114

Maxwell KN, Soccio RE, Duncan EM, Sehayek E, Breslow JL hypertension and the a-adducin, fl-adrenoreceptor and
(2003) Novel putative SREBP and LXR target genes identified G-protein i3 subunit genes in the Japanese population; The
by microarray analysis in liver of cholesterol-fed mice, J Lipid Suita Study. Hypertens Res (in press)

Res 44(11):2109-2119 Takagi 8, Iwai N, Yamauchi R, Kojima S, Yasuno S, Baba T,

Seidah NG, Benjannet S, Wickham L, Marcinkiewicz J, Jasmin SB, Terashima M, Tsutsumi Y, Suzuki S, Morii I, Hanai 8, Ono K,
Stifani 8§, Basak A, Prat A, Chretien M {2003) The secretory Baba S, Tomoike H, Kawamura A, Miyazaki S, Nonogi H,
proprotein convertase neural apoptosis-regulated convertase 1 Goto Y (2002) Aldehyde dehydrogenase 2 gene is a risk factor
(NARC-1): liver regeneration and neuronal differentiation. for myocardial infarction in Japanese men. Hypertens Res
Proc Natl Acad Sci USA 100:928-933 25:677-681

Shioji K, Kokubo Y, Mannami T, Inamoto N, Morisaki H, Mino
Y, Tago N, Yasui N, Iwai N (2004) Association between

— 3124 —



Original Article

31

Association between Hypertension and the a-Adducin,
B1-Adrenoreceptor, and G-Protein 53 Subunit Genes
in the Japanese Population; the Suita Study

Keisuke SHIQJI*!#T_Yoshihiro KOKUBO*?, Toshifumi MANNAMI*?, Nozomu INAMOTO*?,
Hiroko MORISAKI*?, Yukari MINO*!, Naomi TAGO*!, Naomi YASUI*!, and Nacharu IWAT*!- 1

This study focused on 3 genetic polymorphisms that have previously been implicated in hypertension: the
«-adducin (ADD1/Glya60Trp), A1-adrenoreceptor (ADRBT/Arg389Gly), and G-protein A3 subunit (GNB3/C825T)
gene polymorphisms. We determined genetic variants using the TagMan system in a large cohort represent-
ing the general population in Japan (867 males, 1,013 females). Logistic analysis indicated that the ADD#/
G460W polymorphism was associated with hypertension in female subjects. The odds ratio of the WW geno-
type for hypertension was 1.53 (95%Cl, 1.12-2.08) over the WG+GG genotype ( p=0.0070, p corrected (px)
=0.0420 corrected by the Bonferroni method}). The ADRBY/R389G polymorphism tended to be associated
with hypertensive status In male subjects { p==0.0117, p-=0.0702). The odds ratio of the GG genotype for hy-
pertension was 0.38 (95%Cl, 0.167-0.780) over the RR+RG genotype. The GNB3/C825T polymorphism was
not associated with hypertensive status in either male or female subjects. The present results do not agree
with those In previous reports. Almost all common variants may have only a modest effect on common dis-
eases, and a single study even employing 1,880 subjects may lack the statistical power to detect a real asso-
ciation. Accordingly, it will be necessary to verify the association between these three genes and hyperten-

ston using a larger number of subjects from the Suita cohort or another population.

(Hypertens Res 2004; 27: 31-37)

Key Words: hypertension, a-adducin, g1-adrenoceptor, G-protein 53 subunit

Introduction

Essential hypertension is a multifactorial disorder that is in-
fluenced by both genetic and environmental factors. Single
nucleotide polymorphisms (SNPs) are mostly biallelic, more
stable, and more frequent than microsatellite markers, mak-
ing them suitable for association studies (/). Over the past
few years, many SNPs on candidate genes have been sepa-

rately tested for their association with hypertension, with
controversial results, not only due to the inadequate sample
sizes but also due to ethnic differences. If a study shows that
there are no functional changes for SNPs in candidate genes,
the practical implications of such a study depend on the re-
producibility of the findings (2). :
Recently, three specific mutations have been reported to
be associated with hypertension: the G460W polymorphism
in the o-adducin (ADD!) gene; the R389G polymorphism in
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Table 1. Accession Numbers, Nucleotide Sequences, TagMan Probes and Primers of ADDI, ADRB1I and GNB3

Region Accession No.

Sequence/primers/probes

ADDHG460W IMS-JST010969

CGGGGCGACGAAGCTTCCGAGGAA[GTIGGCAGAATGGAAGCAGTCCCAAGT

5-GCTCCCCACTCAGACACAGTTTT-3’ (sense)
5-AGAGACTGCAGCAAGGGTTTCAC-3’ (antisense)
5" -VIC-ATTCTGCCATTCCTCGGA-MGB-3’
5-FAM-TTCTGCCCTTCCTCGG-MGB-3

ADRBIR389G 51801253

CCCGACTTCCGCAAGGCCTTCCAGIG/CIGACTGCTCTGCTGCGCGCGCAGGG

5"-CCGCAGCCCCGACTTC-3  (sense)
5"-GCCGGTCTCCGTGGGT-3  (antisense)
5"-VIC-CTTCCAGGGACTGC-MGB-3°
5"-FAM-TTCCAGCGACTGCT-MGB-3

GNB3/C825T IMS-JST057355

AAGCATCATCTGCGGCATCACGTCIC/TIGTGGCCTTCTCCCTCAGTGGCCGC

5".CTCCCACGAGAGCATCATCTG-3 (sense)

5 -TCGTCGTAGCCAGCGAATAGTAG-3’ (antisense)
5"-VIC-CACGTCCGTGGCC-MBG-3’

5 FAM-ACGTCIGTGGCCTT-MGB-3’

ADDI, o-adducin; ADRBI, fl-adrenocepior; GNB3, G-protein 33 subunit, G, glycine; W, tryptophan; C, cysteine; T, threonine.

the Bl-adrenoreceptor (ADRBI) gene; and the C825T poly-
morphism in the G-protein 3 subunit (GNB3) gene, a sub-
stitution of cytosine (C) for thymine (T) at nucleotide posi-
tion 825 of GNB3 ¢cDNA. However, therc are inconsisten-
cies among the previous association studies (3-17). In re-
sponse to these controversial results, we investigated the as-
sociations between hypertension and the ADDI/G460W,
ADRBI/R389G, and GNB3/C825T polymorphisms using a
large cohort representing the general population in Japan (to-
tal, n=1,880: 867 males, 1,013 females).

Methods

Subjects

The selection criteria and design of the Suita Study have
been previously described (18-20). The present study was
approved by the Ethics Committee of the National Cardio-
vascular Center and by the Committee on Genetic Analysis
and Genetic Therapy of the National Cardiovascular Center.
The genotypes were determined in 1,880 consecutive sub-
jects, who visited the National Cardiovascular Center be-
tween April 2002 and February 2003. All subjects provided
their written informed consent.

DNA Studies

DNA was isolated from peripheral leukocytes according to
standard procedures. Polymorphisms were determined by the
TagMan system. The primers and probes are summarized in
Table 1. The results were analyzed using an ABI PRISM
7700 Sequence Detection System (PE Biosystems, Foster
City, USA) using allelic discrimination software supplied by
the manufacturer.

Statistical Analysis

Values are expressed as the meanEtSEM. All statistical
analyses were performed with the JMP statistical package
(SAS Institute Inc., Cary, USA). Multiple linear regression
(blood pressure value) and multiple logistic (presence or ab-
sence of hypertension) analyses were performed with other
covariates. Subjects were categorized as hypertensive sub-
jects (HTN) when they had a systolic pressure of 140 mmHg
or higher and/or a diastolic pressure of $0mmHg or higher.
Subjects who were currently taking hypertensive medication
were also categorized as HTN. The effects of polymorphisms
on blood pressure and heart rate values were assessed in sub-
jects who were not receiving cardiovascular medications,
since HTN with excellent blood pressure control by medica-
tion may have normal blood pressure values. We also ex-
¢luded subjects who were receiving anti-hypertensive treat-
ment, subjects who had had cerebrovascular accidents, sub-
jects with demonstrated ischemic heart disease, and subjects
with atrial fibrillation. Differences in numerical data among
the groups were calculated by one-way analysis of variance
{ANOVA) or the unpaired s-test. The difference in genotype
or allelic distribution between normotensive subjects (NT)
and HTN, and Hardy-Weinberg equilibrium was analyzed by
a »* test. In some settings, the probability (p) values were
corrected (pc) by multiplying 6 ([3 SNPs]X[2 genders],
Bonferroni). Values of p<<0.05 were considered to indicate
statistical significance.

Results

Subjects

The characteristics of the study population are given in Table
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Table 2. Characteristics of Study Participants

Parameter NT HTN p Male Female p

n 1,105 775 867 1,013

Age (years) 61.9+0.3 68.7+04 <0.0001 663104 6331203 <0.0001
BMI (kg/m?) 22.210.1 23.5+0.1 <0.0001 23.2%0.1 22.3%+0.1 <0.0001
SBP (mmHg) 118.3+04 146.2%0.5 <0.0001 131.8%+0.7 128.1+0.6 <0.0001
DBP (mmHg) 73.5+03 83.8+0.3 <0.0001 79.7+0.3 766103 <0.0001
PR (beats/min) 65.3x0.2 67.0:+03 < 0.0001 66.0+0.3 66.0+0.3 0.9334
Creatinine {gmoi/) 60.8+0.5 664106 < 0.0001 73.9%+05 539104 <0.0001
Total cholesterol {(mmol/1) 5361002 5391003 0.3482 5.13£0.03 558002 <0.0001
HDL cholesterol (mmol/1} 1.59+0.01 1.52+0.01 <0.6001 1.431+0.01 1.68+0.01 <0.0001
Triglycertdes (mmol/1) 1.14+£0.03 1.32+0.03 <0.0001 1.38+0.03 1.07+0.03 <0.0001
Blood glucose (mmol/l) 5341004 572+0.04 <0.0001 5.74+0.04 5.30+0.04 <0.0001
% CVA 1.3 4.0 0.0001 36 1.4 0.0018
F%0OMI 0.5 1.2 0.0014 21 0.5 0.0015
%HT — — — 459 37.2 <0.0001
%drinking 447 49.8 0.0292 67.0 29.5 <0.0001
%smoking 19.0 14.6 0.0117 299 6.3 <0.8001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PR, pulse rate; HDL, high-density lipoprotein;
%CVA, percentage of subjects with cerebrovascular accident; %OMI, percentage of subjects with old myocardial infarction; %HT,
percentage of subjects with hypertension; %drinking, percentage of subjects who have drinking habit; %smoking, percentage of
subjects who have smoking habit; NT, normotensive subjects; HTN, subjects with hypertension. p was calculated by unpaired ¢-test.

Table 3. Genotype Distribution of ADDI/G460W, ADRBI/R38%G, and GNB3/C825T in NT and HTN

All subjects Male Female
Pelymorphisms Genotype frequency (%)  pvalue  Genotype frequency (%) p value  Genotype frequency (%) p value
NT HTN (p<) NT HTN (pe) NT HTN (pe)
ADDIIG460W GGIGWIWW  GG/IGWIWW GG/GW/WW  GG/IGW/WW GGIGW/WW  GG/IGWIWW
21.8/50.7/27.6 20.5/486/30% 0.7088  20.749.2/30.1 22.9/50.1/27.0 02408  22.5/51.8/25.7 17.9/47.0/350 0.0238
(1.0000) (1.0000} (0.1428)
ADRBIR389G RRRG/GG  RRRG/GG RRARG/GG RRRG/GG RRRG/GG  RRRG/GG
63.7/30.8/5.5 68.0/284/37 0.0291  63.1/31.0559 66331126  0.0398 64.0/30.7/53  69.7/254/49  (.0516
{0.1746) (0.2388) {0.3096)
GNB3/CR2ST CC/CTAT CC/ICT/TT CC/ICTMT CC/ICTT CCICTTT CC/CTAT
26.0/48.5/25.5 228/49.7/275 03953  24.6/51.0244 23.5/48.5/28.0 04588  26.9/46.8/26.3 22.1/50.9/27.0 0.2897
(1.0000) (1.0000) {1.0000)

NT, normotensive subjects; HTN, subjects with hypertension; ADDI, a-adducin; ADRBI, Bl-adrenoreceptor; GNB3, G-protein 53
subunit; G, glycine; W, tryptophan; R, arginine; C, cysteine; T, threonine; BMI, body mass index. Logistic analysis with age and BMI
as covariates was performed. P-values were corrected { pe} by multiplying 6 ([3 SNPs]X[2 genders], Benferroni).

2. The observed genotype and allele frequencies in the Suita
population were in accordance with Hardy-Weinberg equi-
librium {(ADDI/G460W, p=0.9897, ADRBI/R3R9G, p=
0.2073; GNBR3/C825T, p=10.8307).

ADD1/G460W

The effects of the three polymorphisms on hypertensive sta-
tus, blood pressure values, and pulse rate are shown in
Tables 3-5. Logistic analysis with age and body mass index
(BMI) as covariates indicated that the ADDI/G460W

polymorphism (WW =1, WG+ GG=2) was associated with
hypertension only in female subjects (p=0.0070, p.=
0.0420, Table 4). The WW genotype of the ADDIG460W
polymorphism was more frequent in HTN. The odds ratio of
the WW genotype for hypertension was 1.53 (95% CI,
1.12-2.08) over the WG+ GG genotype.

There were no differences in blood pressure values be-
tween NT and HTN (Table 5). In female subjects, the
ADDIG460W polymorphism tended to be associated with
pulse rate (p=0.0144, p.=0.0864). The neglect of subjects
receiving anti-hypertensive medication may have obscured
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Table 4, Odds Ratio of the ADDI,ADRBI, and GNB3 Genotypes

All subjects

Male Female

GG+GW WW  pvalue  (po)

GG+GW WW  pvalue  (po)

GG+GW WW  pvalue  (po)

ADDHGAGOW 1 LT 04137 (1.0000) 0.77  0.0959 (0.5736) 1 1.53  0.0070 0.0420
{0.88-1.36) (0.56~1.05) (1.12-2.08)
RR+RG GG pvalue (p) RR+RG GG pvalue (p) RR+RG GG pvalue (po)
ADRBI/R3R9G 1 0.63  0.0651 (0.3906) 0.38  0.0117 (0.0702) 1 .00 0.995 (1.0000)
0.71-1.11) (0.17-0.78) (0.52-1.92)

CC CTHTT pvalue (pe)

CC CTHTT pvalue  (pc}

CC CTHTT pvalue  (pc)

GNB3/C825T 1 0.87 0.2368 (1.0000)
{0.69-1.10)

(0.70-1.35)

0.97 0.8599 (1.0000) 1 077 0.1247 0.7482
(0.55-1.07)

Odds ratio with its 95% confidential interval is shown. Logistic analysis with age and BMI as covariates was performed. P values were
corrected (pc} by multiplying 6 ([3 SNPs] X [2 genders], Bonferroni). ADDI, a-addcin; ADRB], Bl-adrenoceptor; GNB3, G-protein
33 subunit; R, arginine; G, glycine; C, cysteine; T, threonine; BMI, body mass index.

the relationship between the polymorphism and blood pres-
sure values.

ADRB1/R389G

Logistic analysis with age and BMI as covariates indicated
that the ADRBI/R389G polymorphism (GG=1, RR+RG=
2) tended to be associated with hypertension only in male
subjects (p=0.0117, p.=0.0702, Table 4). The odds ratio of
the GG genotype for hypertension was 0.38 (95% CI,
0.17-0.78) over the RR+RG genotype. Alcohol consump-
tion is a well-known determinant of blood pressure level, es-
pecially in male subjects. The ADRBI/R389G polymor-
phism (GG=1, RR+RG=2) tended to be associated with
hypertensive status when also adjusted for alcohol consump-
tion (p=0.0109, p.=0.0054, odds ratio=0.37 [95% CI,
0.16—0.48]). There were no differences in blood pressure
values between NT and HTN (Table 5). Again, the neglect
of subjects receiving anti-hypertensive medication may have
obscured the relationship between the polymorphism and
blood pressure values.

GNB3/C825T

We did not find any association between the GNB3/C825T
polymorphism and hypertensive status, systolic blood pres-
sure, or diastolic blood pressure in all subjects, male sub-
jects, or female subjects (Tables 3-5).

Discussion

In the present study, we investigated the associations be-
tween hypertension and three polymorphisms, ADDI/
G460W, ADRBI/R389G, and GNB3/C825T, in a popula-
tion-based sample (the Suita Study) consisting of 1,880 sub-
jects. Our results indicate that the WW genotype of the
ADDI gene may be involved in hypertension in female sub-

Jects.

The ADDI gene in humans is highly homologous to that
in rats. Known point mutations, one each in the ¢~ and f-ad-
ducin subunits, account for up to 50% of the difference in
blood pressure between the Milan hypertensive and nor-
motensive rat strains (27). Based on initial case-control and
linkage analyses, the ADD!/G460W polymorphism was im-
plicated in the genetic component of hypertension in Italian
and French populations (3). In addition, a group of Italian
hypertensive subjects with the W allele had lower plasma
renin levels and showed a significantly greater fall in blood
pressure with sodium restriction or diuretic treatment (3). On
the other hand, this association was not confirmed by two
different studies in Scottish populations (6, 8). In the fapan-
ese population, while Tamaki et al. reported that the ADDY/
G460W polymorphism was involved in hypertension (5),
Kato et al. did not support this association (7). Sugimoto et
al. demonstrated that this polymorphism is associated with
low renin hypertension in younger subjects (22). The present
study indicated that the ADD1/G460W polymorphism was
influential in female subjects, but the corrected p value (p.=
0.045) was marginal. Accordingly, additional independent
replications in the Japanese population are required to con-
firm the present association.

In the present study, the ADDI/G460W polymorphism
was associated with hypertension only in fernale subjects,
but not in male subjects. It remains to be clarified why these
polymorphisms do not equally contribute to hypertension in
both sexes. Recently, low renin hypertension has been re-
ported to be a significant predictor of systolic sodium sensi-
tivity in females only (23). Izawa et al. also demonstrated a
gender difference in genetic polymorphisms and hyperten-
sion (15). Accordingly, these results may suggest that sex-
based differences should be considered in the association be-
tween genetic polymorphisms and hypertension.

Two common polymorphisms, S49G and R389G, were
identified in the ADRB! gene (24). The R389G polymor-
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phism is located in the intracellular cytoplasmic tail near the
seventh transmembrane region of the receptor, which is the
putative Gs-protein binding domain. The R389 variant medi-
ates a higher level of isoproterencl-stimulated adenylate cy-
clase activity than the G389 variant in vitro (25). In accor-
dance with this in vitro study, Bengtsson et al. reported that
homozygotes for the ADRBI/R389 allele had an increased
risk of developing hypertension in a case-control study (9).
Their genotype-discordant sibling pair analysis demonstrated
that siblings who were homozygotes for the R389 allele had
significantly higher diastolic pressures and higher heart rates
than siblings carrying one or two copies of the G389 allele.
However, McCaffery et al. reported that subjects carrying
any ADRB1/G389 allele, but not the ADRBI1/R389 allele,
exhibited elevated systolic and diastolic blood pressure (/).
The present study, which employed a dominant model, indi-
cated that the GG genotype of the ADRBI gene tended to be
associated with hypertension in male subjects. However, the
frequency of the GG genotype was relatively low, and the
sample power was weak (sample power: 0.69, a=0.05, two-
tailed). A much larger number of subjects may be required to
confirm the present association.

The GNB3/C825T polymorphism is associated with the
occurrence of a splicing variant, GNB3-s (enceding Gf3-s),
in which nucleotides 498—620 of exon 9 are deleted. This in-
frame deletion causes the loss of 41 amino acids and one
WD repeat domain of the Gf subunit (JI). A significantly
higher frequency of the GNB3/T825 allele has been reported
in subjects with essential hypertension using unselected nor-
motensive control subjects of European origin in three inde-
pendent studies (Z1-13), but not in a fourth study (/4). In
blacks, the GNB3/T825 allele was reported to be a suscepti-
bility factor for the development of hypertension (7). In a
Japanese population, Izawa ef al. demonstrated an associa-
tion between hypertension and the GNB3/C825T polymor-
phism in male subjects (15). However, Ishikawa et al. re-
potted that the GNBI/C825T polymorphism was associated
with serum potassium and total cholesterol levels, but not
with blood pressure (16). The present study revealed that the
GNB3/T825 allele is not associated with either hypertensive
status (15, 16) or the total cholesterol level (all subjects, p=
(.9381), contrary to previous reports (13, 16).

As stated above, the present results do not agree with
those in previous reports. Almost all commeon variants may
have only a modest effect on common diseases, and a single
study may lack the statistical power to detect a real associa-
tion (26, 27). Recently, it was reported that a meta-analysis
of genetic association studies may suppert the notion that
common variants may contribute to a susceptibility to a mul-
tifactorial common disease (27). It is recommended that a
single, nominally significant association should be viewed as
tentative until it has been independently replicated at least
once, and preferably twice (27). Accordingly, it will be nec-
essary to verify the association between these three genes
and hypertension using a larger number of subjects from the

Suita cohort or another population.

In conclusion, the present tentative results suggest that the
WW genotype of the ADDI gene may be involved in hyper-
tension in female subjects. The GG genotype of the ADRBI
gene may play a protective role against hypertension in male
subjects.
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Abstract To investigate the effects of polymorphisms in
the ATP-binding cassette transporter Al (ABCAI) gene
on the high-density lipoprotein cholesterol (HDL-C) level
and the incidence of myocardial infarction (MI), we per-
formed association studies. Sequence analysis identified
14 polymorphisms in the promoter region of ABCAI,
After considering linkage disequilibrium, three polymoz-
phisms in the promoter region and 11 polymorphisms
from the JSNP database were determined in 1,880 subjects
recruited from the Suita Study, representing the general
population in Japan. We evaluated the association be-
tween the ABCAJ genotype and HDL-C level adjusted
not only for standard factors, but also for genetic factors
including ApoAl and ApoE genotypes. Of the 14 poly-
morphisms tested, the G(-273)C (P =0.0074), C{-297)T
(P=0.0195), and IMS-JST071749(P =0.0093) polymor-
phisms were significantly associated with the HDL-C level
in the Suita population. We could reconfirm that the
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G{-273)C genotype was influential in another set of
subjects (P=0.0310, »="743). However, the distribution
of the ABCAI G{-273)C genotype in subjects with M1
(n=1598) was not different from that in the control pop-
ulation (r=801). These results indicate that ABCAI
G(-273)C has a significant effect on the HDL-C level in
the general Japanese population, but not on the incidence
of MI.

Keywords ABCAI - Polymorphism - Association
study - HDL cholesterol - Myocardial infarction

Introduction

The high-density lipoprotein cholesterol (HDL-C) level
is inversely correlated with the development of athero-
sclerosis and is inversely related to the incidence of
coronary artery disease (Castelli et al. 1986) and ische-
mic stroke in the elderly (Sacco et al. 2001). The HDL-C
level has been shown to be affected by both genetic and
environmental factors, including obesity, smoking, and
alcohol consumption. Among genetic factors, the apo-
lipoprotein Al (ApoAdl) (Groenendijk et al. 2001a,b)
and ApoFE genotypes (Lefevre et al. 1997; Katsuya et al.
2002) are well known to influence the HDL-C level,
Genetic mutations in the ATP-binding cassette trans-
porter Al (ABCAI) gene have been shown to cause
Tangier disease (TD) (Bodzioch et al. 1999; Brooks-
Wilson et al. 1999; Rust et al. 1999) and familial HDL
deficiency (Marcil et al. 1999). ABCAI regulates cellular
cholesterol efflux and facilitates lipid binding to ApoAl
(Wang and Tall 2003). Patients with TD show charac-
teristic HDL deficiency, defective apolipoprotein-medi-
ated phospholipid and cholesterol efflux from cells, and
the accumulation of macrophage foam cells in various
tissues, including arteries (Clifton-Bligh et al. 1972). Re-
cent epidemiological studies have reported that ABCA!
polymorphisms were associated with the HDL-C level
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-1600 AAGGGGCCATGCCACCCAGA GTTATGAGTACCTGGGACTC CAGRATTCCTTGCCTGGTGE CCTCCACATGCACTTCCAGG GUCTGCTTGGECCTCTTCTA
=1500 TCGGTCTGYCCTGAGTGTTG ATAGAACCACTGATGTGAGT ACCTEGGCTTGAGCCGTGGC CTGGAGATCCTGTTGACTGT AGCATGGAGGGGGCTTGTGC
G- 1498)C T(-1423)C
-1400 AGCTGAATGTCTGIATGCAG GTGGTGGGAGTTCTGGAATA TGATGGAGCTGCACGSTGGGA AGAGAAGTAGGCTTGGSGCA GCTCTCTCATGCCACCTCAT
TC-18I)C
~1300 TCTGGCCAAAACTCAGGTCA AACTGTGAAGRGTCTARATG TGAATCTGCCCTTCAAGGTG GCTACARAGGTATCTTTGIC AAGGTAGGAGACCTTGTGGC
-120G CTCCACGTGCACTTCCAGGS CCTGCTTGGECCTCTTCTAL GGGTCIGTCCTGAGTCTTCT ATGAATCTGCCCTTCAGGGC AGATTCATATTTAGACTCTT
-1100 CACAGTTTGACCTGAGTTTIT GGCCAGAATAAGGTGACATT TAGTTTGTTGGCTTGATGGA TGACTTRAATATTTAGACAT ATGGTGTGTAGGCCTGCATT
ATC1019X-)
-1000  CCTACTCTTGCCITTITITT IGCCCCTCCAGTGTTITORE TAGTTTTGCTCCCCTACAGE CRRAGGCAARCAGATAAGTT GGAGGTCTGGAGTGGCTACK
(-OROITUOYTI9VES) G-926)T
=900 TAATTTTACACGACTGCAAT TCTCTGGCTGCACTTCACAR ATGTATACAAACTAAATACA AGTCCTGTGTTITTATCACA GGGAGGCTGATCAATATAAT
-800 GAMATTARMAGGGGGCTGST CCATATTGTTCTGTIGTTIIT GTTTGTTT_GTTTCTTITTTTT CGTTTTTCTGGCCTCCTTCCT CTCARATTTATGRAGAGAAGC
Gi-7901A GTTTTGTTT(-752K- HVD #1)
=700 AGTAARGATGTTCCTCTCGGG TCCTCTCAGOGACCTGGGGA GCTCAGGCTGGGAATCTCCA AGGCAGTAGGTCGCCTATCA ARAATCARAGTCCAGGTTIC
-600  TGGGGGGAAAACAMARGCAG CCCATTACCCAGAGGACTGT CCGCCTTCCCCTCACCCCAG COTAGGCCTTTGARAGGARR CAARAGACRAGACARAATGA
C(-559)T
-500 TTGGCGTCCTGAGGGACATT CAGCCTAGAGCTCTCTCTCC CCCARATCCCTCCCTCCOGGCT GAGGAAACTARCAARGGAAR ARPPPATTGCGGAAAGCAGG
Gi402C
-400 ATTTAGAGGAAGCAKRATTCC ACTGGTGCCCTTEGCTGCCE GGAACGTCGACTAGRGACTC TGCGGCGCAGCCCCGAGCCT AGCGCTTCCCGCGCCTCTTA
=300 GGCLGGUGGGUCCGGECEEE GGAAGGGRACGCAGACLGCS GACCCTAAGACACCTGCTGT ACCCICCACCCCCA. CCCCAC CCACCTCCCCCCAACTCCCT
C-297)T G(-2731C TGGGG(-226)-) (1D #2)
~200 AGATGTGTCGTGGGCGGCTG ARCGTCGCCCGTTTAAGGGS CGGGCCCCGACTCCACGTGC TTTCTGCTGAGTGACTGAAC TACATAMAACAGAGGCCGGGA
=100 ACGGGGCCGGGAGGAGGGAG AGCACAGGCTTTGACCGATA GTARCCTCTGCGCTCCGTGT AGCCGAATCTATARMAGGAA, CTAGTCLCCGGCAAARACCCC
G-99)KC C-14T
1 GTAATTGOGAGCGAGAGTGEA GTCGGGCCGGGACCOGCAGA GCOGEAGCOGAC L CTTCTCTC COGGGCTGCRGCAGCGCAGS GOGGGGAGCTCCGUGCACCA
C524
101 ACAGAGCCGGTTCTCAGGGT GCTTTIGCTCCTTGTTTTTTC CCOGCTTCTS T TTCTCCCT TTCTCOGGAAGGCTTGTCAA GGGGTAGGAGAAAGAGACGT
201 ARACACAARAGTGGAAAACA GGTAAGAGGCTCTCCAGTGA CTTACTTGGGCGTTATTGTT TIGTTTCGAGGCCAAGGAGS CTTCGGGAAGTGCTOGGTTT
301 CGGGGACTTTGATCCGRAGE CCCACATCCCCACCACTTGE AACTCAGATGGGACCGGAGG CGGTCTTAAATGGGGAGACS ATGTCCTAGTACGAGCTCTG
T3 G380T
401 GTGACCCCAGGACTCTGLGC TGCTGCGCTTGGGGCTTGCC CGRCGGTGGRGACCGGGGAG CATCTCTGGGCGTGGAGACC CGGGOGCAGTACCCOGGGET
Fig. 1 Nucleotide sequence of the 5’-flanking region and exon 1 of o=z z % S
ABCAL The nucleotide sequence in italics indicates exon 1 E = = z = =
Z z Zx = Z Z z
{(Wang et al. 2000; Clee et al. 2001; Lutucuta et al. 2001; s = sz 5z = -
=z =X 2 oz oz z

Harada et al. 2003). However, few of these findings have
been replicated, and there are inconsistencics among
previous association studies. Accordingly, the associa-
tions between ABCA! variants and HDL-C are still con-
troversial (Singaraja et al. 2003). One possible reason for
these differences may be that the sample sizes in these
studies were relatively small and lacked statistical power.
Thus, to evaluate the effect of polymorphisms in ABCA!
on the HDL-C level, we conducted an association study
using a large cohort (the Suita population, n=1,880),
representing the general population in Japan.

Materials and methods

Subjects

The Suita population The selection criteria and design of the Suita
Study have been described previously (Mannami et al. 1997; Shioji
et al. 2004). The genotypes were determined in 1,880 consecutive
subjects who visited the MNational Cardiovascular Center between
April 2002 and February 2003 (867 male subjects, 1,03 female
subjects).

The hypertension group  The hypertension (HTN) group consisted
of 743 Japanese subjects (422 men and 321 women), aped 18-91
years [65.2% 0.4 (mean £ SEM)], who were enrolled in the Division
of Hypertension and Nephrology at the National Cardiovascular
Center between May 2001 and April 2003.

The myocardial infarction group The selection criteria and design
of the myocardial infarction (MI) group have been described

5

Mg INS 51
w

ABCAL gene

g NS ST 138G

f_ﬂf_l‘

Fig. 2 Schema of ABCAI and the position of the determined
polymorphisms.Grayboxes indicate exonic regions

previously (Takagi et al. 2002). This group consisted of 706 patients
with MI (598 men and 108 women, aged 61.3+ 0.4 years) who were
enrolled in the Division of Cardiology at National Cardiovascular
Center between May 2001 and April 2003. In the present study, we
investigated only males (7= 598).

Written informed consent was obtained from every subject after
a full explanation of the study, which was approved by the Ethics
Committee of the National Cardiovascular Center and by
the Committee on Genetic Analysis and Genetic Therapy of the
National Cardiovascular Center.

DNA studies

The regions of the promoter and exon 1 in ABCAI were sequenced
for polymorphisms in 24 subjects (Fig. 1). The primer sequences
are available on request. For exonic regions (Fig.2), we
selected nine SNPs for genotyping from the public database (JSNP,
http://snp.ims.u-tokyo.ac,jp) (lida et al. 2001; Hirakawa et al. 2002).
Well-known common variants, ABCA! R219K and I823M, were
also selected (Wang et al. 2000; Clee et al. 2001; Harada et al. 2003),

The preliminary study revealed that JST-IMS005607 had the
greatest effect on the HDL-C level among seven SNPs on the
ApoAl region, including the promoter region (up to -3Kb).
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C{-297)T

G(-790A
P=0.7834

cc
n=256

ccC €T T GG GA AA

n=927 n=597 n=101 n=786 n=723 n=121
C(-297)T G(-T90)A
P=0.0195 P=(.8221

Fig. 3A, B Residual HDL A 0121 G(-273)C
cholesterol levels among the —-
ABCAI G(-213)C, C(-297)T, g
and G{-T7T90)Agenotypes. E
AResidual HDL cholesterol E
levels adjusted for sex, age, -
body-mass index, smoking, z
and alcohol consumption. 3]
B Residual HDL cholesterol S
levels adjusted for sex, age, T
body-mass index, smoking, 7 -0
alcohol consumption, ApoE -5 0.06 - ]
genotype, and ApoAl : GG GC
genotype (JST-IMS005603) n=5337 n=773
B 012 G{:213)C
~ 0.1
=) P=0.8074
[=]
E
E
'S
&
G
-l
A
oo
@ .0
[
% 006 .
GG GC
n=575 n=T40 n=247

Thus, we selected JST-TMS005607 for adjusting HDL-C. The
genotyping of ApoE was performed according to a previous
report (Katsuya et al. 2002). ApoE polymorphisms were cate-
gorized into three genotypes: E2 (e2/e2+ e2/e3+¢2/ed subjects),
E3 (3/e3 subjects), E4(c3/ed+e¢d/ed subjects) (Lefevre et al.
1997). All polymorphisms were determined by the TagMan
System.

Statistical analysis

Values are expressed as mean +standard error of the mean (SEM).
For triglyceride values, a logarithmic transformation was applied
for the statistical test, but untransformed values are shown in the
Tables 1 and 2. All statistical analyses were performed with the
JMP statistical package (SAS Institute). Values of P<0.05 were
considered to indicate statistical significance. Multiple linear re-
gression and multiple logistic analyses were performed with other
covariates. The residual HDL-C level was calculated by adjusting
for sex, age, and body-mass index (BMI), smoking (cigarettes/day)
and consumption of alcohol (ethanol, ml/week). For analyses of
the effects of the ABCAI genotype (in the Suita population), the
residual HDL-C level was calculated by adjusting not only for the
above five factors, but also for the ApeANJST-IMS005603), and
the ApoE (E2, E3, and E4) genotypes. Differences in numerical data
among the groups were evaluated by one-way analysis of variance
(ANOVYA). Hardy-Weinberg equilibrium was calculated by a chi-
square test {Table 3). To measure linkage disequilibrium (LD)
between SNPs, I and r 2 values were analyzed using the SNPAlyze
statistical package (Dynacom).

Results

Polymorphisms of the 5'-flanking region
and exon 1 of the ABCAI gene

We found 14 polymorphisms in the promoter region, 1
polymorphism in exon 1 (5-untranslated region), and 2
polymorphisms in intron 1 (Fig. 1).

CcC

-
_L T
GG GA AA

n=759

cC
n=8%4

CcT T

n=570 n=97 n=692 n=117

LD was evaluated by calculating 2 values (Table 1).
We regarded r*>0.5 as tight linkage. The minor allele
frequency of the T(-1423)C and G524 polymorphisms
was low (4% each), and these SNPs were neglected in
further analyses. The frequencies of 7(10), 7(9), and
T(8) were 4, 92, and 4%, respectively, in the
(-980YT(10)/ T(9)/T(8) polymorphism, and this poly-
morphism was also neglected because this is not suitable
for TagMan genotyping. Accordingly, we selected three
polymorphisms, G(-790)A, C{-297)T, and G(-273)C,
for the following association study.

Association study of ApoAl and ApoE

To observe the effect of ABCAIpolymorphisms on the
HDL-C level more clearly, the HDL-C level should be
adjusted by various well-known influential factors.

The ApoAl IMS-JST005603 polymorphism was
associated with the levels of HDL-C and triglyceride
[HDL-C: TT 1.54£0.001 mmol/l, TC 1.59+0.02, CC
1.68£0.04, P=0.0002 (residual); triglyceride: TT
1.26 £0.03 mmol/l, TC 1.1520.04, CC 0.95+0.09,
P <(.0001 (residual)]. IMS-JSTO05603 corresponds to
the Haelll (€317T) polymorphism described in a pre-
vious paper (Groenendijk et al. 2001b).

The ApoE polymorphism was also strongly associ-
ated with the levels of total cholesterol and HDL-C
[total cholesterol: E2 5.13 £0.06 mmol/l, E3 5.37+0.02,
E4 541%0405, P=0.0002 (residual); HDL-C: E2
15.67+0.03 mmol/l, E3 1.56x0.0], E4 1.52+0.02,
P <0.0001 (residual)].

Accordingly, we evaluated the effect of the ABCAJ
polymorphisms on the HDL-C level adjusted for the
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Table 1 Linkage disequilibrium between SNPs in the 5-flanking region and exon 1 of the ABCAT gene. I/D§1 GTTTTGTTTT(-752}

Genotype G(-1498)C T(-1423)C T(-1387}C

AT(~1019)(-)

G(-926)T G(-790)4 1/D#l C(~559)T

0.41818%**
0.04726

l#t*

Gi—1498)C
T{-1423)C
T(-1387)C
AT(=1019)(~)
G(-926)T
G(-790) 4
I/D#1
C(-559)T
G(-402)C
Cr-297)T
G(-273)C
1/D#2
G(~99)C
Cc(-14)T
C524
T313C
G380T

0.01976

0.01976
0.41818%%*

0.22034**
0.06087
0.65714%**
0.22034**
0.65714***
0.16483**

1***

0.41818**+
0.04726

| Rl

0.418]8%**

0.00047 0.67347***

0.01003 0

0.00111 0.67347+%*

0.00047 0.67347***

0.00111 0.67347%+*
0.14667*

R* values are shown in the upper right, and bolded values indicate r* > 0.5. Absolute I¥-values are shown in the fower left, and bolded

Significance levels: *P<0.05, **P<0.01, ***P<0.00l

ApoAl IMS-JST005603 and ApoEpolymorphisms in
addition to standard factors, including sex, age, BMI,
smoking, and consumption of alcohol.

Association study of ABCA! (Suita population)

The association between the G(-273)C polymorphism
and the lpid level in the Suita population is presented in
Table 2. The genotype frequency of the G(-273)C
polymorphism in the Suita population was not deviated
from the Hardy-Weinberg equilibrium. The HDL-C level
adjusted for age, sex, BMI, smoking, and consumption of
alcohol was significantly associated with the G(-273)C
polymorphism (P=0.0148). The G(-273)C polymor-
phism was even more tightly associated with the HDL-C
level when adjusted for the ApoE and ApoAI{IMS-
JST005603) genotypes in addition to the standard fac-
tors (P=10.0074). The C(-297)T polymorphism was also
associated with the HDL-C level (P = 0.0455 adjusted for
age, sex, BMI, smoking, and consumption of alcohol;
P=10.0195 when also adjusted for the ApoE and ApoAl
genotypes). The effect of the C(-297)T polymorphism
on the HDL-C level may be, at least in part, explained by
its linkage with the G(-273)C polymorphism
(*=0.46667, D’ value=1, P<0.0001). G(-790)A was
not associated with the lipid levels. Among the poly-
morphisms selected from JSNPs, including R219K and
1823M, only the IMS-JST071749 polymorphism was
associated with the HDL-C level (P=10.0060 adjusted for
age, sex, BMI, smoking, and consumption of alcohol;
P=0.0093 when also adjusted for the ApoE and ApoAdl
{IMS-JST005603) genotypes). The R219K and I1823M
polymorphisms were not associated with the HDL-C
level [P=0.3877 (R2I9K) and P=0.2286 (I823M)
adjusted for age, sex, BMI, smoking and consumption of
alcohol; P=0.1926 (R219K) and P=0.1209 (I823M)
when also adjusted for the ApoE and ApoA! genotypes].

Association study of ABCA! (HTN group)

To reconfirm the association between the &(-273)C,
C{-297)T, and IMS-JST071749 polymorphisms and
the HDL-C level, we determined the genotypes in the
HTN group. As shown in Table 3, the G(-273)C
polymorphism was associated with the residual HDL-C
level {P=0.0310). The genotype frequency of the
G(-273)C polymorphism in the HTN group was in
accordance with Hardy-Weinberg equilibrium and did
not differ from that of the Suita population
(P=0.2953). The C(-297)T(P=-0.1829) and IMS-
JST071749(P=0.4130) polymorphisms were not asso-
ciated with the residual HDL-C level, Thus, a positive
association was observed between G(-273)C and the
HDL-C level in two groups: the Suita population and
the HTN group.

Association between ABCAI G(-273)C
and incidence of MI

We next evaluated whether the ABCAI G(-273)C
polymorphism was associated with the incidence of M1
The HDL-C level in the male MI group (1.09+0.01,
P <0.0001) was significantly lower than that in the male
Suita subjects (1.44 £0.02). The cffects of this genotype
on the HDL-C level were not observed in this group,
probably because a substantial proportion of this group
had dyslipidemia and had been treated with hypolipi-
demic drugs.

No significant association was observed between the
ABCAl G(-273)C polymorphism and the incidence of
MI [the MI group: GG n~=212 (38.6%), GC n=1289
(45.2%), CC n=130 (16.2%); the Suita population: GG
n=309 (35.5%), GC n=362 (48.3%), CC n=130
(16.2%), P=0.4443].
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G(—402)C C(=-297)T G(-273)C 1/Di#2 G(-99)C Ccr-14)T C524 3c G380T
0.22034**  (.73333**+  0.22034**  0.73333***  ().29781**+ 0.55012**+ 0.01524 0.55012%** 0.52781%**
6.06087 0.01449 0.06087 0.01449 0.06636 0.10559* 0.21726%*+ 0.10559* 0.11538*
0.65714***  0.30667***  0.65714*** 0.30667*** 0.71214*** 0.37882%+> 0.04726 0.378824++ 0.36111***
0.22034**  0.73333***  (.22034**  .73333***  0.29781*** 0.55012*+* 0.01524 0.55012%** 0.52781***
0.65714***  0.30667***  0.65714*** 0.30667*** 0.71214*%* 0.37882%» 0.064726 0.37882%** 0.36011%%+
0.16483**  0.07692 0.16483**  0.07692 0.15119** 0.09502* 0.01003 0.09502* 0.09582*
1"* 1“‘ lt** 1"# 0_4074!‘*‘ l‘** 0_06158 l*** l‘!‘l
) Rl 0.46667*%+*  1*** 0.46667***  0,46798%+* 0.57647*** 0.06087 0.57647*** 0.55981%**
0.46667%%*  ]*** 0.46667%%%  0.46798% > 0.57647** 6.06087 0.57647*%* 0,55981%**
0.46667***  1%** 0.21839** 0.80952+** 0 0.80952%%* 0.7978%**
0.46667***  0.46798*** 0.57647*** 0.06087 0.57647%** 0.55981***
0.21839** 0.80952*** 0 0.80952+*> 0.7978%**
0.26978*** 0.06636 0.26978**+ 0.25325%+*
0.10559* | R | R
0.10559* 0.11538*
l**t

vafues indicate D’ > 0.5, All values refer to the variant allele indicated in the table

Tahle 2 Lipid levels in the 4BC41 G(-273)C genotypes (Suita population). Subjects who were receiving anti-hyperlipidemic medication
were excluded. Values are mean+SEM. P-values calculated by ANOVA

Factors GG GC cC P-value
n (male/female) 306/291 358/415 127/129

Age (y} 64.1+£0.5 63.7+04 639%0.7 0.7934
BMI (kg/m?)? 2270 224+0.1 229+02 0.0607
Smoking (cigarettes/day) 92405 85+0.5 8.6+0.8 0.5806
Alcohol consumption (ml/week) 85.7+£55 80.1 4.9 71.3+8.5 0.3597
Total cholesterol (mmol/l) 531+0.03 5.36+£0.03 5.38+0.05 0.3559
HDL cholesterol (mmol/l) 1.53+0.02 1.58+0.01 1.60£0.03 0.0258
Triglycerides (mmol/1)* 1.25+0.04 1.15+0.03 [.18+0.05 0.2583
Residual HDL cholesterol {mmol/1)¢ =0.03 001 0.00+0.01 0.05%0.02 0.0148
Residual HDL cholesterol (mmol/1)* —0.03£0.01 0.01£0.01 0.05£0.02 0.0074

*Body-mass index
“High-density fipoprotein
“Test performed on log-transformed values

9dResidual HDL cholesterol was adjusted for sex, age, body-mass

index, smoking, and alcohol consumption

“Residual HDL cholesterol was adjusted for sex, age, BMI,
smoking, alcohol consumption, ApoEgenotype, and Apodlgeno-
type (JST-IMS005603)

Table 3 Lipid levels in the ABCAI G(-273)Cgenotypes (hypertension group). Values are mean + SEM. P-values calculated by ANOVA

Factors GG GC cc P-value
n (male/female) 165/128 196/141 58/47

Age (y) 64.5+0.6 65.6+0.6 65.3x 1.1 0.4561
BMI (kg/m?) 24.1+£0.3 238403 23.3+04 0.2766
Smoking (cigarettes/day) 11.6+09 10.9+0.9 12116 0.7828
Drinking habit (I/11)* 117/170 154/180 41760 0.3460
Total cholesterol (mmol/1) 5.18+£0.05 5.28+0.05 5.33+0.09 0.2316
HDL cholesterol (mmol/l) 1.31+0.02 1.36+0.02 1.44+0.04 0.0259
Triglycerides (mmol/1)® 1.54+0.07 1.52+£0.07 1.64£0.12 0.9429
Residuat HDL cholesterol {(mmol/1)* -0.04 £0.02 0.02+0.02 0.07+£0.04 0.0310

“Drinking habit:  subjects with drinking habit, /7 subjects without drinking habit

®Test performed on log-transformed values

“Residual HDL cholesterol was adjusted for sex, age, BMI, smoking, and drinking habit

Discussion

In the present study, we evaluated the effects of poly-
morphisms in ABCAI on the HDL-C level using a

large cohort representing the general population in
Japan (the Suita Study). To evaluate the genetic influ-
ence of ABCAIpolymorphisms on HDL-C level,
the HDL-C level was adjusted not only for standard
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factors but also for other important genetic factors
including the ApoAl and ApeE polymorphisms.
Moreover, we reconfirmed the effects of ABCA!
G(-273)C polymorphism on HDL-C in the HTN
group. We next investigated the association between
the ABCAI G(-273)C and the incidence of MI, but did
not observe any association.

The present study is distinguished by three main
features: (1) an association study using a large cohort
study (the Suita population), (2) taking into account of
the influence of the ApoAl and ApoE polymorphisms,
and (3) a confirmation of the association using another
set of subjects (the HTN group).

We found that three SNPs were associated with the
HDL-C level in 14 SNPs of the ABCA/gene in the Suita
population. However, if we applied Bonferroni's
correction for multiple tests, three SNPs might not be
considered significantly associated with the HDL-C
level [G{-273)C, P=0.1036: C(-297)T, P=0.273:
IMS-JSTO71749, P=0.1302, P values are corrected by
multiplying with 14 (14 SNPs)]. Thus, we verified this
positive association in another set of subjects (the HTN
group). This association study revealed that G(-273)C,
but not C{-297)T or IMS-JSTO71749, was associated
with the HDL-C level. Thus, it is highly likely that
ABCAI G(-273)C was truly associated with the HDL-C
level.

Since the ABCAI G(-273)C polymorphism is in the
promoter region, it is likely that this polymorphism
may alter the expression level of ABCAl. However,
this polymorphic site had no consensus sequence
for transcriptional factors. The TGGGG(-226)-)
insertion-deletion polymorphism, which is one of the
polymorphisms in LD with the G(-273)C polymor-
phism (r“=0.46667), was in the middle of the consen-
sus sequence of the ZNF202 binding site (GnT
repeat}(Porsch-Ozcurumez et al. 2001). The insertion
allele, which mainly corresponds to the (-273)C allele,
should disrupt this binding site and may be associated
with higher transcriptional activity of the ABCAI gene,
which may lead to higher HDL cholesterol levels.
However, the C{-297)Tpolymorphism, which was
in more tight LD with the TGGGG(-226)(-)
insertion-deletion polymorphism, appeared to have less
effect on the HDL cholesterol level than the &(-273)C
polymorphism. It remains to be determined whether
this discrepancy merely reflects a statistical error or if
the G(-273)C polymorphism might have additional
functional significance. A more detailed promoter
analysis will be needed to determine which polymor-
phisms are functionally important.

The present study revealed that the ABCAIIS23M
polymorphism was not associated with the HDL-C le-
vel, inconsistent with a previous report (Harada et al.
2003). This discrepancy may be due to the study de-
sign, since a small-scale association study has relatively
weak statistical power. In the present study, the sample
power was 0.77 for the distribution, sample size, fre-
quencies of the alleles, and & value (0.05, two-tailed).

The sample size in the previous study (n=410} does not
seem to be sufficient to give adequate statistical power.
Moreover, the frequency of the 1823 allele in the pre-
vious study (allele frequency 0.492) was different from
that in the Suita population (0.36) and JSNP infor-
mation (0.38). Thus, the subjects in the previous study
did not seem to be representative of the general Japa-
nese population, as noted by Harada et al. (2003).

Recently, the polymorphisms in the promoter region
of ABCAI, which corresponds to C(-5359)T in the
present study and scems to be in tight linkage with
G(-273)C {r"=1, D’-value=1), was found to be mod-
estly, but not significantly (P=10.09), associated with the
HDL-C level using 1.CAS subjects (Lutucuta et al.
2001). The effect of the ABCA! G{-273)C polymor-
phism on the HDL-C level was significant, but stilf rel-
atively weak (+*=0.0050). Accordingly, the sample size
(n=372) in the previous study {Lutucuta et al. 2001)
seems to have been too small to detect the effect of
polymorphisms on the HDL-C level clearly. _

While the ABCAl G(-273)C polymorphism was
associated with HDL-C level, it was not found to be
associated with the incidence of MI. The ApoE
polymorphism {E2, E3, and E4) had the greatest influ-
ence on the HDL-C level among the three polymor-
phisms, ABCAI G(-273)C (*=0.0050), ApoAl
JST-IMS005603 (0.0100), and ApoE(0.0118). However,
the ApoE polymorphism was only weakly associated
with the incidence of MI {P=0.0840), Thus, ABCAl
G(-273)C may have too weak an influence on the
HDL-C level to alter the incidence of MI through a
reduction of the HDL-C level. More large numbers of
MI subjects might be necessary to detect the influence of
the ABCAI G(-273)C polymorphism on MI incidence.

In summary, the present study provides the first evi-
dence that the common ABCA! G(-273)C polymor-
phism in the promoter region is significantly associated
with the level of HDL cholesterol in the Japanese.
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The frequency of factor (F)V Leiden mutation is relatively high
among individuals of Caucasian descent, being from 2 to 15%
in the general population and up te 50% in selected patients
with thromboembolism [1]. The risk of the first episodes of
thromboembolism as estimated in a large case—control study is
7-fold for heterozygous FV Leiden carriers {2]. Although the
frequency of deficiencies of natural anticoagulants, protein C
or antithrombin in the general population is low, prospective
studies indicate that low levels of protein C and antithrombin

© 2004 International Society on Thrombosis and Haemostasis
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are associated with increased incidence of venous thrombosis
[3.4]. We tried to elucidate the association between the
deficiency of protein C or antithrombin and deep vein
thrombosis in Japanese, since the FV Leiden is not in the
Japanese population [5] and there have been no reports
assessing the prevalence of protein C or antithrombin defici-
ency in Asian populations.

The reference group was a population randomly selected
from the residents of Suita, a city located in the second largest
urban area in Japan (Osaka area), The sample comprised
12 200 men and women aged 32-89 vears. The subjects have
been visiting the National Cardiovascular Center every 2 years
since 1989 for regular health checkups [6]. In the present study,
4517 blood donors (2090 male, 2427 female) aged 32-89 years
were enrolled for measurement of protein C and antithrombin
activity. As a study population for the patient group, 108
consecutive outpatients between Aprit 1994 and March 1998
(54 men, 54 women; mean age + SD 57.8 + 17.2 years and
49.6 = 18.0 years, respectively) with deep vein thrombosis
admitted to the Department of Cardiology at the National
Cardiovascular Center were enrolled. The diagnoses of deep
vein thrombosis were based on radioisotope venography and/
or contrast venography. Protein C amidolytic activity was
measured using 5-2366 as a substrate and Protac derived from
Agkistrodon contortrix venom as the activator. Antithrombin
activity was measured as a heparin cofactor activity using a
chromogenic substrate §-2238.

In the identification of protein C deficiency, the ratio of
protein C to factor (F)X was recommended by the Scientific
and Standardization Committee of the International Society on
Thrombesis and Haemostasis [7]. In our study, we calculated
the ratio of protein C activity to antithrombin activity (AT/PC
ratio), because the antithrombin activity assay was easier and
more reliable than the FX antigen assay. Using the criteria of
an AT/PC ratio > 3 8D (1.27) and protein C activity < 3 SD
(59.3%), six and seven individuals were identified as a
heterozygous protein C deficiency from the reference group
and patient group, respectively, Furthermore, by the same
criteria, seven and six individuals were identified as an
antithrombin deficiency from the reference group and patient
group, respectively (Table 1).

The prevalence of protein C deficiency (0.13%) obtained by
use of the combined criteria of protein C activity and the

Table 1 Comparison of prevalence of protein C and antithrombin
deficiencies between the deep vein thrombosis group and the general
population

Number of heterozygote
{prevalence, %)

Qdds ratio
Patients General (95% CI)
with DVT population (vs, generai

(n=108) {n=4517} population) . P-value

Protein C 7(6.48%) 6(0.13%)
Antithrombin 6 (5.56%) 7 (0.15%)

52.1(17.2, 1579} <0.0001
379 (12,5, 114.8) <0.0001

CI, Confidence interval; DVT, deep vein thrombosis.

© 2004 International Society on Thrombosis and Haemostasis
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antithrombin/protein C ratio agreed with the results previ-
ously reported in Scotland (0.20%) [8]. Also, the prevalence
(0.15%) of antithrombin deficiency obtained in our study was
very similar to the result previously reported in Scotland
(0.17%) [9].

We obtained the prevalence of protein C (6.5%) and
antithrombin (5.6%) deficiencies in patients with deep vein
thrombosis. The prevalence in the deep vein thrombosis group
was statistically higher than that in the general population,
indicating that each deficiency is a severe risk factor for deep
vein thrombosis in the Japanese population (Table 1). The
prevalence of protein C deficiency in the deep vein thrombosis
group in Europe or the USA was reported to be 1.1% and
24% in unselected and selected patients, respectively, and
antithrombin deficiency was 3.2% and 3.8% in unselected and
selected patients, respectively [10]. Therefore, the prevalence of
each deficiency in the Japanese deep vein thrombosis group
seemmed to be higher than that in Westerners with deep vein
thrombosis. One possible reason is that the FV Leiden
mutation and the prothrombin G20210A mutation are present
only in the Caucasian population [1,11] and not in the Japanese
population [5,12].
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Fig. 2 Distribution of protein C activity (A) and antithrombin/protein C ratio (B} in the Japanese general population.
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