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Methods: A total of 6341 individuals from three independent populations was examined. Subject panel A
comprised 131 individuals with ischemic stroke and 135 controls; subject panel B comprised 790 individ-
uals with ischemic stroke and 3435 controls; and subject panel C comprised 71 individuals with ischemic
stroke and 1779 controls. A GWAS for ischemic stroke was performed in subject panel A with the use of
the GeneChip Human Mapping 500K Array Set (Affymetrix).

Resuits: The relation of 100 single nucleotide polymorphisms (SNPs) selected by the GWAS to ischemic

Keywords:
Ischemic stroke
Cerebral infarction

Polymorphism stroke was examined in 705 subjects with ischemic stroke and 3426 controls selected from subject panel
Genetics B. Three SNPs (rs1671021 of LLGL2, rs9615362 of CELSR1, and rs753307 of RUVBL2) were significantly
Genome-wide association study (P<0.05) associated with ischemic stroke. After DNA sequencing of linkage disequilibrium blocks con-

taining these SNPs, three tag SNPs (rs6007897 of CELSR1, rs1671021 of LLGL2, and rs1062708 of RUVBL2)
and a nonsynonymous SNP (rs4044210 of CELSR1) were examined for their relation to ischemic stroke
in subject panels B and C. Both rs6007897 (A— G, Thr2268Ala) and rs4044210 (A— G, 1le2107Val) of
CELSR1 as well as rs1671021 (T — C, Phe479Leu) of LLGL2 were significantly associated with ischemic
stroke in subject panel B. The rs6007897 and rs4044210 polymorphisms of CELSR1 were also significantly
associated with ischemic stroke in subject panel C.
Conclusion: CELSR1 is a susceptibility gene for ischemic stroke in Japanese individuals, although the
functional relevance of the identified SNPs was not determined.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction of stroke in the United States is about 5.8 million. Of all such events,

87% are ischemic stroke, 10% are intracerebral hemorrhage, and

Stroke is a complex multifactorial disorder that is thought to 3% are subarachnoid hemorrhage [1]. In Japan, the prevalence of

result from an interaction between a person's genetic background  stroke is about 1.4 million (61% ischemic stroke, 25% intracere-

and various environmental factors. It is a common and serious bral hemorrhage, 11% subarachnoid hemorrhage, 3% others), with

condition, with about 780,000 individuals having experienced a  nearly 133,000 deaths having occurred from this condition in 2005

new or recurrent stroke and 150,000 deaths having occurred from (Ministry of Health, Labor, and Welfare of Japan). Despite recent

stroke-related causes in the United States in 2004. The prevalence advances in acute stroke therapy, stroke remains the leading cause

of severe disability and the third leading cause of death, after heart

disease and cancer, in Western countries and Japan [2]. The iden-

* Corresponding author. Tel.: +81 59 231 5387; fax: +81 59 231 5388. tification of biomarkers for stroke risk is important both for risk
E-mail address: yamada@gene.mie-u.ac,jp (Y. Yamada). prediction and for intervention to avert future events.

0021-9150/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2009.03.038
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Although genetic epidemiological studies have implicated sev-
eral genetic variants as risk factors for ischemic stroke [3-6], the
genetic determinants of this condition remain largely unknown.
We have now performed a genome-wide association study
(GWAS) for ischemic stroke with ~520,000 single nucleotide
polymorphisms (SNPs) in a total of 6341 Japanese individuals.
The purpose of the present study was to identify genetic vari-
ants that confer susceptibility to ischemic stroke and thereby
to contribute to the personalized prevention of this condi-
tion.

2. Methods
2.1. Study subjects

A total of 6341 individuals (992 subjects with ischemic stroke
and 5349 controls) from three independent populations was exam-
ined. Subject panel A comprised 266 individuals (131 subjects
with ischemic stroke and 135 controls) who either visited outpa-
tient clinics of or were admitted to participating hospitals (Gifu
Prefectural General Medical Center and Gifu Prefectural Tajimi Hos-
pital) between October 2002 and March 2004 because of various
symptoms or for an annual health checkup. Subject panel B com-
prised 4225 individuals (790 subjects with ischemic stroke and
3435 controls) who either visited outpatient clinics of or were
admitted to participating hospitals (Gifu Prefectural General Med-
ical Center, Gifu Prefectural Tajimi Hospital, Yokohama General
Hospital, Hirosaki University Hospital, Reimeikyo Rehabilitation
Hospital, Hirosaki Stroke Center, and Tokyo Metropolitan Geriatric
Hospital) between October 2002 and March 2008 because of var-
ious symptoms or for an annual health checkup. Subject panel
C comprised 1850 community-dwelling individuals, including 71
subjects with a history of ischemic stroke and 1779 controls, who
were recruited to a population-based prospective cohort study of
aging and age-related diseases in Gunma Prefecture and Tokyo.
The diagnosis of ischemic stroke was based on the occurrence
of a new and abrupt focal neurological deficit, with neurolog-
ical symptoms and signs persisting for more than 24h; it was
confirmed by positive findings in computed tomography or mag-
netic resonance imaging (or both) of the head. The type of stroke
was determined according to the Classification of Cerebrovascu-
lar Diseases 11 {7]. Individuals with cardiogenic embolic infarction,
lacunar infarction alone, transient ischemic attack, hemorrhagic
cerebral infarction or hemorrhagic stroke, cerebrovascular mal-
formations, moyamoya disease, cerebral venous sinus thrombosis,
brain tumors, or traumatic cerebrovascular diseases were excluded
from the study, as were those with atrial fibrillation in the absence
or presence of valvular heart disease. The control subjects were
recruited from consecutive individuals who visited outpatient clin-
ics of the participating hospitals for an annual health checkup
or who were community-dwelling individuals recruited to the
prospective cohort study. The absence of stroke history was evalu-
ated by a detailed questionnaire and was confirmed by the absence
of a history of neurological deficit. They either had or did not have
conventional risk factors for stroke, including hypertension (sys-
tolic blood pressure of >140 mmHg, diastolic blood pressure of
>80 mmHg, or taking of antihypertensive medication), diabetes
mellitus (fasting blood glucose concentration of >7.00 mmol/L,
hemoglobin A;. content of >6.5%, or taking of antidiabetes
medication), or hypercholesterolemia (serum total cholesterol con-
centration of =5.72 mmol/L or taking of lipid-lowering medication).
These subjects also had no history of ischemic or hemorrhagic
stroke or other cerebral diseases; coronary heart disease, peripheral
arterial occlusive disease, or other atherosclerotic diseases; or other
thrombotic, embolic, or hemorrhagic disorders. The study proto-

L1

col complied with the Declaration of Helsinki and was approved
by the Committees on the Ethics of Human Research of Mie Uni-
versity Graduate School of Medicine, Hirosaki University Graduate
School of Medicine, Gifu International Institute of Biotechnology,
Tokyo Metropolitan Institute of Gerontology, RIKEN, and partici-
pating hospitals. Written informed consent was obtained from each
participant.

2.2. Genome-wide association study

A GWAS for ischemic stroke was performed in subject panel
A with the use of the GeneChip Human Mapping 500K Array
Set, consisting of Styl and Nspl chips (Affymetrix, Santa Clara, CA)
and including ~520,000 SNPs distributed throughout the entire
genome. Genotyping data with a call rate of <93% were discarded.
The mean call rate for the remaining data in the present study was
98.0%. We examined the relation of allele frequencies of each SNP
to ischemic stroke by the chi-square test and selected 894 SNPs
with Pvalues of <1.0 x 1020, Searching of the NCBI dbSNP database
(http://www.ncbi.nlm.nih.gov/snp) resulted in the selection of 499
SNPs with a gene annotation. We next examined the relation of
haplotypes of each haploblock to ischemic stroke and selected 455
haploblocks with P values of <1 x 10720, Searching of the dbSNP
database yielded 238 haploblocks with a gene annotation. We then
selected 194 SNPs that were included in these haploblocks. We
confirmed that the genotype distributions of these SNPs in control
subjects were all in Hardy-Weinberg equilibrium. Finally, we dis-
carded 94 SNPs for which the distribution of hybridization signals
on the SNP chips deviated significantly (P<0.001) from a normal
distribution, and we examined the remaining 100 SNPs in the repli-
cation studies.

2.3. Genotyping of SNPs *

Venous blood (7mL) was collected into tubes containing
50 mmol/L EDTA (disodium salt), the peripheral blood leukocytes
were isolated, and genomic DNA was extracted from these cells
with a DNA extraction kit (Genomix; Talent, Trieste, Italy). Geno-
types of SNPs were determined at G&G Science (Fukushima, Japan)
by a method that combines the polymerase chain reaction and
sequence-specific oligonucleotide probes with suspension array
technology (Luminex, Austin, TX). Primers, probes, and other con-
ditions for genotyping of SNPs are shown in Supplementary
Table 1. Detailed genotyping methodology was described
previously [8].

To evaluate the reproducibility of genotyping by suspension
array technology in the present study, we selected DNA samples
from 23 subjects and genotyped 95 polymorphisms by chip-based
matrix-assisted laser desorption~ionization time of flight (MALDI-
TOF) mass spectrometry [9]. Only four of the total of 2185 genotypes
determined by this approach differed from those identified by
suspension array technology. We then determined these four dis-
crepant genotypes by DNA sequencing with a fluorescence-based
automated DNA sequencer after amplification and cloning of poly-
morphic regions. All four genotypes determined by DNA sequencing
were identical to those determined by suspension array technology,
demonstrating the high reproducibility of the latter approachin the
present study. Although we did not genotype samples in duplicate,
the overall call rate for genotyping was 99.2%.

2.4. Statistical analysis

Quantitative data were compared between subjects with
ischemic stroke and controls by the unpaired Student's t-test.
Categorical data were compared by the chi-square test. Allele
frequencies were estimated by the gene counting method,
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Table 1
Characteristics of the 6341 study subjects

Subject panelA(n= 266)

Characteristic - -

Ischemlcstroke -
‘ 135

No. of subjects

Age(years) 65 9&91 75. 4&43
Sex (malelfemale, % 65.7/34.3L 478/522
BMI (kg/m2) - 235135 22643 7
Current or former smoker (%) 130

Hypertension (%) - 90.1

Diabetes mellitus (%) 481

Hypercholesterolemla (%) - 57.3%

Age and BMI values are means£SD.
" P<0.0001 versus corresponding controls.
t P=0.0032 versus corresponding controls.
t P=0.0016 versus corresponding controls.
8 P=0.0059 versus corresponding controls.
It p=0,0383 versus corresponding controls.

and the chi-square test was used to identify departure from
Hardy-Weinberg equilibrium. Allele frequencies of SNPs were
compared between subjects with ischemic stroke and controls
by the chi-square test. Multivariable logistic regression analysis
was performed with ischemic stroke as a dependent vari-
able and independent variables including age, sex (0=woman,
1=man), body mass index (BMI), smoking status (0 =nonsmoker,
1=smoker), the prevalence of hypertension, diabetes mellitus,
and hypercholesterolemia (0=no history of these conditions,
1=positive history), and genotype of each SNP. Each genotype
was assessed according to dominant (0=wild-type homozygote,
1 = heterozygote = variant homozygote) and recessive (0 = wild-type
homozygote = heterozygote, 1 =variant homozygote) genetic mod-
els, and the P value, odds ratio, and 95% confidence interval were
calculated. The similar analysis was performed with ischemic
stroke as a dependent variable and independent variables includ-
ing covariates except genotypes. We also performed a stepwise
forward selection procedure to examine the effects of genotypes
as well as other covariates on ischemic stroke. The P levels for
inclusionin and exclusion from the model were 0.25 and 0.1, respec-
tively. In the stepwise forward selection procedure, each genotype
was examined according to a dominant or recessive model on
the basis of statistical significance in the multivariable logistic
regression analysis. Unless indicated otherwise, a P value of <0.05
was considered statistically significant. Statistical tests were per-
formed with JMP Genomics version 3.2 software (SAS Institute,
Cary, NC) and SNPAlyze version 6 software (Dynacom, Yokohama,
Japan).

Table 2

~  Subject panel B (1=4225)
Ischemic 'str;iké .
om0 3435

. Subject panelC (n 1850)

Controls

 B544112

594&113
580420 . 448/552
22642 234433
313 26
. 633 384
344 130
254 246
3. Results

The characteristics of the 6341 subjects enrolled in the study
are shown in Table 1. In subject panel A, the frequency of men
and the prevalence of hypertension and hypercholesterolemia were
greater, whereas age was younger, in subjects with ischemic stroke
than in controls. In subject panel B, age, the frequency of men,
and the prevalence of smoking, hypertension, and diabetes mel-
litus were greater, whereas BMI was smaller, in subjects with
ischemic stroke than in controls. In subject panel C, the preva-
lence of hypertension was greater in subjects with ischemic stroke
than in controls. Relations of conventional risk factors to ischemic
stroke were examined in subject panels A, B, and C separately
by multivariable logistic regression analysis with adjustment for
covariates (Supplementary Table 2). Obesity was defined as a BMI
of >25kg/m? on the basis of the criteria for Japanese and other
Asian populations [10]. In subject panel A, hypertension was a
risk factor for, whereas age was protective against ischemic stroke
because healthy elderly individuals were selected as controls. In
subject panel B, age, male, hypertension, and diabetes mellitus were
risk factors for, whereas obesity was protective against ischemic
stroke. In subject panel C, age was a risk factor for this condi-
tion.

We examined the relation of 100 SNPs selected from the GWAS
with SNP chips in subject panel A toischemic stroke in 4131 individ-
uals (705 subjects with ischemic stroke and 3426 controls) selected
from subject panel B by the chi-square test (Supplementary Table
3). Three SNPs —rs1671021 of LLGL2 (P=0.0196 and 0.0052 for geno-

Relation of four SNPs to ischemic stroke determined by the chi-square test in subject panel B,

SNP:(dbSNP)

CC

RUVBL2 _C->T(r51062708) ‘

3 Numbers in parentheses are percentages.

 51(192)

‘ JschEmlcstrokea .

[78]



