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Table 3. Genotype distribution in N'Ts and patents with EH

1$2286245 rs3791124 rs2486001
Genotype

NT EH NT EH NT EH
TT 20 (0.028) 12 (0.016) AA 45 (0.0631) 47 (0.0626)  AA 43 (0.060) 48 (0.064)
CT 168 (0.236)  153(0.206 GA 270 (0.3787) 242(03222) GA 277 (0.388) 2438 (0.333)
TT 5230736 5770778 GG 398 (0.5582) 462(0.6153) GG 397 (0.554) 449 (0.603)
? 0.096 ? 0.069 ] 0.103
Dominant

TT+CT 188 (0.264)  165(0.221) AA+GA 315 (0.4417) 289 (0.3848) AA+GA 320 (0.446) 296 (0.397)

cC 5230736 3577(0.775) GG 398 (0.5582) 462(0.6152) GG 397 (0.554) 449 (0.603)
OR 0.796 OR 0.79 OR 0.818
95%CI 0.626-1.012 95%CI1 0.642-0.974 95%CI 0.664-1.007
? 0.062 ? 0.027 ? 0.058
Recessive

T 20 {0.028) 12(0.016) GG +GA 668 (0.9369) 704 (0.9374) AA 43 (0.060) 48 (0.064)
CC+CT 691 (0.972)  730(0.984) AA 45 (0.0631) 47 (0.0626) GG +AG 674 (0.940) 697 (0.936)
OR 0.568 OR 0.991 OR 1.079
95%CI 0.276-1.171 95%CI 0.650-1.512 95%CI 0.706-1.851
? 0.125 ? 0.967 ? 0724
Allele

T 208 (0.1406) 177 (0.119) A 360 (0.2525) 336 (0.2237) A 363 (0.253) 344 (0.231)
C 1,214 (0.854) 1,307 (0.881) G 1,066 (0.7476) 1,166 (0.7763) G 1,071 (0.747) 1,146 (0.769)
OR 0.79 OR 0.853 OR 0.886
95%CI 0.637-0.980  95%CI 0.720-1.012 95%CI 0.748-1.049
? 0.032 ? 0.068 ? 0.16

NT! normotensive control, EH: essential hypertension

phism with schizophrenia® * or methamphetamine-
use disorder®” has been reported. There is a rapidly
growing body of literature describing inhibitors of
SLCEA9™ 30 however, the effect of these inhibitors
on blood pressure has not been reported. The eleva-
tion of blood pressure in response to psychoemotional
stimuli is well known by dinicians, and the SLC6A9
gene may affect blood pressure by altering the response
to psychoemotional stimuli.

In summary, we examined polymorphisms of the
SLCGA9 gene in a case-control study of the Japanese
population. This finding needs further confirmation
in a variety of ethnic groups, and functional studies
are required to elucidate the mechanisms underlying
the association of SLC6A9 polymorphisms with essen-
tial hypertension.
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Background:

Material/Methods:

ays an important role in coronary heart disease.
tive stress may play a role in atherogenicity and

ith angiographically proven coronary artery disease were
orphism of the p22phox gene, an essential component of the
} ione-S-transferase T1, M1 and Pl polymorphisms on plasma
MDD DL, soluble CD40 ligand, E-selectin and soluble ICAMJ levels was determined. Genotyping
e p22 phox C242T polymorphism was performed by RFLP analysis, and GSTT1, GSTM1 and
STP1 genotypes were determined using a multiplex PCR assay. The MDA-LDL, sCD40L, E-selectin
and sSICAMI levels were determined using ELISA

Patients with the TT or TC genotype of the p22 phox C242T polymorphism had significantly high-
er plasma MDA-LDL levels compared to those of the CC genotype.

Plasina E-selectin and soluble ICAM1 levels were significantly higher in the TT or TC genotype
compared to that of the CC genotype. In GSTT1+ patients, plasma MDA-LDL levels were signifi-
cantly higher than those of GSTT1- patients.

Conclusions: Genetic polymorphism of the p22 phox gene had a significant effect on plasma lipid peroxidation
and endothelial function through oxidative stress. The results of this study confirm the effect of
NADH/NADPH oxidase on atherogenccity.
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BACKGROUND

Covonary artery discase (CAD) is a complex vascular discase
which results from an interaction between genetic and en-
vironmental factors. Many genetic variants have been iden-
tified that impact upon incidence of CAD, including those
involved in oxidative sivess {1}, Oxidative stress has been
proposed as one of the fundamental causes for the initia-
tion and progression of CAD under the response to injury
hypothiesis [2]. While numcrous genctic variantions have
been observed to occur in patients with CAD, little work
has been done to investigate the interaction of these ge-
netic variants and oxidized products.

NAD({P)H oxidase is present in vascular smooth muscle cells
and endothelial cells, and has been identified as a major
source of superoxide production in animal models of vas-
cular discase {3} and in human atherosclerosis {4,5]. P22
phox is an essential component of NADH/NADPH oxi-
dase, and is expressed in human coronary arteries [6,7].
Oxidation of low density lipoprotein (LDL), an important
process in early atherogenesis, is supposed to be associated
with NADPH oxidase activity. Oxidative metabolites are in-
volved in endothelial dysfunction, which is thought to be a
major component of atherosclerosis [6]. The C242T poly
morphism of the p22phox gene, which leads to an amino
acid change, leads to alteration of potential heme bin;
sites on the protein, and might modulate its enzymati
tivity. However, results from previous studies

ix believed to cause oxxda Ve

s, including direct damage

Investigation 6fihe effect of p22 phox and GSTs gene poly-
morphisms on malgndialdehyde-modified LDL (MDA-LDL),
soluble CD40 ligand, E-selectin and soluble ICAM1 (inter-
cellular adhesion molecule-1) in CAD patients, and the in-
teraction of the combined effect with cigarette smoking may
help elucidate their role in atherogenesis.

MATERIAL AND METHODS

Study population

Subjects were patients who underwent coronary angiogra-
phy at Nihon University Itabashi Hospital, Japan, and had
>75% diameter stenosis of at least one of the major coro-
nary arteries. Among patients with significant coronary ar-
tery disease, sixty-two current smokers and seventy-eight pa-
tients without a history of smoking were recruited into the
study after exclusion of patients suffering from kidney or
liver discase. Written consent was obtained from every pa-
tient after full explanation of the study. These participants
represented approximately 63% of hypertensive patients

(n=90) and 48% of diabetic parients (1n=69). Fasting plas-
ma levels of total cholesterol, triglycerides, HDL- dlululuol

apolipoprotein Al AIL B, CII, CHI, E, glucose, and HbAlc
were determined before coronary angiography.

Determination of MDA-LDL, soluble CD40, E-selectin
and soluble ICAM1

The ELISA method used to determine t
tevel was based on the same principl
ed by Kotant et al. {13}, The ELIS
Bender Medsystems kit (Medsys

Austria) and plasma sCD401
were quantitatively determi

’p asma MDA-LDL

Genotyping

Pevipheral blood san
isolated from leukocyt

coliccted and genomic DNA
1dard methods.

ampliﬁe(l bv PCR and digested with Rsal
d B)olabs Beverly, MA). l"he 242C allele re-
> the 2127 allele was cut into two frag-

11 aﬂ: es;The absence of either of these amplicons cor-
s tomidividuals homozygous for the null allele. The
of a 175-bp amplicon from GSTmu2 was utilized
1 internal control, confir ming successful amplification.

‘The GSTP! gene polymorphism at codon 105 was deter-
mined using the restriction fragment length polymorphism
(RFLP) method described by Watson et al. [17]. Briefly, PCR
products were digested with the restriction enzyme Alw261
(New England Biolab) which through restriction sites pres-
enton both the lle allele and the Val allele allows determi-
nation of which allele/s are present. PCR-RFLP patterns
rvesulted in a band of 113 bp in all samples, (a conwol cut
that confirms proper digestion has occurred). In the wild-
type (Iie/lle), bands of 329 bp and 113 bp were generated,
whereas in the homozygous mutant type (Val/Val), bands
of 216 bp, 113 bp and 107 bp were produced. In the hetero-
zygous mutant type (Ile/Val}, all four bands were present.

Statistical analysis

Results are given as the mean & standard deviation of the
mean (8.D.). The significance of differences between the
mean values was evaluated using Student’s Ftest for un-
paired data. A P<0.05 was considered significant. Factors
with p<0.05 in the univariate analysis were included in a
forward stepwise logistic multivariate regression analysis.

ResuLTS

Clinical characteristics of patients, divided into p22 phox,
GSTT1, GSTM1 and GSTP1 genotypes are shown in Table 1A,

CR342
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Table 1A. Clinical characteristics of the subjects, categorized by GSTT1, GSTM1, GSTP1, and p22 phox polymorphisms.

S RERUC L R

3 Y

Hight  TC TG HDL-C A4 Al B (€ | I [}
(em) (mg/dl) (mg/dl) (mg/di) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

143 Mean 634 676 1628 188.0 1511 420 1073 229 925 49 8.9
S.D. 93 10 76 407 1025 157 233 49 260 6.9 8.5

n  Genotypes Age (y) BW (kqg)

robiiet

o p22phox 103 « Mean 633  67.6 1631 1823 1439 425 Wit 228 9.0
v S.D. 88 109 75 31 987 163 229 5.0 9.8
: 37 AT Mean 633 6727 1624 1999 1731 391 10438 8.7
sh. 108 116 80 487 1142 116 3.2
: p 099 094 065 006 018 018 032 078
: GSTT 74 T- Mean 634 670 1623 1861 1343 429 47 9.3
: SD. 86 115 82 418 607 176 57 14

69 T+ Mean 637 680 1632 1916
SD. 100 104 6.9 398 |

41.0 95.4 51 8.6

49 253 19 31

Tty o

p 087 061 048 063 029 077 065
GSTMT 76 M- Mean 627 673 B8O N8 48 82
D90 100 53 243 15 26

67 M+ Mean 645 614 3.0 931 50 9.8
47 280 6.0 120
095 095 08 027

1066 229 916 49 9.1
242 52 250 15 9.5

£23 Mos B3 976 4.7 84

783 109 193 43 295 35 2.2

041 063 088 036 067 032 082 046

GSRPT 113 AA

69.2
103
0.33

0.7

Table 1B. Clinicattharacteristics of the subjects, categorized by smoking behavior.

Hight  TC T6  HDL-C Al Al B ¢l il

n age(y) BWKg) ") (mg/d) (mg/dl) (mg/dl) (mg/d) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

Non-

78 Mean 654 670 1614 1868 1420 436 1116 234 90.3 54 9.4
smokers

sersonal ise only -

SD. 95 13 8.2 404 1006 134 242 5.2 263 9.1 1.2
Smokers 62 Mean 609 683 1645 1895 1625 400 1019 223 95.1 42 83
5D. 83 10.6 6.6 414 1046 18.0 211 45 25.6 19 2.9

p 0.00 0.50 0.05 0.70 0.24 0.19 0.01 0.20 0.28 0.26 0.42

Unpaired Student’s t-test was used for statistical comparisons between genotypes. BW — body weight; TC ~ total cholesterol; TG — triglycerides;
Lp(a) - lipoprotein {a); RLP-C— remnant-like particle-cholesterol; FPG — fasting plasma glucose.

7
5
R

There were no significant differences observed for param- Clinical characteristics for current smokers and non-smokers
eters including lipid and glucose metabolism between the are shown in Table 1B. Serum apolipoprotein Al levels were sig-
two allelic groups for each gene. nificantly lower in current smokers compared to nonsmokers.
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— a. p22phox

Figure 1. Plasma MDA-LDL Jevelsin CAD patients
b, GSTT1 categorized by p22 phox, GSTT1, GSTP1,
GSTM1, and digarette smoking. ¥P<0.05
by Student’s -test; GST: Glutathione-S-

transferases; T GSTT1 null genotype;

M—: GSTM1 null genotype.

MDA-LDL (mg/di)

o
. mwma <« wda T- T+

T+

Non-smokers Smokers Non-smokers

¢. GSTM1

Smokers

d. GSTP1

MDA-LDL (mg/dl)

M- M+ M-

Non-smokers Smokers

The effect of each gene polymorph
LDL levels are shown in Figugeiks

significantly higher p
that of patients with t

% ‘differences observed in levels be-
f-and GSTP1 polymorphism. Multivariate

m (F=4.5) and the GSTT! polymorphism
(F=2.9) were significant predictors of plasma MDA-LDL lev-
els among the determined genotypes (p=0.005).

No significant effect on plasma soluble CD 40 levels was
found to occur between the four examined polymarphisrus.
Plasma E-selectin levels were significantly higher in patients
of the GSTT1+ genotype compared to those of the GSTT1-
genotype group. Plasma E-selectin levels were also signifi-
cantly higher in subjects with the CC and CT alleles of the
p22 phox polymorphism and the AA genotype of the GSTP1
polymorphism (Table 2). Multivariate forward logistic re-
gression analysis showed that P22phox C242T polymorphism
(F=6.7) and GSTT! polymorphism (F=3.4) were significant
predictors of plasma E-selectin levels among the determined
genotypes (p=0.001). Plasma soluble ICAM1 levels were sig-
nificantly associated with the p22phox C242T polymorphism
and the GSTM1 polymorphism (Table 2). Multivariate for-
ward logistic regression analysis showed that the P22phox
C242T polymorphism (F=11.6) and the GSTMI polymor-

4) were significant predictors of plasma sSICAMI
ng the determined genotypes (p=0.0003).

Giparison of plasma MDA-LDL levels in current smokers
nd non-smokers was made by dividing the patients into sub-
roups based on p22 phox, GSTT1, GSTMI and GSTP1 poly-
morphism. With the p22 phox C242T polymorphism, plasma
MDA-LDL levels were significantly lower only in non-smok-
ing patients with CC genotypes (Figure 2). There were no
significant ditferences observed between the GSTT1, GSTM1
and GSTP1 polymorphisms in smokers and non-smokers.

The plasma MDA-LDL, soluble CD40 ligand, E-selectin and
soluble ICAM]1 levels are shown in Table 3. Plasma solu-
ble CD40 ligand levels were significantly higher in current
smokers than those in non-smokers. There were no statisti-
cal diffevences identified in the plasma E-selectin and solu-
ble ICAMI levels between smokers and non-smokers.

In non smokers the GSTT1 polymorphism affected plas-
ma E-sclectin levels, the GSTP1 polymorphism affected
soluble CD40 ligand levels, and p22phox polymorphism
affected plasma E-selectin and soluble ICAM1 levels. In
smokers the GASTMI polymorphism affected plasma sol-
uble ICAM1 levels.

DISCUSSION

The potential association of the C242T polymorphism of
the p22phox gene and GSTs gene mutations with modified
LDL and endothelial function was evaluated. The T allele

CR344
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Table 2. Serum MDA-LDL, soluble (D40 ligand, E-selectin, and soluble ICAM1 levels in participants categorized by p22 phox, 6STT1, GSTMT, and

= GSTP1 polymorphisms.
n Genotypes MDA-LDL(U/l)  sCD40l(ng/ml)  ESELE(ng/ml)  siCAMT (ng/m!)
B CAD patients 43 Mean 103.2 9.2 215 2345
S0, 39 43 193 1240
2 p22phox 103 « Mean 98.9 9.1 178 218.1
SD. 300 42 1.
37 anm Mean 116.1
S.. 446
p 0.04
: GSTT 74 T- ‘ Mean 97.7
5. 329
69 T+ Mean 113
X 375
0.0
: GSTM1 76
; GSRP1 13

29

Unpaired Student’s £-{&
(D40 ligand; ESEEE:E:

Figure 2. Plasma MDA-LDL levels in smoking and

‘ a b. . non-smoking CAD patients categorized
by p22 phox, GSTT1, GSTP1, and GSTM1
160 160 polymorphisms. *P<0.05 by Student’s
150 " 150 - t-test; GST: Glutathione-S-transferases;
s W 140 T-:GSTT1 null genotype; M—: GSTM1
2 BT T 130 T nuil genotype.
= 10
=z 110 1
= 100

80 -
70 1 :
60 - : 60
T/ T- T+ M-M+ AL AG Non-smokers Smokers
p22phox GSTT1 GSTP1  GSTMI
of the P22 phox polymorphism showed a significant influ- The C242T polymorphism results in a substitution of Tyr for
# ence on lipid peroxidation in vivo as measured by MDA- His at residue 72 of p22 phoy, leading to speculation that
& LDL level from patients with CAD. this polymorphism may modulate enzyme activity by affect-
2
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Table 3. Serum MDA-LDL, soluble (D40 ligand, E-selectin, and soluble ICAM1 levels in smoking and non-smoking subjects categorized by p22 phox,
GSTT1, GSTM1, and GSTP1 polymorphisms.

n MDA-LBL (U/h) s(D401 (ng/ml) ESELE (ng/ml} siCAM1 {ng/ml)
Non-smokers 78 Mean 97.5 8.5 20.6 2189
SD. 34.9 43 172
Smokers 62 Mean 110.4 10.0 228
SD. 338 42 227
p 0.03 0.04
p22phox
Non-Smokers MDALDL (U/) sC(D401 (ng/mi) CAM1 (ng/ml)
« 56 Mean 915 8.2 192.2
SD. 274 4.0 106.3
wa 2 Mean 1133 297 2846
SD. 46.7 238 1263
P 0.014 0.003 0.002
Smokers
« 46 Mean 249.1
1235
wa 261.6
1427
0.389
GSTT :
Non-Smokers Hng/ml) ESELE (ng/ml) siCAM1 (ng/mi)
- 16.4 202.0
10.0 99.3
25.1 2378
218 1372
0.034 0.202
Smokers
T- 30 Mean 106.8 10.4 184 2603
SD. 36.8 43 16.8 135.6
T+ 3 Mean 114.0 9.6 272 2473
SD. 30.6 41 27.2 121.2
P 0.413 0.450 0.135 0.695

ing heme binding [9]. Association of the T allele with CAD
and cerebrovascular disease were previously reported in
Japanese and Australian populations, but Li et al. [11] found
no evidence of association of this polymorphism with CAD
in the US based population studied. In this currentstudy, a
significant association found for the T allele of the polymor-

phism with plasma MDA-LDL levels in the Japanese CAD pa-
tients supports the results of previous reports from Japanese
and Australian populations that showed a positive correla-
tion of this mutation to the progress of atherosclerotic dis-
ease, and suggests that the impact of this mutation on ath-
erosclerotic disease is through excessive lipid peroxidation.
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Ueno T et al - Effect of GSTs, p22phox and smoking on MDA-LDL in CAD patients

Table 3 continued. Serum MDA-LDL, soluble (D40 ligand, E-selectin, and sofuble ICAMT levels in smoking and non-smoking subjects categorized

by p22 phox, GSTT1, GSTM1, and GSTP1 polymorphisms.

GSTM1
Non-Smokers MDALDL (U/h) sC(D40l (ng/ml) ESELE (ng/ml) sICAM1 (ng/ml)
M1- 39 Mean 101.8 9.5 212 2222
SD. 37.4 48 16.6
M1+ 39 Mean 933 15 200
S.D. 321 37
p 0.290 0.049
Smokers
M1- 35 Mean 108.2 9.6
SD. 36.5 43 128.0
M1+ 27 Mean 133 10. 20 204.8
SD. 30.2 28.1 121
] 0.843 0.007
GSTP1
Non-Smokers sICAM1 (ng/ml)
AA 64 Mean 2228
sD. 1264
AG 14 Mean 18.6 200.1
133 774
0.5% 0.403
Smokers
AA 250 2529
25.4 1329
AG 96.8 10.0 159 2572
5D. 215 41 9.2 115.0
p 0.058 0.992 0.046 0.905

Unpaired Student’s t-test was used for statistical comparisons between genotypes. MDA-LDL — malondialdehyde-modified LDL — sCD401, soluble
(D40 ligand; ESELE — E-selectin; sICAM1 — soluble intercellular adhesion molecule-1.

The results from this current study also indicated the influ-
ence of the C242T polymorphism of the p22phox gene on
plasma E-selectin and soluble ICAM1 levels. E-selectin is a
cell surface glycoprotein expressed on endothelial cells af-
ter activation by cytokines, and mediates adhesion of cir-
culating monocytes and lymphocytes to endothelial cells.
This adherence to activated arterial endothelium is one of
the earliest detectable events in the pathogenesis of ath-
erosclerosis[2]. The inflammatory process induces expres-
sion of adhesion molecules such as the intracellular ad-
hesion molecule, which interacts with leukocyte integrins
and promotes the atherothrombotic process at the surface
of endothelial cells [18,19]. Expression of ICAM-1 can be
rapidly upregulated several fold in atherosclerotic lesions

by inflammatory mediators [20,21]. From these accumu-
lated observations, the effect of the C242T polymorphism
on E-selectin and soluble ICAM1 indicates induction of in-
flammation and endothelial dysfuncion through oxidative
stress in CAD patients.

Association of the GSTT! and M1 null alleles with athero-
sclerotic disease has been reported previously. However,
this data suggests an inability to provide any positive corre-
lation of the GSTT1 or GSTM1 nuli allele with increased
amount of plasma MDA-LDL, or increased plasma soluble
CD40 ligand, E-selectin and soluble ICAMUI levels. These
findings may suggest that the mechanism through which
the GSTT1 and GSTMI nuli alleles increase atherosclerot-
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Abstract

Objectives: The aim of this study was to investigate the relationship between cerebral infarction (C1) and the human apurinic/apyrimidinic
endonuclease 1/redox effector factor-1 (APEI/REF-1) gene using single-nucleotide polymorphisms (SNPs) and a haplotype-based case—control study.

Design and methods: We selected 5 SNPs in the human APEI/REF1 gene (151760944, 153136814, rs17111967, rs3136817 and rs1130409),
and performed case—control studies in 177 CI patients and 309 control subjects.

Results: rs17111967 was found to have no heterogeneity in Japanese. The overall distribution of the haplotype-based case—control study
constructed by rs1760944, rs3136814 and rs1130409 showed a significant difference. The frequency of the G-C-T haplotype was significantly
higher in the CI group than in the control group (2.5% vs. 0.0%, p>0.001).

Conclusions: Based on the results of the haplotype-based case—control-study, the G-C-T haplotype may be a genetic marker of CI, and the

APEI/REF-1 gene may be a CI susceptibility gene.

© 2009 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Kewwords: Cerebral infarction; Apurinic/apyrimidinic endonuclease 1/redox effector factor-1; Single-nucleotide polymorphism; Haplotype; Case—control study

Introduction

Cerebral infarction (Cl) is the most common type of stroke,
and often causes long-term disability [1]. In Japan, CI has
recently become a major cause of death in the elderly population.
Cl is considered to be a multifactorial disease that results from
interaction between genetic and environmental factors [2].

Apurinic/apyrimidinic endonuclease 1/redox effector factor-
1 (APEI/REF-1) is a protein with multifunctional roles
impacting a wide variety of important cellular functions {3].
APEI/REF-1 has 2 major functions: it acts as an apurinic/

* Corresponding author. Division of Laboratory Medicine, Department of
Pathology and Microbiology, Nihon University School of Medicine, Ooyaguchi-
kamimachi, 30-1 Itabashi-ku, Tokyo 173-8610, Japan. Fax: +81 3 5375 8076.

E-mail address: tnakayam@med nihon-u.ac.jp (T. Nakayama).

apyrimidinic endonuclease during the second step of the DNA
base excision repair pathway, which is responsible for the repair
of cellular oxidative DNA damage {4]; and it is also known as
redox effector factor-1 (REF-1), which is important for the
activation of transcription factors, such as activator protein |
(AP1), p53 and nuclear factor kappaB (NF-kB) [5,6]. The
human APE1/REF-1 gene is located on chromosome
14q11.2—q12, which consists of 3 exons and 4 introns spanning
2.64 kilobase pairs {7]. Human APE1/REF-1 is encoded by a
gene is composed of 318 amino acids [8]. The apurinic/
apyrimidinic endonuclease activity of APEI/REF-1 resides in
the N-terminus, while the redox activity resides in the C-
terminus [8,9].

Oxidative stress, or excess generation of reactive oxygen
species (ROS), results in cellular damage and is thought to be a
factor in various diseases, such as cancer, leukemia, CI,

0009-9120/3 - see front matter © 2009 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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myocardial infarction (M) and hypertension {10,11]. DNA is
one of the biological molecules damaged by oxidative stress,
and it has been reported that oxidative DNA damage is elevated
in hypertension and cardiovascular diseases [12,13].

There have been no studies examining the association between
the human APEL/REF-1 genc and cerebral infarction. However, it
has been reported that mice heterozygous for the APEI/REF-1
allele (APEU/REF-1"") were significantly more hypertensive
than wild-type mice (APEI/REF-17"") [9,14]. Therefore, hyper-
tension is closely related to CI, and the APEU/REF-I gene is
thought to be a mediator in CI. Jeon et al. [9] showed that APE1/
REF-1 regulated H-ras expression through its reducing function.
Moreover, they placed H-ras upstream of phosphoinositide-3
kinase (PI3-K) and Akt kinase in the calctum sensitization of
endothelial NO synthase by APE1/Refl. The reducing function of
APE1-REF! may be associated with cerebral infarction.

The aim of this study was to investigate the relationship
between CI and the human APE!/REF-1 gene using single-
nucleotide polymorphisms (SNPs) and a haplotype-based case—
control study.

Methods
Subjects

Participants in whom CI was diagnosed were recruited at
Nihon University Itabashi Hospital in Tokyo, Japan, as well as
neighboring hospitals, between 1993 and 2003. We selected 177
patients with CI diagnosed by neurologic examination and the
findings of computed tomography (CT), magnetic resonance
imaging (MRI) or both, and those who had neurologic deficit
ratings greater than grade 3 on the modified Rankin Scale.

-} 0

i

Patients with hemorrhage stroke diagnosed by CT, MRT or both
were excluded from this study group.

A total of 309 Japanese subjects were enrolled as control
subjects. Control subjects were members of the New Elder Citizen
Movement in Japan who lived in Tokyo, or in the suburbs of
Tokyo, and who had vascular risk factors such as hypertension,
hypercholesterolemia or diabetes mellitus, but no history of CL.
They were confirmed as being grade 0 on the modified Rankin
Scale. In this study group, participants with cancer or autoimmune
diseases, including antiphospholipid antibody syndrome, were
excluded. Patients with cerebral embolism caused by atrial
fibrillation, diagnosed by anamnesis and findings of electro-
cardiography, echocardiography, CT or MRI were excluded.
However patients in whom cerebral thrombosis was diagnosed
were included. No participants had a history of peripheral arterial
occlusive disease. Informed consent was obtained from each
subject in accordance with the protocol approved by the Human
Studies Committee of Nihon University |15,16].

Biochemical analysis

Blood samples were obtained from subjects in the morning,
after resting in the sitting position for at least 30 min without
eating. In the clinical laboratory department of our university
hospital, these blood samples were used to measure plasma
concentrations of total cholesterol and serum concentrations of
creatinine [17].

Genotyping

As the detailed data for SNPs in the APEI/REF-1 gene on
the Hap Map website were not clear, information on allelic
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}

I
rs37311967
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Fig. 1. Organization of the gene encoding human apurinic/apyrimidinic endonuclease-1/redox effector factor-1 (APEI/REF-1), locations of single-nucleotide
polymorphisms (SNPs) used in present association study, and pair-wise LD in the APE1/REF-1 gene, as evaluated by }'{ and 2. Closed boxes indicate exons, and
lines represent introns. Pair-wise LD among the 4 marker pairs studied in the human APEI/REF-1 gene were computed, upper tiangles indicate [D’] and lower
triangles represent 2. Pairs in LD (D' or /* > 0.5) arc shown as deep gray-shaded values, and pairs in LD (D'} or 22 0.25) arc shown as light gray-shaded values.
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frequencies of SNPs registered on the National Center for
Biotechnology Information (NCBI) website was used. We
selected 5 SNPs in the human APEI/REF-1 gene. These SNPs
have minor allele frequencies of >3%, and we selected at least
1 SNP from each of the promoter, intron and exon regions. We
examined the relationship between CT and these 5 SNPs. All §
SNPs were confirmed by information on the NCBI website.
The accession numbers were rs1760944, rs3136814,
rs17111967, 1s3136817 and rsi130409 (Fig. 1). Genotypes
were determined using Assays-on-Demand kits (Applied
Biosystems, Branchburg, NJ) together with TagMan polymer-
ase chain reaction (PCR) (Applied Biosystems). TaqManf‘
SNP Genotyping Assay was performed using the method for
Taq amplification.

On 5'-nuclease assay, discrimination occurs during PCR, as
the allele-specific fluorogenic probes, when they are hybridized
to the template, are cleaved by the 5'-nuclease activity of Taq
polymerase. The probes contain a 3'-minor groove-binding
group (MGB) that hybridizes to single-stranded targets with
increased sequence-specificity when compared with ordinary
DNA probes. This reduces nonspecific probe hybridization and
results in low background fluorescence during the 5'-nuclease
PCR assay (TaqManm, ABI). Cleavage results in increased
emission of a reporter dye. Each 5'-nuclease assay requires 2
unlabeled PCR primers and 2 allele-specific probes. Each probe
was labeled with 2 reporter dyes at the 5’ end; in this study, VIC
and FAM were used as reporter dyes. The primers and probes in
the TaqManﬁ SNP Genotyping Assays (ABI) were chosen
based on the information available on the ABI website (hitp:/
myscience.appliedbiosystems.com).

PCR amplification was performed using 2. 5 ul of TaqMan"O
Universal Master Mix and No AmpEraseE UNG (2%) (ABD in
5-pl final reaction volumes, with 2 ng of DNA, 2.375 ul of
ultrapure water, 0.079 ul of Tris-EDTA (TE) buffer (1x),

1495

0.046 pl of TagMan" SNP Genotyping Assay Mix (40%)
containing final concentrations of 331. 2 nM for primers, and
73. 6 aM for probes. The thermal cycling conditions were 95 °C
for 10 min, 50 cycles of 92 °C for 15 sec, and finally 60 °C for
I min. Thermal cycling was performed using the GeneAmp
9700™ system [138].

Each 96-well plate contained 80 samples of an unknown
genotype and 4 samples with reagents alone (control). The
control samples without DNA are necessary in the Sequence
Detection System (SDS) 7700™ for signal processing, as
outlined in the TagMan Allelic Discrimination Guide (ABI).
Plates were read on the SDS 7700 instrument using the end-
point analysis mode of the SDS version 1.6.3 software package
(ABI). Genotypes were determined visually based on the dye-
component fluorescent emission data depicted in the X-Y
scatter-plot of the SDS software. The genotypes were also
determined automatically by the signal processing algorithms of
the software. The results of each scoring method were saved in 2
separate output files for later comparison {19].

Statistical analysis

Data are shown as means=SD. Hardy-Weinberg equili-
brium (HWE) was assessed using x° analysis. The overall
distribution of alleles was analyzed using 2x2 contingency
tables, and the distribution of the genotypes between CI patients
and control subjects was analyzed using a two-sided Fisher’s
exact test. Based on the genotype data of the genetic variations,
linkage disequilibrium (LD) analysis and haplotype-based
case—control study were performed using the expectation
maximization (EM) algorithm of the SNPAlyze software
program, version 3.2 (Dynacom Co., Ltd., Yokohama, Japan).
Pair-wise LD analysis was performed using SNP pairs. {D’]
values of >0.5 were used to assign SNP locations to 1

Table t
Characteristics of study participants.

Total Men Women

Control Cl p value Control CI p value Control Cl p value
Number of subjects 309 177 150 106 159 71
Age (years) 77.9+4.1 65.9+13.0 <0.001*  78.2+45 64.2x11.9 <0.001*  77.7+3.8 68.4:+14.2 <0.001*
BMI (kg/m’) 22.6£2.9 23.2+3.5 0.067 228428 23.1%3.0 0.397 22.4+3.0 23.4+4.4 0.103
SBP (mun Hg) 13594164 1513266 <0.001*  136.0£152  148.6+262 <0.001* 135.8+174 15534268 <0.001*
DBP (mm Hg) 78.6+£11.0 86.2+16.2 <0.001*  78.8+103 86.9+16.4 <0.001%  783:x11.6 85.1£16.0 <0.001*
Pulse (beats/min) 70111t 76.7+14.8 <0.001*  68.9+£11.7 755143 <0.001*  71.3+103 78.5¢15.4 <0.001*
Creatinine (ing/dL) 0.85+0.23 1.03+0.64 <0.001*  0.96+0.22 1.13£0.57 <0.001*  0.75£0.18 0.89+0.72 0.023*
Total cholesterol (mg/dL) 218.0+43.0  194.8+52.1 <0.001* 2048319 1919516 0.018*  230.4+482  199.0+53.0  <0.001*
Hypercholesterolemia (%) 19.7 26.6 0.083 10.0 22.6 0.006* 289 324 0.597
Diabetes (%) 29 16.4 <0.001* 490 14.2 0.004* 1.9 19.7 <0.001*
Drinking (%) 373 48.7 0.092 46.3 68.7 0.013* 271 19.6 0.390
Smoking (%) 304 46.6 <0.001* 462 65.3 0.034% 140 17.4 0.648

Cl1, cerebral infarction; Control, non-cerebral infarction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic bload pressure; HDL, high density

lipoprotein.

Continuous variables were expressed as mean=standard deviation.
Categorical variables were expressed as percentages.
p values of continuous variables were calculated by Mann—Whitney U test.
p values of catcgorical variables were calculated by Fisher’s exact test.

* p<0.05.
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haplotype block. Tagged SNPs were selected by omitting t SNP
from an SNP pair showing an r square of =0.25 for each
haplotype block. In this haplotype-based case-control study,
haplotypes with a frequency of <0.02 were excluded. The
distribution of haplotype frequencies was calculated using y°
test. A probability level of p<0.05 was considered to indicate
statistical significance. Differences in clinical data between the
CI and control groups were assessed using analysis of variance
followed by Fisher’s protected least-significant-difference test
{20,21].

Results

Table | shows the clinical features of the CI patients and
control subjects. Significant differences in systolic blood
pressure (SBP), diastolic blood pressure (DBP), pulse,
creatinine, total cholesterol, diabetes and smoking were

T. Nuganuma et al. / Clinical Biochemistry 42 (20095 14931499

observed between the CI and control groups. The age of
subjects in the control group was significantly higher than in
the CT group (77.9:+4.1 years vs. 65.9+13.0 years, p<0.001),
for both men (78.2+4.5 years vs. 64.2+11.9 years, p<0.001)
and women (77.7£3.8 years vs. 68.4+ [4.2 years, p<0.001).
Because the mean age of the control group was higher than
that of the CI group, the control group was regarded as a super-
control.  Super-control groups, with age higher than case
groups, are considered to be acceptable in case-control studies
of late-onset diseases [20].

Table 2 shows the distribution of genotypic and alletic
frequencies of the 5 SNPs in cach group. rs1711967 was
excluded because there was no heterogeneity; all of the
participants were genotyped as C/C. The observed and expected
genotypic frequencies of each SNP in the control group were in
good agreement with predicted Hardy—Weinberg equilibrium
values (data not shown). There were significant differences in

Table 2
Genotype and allele distributions in control subjects and patients with CL.
Total Men Wornen
Control Ci p value  Control CI p value Control ClI p vilue
Nusnber of participants 309 177 150 106 159 71
Variants
rs1760944 Genotype  G/G 95 (0.307) 46 (0.260) 0.4244 42(0.280)  32(0.302) 0.8930 53 (0.333) 14 (0.197) 0.0851
G/T 156 (0.505) 91 (0.514) 78 (0.520) 52 (0.491) 78 (0.491) 39 (0.549)
TT 58 (0.188) 40 (0.226) 30(0.200) 22 (0.208) 28 (0.176) 18 (0.254)
G/Gand G/T 251 (0.812) 137(0.774) 03144 120 (0.800) 84 (0.792) 0.8825 131(0.824) 353 (0.746) 0.1751
T/t 58 (0.188) 40 (0.226) 30 (0.200) 22 (0.208) 28 (0.176) 18 (0.254)
G/IG 95(0.307) 46 (0.260) 0.2663 42 (0.280) 32 (0.302) 0.7036 53 (0.333) 14 (0.197) 0.0358*
G/Tand T/T 214 (0.693) 131 (0.740) 108 (0.720) 74 (0.698) 106 (0.667) 57 (0.803)
Allete G 346 (0.56) 183 (0.517) 0.1960 162 (0.540) 116 (0.547) 0.8736 184(0.579) 67 (0.472) 0.0336*
T 272 (0.44) 171 (0.483) 138 (0.460) 96 (0.453) : 134 (0.421) 75 (0.528)
rs3136814 Genotype  A/A 294 (0.951) 168 (0.949) 0.7238 142 (0.947) 101 (9.953) 0.7014 152 (0.956) 67 (0.544) 0.6860
A/C 14 (0.045) 9 (0.051) 7(0.047)  5(0.047) 7(0.044) 4 (0.056)
c/IC 1(0.003) 0@ 1(0.007) 0¢0) 0(0) 0
A/A and A/C 308 (0.997) 177 (1.000) 0.4487 149 (0.993) 106 (1.000) 03996 159 (1.000) 71 (1.000) -
iC 1(0.003) 0(0) 1{0.007) 0(0) 0 (0 )]
A/A 294 (0.951) 168 (0.949) 0.9102 142 (0.947) 101 (0.953) 0.8249 152 (0.956) 67 (0.944) 0.6860
A/Cand C/C 15(0.049) 9 (0.051) 8 (0.053)  5(0.047) 7(0.044) 4 (0.056)
Allele A 602 (0.974) 345 (0.975) 0.9648 291 (0.970) 207 (0.976) 0.66[11 311 (0.978) 138 (0.972) 0.6897
C 16 (0.026) 9 (0.025) 9(0.030)  5(0.029) 70.022) 4 (0.028)
153136817 Genotype C/C 232 (0.751) 134 (0.757) 0.6696 118 (0.787) 81 (0.764) 0.8494 114 (0.717) 53 (0.746) 0.7207
CT 70 (0.227) 41 (0.232) 30 (0.200) 24 (0.226) 40 (0.252) 17 (0.239)
T 7(0.023) 2(0.011) 2 (0.013) { (0.009) 5(0.031) I (0.0i4)
C/Cand C/T 302 (0.977) 175(0.989) 03716 148 (0.987) 105 (0.991) 0.7752 154 (0.969) 70 (0.986) 0.4454
/T 7(0.023y  2(0.01D) 2(0.013) 1 (0.009) 5(0.031) 1 (0.014)
Cc/IC 232(0.751) 134 (0.757) 0.8777 118 (0.787) 81 (0.764) 0.6697 114 (0.717) 53 (0.746) 0.6431
CTand T/T 77 (0.249) 43 (0.243) 32(0.213) 25(0.239) 45 (0.283) 18 (0.254)
Allele C 534 (0.864) 309 (0.873) 0.6971 266 (0.887) 186 (0.877) 0.7470 268 (0.843) 123 (0.866) 0.5156
T 84 (0.136) 45 (0.127) 34 (0.113) 26 (0.123) 50 (0.157) 19 (0.134)
rsi130409 Genotype G/G 56 (0.181) 21 (0.119) 0.1183 29 (0.193) 12 (0.113) 0.2267 27 (0.170)  9(0.127) 0.3031
GIT 139 (0.450) 78 (0.441) 60 (0.400) 47 (0.443) 79 (0.497) 31 (0.437)
T 114 (0.369) 78 (0.441) 61 (0.407) 47 (0.443) 53(0.333) 31(0437)
G/G and G/'T 195 (0.631) 99 (0.559) 0.1195 89 (0.593) 59 (0.557) 0.5578 106 (0.667) 40 (0.563) 0.1329
T/T 114 (0.369) 78 (0.441) 61 (0.407) 47(0.443) 53(0.333) 31 (0.437)
G/G 56 (0.181) 21 (0.119) 0.0690 29(0.193) 12 (0.113) 0.0851 27 (0.170) 9 (0.127) 0.4065
G/Tand T/T 253 (0.819) 156 (0.881) 121 (0.807) 94 (0.887) 132 (0.830) 62 (0.873)
Allele G 251 (0.406) 120 (0.339) 0.0381* 118 (0.393) 71 (0.335) 0.1772 133 (0.418) 49 (0.345) 0.1382
T 367 (0.594) 234 (0.661) 182 (0.607) 141 (0.665) 185 (0.582) 93 (0.655)

CI, cerebral infarction; Control, non-cerebral infarction.
* p<0.05.
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Table 3
Combinations of SNPs showing significant differences.

Combination of SNPs Group Number of Overall Distribution of individual haplotypes
participants distribution
Control Ct e p value Haplotype Control Cl % p value
151760944 -rs3 1368 [4-rs 1130409 Total 309 177 19.98 0.001* G-A-T 0.278 0.255 0.59 0.441
T-A-T 0.322 0381 332 0.069
G-C-T 0.600 0.025 15.09 <0.001*
G-A-G 0.268 0.237 1.14 0.285
T-A-G 0.132 0.102 1.79 0.181
Men 150 106 13.32 0.021* G-A-T 0.283 0.303 0.20 0.658
T-A-T 0.319 0.338 0.27 0.601
G-C-T 0.000 0.024 7.05 0.008 *
G-A-G 0.231 0.220 0.05 0.831
T-A-G 0.144 0.115 1.1l 0.292
G-T-G 0.024 0.000 5.08 0.024*
Women 159 71 17.79 0.001 * G-A-T 0.265 0.184 3.69 0.055
TA-T 0.314 0.442 7.28 0.007*
G-C-T 0.000 0.028 8.64 0.003 *
G-A-G 0.301 0.259 0.71 0.399
T-A-G 0.121 0.086 1.37 0.242

Cl, cerebral infarction; Control, non-cerebral infarction.
* p<0.05.

distribution of alleles for rs1130409 between the control and Cl
groups overall and in distribution of genotypes and/or alleles for
151760944 in women.

LD patterns are shown with the |D'| and r square values
(Fig. 1). As most |D'| values were large, all polymorphisms were
located in 1 haplotype block, and because the » square of all
pairs of 4 SNPs was <0.25, we constructed a haplotype-based
association study using rs1760944, 153136814, 153136817 and
rs1130409.

In the haplotype-based case--control study, 11 possible
combinations of SNPs were predicted using these 4 SNPs.
Table 3 shows the distribution of the individual haplotypes
constructed with the rs1760944, rs3136814 and rs1130409. In
this combination, significant differences between the control
and CI groups were observed for 3 studies (total; ¥2=19.98,
p=0.001, men; x*=13.32, p=0.021, women; yx>=17.80,
p=0.001). The G-C-T haplotype constructed by rs17609443—
153136814-1rs1130409 in CI was significantly higher in all 3
studies (total; x*=15.09, p<0.001, men; x*=17.05, p=0.008,
wotnen; x°>=8.64. p=0.003).

Discussion

Although there have been some reports showing that the
APE1/REF-1 gene is related to the pathophysiology of
hypertension [9,14], there have been no association studies
concerning CI and the APEI/REF-1 gene. Thus, this is the first
time an association study between the human APE1/REF-1
gene and Cl using a haplotype has been reported in the
literature.

In the present study, we genotyped 5 SNPs of the APE1/
REF-1 gene in Japanese subjects and assessed the association
between this gene and cerebral infarction. In this association
study, we used a super-control group, consistent with aged and
unaffected subjects. Healthy elderly subjects are more suitable

than young or middle-aged subjects for determining the
phenotypes of cardiovascular and cerebrovascular diseases
related to aging, because many such diseases occur late in life.
Cl is an age-influenced disease; therefore, it is better to use a
super-control group than an age-matched control group. In this
study, levels of total cholesterol were significantly higher in the
control group. The all persons in the control groups live in
healthy life. We could not collect data on total cholesterol levels
in the CI group at their onset of CI. Therefore, total cholesterol
levels in the control group may be higher than in the case group.
Many control subjects had been diagnosed with hypercholes-
terolemia and were undergoing diet therapy without antihyper-
lipemic drugs.

Among SNPs used in the association study, rs1130409 is
located in the amino acid coding region of the human APE1/
REF-1 gene, is a nonsynonymous Aspl48Glu (GAT—GAGQG)
change, and has been studied previously [22-24]. Therefore, we
selected rs1130409 as an important SNP in the human APE1/
REF-1 gene for use in our association study. However, no
previous studies have been conducted on the functions of the
gene variants. Therefore, the functions of the nonsynonymous
SNP and variant upstream region are unclear. The SNPs in
introns may only serve as genctic markers, without directly
affecting gene function.

In the present study, there were significant differences in
overall distribution of genotypic and allelic frequencies of
rs1130409 between the CI and control groups, and the
haplotype-based case—control study based on rs1760944-
1$3136814-1s1130409 showed a significant difference. Based
on our results, the APEI/REF-1 gene is associated with both
cancers [22-24] and vascular diseases. APEI/REF-1 is
involved in the repair of DNA damage as well as in the
reductive activation of transcriptional regulation of genes.
Therefore, we questioned whether the endonuclease function,
the reducing function, or both, play a role in cerebrovascular
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Fig. 2. Flow chart of APEI/Ref-1 on the H-ras-PI3-K/Akt signaling pathway,
leading to endothelial NO production.

diseases. Jeon et al. [9] reported that expression of a redox-
deficient mutant of APE1/REF-1 (cysteine to alanine mutations
at codons 65 and 93) did not result in increased e-NOS-
catalyzed NO production, in contrast to wild-type APEI/REF-1.
They also showed that APEI/REF-1 regulated H-ras expression
through its reducing function. Moreover, they placed H-ras
upstream of phosphoinositide-3 kinase (PI3-K) and Akt kinase
in the calcium sensitization of endothelial NO synthase by
APE1/Refl. Finally, they suggested a role for APE1/Refl in NO
production (Fig. 2). NO is involved in maintaining the function
of brain tissues, as it is associated with the regulation of brain
and bloodstream metabolism. Therefore, it is thought that the
reducing function of APEI-REF1 is associated with cerebral
infarction. In their study, however, they did not experiment with
APEU/REF-1 lacking the DNA repair function. It is therefore
unknown whether the endonuclease function is involved in Cl.

Fujimura et al. [25] discussed APE1/REF-1 expression after
transient global CI in rats. In their report, APE1/REF-1 levels
decreased in hippocampal CAl neurons after transient CL
Kawase et al. [26] and Edwards et al. [27] also confirmed
decreased APEI/REF-1 after transient CI in rats. These results
suggest that decreases in APEI/REF-1 are associated with CI.
In the present study, we performed an association study and a
case—control study using the rs1760944-rs3136814—
rs1130409 haplotype (G-C-T haplotype), and we found that
the G-C-T haplotype was significantly more ﬁ'equent in the CI
group than in control group (total: 2 5% vs. 0.0%, x~=15.09,
p<0.001; men: 2.4% vs. 0.0%, x*=7.05, p=0.008; women:
2.8% vs. 0.0%, x*=8.64, p=0.003). These results suggest that
this haplotype is a genetic marker for CI, irrespective of whether
the haplotype has a functional role on arterial pressure, NO
production and oxidative stress. CI may result from mutations
linking this haplotype to decreased endonuclease activity, redox
activity, or both in APE1/REF-1, thus affecting cerebrovascular
function [28].

42 (2009 1493-1499

In genes with multiple susceptibility alleles, particularly when
the LD between the polymorphisms is weak, a haplotype-based
association study has advantages over analyses based on
individual polymorphisms [29]. In the present study, the
haplotype-based case—control study was based on rsl 760944—
153136814-rs1130409, which exhibited a significant difference
in the haplotype analysis used to successfully localize suscept-
ibility genes for multifactorial diseases {30,31]. Based on such
findings, we hypothesized that haplotype analysis would be
useful in assessing the association between haplotypes and CI,
resulting in this attempt to use SNPs in order to establish the
haplotypes of the APEI/REF-1 gene. We found that the low-
frequency haplotype in the CI group exhibited a significant
difference in the haplotype-based case~control study. As several
studies have indicated that this phenomenon occurs frequently, we
believe that our results confirm the usefulness of case—control
studies in the examination of multifactorial diseases.

In conclusion, the G-C-T haplotype may be a genetic marker
for CI, and the human APEI/REF-1 gene may be a
susceptibility gene for CI. Further studies are needed in order
to clarify causal/susceptibility mutations in the APEI/REF-1
gene and/or in neighboring genes in CIL.
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Material/Method

EOTS and genetic variants. It has been sug gm(-
tivated potasmxm Channel is as~0(‘|ated wlth the

c-control studies that eXiiiined the use of a h'zplotvpe-based case-contr ol study mvo]vmq
Ps of the human KCNN4 gene (rs670950, 152306801, rs2306799, rs347519, and r537869:>4)

There were significant differences between the MI and control groups in the overall distribution
of genotypes and dominant or recessive models of 15670950, 152306799, and rs3786954. Multiple
logistic regression analyses revealed that even after adjusting for confounding factors (odds ratio:
1.96), the frequency of the G/G genotype of 152306799 in the MI group was significantly higher
than in the control group (p=0.003). Furthermore, the G-T-A haplotype of rs2306799-rs347519-
153786954 was significantly more frequent in the MI (88.8%) than in the control group (83.6%).

Conclusions: | The specific SNPs and haplotypes in the KCNN4 gene showed significant differences between MI
and control patients. These results indicate that these polymorphisms and haplotypes could be ge-
netic markers for MI.
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BACKGROUND

Different types of calcium-activated potassium chiannels (KCa
channels) are known to exist and they have been reported
to have various functions. The three KCa channel groups
are classificd as farge, intermediate, and small conductance
channels, often referred to as the BK, IK, and SK channels,
respectively. Four genes of the KCNN gene family are respon-
sible for encoding the SK and IK channels, with the three
SK channels encoded by KCNNI-3 and the IK channcel by
KCNN4. The KCNN4 channels were classified as IK by Ishii
et al, [1] and are veported to have a unit conductance of
20-85 pS, which is an intermediate conductance that falls
between the values reported for the BK and SK channels.
There is a 40% homology for the KCNN4 channel polypep-
tides compared with the other SK channels [2].

It has been reported that the KCNN4 channels existin var-
ious types of cells. KCNN4 channels have been reported in
lymphocytes, ervthrocytes, fibroblasts, proliferating vascular
smooth-muscle cells (VSMCs), vascular endothelium, and
intestinal and airway epithelia [3]. Therefore the KCNN4
channels are regarded as potential targets for various dis-
eases that involve these tissues.

Recent studies have emphasized the involvement of inflam-
mation in mediating all stages of atherosclerosis an
proliferation of VSMGs is the key process that m

lar requircments for the phenotypic modulal
have been defined and it has been reported
associated change in ion handling whighii

{9-11]. Kohler et al. used a rat model
expression of KCNN4 might be:
the neointimal proliferatio)

rét al. reported that the gene

4 functional repressor element

ption factor (REST) binding site and is

T. REST is expressed in the nuclei of hu-

man VSMGs and itifias been shown to downregulate KCNN4
expression and neointimal VSMC proliferation [15].

Although it has been reported that the induction of KCNN4
that leads to the proliferation of VSMCs might be a key pro-
cess in the etiology of atherosclerosis, there have been no
reports that have examined the relationship between the
KCNN4 gene and human vascular diseases. Myocardial in-
farction {MI) and cerebral infarction (CI) are thought to
be multifactorial diseases that are affected by several envi-
ronmental factors and genetic variants. Because these en-
vironmental and genetic factors lead to the development
of multifactorial diseases, we hypothesized that specific ge-
netic variances may contribute to the pathogenesis and risk
of MI and Cl.

The human KCNN4 gene is a single-copy gene that spans
about 14 kilobase pairs (kb) and is composed of 9 exons
that are interrupted by 8 introns (Figure 1). The gene is
located on 19q13.2 [16]. The aim of the present study was

Chrompsome 19
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Figure 1. Organization of t
SNPs. Boxes indicate exons and lines indicate introns, The

hospital (Nihon University Hospital in Tokyo) or com-
fity hospitals (in Tokyo) between 1995 and April 2005
:[17]. Control subjects were selected from outpatients who
were present at the hospital during the same period. All sub-
jects in the study groups were Japanese, with 313 patients
diagnosed with MI (mean age: 61.8+10.1 years) and 176 pa-
tients diagnosed with CI (mean age: 65.8+13.0 years). MI
diagnoses were made either by determination of cardiac
enzyme increases or diagnostic changes on electrocardio-
grams. For the CI diagnosis, a board-certified neurologist
evaluated new focal neurological deficits and symptoms us-
ing computed tomography (CT) or magnetic resonance im-
aging (MRI). Patients with potential sources of cardioembo-
lism (e.g. recent MI, valvular heart disease, or arrhythmia
including atrial fibrillation) were excluded from the study.
Thus the CI group counsisted of patients with non-cardio-
embolic CI, which included atherothrombotic and lacu-
nar infarctions [18].

The control group consisted of 290 Japanese (mean age:
77.9:4.2 years). Because the mean age of the control group
was higher than that of the MI and CI groups, the control
group was regarded as a super-control group [19]. Because
many cardiovascular and cerebrovascular diseases occur late
in life, healthy elderly subjects are more suitable than young
or middle-aged subjects for the determination of pheno-
types of discases related to aging. Since MI and stroke are
age-influenced diseases, it was better to use a super-control
group versus an age-matched control group. Informed con-
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Table 1. Characteristics of the Japanese study participants.

Control M pvalue a pvalue
Number of subjects (M/F) 290(139/104) 313 {255/58) 176 (104/72)
Age (years) 719442 61.9+10.1 65.8£13.0
BMI (kg/m?) 227428 23.9+3.2 <0.001 23.3+35

SBP (mmHg) 135.6+16.6 1353+22.6 0.416 151.9+26.0
DBP {mmHg) 781104 81.3+15.0 0.024 86.4x16.
Pulse (beats/min) 701110 761135 <0.001
Creatinine {mg/d!} 0.85+0.23 0.95+0.38 0.033

217.8+43.0 199.8::46.8 0.001
HT (%) 10.7 173 0.020
DM (%) 21 28.1 <0.001
HL (%) 57.6 399 0.001

BMI - body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; HT =
Hyperlipidemia; MI - myocardial infarction; €l - cerebral infarction. Values ar

Total cholesterol (mg/di)

an; DM - diabetes mellitus; HL -

groups and the control group.

sent was obtained from each subject according toap
col approved by the Human Studies Committee
University.

Biochemical analysis

Genotyping

Based on the alleli
the National Cent

ology Information (NCB
:Biosystems (Foster City, CA,

USA) an LK e, MD, USA) Discovery Sysiem,
SNPs with i “allele frequencies >20% were chosen for

study. This critétion was selected because SNPs with a high

gt alleles are very useful genetic mark-
ers in genetic association studies. The accession numbers
for the five selected SNPs in the human KCNN4 gene were
as follows: 1s670950 (C___8713531_10), rs2306801 (C___
16194860_20), 152306799 (C___16194819_10), rs347519
______ 11707105_10)
(Figure 1). For the purposes of this study, the SNPs were
designated as SNP1, SNP2, SNP3, SNP4, and SNP3, respec-
tively. All SNPs were located in the intron region. Genotypes
were determined using Assays-on-Demand kits (Applied
Biosystems) together with TagMan PCR, as has been previ-
ously described [21].

Linkage disequilibrium analysis and the haplotype-based
case-control study

Based on the genotype data of the genetic variations, we
performed a linkage disequilibrium (LD) analysis and a
haplotype-based case control study by applying SNPAlyze
version 3.2 (Dynacom Co., Ltd., Yokohama, Japan) that

p values were analyzed between the Ml or (I

ctation-maximization (EM) algorithm
were used to assign SNP locations to

3 as the mean +8D). Differences for the con-
arfables in the clinical data between the Ml or CI
rd control were assessed by the Mann-Whitney
t. Categorical variables were assessed with Fisher's
test. The overall distributions of the genotypes and
ominant or recessive models were examined with Fisher's
exact test. Hardy-Weinberg equilibrium was assessed by chi-
squared analysis. In addition, multiple logistic regression
analyses were performed to assess the contribution of con-
founders. Statistical analyses were performed with SPSS™
software for Windows version 12 (SPSS Inc., Chicago, IL,
USA). Statistical significance was established at p<0.05.

Pair-wise linkage disequilibrium (LD) patterns for the
KCNN4 gene were evaluated using |D’} and r?. The thresh-
old value of the frequencies of the haplotypes included in
the analysis was set to 1%. All haplotypes below the thresh-
old value were excluded from the analysis. The overall dis-
tribution of the haplotypes was analyzed using 2 x m contin-
gency tables, with a pvalue of <0.05 considered to indicate
statistical significance. The pvalue of each haplotype was de-
termined using chi-squared analysis, a permutation method,
and SNPAlyze version 3.2 (Dynacom Co., Ltd.) {21,23].

RESULTS

Table 1 shows the characteristics of the study participants.
The control and M1 or CI groups were used for association
studies. The distributions of the genotypes and two kinds
of dominant or recessive models of the five SNPs in the 313
Ml and 176 CI patients and in the 290 control subjects are
summarized in Table 2. Significant genotype distribution
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