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Association of TOMM40 and SLC22A4 polymorphisms
with ischemic stroke
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Abstract. Recent genome-wide association studies (GWASs)
and their meta-analyses have identified various genes and loci
underlying the predisposition to ischemic stroke or coronary
artery disease in Caucasian populations. Given that ischemic
stroke and coronary artery disease may have a shared genetic
architecture, certain polymorphisms may confer genetic
susceptibility to these two diseases. The aim of the present
study was to examine the possible association of ischemic
stroke with 29 single-nucleotide polymorphisms (SNPs)
previously identified by the meta-analyses of GWASs as
susceptibility loci for coronary artery disease. The study
population comprised 3,187 Japanese individuals, including
894 subjects with ischemic stroke and 2,293 controls. The
genotypes for the 29 SNPs of the 28 genes were determined
by a method that combines the polymerase chain reaction
and sequence-specific oligonucleotide probes with suspen-
sion array technology. Comparisons of the allele frequencies
by the ¥’ test between subjects with ischemic stroke and
controls revealed that rs9319428 (G-A) of the fms-related
tyrosine kinase 1 gene (P=0.0471), rs2075650 (G-A) of the
translocase of outer mitochondrial membrane 40 homolog
gene (TOMMA40, P=0.0102) and rs273909 (T-C) of the solute
carrier family 22, member 4 gene (SLC22A4, P=0.0097)
were significantly (P<0.05) associated with the prevalence of
ischemic stroke. Multivariable logistic regression analysis with
adjustment for age, gender, body mass index, smoking status
and the prevalence of hypertension, diabetes mellitus and
dyslipidemia revealed that rs2075650 of TOMM40 (P=0.0443;
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recessive model; odds ratio=0.50) and rs273909 of SLC22A4
(P=0.0123; dominant model; odds ratio=0.45) were signifi-
cantly associated with ischemic stroke with the minor G and
C allele, respectively, being protective against this condition.
TOMM40 and SLC22A4 may thus be susceptibility loci for
ischemic stroke in Japanese individuals.

Introduction

Stroke is a complex multifactorial disorder that is believed
to result from an interaction between a person's genetic
background and various environmental factors (1,2). It
is a common and serious condition, with ~795,000 indi-
viduals having experienced a new or recurrent stroke and
~130,000 fatalities having occurred from stroke-related
causes in the United States in 2010 (3). The prevalence of
stroke in the United States is ~6.8 million. Of all such events,
87% are ischemic stroke, 10% are intracerebral hemorrhage
and 3% are subarachnoid hemorrhage (3). Despite recent
advances in the treatment for the acute phase of stroke, stroke
remains the leading cause of severe disability and the fourth
leading cause of mortality, following heart disease, cancer
and pulmonary disease in Western countries (3-5). The iden-
tification of biomarkers for stroke risk is important for risk
prediction and intervention to avert future cerebrovascular
events.

Ischemic stroke (particularly atherothrombotic cerebral
infarction) and coronary artery disease are atherosclerotic
diseases that share various aspects of their underlying patho-
genesis, as well as several risk factors, including hypertension,
dyslipidemia, diabetes mellitus and smoking. Twin and family
studies have demonstrated that ischemic stroke and coronary
artery disease are highly heritable (6,7) with evidence of a shared
heritability for the two conditions (8). Recent genome-wide
association studies (GWASs) and their meta-analyses have
identified various genes and loci underlying the predisposition
to ischemic stroke (9-13) or coronary artery disease (14,15)
mainly in Caucasian populations. Among these genes and loci,
some of the genetic variants that were originally detected to
affect a risk of coronary artery disease were also associated



492

with ischemic stroke (16-18), suggesting a shared genetic archi-
tecture. Although ischemic stroke and coronary artery disease
have been suggested to have a shared genetic architecture in
Caucasian populations, the genes that confer susceptibility
to the two conditions in Japanese individuals have not been
identified definitively.

The aim of the present study was to examine the possible
association of ischemic stroke in Japanese individuals with the
29 single-nucleotide polymorphisms (SNPs) previously identi-
fied as susceptibility loci for coronary artery disease by the
meta-analyses of GWASs in Caucasian populations (14,15).

Materials and methods

Study population. The study subjects comprised 3,187 Japanese
individuals (894 subjects with ischemic stroke and
2,293 controls) who either visited the outpatient clinics or were
admitted to the participating hospitals (Gifu Prefectural Tajimi
Hospital, Tajimi; Gifu Prefectural General Medical Center,
Gifu; Inabe General Hospital, Inabe; Japanese Red Cross
Nagoya First Hospital, Nagoya; Hirosaki University Hospital
and Hirosaki Stroke Center, Hirosaki, Japan) between 2002
and 2012. The diagnosis of ischemic stroke was based on the
occurrence of a new and abrupt focal neurological deficit, with
neurological symptoms and signs persisting for >24 h; it was
confirmed by positive findings in computed tomography or
magnetic resonance imaging (or both) of the head. The type
of stroke was determined according to the Classification of
Cerebrovascular Diseases III (19). Individuals with cardio-
genic embolic infarction, lacunar infarction alone, transient
ischemic attack, moyamoya disease or cerebral venous sinus
thrombosis were excluded from the study. Control individuals
had no history of ischemic or hemorrhagic stroke, or other
cerebral diseases; of coronary artery disease, aortic aneurysm,
or peripheral arterial occlusive disease; or of other thrombotic,
embolic or hemorrhagic disorders.

Hypertension was defined as individuals who either had
systolic blood pressure =140 mmHg or diastolic blood pressure
=90 mmHg, or had been administered antihypertensive medica-
tion. Dyslipidemia was defined as individuals who had either a
serum concentration of triglycerides of =1.65 mmol/l, a serum
high-density lipoprotein (HDL)-cholesterol of <1.04 mmol/I,
a serum low-density lipoprotein (LDL)-cholesterol of
=3.64 mmol/l, or had been administered antidyslipidemic medi-
cation. Diabetes mellitus was defined as individuals who either
had a fasting plasma glucose level of =6.93 mmol/l or blood
glycosylated hemoglobin (hemoglobin Alc) content of =6.5%, or
had been administered antidiabetes medication. Chronic kidney
disease (CKD) was defined as individuals who had an estimated
glomerular filtration rate (eGFR) of <60 ml min" 1.73 m?.
The eGFR was calculated with the use of the simplified
prediction equation derived from the modified version of that
described in the Modification of Diet in Renal Disease study,
as proposed by the Japanese Society of Nephrology: eGFR
(ml/min/1.73 m?) = 194 x age (years)**’ x serum creatinine
(mg/dl)"19%* (x 0.739 if female) (20).

The study protocol complied with the Declaration of
Helsinki and was approved by the Committees on the Ethics
of Human Research of Mie University Graduate School of
Medicine, Hirosaki University Graduate School of Medicine
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(Hirosaki, Japan) and the participating hospitals. Written
informed consent was obtained from each participant.

Selection and genotyping of polymorphisms. The SNPs that
were shown to be significantly associated with coronary artery
disease or myocardial infarction were searched in Caucasian
populations by the meta-analyses of GWASs (14,15). These
SNPs were examined with the SNP database (dAbSNP; National
Center for Biotechnology Information, Bethesda, MD, USA;
http://www.ncbi.nlm.nih.gov/SNP/) to find SNPs with a minor
allele frequency of =0.015 in a Japanese population. A total of
29 SNPs (21) were selected and the possible association with
ischemic stroke was examined.

Venous blood (7 ml) was collected into tubes containing
50 mmol/l ethylenediaminetetraacetic acid (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). Genotypes of SNPs were
determined at G&G Science Co., Ltd. (Fukushima, Japan)
by a method that combines the polymerase chain reaction
and sequence-specific oligonucleotide probes with suspen-
sion array technology (Luminex, Austin, TX, USA). Primers,
probes and other conditions for genotyping of SNPs examined
in the study are as described previously (21). The overall call
rate of 29 SNP genotyping was 99%. Detailed genotyping
methodology was also as described previously (22-24).

Statistical analysis. Quantitative data were compared
between two groups by the Mann-Whitney U test, given
that the data were not normally distributed (P<0.01 by the
Kolmogorov-Smirnov and Lilliefors test). Categorical data
were compared by the %* test. Allele frequencies were esti-
mated by the gene counting method. Multivariable logistic
regression analysis was performed with ischemic stroke as
a dependent variable and independent variables including
age, gender (0, female; 1, male), body mass index (BMI),
smoking status (O non-smoker; 1 current or former smoker),
history of hypertension, diabetes mellitus and dyslipidemia
(0 no history; 1 positive history), and each genotype; and
the P-value, odds ratio and 95% confidence interval were
calculated. Genotypes of each polymorphism were assessed
according to dominant [0 AA; 1 AB+BB (A, major allele;
B, minor allele)], recessive (0 AA+AB; 1 BB) and additive
genetic models. Additive models comprised additive 1 (AB
vs. AA) and 2 (BB vs. AA) models, which were analyzed
simultaneously with a single statistical model. P<0.05 was
considered to indicate a statistically significant difference.
The statistical tests were performed with JMP version 5.1 and
JMP Genomics version 6.0 software (SAS Institute Inc., Cary,
NC, USA).

Results

Subject characteristics. The characteristics of the 3,187 study
subjects are shown in Table I. Age, the frequency of men, the
prevalence of smoking, hypertension, dyslipidemia, diabetes
mellitus and CKD, as well as systolic and diastolic blood pres-
sure, serum concentrations of triglycerides, LDL-cholesterol
and creatinine, and fasting plasma glucose level were greater,
whereas serum concentrations of HDL-cholesterol and eGFR
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Table I. Characteristics of subjects with ischemic stroke and the controls.

Characteristics Ischemic stroke Controls P-value
No. of subjects 894 2,293

Age, years 68.8+10.3 62.3+11.8 <0.0001
Gender, % (male/female) 61.6/384 44.7/55.3 <0.0001
Body mass index, kg/m? 23.6+3.6 23.7+3.6 0.5420
Current or former smoker, % 275 22.7 0.0148
Hypertension, % 75.3 443 <0.0001
Systolic blood pressure, mmHg 152428 141£24 <0.0001
Diastolic blood pressure, mmHg 84+17 79+14 <0.0001
Dyslipidemia, % 392 29.6 <0.0001
Serum triglyceride, mmol/l 1.60+1.01 1.50+1.10 0.0002
Serum HDL-cholesterol, mmol/l 1.24+0.37 1.47+0.40 <0.0001
Serum LDL-cholesterol, mmol/l 3.13£0.92 3.02+0.85 0.0472
Diabetes mellitus, % 427 20.0 <0.0001
Fasting plasma glucose, mmol/l 7.46+3.12 6.36+3.40 <0.0001
Chronic kidney disease, % 394 28.6 <0.0001
Serum creatinine, gmol/l 90.4+94 .6 83.2+98.5 <0.0001
eGFR, m/min/1.73 m? 66.6+23.2 70.4+23.2 <0.0001

Quantitative data are mean + standard deviation. Hypertension: Systolic blood pressure of =140 mmHg or diastolic blood pressure of
=90 mmHg (or both), or taking of antihypertensive medication. Dyslipidemia: A serum concentration of triglycerides of =1.65 mmol/l, a serum
high-density lipoprotein (HDL)-cholesterol of <1.04 mmol/l, a serum low-density lipoproitein (LDL)-cholesterol of =3.64 mmol/l, or taking of
antidyslipidemic medication. Diabetes mellitus: A fasting blood glucose level of =6.93 mmol/l or a blood glycosylated hemoglobin content of
>6.5% (or both), or taking of antidiabetes medication. Chronic kidney disease: Estimated glomerular filtration rate (¢GFR) <60 ml/min/1.73 m?.
Quantitative data are compared between the two groups by the Mann-Whitney U test.

Table II. Comparisons of genotype distributions and allele frequencies of rs9319428 of FLT1,1s2075650 of TOMM40 or rs273909
of SLC22A4 by the y? test between subjects with ischemic stroke and controls.

P-value P-value
Gene dbSNP Polymorphism  Ischemic stroke, n (%) Control,n (%) Call rate (%) (genotype) (allele)
FLTI 1s9319428 G-A 99.3 0.1319 0.0471*
GG 331 (37.0) 926 (40.8)
GA 421 (47.1) 1,021 (45.0)
AA 142 (15.9) 324 (14.3)
TOMM40 152075650 G-A 994 0.0043* 0.0102*
AA 640 (71.6) 1,557 (68.4)
AG 239 (26.7) 629 (27.7)
GG 15(1.7) 89 (3.9)
SLC22A4 rs273909 T-C 99.7 0.0232* 0.0097*
TT 872 (97.5) 2,180 (95.5)
TC 21 (2.4) 101 (4.4)
CC 1(0.1) 2 (0.1)

"P<0.05. FLTI, fms-related tyrosine kinase 1 gene; TOMMA40, translocase of outer mitochondrial membrane 40 homolog gene; SLC22A4,
solute carrier family 22, member 4 gene; dbSNP, single nucleotide polymorphism database.

were lower in subjects with ischemic stroke compared to the  compared by the %* test and revealed that 3 SNPs were
controls. significantly (P<0.05) associated with the prevalence of isch-

emic stroke (Table IT). The genotype distributions and allele
Comparisons of genotype distributions or allele frequen-  frequencies of rs2075650 of the translocase of outer mitochon-
cies. The genotype distributions and allele frequencies were  drial membrane 40 homolog (TOMM40) gene and of rs273909
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Table III. Multivariable logistic regression analysis of the polymorphisms associated with ischemic stroke.

Additive 2

Additive 1

Recessive

Dominant

P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)

Polymorphism

Gene

1.31 (0.95-1.80)
0.48 (0.24-0.92)

0.0971
0.0353*
0.7381

1.16 (0.95-1.80)
0.88 (0.69-1.11)

0.1962
0.2829
0.0158*

1.20 (0.90-1.61)
0.50 (0.24-0.95)
0.01 (unstable-5.78)

0.2100
0.0443*
0.7396

1.20 (0.96-1.49)
0.83 (0.65-1.04)
0.45 (0.23-0.82)

0.1022
0.1066
0.0123*

rs9319428 (G-~A)

FLTI

152075650 (G-A)
1$273909 (T~C)

TOMMA40

0.01 (unstable-5.60)

0.46 (0.24-0.84)

SLC22A4
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“P<0.05. FLT1, fms-related tyrosine kinase 1 gene; TOMMA40, translocase of outer mitochondrial membrane 40 homolog gene; SLC22A4, solute carrier family 22, member 4 gene; OR, odds ratio; CI,

confidence interval. Multivariable logistic regression analysis was performed with adjustment for age, gender, body mass index, smoking status and the prevalence of hypertension, diabetes mellitus and

dyslipidemia. Due to the low frequency of the C allele of rs273909, a lower value of 95% CI was unstable in a recessive or an additive 2 model.

of the solute carrier family 22, member 4 (SLC22A4) gene
were significantly associated with the prevalence of ischemic
stroke. Allele frequencies of rs9319428 of the fms-related
tyrosine kinase 1 gene (FLTI) were also significantly associ-
ated with ischemic stroke. These SNPs were further examined
by multivariable logistic regression analysis with adjustment
for covariates.

Multivariable logistic regression analysis. The multivariable
logistic regression analysis was performed with adjustment for
age, gender, BMI, smoking status and the prevalence of hyper-
tension, diabetes mellitus and dyslipidemia and revealed that
rs2075650 of TOMM40 (recessive and additive 2 models) and
rs273909 of SLC22A4 (dominant and additive 1 models), but
not 1s9319428 of FLTI, were significantly (P<0.05) associated
with ischemic stroke, with the minor G and C alleles, respec-
tively, being protective against this condition (Table III).

Association of TOMMA40 and SLC22A4 polymorphisms with
the prevalence of the clinical phenotypes. Subsequently, the
association of rs2075650 of TOMM40 or rs273909 of SLC22A4
to the prevalence of hypertension, dyslipidemia, diabetes
mellitus or CKD was examined in all the subjects (Table IV).
The rs2075650 of TOMM40 or 15273909 of SLC22A4 was
significantly (P<0.05) associated with the prevalence of
dyslipidemia (dominant model) or CKD (recessive model),
respectively.

Association of TOMM40 and SLC22A4 polymorphisms
with the prevalence with the clinical parameters. The asso-
ciations of 152075650 of TOMM40 or 15273909 of SLC22A4
were examined with the clinical parameters including
systolic, diastolic and mean blood pressure, pulse pressure,
serum concentrations of triglycerides, LDL-cholesterol,
HDL-cholesterol, creatinine, fasting plasma glucose level and
eGFR (Table V). To avoid the effects of medical treatment on
clinical parameters, the corresponding controls were examined
for hypertension, dyslipidemia, diabetes mellitus or CKD. The
152075650 of TOMMA40 was not associated with any clinical
parameter, whereas rs273909 of SLC22A4 was associated with
fasting plasma glucose level (recessive model).

Discussion

The association of 29 SNPs identified by the meta-analyses
of GWAS:s for coronary artery disease in Caucasian popula-
tions (14,15) to the prevalence of ischemic stroke in Japanese
individuals was examined. The present study showed that
152075650 of TOMM40 and rs273909 of SLC22A4 were
significantly associated with ischemic stroke with the minor
G and C allele, respectively, being protective against this
condition.

TOMMA40 is located at chromosome 19q13 (NCBI Gene)
and encodes a channel-forming subunit of multisubunit trans-
locase of the outer mitochondrial membrane (TOM complex),
which plays a role in cytoplasmic protein transport into the
mitochondria (25,26). The rs2075650 of TOMM40 was
shown to be associated with longevity, Alzheimer's disease
and plasma concentrations of total cholesterol and C-reactive
protein (27-30). The previous study suggested that rs2075650
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Table IV. Associations of 152075650 of TOMM40 or rs273909 of SLC22A4 with the prevalence of hypertension, dyslipidemia,
diabetes mellitus or CKD as determined by the ¥ test.

Clinical phenotype Genotype, n (%) P-value (dominant) P-value (recessive)
TOMMA40 (rs2075650) AA AG GG
Hypertension
Case 1,169 (69.4) 467 (27.7) 48 (2.9) 0.9067 0.1466
Control 1,028 (69.2) 401 (27.0) 56 (3.8)
Dyslipidemia
Case 685 (66.8) 301 (294) 39 (3.8) 0.0349° 0.2531
Control 1,512 (70.5) 567 (26.5) 65 (3.0)
Diabetes mellitus
Case 601 (71.6) 212 (25.3) 26 (3.1) 0.0913 0.7288
Control 1,596 (68.5) 656 (28.2) 78 (3.3)
CKD
Case 531(69.2) 206 (26.9) 30 (3.9) 0.7238 0.3235
Control 1,161 (70.0) 447 (26.9) 52 (3.1)
SLC22A4 (rs273909) T Cc cc
Hypertension
Case 1,622 (96.0) 66 (3.9) 1(0.1) 0.9205 0.4911
Control 1,430 (96.1) 56 (3.8) 2(0.1)
Dyslipidemia
Case 982 (95.5) 44 (4.3) 2(0.2) 0.2787 0.2038
Control 2,070 (96.3) 78 (3.6) 1(0.1)
Diabetes mellitus
Case 811 (96.6) 29 (34) 0(0.0) 0.4020 0.2988
Control 2,241 (95.9) 93 (4.0) 3(0.1)
CKD
Case 738 (96.1) 28 (3.6) 2(0.3) 0.5881 0.0372*
Control 1,593 (95.6) 73 (4.4) 0(0.0)

“P<0.05. Hypertension: Systolic blood pressure of =140 mmHg or diastolic blood pressure of =90 mmHg (or both), or taking of antihyper-
tensive medication. Dyslipidemia: A serum concentration of triglycerides of =1.65 mmol/l, a serum high density lipoprotein-cholesterol of
<1.04 mmol/l, a serum low density lipoproitein-cholesterol of =3.64 mmol/l, or taking of antidyslipidemic medication. Diabetes mellitus: A
fasting blood glucose level of =26.93 mmol/l or a blood glycosylated hemoglobin content of 26.5% (or both), or taking of antidiabetes medica-
tion. CKD: Estimated glomerular filtration rate <60 ml/min/1.73 m*. TOMMA40, translocase of outer mitochondrial membrane 40 homolog
gene; SLC22A4, solute carrier family 22, member 4 gene; CKD, chronic kidney disease.

may increase a risk of carotid artery disease by promoting
the formation of smaller, denser LDL particles (31). The
present results showed that rs2075650 was associated with the
prevalence of dyslipidemia but not to the serum lipid profiles,
suggesting that the effect of this SNP on the development of
dyslipidemia may not be significant.

The rs2075650 located in the intron 2 of TOMM40 (NCBI
Gene) is a proxy of the SNPs that define alleles of the apoli-
poprotein E gene (APOE) (32). Given that the rs2075650 of
TOMMA4O0 is in strong linkage disequilibrium with rs429358
(C-T, Argl30Cys) of APOE, certain clinical implications
may originate from APOE (27,32). Although the minor
C allele of rs429358 of APOE was shown to be associated
with the increased serum LDL-cholesterol level, as well as
the increased risk of coronary artery disease and Alzheimer's
disease (27,33,34), the association of this SNP with ischemic
stroke has not been determined (35). The present study shows

that rs2075650 of TOMM40 was associated with ischemic
stroke with the minor G allele being protective against this
condition, although the underlying molecular mechanism
remains unclear.

SLC22A4, located at chromosome 531, is abundantly
expressed in the kidney, skeletal muscle, bone marrow and
trachea, and weakly expressed in numerous other organs (36).
SLC22A4 encodes carnitine/organic cation transporter
(OCTNI1), which transports ergothioneine. Ergothioneine
was shown to have antioxidative and cytoprotective func-
tions (37,38) and to protect cardiovascular tissue against
oxidative injury during ischemia and reperfusion (39).
Ergothioneine decreased the expression of the adhesion
molecules, including vascular cell adhesion molecule 1,
intercellular adhesion molecule 1 and selectin E, and inhib-
ited binding of monocytes to the endothelium (40). These
observations suggest that the immunomodulatory effects
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Table V. Associations of rs2075650 of TOMMA40 or 15273909 of SLC22A4 with the clinical parameters among corresponding

controls for hypertension, dyslipidemia, diabetes mellitus or chronic kidney disease.

Clinical parameter Genotype P-value (dominant) P-value (recessive)
Controls for hypertension
TOMM40 (rs2075650) AA AG GG
Systolic blood pressure, mmHg 12111 122+11 116x10 0.9519 0.0782
Diastolic blood pressure, mmHg 71+9 7149 69+12 0.5835 0.6733
Mean blood pressure, mmHg 88+9 88+9 85+10 0.7415 0.2788
Pulse pressure, mmHg 50+11 51+£10 47+12 0.3384 0.2738
SLC22A4 (rs273909) T TC cc
Systolic blood pressure, mmHg 121+£11 126+10 128 0.0659 0.6491
Diastolic blood pressure, mmHg 719 72+10 78 08114 0.4374
Mean blood pressure, mmHg 88+9 90+9 95 0.3947 0.3570
Pulse pressure, mmHg 50+11 54+£19 50 0.0805 0.9611
Controls for dyslipidemia
TOMM40 (rs2075650) AA AG GG
Serum triglycerides, mmol/l 1.27+0.74 1.31+0.72 1.33+0.66 0.1505 0.1883
Serum LDL-cholesterol, mmol/l 2.68+0.62 2.74+0.62 2.76+0.66 0.0811 0.4884
Serum HDL-cholesterol, mmol/l 1.39+0.39 1.37+0.37 1.30+0.38 0.3865 0.2344
SLC22A4 (rs273909) T TC cc
Serum triglycerides, mmol/l 1.29+0.74 1.18+0.57 ND 0.1587 ND
Serum LDL-cholesterol, mmol/l 2.70+0.63 2.83+0.56 ND 0.1461 ND
Serum HDL-cholesterol, mmol/l 1.38+0.39 1.40+0.36 ND 0.3983 ND
Controls for diabetes mellitus
TOMMA40 (rs2075650) AA AG GG
Fasting plasma glucose, mmol/l 5.17+0.87 5.17+0.85 5.24+0.83 0.9055 0.5534
SLC22A4 (rs273909) T TC cc
Fasting plasma glucose, mmol/l 5.18+0.87 5.06+0.72 6.69+0.20 0.4405 0.0228*
Controls for chronic kidney disease
TOMMA40 (rs2075650) AA AG GG
Serum creatinine, gmol/l 61.1£12.9 60.8+12.3 64.0+£12.3 0.9623 0.0783
eGFR (ml/min/1.73 m?) 80.6+16.6 80.0+20.7 79.6+17.5 0.2028 0.6268
SLC22A4 (rs273909) T TC cc
Serum creatinine, gmol/l 61.2+12.8 60.4+11.4 ND 0.6562 ND
eGFR (ml/min/1.73 m?) 80.4+17.9 77.6£15.6 ND 0.7419 ND

*P<0.05. LDL, low-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; ND, not determined;
TOMMA40, translocase of outer mitochondrial membrane 40 homolog gene; SLC22A4, solute carrier family 22, member 4 gene. Data are
compared between the two groups (dominant or recessive model) by the Mann-Whitney U test.

of ergothioneine may be beneficial, owing to inhibition of
the atherogenic action of pro-inflammatory cytokines and
adhesion molecules (41,42). Several SNPs of SLC22A4 were
shown to be associated with chronic inflammatory disease,
such as Crohn's disease, ulcerative colitis, rheumatoid arthritis
and type 1 diabetes mellitus (43-46). In the present study,
rs273909 was associated with the prevalence of CKD but not
to the serum concentration of creatinine or eGFR. This SNP
was also associated with fasting plasma glucose level but not
to the prevalence of diabetes mellitus. These observations
suggest that the effect of rs273909 on the development of CKD
or diabetes mellitus may not be significant. The present study

has now shown that rs273909 of SLC22A4 was significantly
associated with ischemic stroke with the minor C allele being
protective against this condition, although the underlying
mechanism remains to be elucidated. The effect of rs273909
on the expression or molecular structure of OCTNI also
remains unknown.

The meta-analysis of GWASs has identified several
loci that confer shared susceptibility to ischemic stroke and
coronary artery disease in Caucasians (18). Among these
loci, we have examined rs1122608 of the SWI/SNF-related,
matrix-associated, actin-dependent regulator of chromatin,
subfamily a, member 4 gene and rs12413409 of the cyclin and
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CBS domain divalent metal cation transport mediator 2 gene.
However, neither rs1122608 nor rs12413409 was associated
with ischemic stroke in Japanese individuals. We previously
showed that 6 genetic variants among the same 29 SNPs
were associated with myocardial infarction in Japanese indi-
viduals (21), but no SNP was associated with ischemic stroke
and myocardial infarction.

There were several limitations in the present study;
i) given that the results were not replicated, validation of
these findings is required in other independent subject panels
or in other ethnic groups; ii) it is possible that rs2075650 of
TOMMA40 or rs273909 of SLC22A4 is in linkage disequilib-
rium with other polymorphisms in the same gene or in other
nearby genes that are actually responsible for the develop-
ment of ischemic stroke; and iii) the functional relevance of
152075650 or rs273909 to pathogenesis of ischemic stroke
remains to be elucidated.

In conclusion, TOMM40 and SLC22A4 may be suscep-
tibility loci for ischemic stroke in Japanese individuals.
Determination of the genotypes of these SNPs may prove
informative for assessment of the genetic risk for ischemic
stroke in such individuals.
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