on
susceptibility to CAD. The integration of multiethnic results will
promote a better understanding of the global genetic architecture
of CAD.
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