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rs699664, leads to the substitution of Gln for Arg at
amino acid 325.

We previously genotyped three SNPs, —1639G>A,
1173C>T, and 3730G>A in VKORC1, in 3652 popula-
tion-based individuals [20]. This analysis obtained a
minor allele frequency of 0.086 for all SNPs. Three
SNPs were in tight LD with a pair-wise r? value of
0.98. Two SNPs in particular, ~1639G>A and
1173C>T, were in complete LD in the study popula-
tion. Therefore, —1639G>A and 3730G>A were used
for additional analysis to estimate the influence of
VKORC1 genotypes of warfarin dosage.

To estimate the contribution of each SNP to vari-
abilities in warfarin dosages, we performed univariate
regression analyses for four SNPs, VKORC71 —1639G>A
and 3730G>A, GGCX 8016G>A, and CYP2C9 42613A>C
(CYP2C9*3) (Table 3). The R? values determined for
VKORC1 —1639G>A and 3730G>A were 0.086 and
0.082, respectively. The equivalent R? value observed
in the model of GGCX 8016G>A (R?=0.081) was higher
than that of CYP2C9 42613A>C (R2=0.064).

Multiple regression analysis was performed to
estimate the relative contributions of age, sex,
weight, and three genetic polymorphisms to the
inter-individual variations in warfarin dose. These
results were shown in Table 4. The model included
age, sex, weight, and three genetic polymorphisms,
6 variables in total, as the independent variables
and accounted for 33.3% of total variations in
warfarin dose. The contribution, P;, to inter-
individual variation in warfarin dose was 5.9% for
VKORC1 —1639G>A, 5.2% for CYP2(9 42613A>C,
and 4.6% for GGCX 8016G>A.

Discussion

In this study, we have examined the contribution of
four genes to the warfarin maintenance dose
required in Japanese patients following ischemic
stroke. The patients were controlled in the target INR
of 1.6-2.6. A previous study on the optimal intensity
of warfarin therapy for secondary prevention of
stroke in patients with non-valvular atrial fibrillation
showed that the low-intensity warfarin (INR 1.5 to
2.1) treatment seemed to be safer than the conven-

Table 3  Univariate regression analyses for warfarin
daily dosage

Variables R? P
VKORC1-1639G>A" 0.086 0.004
VKORC1 3730G>A* 0.082 0.006
GGCX 8016G>A 0.081 0.022
CYP2C9 42613A>C 0.064 0.015

R? and P values were calculated by univariate regression
analyses. *These two SNPs were in linkage disequilibrium.

Table 4  Multiple regression analysis for estimating
the relative contributions of age, sex, weight, and
selective genetic variations with warfarin dose

Independent Std g7 P;x 100
Age -0.141 1.69
Sex 0.786 8.12%
Weight 0.374 7.78*
VKORC1 —1639G>A 0.735 5.88**
GGCX 8016G>A -0.451 4.60%
CYP2C9 42613A>C -0.847 5.19**

T: Standardized regression coefficient.
*: P<0.01, **: 0.01 <P<0.05.

tional-intensity (INR 2.2 to 3.5) treatment [18]. The
annual rate of ischemic stroke was low in both groups
(1.1% per year in the conventional-intensity group
and 1.7% per year in the low-intensity group) and did
not differ significantly. Based on this result and the
guideline of the Japanese Circulation Society for the
treatment of atrial fibrillation, we adopted the
target INR of 1.6-2.6. Daily warfarin dose of each
patient was properly controlled to meet target INR.
As a result, the range of the warfarin dose was
between 1 and 10 mg.

Warfarin is the most prescribed oral anticoagu-
lant. Warfarin targets VKORCt1 and antagonizes
vitamin K, an essential cofactor for the modification
of specific glutamic acid to vy-carboxyglutamic acid
in coagulation factors Hl, VI, IX and X. Warfarin is
metabolized by CYP2C9. Patients with CYP2(C9*2
and CYP2(C9*3 alleles have lower mean daily
warfarin doses and a greater risk of bleeding
[16,23]. Recent studies on VKORC1 showed that
SNPs in VKORC 1 have a more important function than
the CYP2C9 variations in terms of inter-individual
variability of warfarin. It has been reported that the
VKORC1 haplotype accounted for 21% of inter-indi-
vidual variability of warfarin and the CYP2C9 geno-
type explained 6% [6]. Subsequent studies reached
the similar conclusion that the VKORC? genotype
affects inter-individual variability of warfarin more
greatly than the CYP2(C9 genotype [5,8-11]. Inclu-
sion of non-genetic factors such as age, sex, body
surface area, body weight, and drug interaction with
genotype information accounted for up to 60% of
inter-individual variability of warfarin {5,8-11]. The
remaining 40% of warfarin dosing variability remains
unexplained.

In our study, VKORC1 —1639G>A explained 5.9% of
the inter-individual variabilities in warfarin dose,
while CYP2C9*3 explained 5.2% (Table 4). We also
detected a significant association between GGCX
8016G>A (R325Q) and warfarin dosage, which
explained 4.6% of the variability seen in our subjects
(Table 4). We have recently reported that GGCX
8016G>A influences the inter-individual variations in
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protein C activity in the general population of Japan;
women with the GG genotype exhibit approximately
5% higher plasma protein C activity (p=0.002) than
those with either the GA or AA genotypes [20]. The
R325Q mutation is predicted by the topological model
to reside within the cytoplasmic domain of GGCX
[24]. In this domain, amino acids 343-355 mediate
GGCX enzyme/substrate interactions; residues 343—
345 of CVY are necessary for both substrate binding
and y-carboxylase activity [25].

Recent studies reported the association of a
microsatellite marker in intron 6 of GGCX with
warfarin dose [26,27]. In 45 warfarin-treated
Japanese patients, 10, 11, and 13 CAA repeats
were detected. Three individuals heterozygous for
the 13 repeat allele required higher maintenance
doses than patients with fewer repeats [26]. In 183
warfarin-treated Swedes, a group of individuals
bearing both alleles with 13 repeats or those with
14--16 repeats required significantly higher mainte-
nance doses than patients with fewer repeats. Taken
together, GGCX is a promising candidate influencing
warfarin maintenance doses significantly. Further
studies with larger populations and additional
ethnic groups are required to elucidate the associ-
ation between variations in warfarin dosages and
the GGCX 8016G>A genotype.
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Association of genetic polymorphisms of ACADSB and COMT

with human hypertension
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Objectives Genetically hypertensive rats provide an
excellent model to investigate the genetic mechanisms of
hypertension. We previously identified three differentially
expressed genes, Acadsb (short/branched chain acyl-CoA
dehydrogenase), Comt (catecholamine-O-
methyltransferase), and Pnpo (pyridoxine 5'-phosphate
oxidase), in hypertensive and normotensive rat kidneys as
potential susceptibility genes for rat hypertension. We
examined the association of human homologues of these
genes with human hypertension.

Methods We sequenced three genes using samples from
48 or 96 hypertensive patients, identified single nucleotide
polymorphisms, and genotyped them in a population-based
sample of 1818 Japanese individuals (771 hypertensive
individuals and 1047 controls).

Results After adjustments for age, body mass index,
present iliness (hyperlipidaemia, diabetes mellitus), and
lifestyle (smoking, alcohol consumption), muttivariate
logistic regression analysis revealed that —512A>G in
ACADSB was associated with hypertension in women
(AA vs AG + GG: odds ratio = 0.70, 95% confidence
interval = 0.53-0.94). This single nucleotide polymorphism
was in tight linkage disequilibrium with —254G>A.
Furthermore, —1187G>C in COMT was associated with
hypertension in men (GG vs CG + CC: odds ratio = 0.69,
95% confidence interval = 0.52-0.93) and was in tight
linkage disequilibrium with 186C>T. After adjustments
described above, —512 A>G and —254G>A in ACADSB

Introduction

The identification of genes contributing to essential
hypertension in humans is difficult because hypertension
is a multifactorial disease resulting from both environ-
mental and genetic factors. To overcome this difficulty
and facilitate genetic analyses, genetically hypertensive
rats such as spontaneously hypertensive rats and Dahl
salt-sensitive (Dahl-S) rats have been utilized. Some
genes that cause phenotypes such as hypertension and
insulin resistance will be differentially expressed, and
therefore candidates are sought from among genes found
to be differentially expressed [1-3].

This study was partially presented at the 27th Japanese Society of Hypertension
meeting. :
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were associated with variations in systolic blood pressure.
ACADSB was in tight linkage disequilibrium with
MGC35392 across a distance of 18.3kb. COMT was not in
linkage disequilibrium with any adjacent genes. Analysis
indicated that two haplotypes of COMT were significantly
associated with hypertension in men.

Conclusion Our study suggests the possible involvement
of genetic polymorphisms in ACADSB and COMT in
essential hypertension in the Japanese population.

J Hypertens 25:103-110 © 2007 Lippincott Williams &
Wilkins.
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To identify candidate genes responsible for hypertension
in Dahl-S rats, we previously utilized an oligonucleotide
microarray analysis and identified differentially expressed
genes in the kidneys of salt-loaded Dahl-S and Lewis rats
[4]. To examine the association of these genes with vari-
ations in blood pressure, we obtained 101 F, males from
Dahl-S and Lewis rats and performed precise blood pres-
sure measurements by telemetric monitoring at 14 weeks
of age following 9weeks of salt loading. Correlation
analyses of genotypes of 12 differentially expressed genes,
and blood pressure variation in the F, rats, indicated that
short/branched chain acyl-CoA dehydrogenase (Acadsd),
catecholamine-O-methyltransferase (Com?), pyridoxine
5'-phosphate oxidase (Pnpo), and Szk (medium-chain
acyl-CoA synthetase) showed a significant association with

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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blood pressure variation. To extend these studies to hy-
pertension in humans, it is important to know whether
human homologues of these genes cause susceptibility to
hypertension in humans.

The human chromosome is divided into discrete blocks,
called haplotype blocks, separated by hot spots of recom-
bination [5]. In the haplotype blocks, a small number of
common haplotypes are present. The International Hap-
Map Project was completed in 2005 and catalogued the
patterns of more than 1million single nucleotide poly-
morphisms (SNPs) {6]. It determined that most inter-
SNP distances are less than 10 kb, although some are over
20 kb. Once a candidate polymorphism associated with a
phenotype is identified, genotyping of SNPs in adjacent
genes is highly important. If the haplotype block consists
of multiple genes, the phenotype-causing SNP might be
present in an adjacent gene.

In the present study, we attempted to evaluate three
potential hypertension-causing genes, obtained from an
carlier study in rats, using a population-based sample of
1818 Japanese (771 individuals with hypertension and
1047 controls). Since the Sz4 gene has already been
studied extensively [7], we did not analyse it in here.
We first identified genetic variations, primarily SNPs, in
all the exons of three human homologues of the potential
hypertension susceptibility genes, ACADSB, COMT, and
PNPO. We next examined the association of the SNPs
and their haplotypes of these candidate genes with the
presence of hypertension and blood pressure variation in
the general Japanese population. We also studied linkage
disequilibrium at the candidate gene loci.

Methods

Participants

For the sequencing of DNA, patients with essential
hypertension were recruited at the outpatient clinic of
the Division of Hypertension and Nephrology, National
Cardiovascular Center, Suita, Japan. For genotyping,
1818 individuals, including 771 patients with hyperten-
sion (396 men, 375 women) and 1047 controls (439 men,
608 women), were used as a population-based sample for
the Suita study. The selection criteria and design of the
Suita study have been described previously [8,9]. Only
individuals who provided written informed consent for
genetic analyses were included in this study, and the
study protocol was approved by the Ethical Review
Committee of the National Cardiovascular Center.

Measurements

Blood pressure measurements were taken after at least
10 min of rest in a sitting position. The recorded
systolic and diastolic blood pressures were the means
of two measurements recorded at least 3min apart.
Hypertension was defined as a systolic blood pressure
(SBP) of at least 140 mmHg and/or a diastolic blood

pressure (DBP) of at least 90 mmHg, or the current use
of antihypertensive medication. Diabetes mellitus was
defined as a fasting plasma glucose concentration
greater than 7.0mmol/l (126 mg/dl), a nonfasting
plasma glucose concentration above 11.1mmol/l
(200 mg/dl), taking antidiabetic medication, or a HbAlc
value of at least 6.5%. Hyperlipidaemia was defined as a
total cholesterol concentration greater than 5.68 mmol/l
(220 mg/dl) or the taking of antihyperlipidaemia
medication.

Blood samples drawn from the participants after 12 h of
fasting were collected in tubes containing ethylenedia-
mine tetraacetic acid. We measured the total cholesterol
and high-density lipoprotein-cholesterol levels with an
autoanalyser (Toshiba TBA-80; Toshiba, Tokyo, Japan)
in accordance with the Lipid Standardization Program of
the US Centers for Disease Control and Prevention
through the Osaka Medical Center for Health Science
and Promotion, Japan.

Direct sequencing for single nucleotide polymorphism
discovery, database searches for single nucleotide
polymorphisms, and polymorphism genotyping

We sequenced the entire coding regions of three candi-
dates for genes causing susceptibility to hypertension,
ACADSB, COMT, and PNPO, in 48 or 96 hypertensive
individuals in which we predicted the hypertension-
susceptive SNPs would be found. Our methods for direct
sequencing were described previously [10,11]. SNPs with
a minor allele frequency of greater than 5% were con-
sidered candidates for genotyping using the TaqMan
polymerase chain reaction system [12,13]. Since a mis-
sense mutation may cause direct susceptibility to hyper-
tension, several missense mutations with a minor allele
frequency of less than 5% were also genotyped. As a
consequence, we genotyped five, seven, and two SNPs in
ACADSB, COMT, and PNPO, respectively, from the
general population.

The HapMap Projectrevealed that the inter-SNP distances
in certain regions were greater than 20 kb [6). Genotyping
other polymorphisms in such a haplotype block is
highly important. Within a region of 200kb surrounding
the ACADSB locus, 10 genes (MGC45962, LOC118670,
FLJ13490, MGC35392, PEGASUS, LOC340784,
LOC387716, L.OC387717, BUB3, and LOC390009) are pre-
sent. Seven genes (TBX1, GNBIL, FL21125, TXNRDZ,
ARVCF, DKFZp761P1121, and DGCRS) are located within
approximately 200kb of COMT. We determined SNPs in
these genes using the database of Japanese Single
Nucleotide Polymorphisms (http://snp.ims.u-tokyo.ac.jp/)
[14,15] and genotyped the following 14 SNPs using the
TagMan polymerase chain reaction system: rs1891110-GA
(MGCH#5962), 153736583-AG (MGC35392), 153736582-CG
(MGC35392), r1s11190-AC  (MGC35392), r1s752920-TA
(LOC390009), 152301558-CT (TBXI1), 1s2073767-CT
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(GNBIL), 1s1139793-GA (TXNRD?2), 151005873-AG
(TXNRD?), r1s2073747-GA  (ARVCF), 151990277-GA
(ARVCF), 1s1054215-CT (DKFZp761P1121), rs1640297-
TC (DGCRS), and 15720012-AG (DGCRS).

Statistical analysis

Analysis of variance was used to compare mean values
between groups and, if overall significance was demon-
strated, the intergroup difference was assessed using a
general linear model. Frequencies were compared using a
chi-squared analysis.

The relationships between genotypes and the presence
of hypertension were expressed in terms of odds ratios
adjusted for several possible confounding effects, includ-
ing age, body mass index, present illness (hyperlipidae-
mia and diabetes mellitus), and lifestyle choices
(smoking and drinking). For multivariate risk predictors,
the adjusted odds ratios were determined using 95%
confidence intervals. For each gender, analysis of any
association between genotype and blood pressure were
also investigated using a logistic regression analysis that
considered potential confounding risk variables, includ-
ing age, body mass index, present illness (hyperlipidae-
mia and diabetes mellitus), lifestyle choices (smoking
and alcohol consumption), and antihypertensive
medication. All analyses were performed using SAS stat-
istical software (release 6.12; SAS Institute Inc., Cary,
North Carolina, USA) [16]. Linkage disequilibrium and
haplotype analyses were conducted using SNPAlyze
version 2.1 (DYNACOM Co., Ltd.,, Mohara, Japan).
The pairwise linkage disequilibrium value, D/, was
obtained between the SNP and —512A>G at the
ACADSB locus, and between the SNP and -1187G>C
at the COMT locus. Haplotype frequencies were esti-
mated from genotype data using an expectation maximi-
zation algorithm. Controlling for deviation from Hardy-
Weinberg equilibrium gave nonsignificant results for all
the SNPs examined in the current study.

Results

General characteristics of study participants

The characteristics of the 1818 individuals (835 men
and 983 women) are summarized in Table 1. Age,
SBP, DBP, body mass index, percentages of current
smokers and drinkers, prevalence of hypertension, and
prevalence of diabetes mellitus were significantly higher
in the men than in the women. Total cholesterol, high-
density lipoprotein-cholesterol, and the percentage of
hyperlipidaemic patients were significantly higher in
the women than in the men.

Polymorphisms in ACADSB, COMT, and PNPO, and
single nucleotide polymorphism genotyping

We sequenced ecither 96 or 182 alleles from 48 or 96
Japanese hypertensive patients for the ACADSB, COMT,
and PNPO genes, and identified 14, 14, and five poly-

ACADSB and COMT hypertension candidates Kamide et al. 105

Table 1 Basic characteristics of the participants
Characteristic Women (n=983) Men (n=835)
Age (years) 63.3+11.0 66.3+11.1%
Systolic blood pressure (mmHg) 1280+ 19.6 1319+ 19.5+%
Diastolic blood pressure (mmHg}) 76.6+9.8 79.7+£10.7+
Body mass index (kg/m?) 223132 23.3+3.0+
Total cholesterol (mmol/f) 5.57 +0.79+ 5.10+0.78
High-density lipoprotein-cholestero! 1.67 £0.40+ 1.42+0.36
(mmol/))
Current smokers (36) 6.3 30.1¢
Current drinkers (36) 20.3 67.0
Present illness (%)
Hypertension 38.2 474t
Hyperlipidaemia 55.2! 27.4
Diabetes mellitus 5.2 126

Values presented as the mean + SD or the percentage. The indications for each
condition were as follows: hypertension, systolic blood pressure > 140mmHg
and/or diastolic blood pressure >80mmHg, or antihypertensive medication;
hyperlipidaemia, total cholesterol >5.68 mmol/l (220 mg/dl) or antihyperlipidae-
mia medication; and diabetes, fasting plasma glucose > 7.0 mmol/l (126 mg/d)),
nonfasting plasma glucose > 11.1 mmol/l (200 mg/dl), or antidiabetic medication.
* P < 0.05 between females and males with Student's t-test. ' P < 0.05 between
females and males with a chi-squared test.

morphisms, respectively (Table 2). There were two and
three missense mutations in ACADSB and COMT,
respectively. The R13K mutation in ACADSB and the
A72S and V158M mutations in COMT were common,
with minor allele frequencies of 0.125, 0.093, and 0.279,
respectively. The V158M mutation in COMT is known to
be functional; the enzyme containing Met has one-
quarter the activity of the Val-containing enzyme [17].
The H31R mutation in ACADSB showed a minor allele
frequency of 0.021, and the K212T mutation in COMT
showed a minor allele frequency of 0.005. Considering
the allele frequencies and linkage disequilibrium, we
selected five, seven, and two SNPs in ACADSB, COMT,
and PNPO, respectively, and genotyped them using
large-scale population-based samples.

Association of single nucleotide polymorphisms with
hypertension

Multivariate logistic regression analysis, after adjust-
ments for age, body mass index, current iliness (hyperli-
pidaemia and diabetes mellitus), and lifestyle (smoking
and alcohol consumption), revealed that —512A>G and
—254G>A in ACADSB in tight linkage disequilibrium
showed an association with the presence of hypertension
in women (—=512A>G: AA vs AG + GG: odds ratio = 0.70,
95% confidence interval =0.53-0.94, P=0.0163;
—254G>A: GG vs GA + AA, odds ratio =0.70, 95% con-
fidence interval =0.53-0.94, P=0.0171) (Table 3). In
addition, —1187G>C and 186C>T in COMT in tight
linkage disequilibrium were associated with hyperten-
sion in men (—1187G>C: GG vs GC+CC, odds
ratio=0.69, 95% confidence interval =0.52-0.93,
P=0.0122; 186C>T: CC vs CT + TT, odds ratio = 0.69,
0.69, 95% confidence interval =0.52-0.92, P=0.0116)
(Table 3). A functional SNP in COMT, 1222G>A, accom-
panied by the V158M substitution, was marginally associ-
ated with hypertension (P=10.0742).
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Table 2 List of polymorphisms and their allele frequencies in ACADSB, COMT, and PNPQ, as identified by direct sequencing

Allele frequency

Single nucleotide polymorphism LD Amino acid change Region Allele 1 Allele 2 Flanking sequence Tagman dbSNP ID
ACADSB
-512A>G a Promoter 0.714  0.286 ccctceggctaala/glgaggtcceggge Tagman 52277249
—254G>A a Promoter 0.714 0.286 accgtcacagtclg/alccgccgecatct Tagman rs2277250
-211C>A Promoter 0995 0.005 cctticccgeccclc/aletgecttgetea
~-107G>A b Promoter 0979  0.021 gcagggattaaglg/algggggtatgtge
-80G>C Promoter 0995 0.005 ggcgggtactgalg/cltgggeggggect
-22A>G Promoter 0995 0.005 ccagaggcgceagla/glgcggagaggect
38G>A R13K Exon 1 0875 0.125 TGCGCGGCAGCAIG/A]JGCTGGTGAGTGC Tagman
89delG Intron 1 0995 0.005 agggcgacctiglg/-Jcccetggaateg
25376A>G b  H31R Exon 2 0.979 0.021 AGATTCCTCCTCIA/GITGTCTCAAAATC Tagman
31341delTAA c Intron 3 0.196  0.804 aaataataataaltaa/-Jatatggttacag
31379G>A ’ Intron 3 0.989 0.011 tigttcatgcaalg/alaaatticcccat
32308C>T H213H Exon 5 0896 0.104 CAGTGCTGAGCAIC/TIGCAGGGCTCTTT
43942A>G c Intron 9 0.198 0.802 gccactaacagt[a/glaatccatgttge Tagman rs2421166
44814C>T 3'-UTR 0979 0.021 TGGGAGTAAGTGIC/TICTTGCGTGGGAA
COMT
—20878A>G Promoter 0.990 0.010 accctcacgaggla/glcaccceggecge
—20531G>A Intron 1 0984 0.016 gtggggaattcgig/alaccgetgtgaag
-1187G>C d Intron 2 0.724 0.276 ggtacagattcclg/clgcceggtgeatg Taqman rs165656
-98A>G e Intron 2 0.728 0.272 tigeccctctgcla/glaacacaaggggg rs6269
186C>T d He2H Exon 3 0.717 0.283 CATCCTGAACCA[C/TIGTGCTGCAGCAT Tagman rs4633
214G>T A728 Exon 3 0.907 0093 GAGCCCGGGAAC[G/TICACAGAGCGTGC Taqman rs6267
379A>G e Intron 3 0.726  0.275 tgttatcaccecla/glittccaggggge rs2239393
971G>A Intron 3 0995 0.005 aggtggggggcclg/altgcctggggate
1168C>G e L136L Exon 4 0718 0284 AGGGGCGAGGCTI[C/GIATCACCATCGAG Tagman rs4818
1222G>A d Vi58M Exon 4 0.721 0.279 GATTTCGCTGGCIG/AITGAAGGACAAGg Tagman rs4680
1755G>A P199P Exon 5§ 0941 0.059 CCGGTACCTGCC[G/AIGACACGCTTICTC 15769224
1848G>C Intron 5 0.856 0.144 agcctctccaaalg/clagccaggceattc Tagman rs4646315
6028A>C K212T Exon 6 0995 0.005 GCCTGCTGCGGAIA/CIGGGGACAGTGCT
6220-6221insC 3 -UTR 0.468 0532 GACTGCCCCCCCI-/CIGGCCCCCCTCTC Tagman rs362204
PNPO
—139A>C Promoter 0.989  0.011 tiggctccgaggla/clcttaggacctgt
1657C>T S558 Exon 2 0840 0.160 TCATCTGACCTCIC/TICTTGACCCAGTG Tagman
3848C>T Intron 3 0.378  0.621 tcctctecctgtlc/tlctgatggetgge Tagman rs4491575
4119G>A Intron 4 0995 0.005 acagagaggaaclg/algggcctgtgetg
4308T>C D180D Exon 5 0996 0005 TGTGATCCCTGA[T/C]JCGGGAGgtgagt

ACADSB, acyl-Coenzyme A dehydrogenase, short/branched chain (10q25-q26); COMT, catechol-O-methyltransferase (22q11.2); PNPO, pyridoxine-5-prime-phosphate
oxidase (17); UTR, untranslated region. The apparent linkage disequilibrium (LD), defined by #> 0.5, is indicated by ‘a-e' in the LD column. Single nucleotide
polymorphisms for large-scale genotyping are indicated by ‘Tagman’. The A of the ATG of the initiating Met codon is denoted nucelotide + 1, following recommendations by
the Nomenclature Working Group [29]. Localization of the human chromosome is shown in parentheses. The nucleotide sequences (GenBank accession number
NT_030059.12 for ACADSB, NT_011519.10 for COMT, and NT_010783.14 for PNPO) were used as reference sequences. Uppercase and lowercase letters in the
flanking sequences are sequences in extron and intron regions, respectively.

Table 3 Odds ratio of polymorphisms in COMT and ACADSB

Women Men
Gene SNPs (allele frequency) Genotype Odds ratio (95% confidence interval)* P value Odds ratio (95% confidence interval)* P value
ACADSB  -512A>G® AA 1 00163 1 0.3832
(0.738/0.262) AG + GG 0.70 (0.53-0.94) 1.13 (0.85-1.51)
AA+AG 1 0.5695 1 0.4850
GG 0.84 (0.46-1.54) 1.21 (0.71-2.07)
ACADSB  -254G>A° GG 1 0.0171 1 0.3785
(0.738/0.262) GA+AA 0.70 (0.53-0.94) 1.14 (0.86-1.51)
GG+ GA 1 0.5676 1 0.3899
AA 0.84 (0.46-1.54) 1.27 (0.74-2.18)
COMT -1187G>C* GG 1 0.2791 1 0.0122
(0.703/0.297) GC+CC 1.18 (0.88~1.56) 0.69 (0.52-0.93)
GG+ GC 1 0.6844 1 0.1573
cC 0.89 (0.52-1.54) 0.70 (0.43-1.15)
COMT 186C>T* cC ] 0.3097 1 0.0116
(0.704/0.296) CT+1T 1.16 (0.87-1.54) 0.69 (0.52-0.92)
CC+CT 1 0.4891 1 0.1655
T 0.83 (0.48-1.43) 0.70 (0.43-1.15)
COoMT 1222G>A" GG 1 0.1522 1 0.0742
(0.695/0.305) GA +AA 1.23 (0.92-1.64) 0.77 (0.58-1.03) :
GG+ GA 1 0.4946 i 0.4935
AA 0.83 (0.50-1.41) 0.85 (0.52-1.37)

*Conditional logistic analysis, adjusted for age, body mass index, present illness (hyperlipidaemia and diabetes mellitus), and lifestyle (smoking and drinking). The apparent
linkage disequilibrium, defined by > 0.5, is indicated by ‘a’ and ‘b’ in the single nucleotide polymorphisms (SNPs) column.
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Table 4 Association of genotypes with blood pressure variation
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Single nucleotide Allele 1/2 BP, mean + SD Variation of mean
Gene polymorphism (allele frequency) Sex BP Genotype group (mmHg) P value* BP (mmHg)
ACADSB -512A>G* AG Women SBP AA 128.77 £0.69 0.0302 2.29
(0.738/0.262) AG +GG 126.48+0.80
ACADSB —-254G>A® G/A Women SBP GG 128.82 +0.69 0.0264 2.35
(0.738/0.262) GA + AA 126.47 £0.79
ACADSB 38G>A G/A Women DBP GG+ GA 76.46 + 0.30 0.0235 5.91
(Arg13Lys) (0.878/0.122) AA 82.37+2.59

BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure. ® The apparent linkage disequilibrium, defined by /2 > 0.5. * Conditiona! logistic analysis,
adjusted for age, body mass index, present illness (hyperlipidaemia and diabetes mellitus), and lifestyle (smoking and drinking).

SBP was 2.29mmHg higher in women with the
ACADSB AA genotype —512A>G than women with
the AG+ GG genotype (P=0.030), and 2.35mmHg
higher in women with the ACADSBE GG genotype
—254G>A than women with the GA+ AA genotype
(P=0.026), after adjusting for the factors described
above (Table 4). In addition, DBP was 5.90 mmHg
higher in women with the ACADSB GG + GA genotype
38G>A than women with the AA genotype (P=0.024)
(Table 4). This SNP results in the amino acid sub-
stitution R13K and appears to be of functional signifi-
cance.

Table 5 presents the results of the analysis of haplotype
frequency for the SNPs of these three genes between
hypertensive individuals and normotensive individuals.
We identified haplotypes three and seven of COMT as
having a significantly lower (P =0.006) and higher fre-
quency (P=0.029) in hypertensive men than in normo-
tensive men, respectively.

Taken together, ACADSB was associated with both hy-
pertension and blood pressure variation, and COMT was
associated with hypertension.

Linkage disequilibrium of ACADSB and COMT with
adjacent genes

It is possible that the polymorphisms in ACADSB and
COMT that are significantly associated with hypertension
are in linkage disequilibrium with other genes in their
vicinities and compose a haplotype block. To evaluate
the haplotype block structure in these regions, we geno-
typed 14 additional SNPs present within approximately
200 kb. The pairwise linkage disequilibrium parameters,
D', calculated from the genotyping data are shown in
Fig. 1. These methods revealed that at the ACADSB
locus, IMS-JST080977 in MGC35392, which is 18.3kb
from —512A>G in ACADSB, exhibited a D’ value of
0.997, while IMS-JST080979 in MGC35392, which is
25.2kb from —512A>G in ACADSB, showed a IV value
of 0.928, indicating a large haplotype block at this locus.
The haplotype structure of the ACADSB locus suggests
the association of this block with the presence of hyper-
tension. COMT, on the other hand, was not in linkage
disequilibrium with any adjacent genes.

Discussion
We previously identified differentially expressed genes
in the kidneys of salt-loaded Dahl-S and Lewis rats [4].

Table 5 Haplotype frequency of COMT, ACADSB, and PNPO genes in hypertensive individuals (HT) and normotensive individuals (NT)

Men (%) Women (%)
Gene Haplotype HT (812 alleles)  NT (902 alleles) X2 P HT (772 alleles)  NT (1242 alleles) x2 P
COMT —1187/186/214/1158/1222/1848/6221insC
1 G/C/IG/CIGIG/- 228 23.6 0.166 0.684 209 21.7 0.184 0668
2 G/C/G/G/G/G/C 20.1 184 0.768 0.381 21.6 213 0.040 0.842
3 C/TIG/C/IA/IG/C 124 17.2 7.638 0.006 149 15.1 0.022 0.883
4 C/TIG/C/AICIC 12.2 124 0.020 0.888 14.0 118 1.977 0.160
5 G/CIG/IG/IG/G/ - 95 9.5 0.001 0.871 11.3 9.5 1.611 0.204
6 G/C/TICIG/IG/ - 10.2 8.3 1.854 0.173 7.5 83 0.397 0.529
7 G/C/G/CIG/G/C 9.0 6.2 4,748 0.029 6.1 8.0 2.565 0.109
8 G/CIG/C/AIG/ - 1.7 1.3 0.443 0.506 12 15 0.059 0.809
ACADSB -512/38/25376/43942
1 AIG/IAIG 63.5 65.5 0.762 0.383 69.6 66.3 2.488 0.125
2 G/G/A/JA 15.1 131 1426 0.232 103 12.7 2.646 0.104
3 G/A/A/G 13.0 12.0 0.406 0.524 11.0 125 1.030 0.310
4 A/G/AIA 5.5 71 1684 0.194 6.3 6.7 0.097 0.756
5 AIG/IG/IG 14 0.7 2110 0.146 1.9 1.0 2.678 0.102
6 G/G/AIG 1.2 14 0.135 0.713 08 08 0.016 0.898
PNPO 1657/4308
1 cr 60.3 61.1 0.139 0.709 59.5 59.3 0.015 0.904
2 . CIC 22.9 22.0 0.199 0.656 24.7 238 0.231 0.631
3 T/IC 16.6 16.5 0.010 0.920 15.8 16.9 0.449 0.503

Haplotypes with frequency > 1.0% are shown.
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Pairwise linkage disequilibrium at the ACADSB (a) and COMT (b) loci. The pairwise linkage disequilibrium value, D', was obtained between the
single nucleotide polymorphism and —612A>G at the ACADSB locus, and between the single nucleotide polymorphism and —1187G>C at the

COMT locus.

In cthese experiments, we obtained 101 F; male rats
from Dahl-S and Lewis rats and performed precise
measurements of blood pressure by telemetric monitor-
ing at 14 weeks of age, following 9 weeks of salt loading.
Correlation analyses of the genotypes of 12 differen-
tially expressed genes and the variations in blood pres-
sure in F; rats indicated that Acadsb, Comz, Pnpo, and
Sat are significantly associated with blood pressure. In
the current study, we have examined 1818 individuals
for a relationship between the genes, ACADSB, COMT,
and PNPO, and hypertension or blood pressure vari-
ation. These three genes were originally selected based
on studies in the Dahl-S rat. We determined that two
SNPs in ACADSB, —512A>G and —254G>A, which are
in tight linkage disequilibrium, were associated with
both hypertension and blood pressure variation. Two
SNPs in COMT, —1187G>C and 186C>T, which are
also in tight linkage disequilibrium, were associated
with hypertension. These candidate genes were
selected from the salt-loaded rats, and therefore the
genetic association of these genes with hypertension
might be greater if we had selected patients with salt-
sensitive hypertension.

In this study, we genotyped 14 SNPs in total; therefore,
after applying the Bonferroni correction for multiple
testing, the level of significance was P <0.004 (0.05/14
for 14 loci). Unfortunately, none of the SNPs appeared to
be significant with the use of a strict Bonferroni correc-
tion. As described, however, two SNPs in ACADSB were
associated with both hypertension and blood pressure
variation. In addition, one SNP and two haplotypes in
COMT were significantly associated with hypertension.
These two genes were therefore considered valid as
hypertensive candidates.

This study was undertaken to prove that candidate
susceptibility genes for hypertension in the Dahl-S rat

studies might also be applicable to humans. The genes
Acadsb and Comt were associated with hypertension in
humans, but Prpo was not. Sa# was the first example of
a possible link between a differentially expressed gene in
rats and human hypertension [7]. Our study is another
example linking candidate susceptibility genes for hyper-
tension identified in rats, to humans, and it also revealed
genetic differences between humans and rats, particularly
in salt-loaded Dahl-S rats, in terms of sensitivity to hyper-
tension. The population of F; rats and the general popu-
lation in this study may not be large enough to provide
good statistical power. As stated above, when a human
study is performed using a subgroup of salt-sensitive
patients, stronger associations may become apparent.

ACADSB, short/branched chain acyl-CoA dehydrogenase,
is a member of the acyl-CoA dehydrogenase family. Acyl-
CoA dehydrogenases with specificity for different chain-
lengths of fatty acids carry out the first step of B-oxidation
in the mitochondria, each round of which removes two-
carbon units as acetyl-CoA for entry into the tricarboxylic
acid cycle. Acyl-CoA dehydrogenases are mitochondrial
enzymes involved in the metabolism of fatty acids and
branched-chain amino acids, which are required to meet
physiologic energy requirements during illness and
periods of fasting or under physiologic stress. In addition,
two other important kidney-specific genes involved in
fatey acid metabolism, SAH and K (kidney specific) have
acyl-CoA synthetase activity for medium-chain facty
acids. Both genes were isolated by differential screening
from a genetically hypertensive rat strain, the spon-
tancously hypertensive rat [1,7,18]. Moreover, poly-
morphism of SAH was associated with cardiovascular
diseases, including hypertension, hypertriglyceridaemia,
hypercholesterolemia, and obesity [7]. Both ACADSB and
SAH are therefore related to fatty acid metabolism and
their products may exhibit some link or cross-talk that
could be involved in hypertension.
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Human ACADSB is located at 10q25-26, which corre-
sponds to 1935 in rats. This rat locus is reportedly related
to hypertension [19], and the genomic structure of
ACADSB indicates that ACADSB is located close to
PEGASUS in a head-to-head fashion (Fig. 1). Two SNPs
in ACADSB, -512A>G and —254G>A, which are both
associated with hypertension and blood pressure vari-
ation, correspond to —9893T>C in intron 1 and
—10151C>T in the 5-untranslated region of PEGASUS,
respectively. In searching for a transcription factor-
binding motif, we determined that the nucleotide change
—254G>A would give rise to the AP-1 transcription
factor-binding motif. PEGASUS is a member of the
Ikaros family of transcription factors, and is expressed
not only in haematopoietic cell lines, as are other Ikaros
family members, but also in other tssues, including
the brain, heart, skeletal muscle, kidney, and liver
[20]. The PEGASUS study is highly limited, and no
direct links between PEGASUS and blood pressure have
been reported. Taken together, we consider ACADSB/
PEGASUS to be a susceptibility gene for hypertension.

COMT is a ubiquitous enzyme that catalyses the transfer
of a methyl group from S§-adenosylmethionine to
catecholamines. The substrates of COMT are catechol
neurotransmitters (e.g. dopamine, epinephrine, and
norepinephrine), catechol estrogens (e.g. carcinogenic
4-hydroxyestradiol), indolic intermediates in melanin
metabolism, xenobiotic catechols (e.g. carcinogenic
flavonoids), and drugs (e.g. levodopa). COMT therefore
plays an important role in the pathophysiology of
Parkinson’s disease, depression, oestrogen-induced can-
cers, and hypertension [21]. A recent study indicated that
Comt gene-disrupted mice showed resistance to salt-
induced hypertension, and the sodium-induced increase
in blood pressure in wild-type mice was completely
normalized by treatment with the COMT inhibitor nite-
capone [22]. At baseline, 24-h urinary excretion of dopa-
mine was increased in Comt-deficient mice compared
with wild-type mice. In Coms-deficient and wild-type
mice, a high-sodium diet increased urinary dopamine
excretion by 405 and 660% (reflected as 102 and
212% increases in dopamine excretion), respectively.
COMT can therefore regulate blood pressure, sodium
excretion, and renal dopaminergic tone [22].

A functional polymorphism, 1222G>A, encoding V158M,
has been reported in COMT. The enzyme containing Met
is unstable at 37°C and has one-quarter the activity of the
Val-containing enzyme [17]. In the present study, the
allele frequencies of 1222G>A were 0.695 and 0.305,
respectively (7= 1818) (Table 3). This functional SNP
showed marginal significance in the case—control setting
(Table 3), and it also showed linkage disequilibrium with
—1187G>C and 186C>T in COMT (Table 2). A recent
study showed that this SNP was associated with myo-
cardial infarction in a hypertensive population, in which
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the low activity COMT genotype is protective against
myocardial infarction [23].

In summary, we have studied the association between the
presence of hypertension or variation in blood pressure
and candidate genes selected based on experiments with
the Dahl-S hypertensive rat previously reported by our
group [4]. ACADSB/PEGASUS was associated with both
hypertension and blood pressure variation, and COMT
was associated with hypertension. Due to false posiuves,
false negatives, and true variability between different
populations, association studies are not consistently
reproducible [24]. Confirmation of these results using
additional cohorts is therefore required.

Perspective

Since essential hypertension is a multifactorial disease,
genetic influence is thought to play an important role in
its initial stages and progression. Multiple approaches
have been used to detect causative genetic polymorph-
isms [25-28]. The candidate gene approach is the most
popular method, but crucial genetic polymorphisms are
still only poorly understood. We therefore attempted to
identify genetic polymorphisms that cause susceptibility
to hypertension on the basis of the results of expression
studies previously performed in a hypertensive rat
model. We revealed that two SNPs in ACADSB/
PEGASUS and SNPs of COMT might cause susceptibility
to essential hypertension. These results were obtained
from one population. Further replication of these results
in an independent population is therefore necessary.
Although functional analyses are needed to clarify the
association of these SNPs with the pathogenesis of
hypertension, we plan to apply this information in a gene
evaluation system that will develop individualized treat-
ment for hypertension.
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Original Article

Association of Genetic Polymorphisms of
Endothelin-Converting Enzyme-1 Gene with
Hypertension in a Japanese Population and Rare
Missense Mutation in Preproendothelin-1 in
Japanese Hypertensives

Mariko BANNO"?, Hironori HANADADY, Kei KAMIDE?, Yoshihiro KOKUBO?,
Akiko KADADY, Jin YANG", Chihiro TANAKAVY, Shin TAKIUCHI®, Takeshi HORIO?,
Tetsutaro MATAYOSHI®, Hisayo YASUDA?, Junko NAGURA®, Hitonobu TOMOIKE®,

Yuhei KAWANO?, and Toshiyuki MIYATA"Y

Endothelin-1 (EDN1), a 21-amino acid peptide, is a potent vasoconstrictor with various pharmacological
responses. EDN1 is synthesized from a 212-amino acid precursor protein, preproEDN1, through mulitiple
proteolytic steps. Endothelin-converting enzyme (ECE) cleaves a Trp73-Val74 peptide bond in big-EDN1 to
give rise to mature EDN1. In this study, we examined the possible association of genetic variations in ECE1
with hypertension in a general Japanese population and searched for missense mutations in and around the
EDN1 polypeptide. We genotyped 5 single nucleotide polymorphisms (SNPs) in the ECET gene in 1,873 indi-
viduals from a general Japanese population and identified one SNP associated with hypertension in women
{rs212528: TT vs. TC+CC: odds ratio=1.40; 95% confidence intervals: 1.04-1.89; p=0.026), after adjusting
for confounding factors. The systolic blood pressure in women with the CC genotype was 6.44 mmHg higher
than that in those with the TT genotype (p=0.007), after adjusting for the same factors. Next, to identify the
missense mutations that may influence the biological activity of EDN1, we sequenced the genomic region
that encodes EDN1 in 942 Japanese hypertensive patients. We identified a novel missense mutation, G36R,
in one hypertensive patient, but no mutations were observed in EDN1. A gene polymorphism in EDN1,
Lys198Asn, has been reported to be associated with hypertension in obese subjects. Taken together, these
findings reveal that the EDN-ECE pathway is an important system involved in essential hypertension in Jap-
anese. (Hypertens Res 2007; 30: 513-520)
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Introduction

The endothelin (EDN) system is comprised of 4 active EDNs,
with EDN1 being the predominant isoform in the cardiovas-
cular system (/). Because of the potent vasoconstricting and
mitogenic effects of EDN1 and its involvement in various
cardiovascular diseases, biosynthesis of EDN1 has received
considerable attention. EDNI is synthesized from a 212-
amino acid precursor protein, preproEDN1, through multiple
proteolytic steps. In the first step, preproEDN] is cleaved by
a signal peptidase, resulting in the formation of proEDNI,
which is then cleaved by a furin-like enzyme to yield the 38-
amino acid protein known as big-EDN1 (amino acids 53-92)
or other intermediates. Big-EDN1 is subsequently cleaved by
a unique type II metalloprotease, EDN-converting enzyme-1
(ECEJ1), to yield EDN1 (amino acids 53-73) (2).

The EDN system is a promising target for the genetic anal-
ysis for hypertension. The missense mutation Lys198Asn has
been identified in preproEDNI1, and several reports have
described that this polymorphism showed a positive associa-
tion with blood pressure elevation in overweight people (3—
5), although no significant difference in the EDNI1 levels
between the Asn-type and Lys-type transfectant was observed
in an expression analysis (6). As for ECE], an association
between the —338C>A polymorphism in ECEI and blood
pressure levels in women but not in men has recently been
reported (7). This C>A polymorphism is associated with
increased promoter activity, as demonstrated in a promoter
assay analysis (8).

Complex traits such as hypertension, diabetes mellitus, and
hyperlipidemia are suggested to be caused by common
sequence variants that may have a small to moderate pheno-
typic effect (9—11). On the other hand, accumulating data has
shown that most Mendelian disorders are caused by a set of
different mutations that often reside in coding regions. These
rare variants tend to have strong phenotypic effects. Several
recent studies have shown that rare genetic variations in
ABCAI, APOAI, and LCAT collectively contribute to the
variation in plasma levels of high-density lipoprotein (HDL)
cholesterol in the general population (/2, 13). We hypothe-
sized that rare genetic variations in hypertension candidate
genes could collectively contribute to hypertension. To inves-
tigate this hypothesis, we have been identifying such muta-
tions in Japanese hypertensive subjects; to date, we have
identified missense mutations in the - or y-subunit of the
amiloride-sensitive epithelial sodium channel encoded by
SCNNIB and SCNNIG (14), a causative gene for pseudohy-
poaldosteronism type II encoded by serine-threonine kinase
WNK4 (15), the regulator of G-protein signaling 2 (RGS2)
(16), and the mineralocorticoid receptor encoded by NR3C2
(17). As the next hypertension candidate gene, we have begun
to sequence the EDN/! gene and to search for missense muta-
tions (18).

In present study, we genotyped the genetic polymorphisms

of one of the EDN-converting enzymes, the ECE/ gene, in a
general Japanese population to examine whether the ECE/
gene is a susceptibility gene for hypertension. Secondly, to
evaluate the EDN system in essential hypertension in Japa-
nese, we re-sequenced the EDNI polypeptide in the EDNI
gene in Japanese hypertensive patients to identify missense
mutations that may deleteriously affect EDN1 function.

Methods

General Population

The selection criteria and design of the Suita study have been
described previously (19, 20). Only those who gave written
informed consent for genetic analyses were included in this
study. The study protocol was approved by the Ethical
Review Committee of the National Cardiovascular Center. In
this study, the genotypes of 1,873 samples were determined.
The characteristics of the 1,873 participants (863 men and
1,010 women) are shown in Table 1. Routine blood examina-
tions that included total serum cholesterol, HDL cholesterol,
triglyceride, and glucose levels were performed. A physician
or nurse interviewed each patient regarding smoking and
alcohol drinking habits and personal history of cardiovascular
disease, including angina pectoris, myocardial infarction,
and/or stroke. Blood pressure was measured after at least 10
min of rest in a sitting position. Systolic and diastolic blood
pressures (SBP and DBP) were the means of two measure-
ments by well-trained doctors (recorded >3 min apart).
Hypertension was defined as SBP of =140 mmHg, DBP of
>90 mmHg, or the current use of antihypertensive medication
(20). Diabetes mellitus was defined as fasting plasma glucose
>7.0 mmol/L (126 mg/dL), non-fasting plasma glucose
>11.1 mmol/L (200 mg/dL), current use of antidiabetic med-
ication, or. HbAlc 26.5%. Hyperlipidemia was defined as
total cholesterol >5.68 mmol/L (220 mg/dL) or antihyperlip-
idemia medication. Body mass index (BMI) was calculated as
weight (in kg) divided by height (in m) squared.

Hypertensive Subjects

A total of 942 hypertensive subjects (518 men and 424
women; average age: 65.1110.5 years) were recruited from
the Division of Hypertension and Nephrology at the National
Cardiovascular Center. Ninety-two percent of study subjects
(870 subjects) were diagnosed with essential hypertension,
and the rest had secondary hypertension, including renal
hypertension (36 subjects), renovascular hypertension (23
subjects), primary aldosteronism (11 subjects) and hypothy-
roid-induced hypertension (2 subjects) (/4-17). The hyper-
tension criteria were blood pressure above 140 and/or 90
mmHg or the use of antihypertensive agents. Blood pressure
was the average of three measurements taken in a sitting posi-
tion after at least 5 min of rest on each occasion. About one-
third of the hypertensive subjects had hypertensive cardiovas-
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Table 1. Basic Characteristics of Subjects in Japanese Gen-
eral Population (Suita Study)
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Table 2. General Characteristics of Patients with Hyperten-
sion and/or Renal Failure

Women Men
(n=1,010) (n=863)
Agc (ycasr old) 63.3+11.0 663+11.1*
Systolic blood pressure (mmHg) 128.0+£19.6 131.9+19.5*
Diastolic blood pressurc (mmHg) 76.6+9.8 79.7£10.7*
Body mass index (kg/m°) 223132 23.3+3.0*

5.57+0.79* 5.10+0.78
1.6720.40* 1.42+0.36

Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)

Currcnt smokers (%) 6.3 30.1°
Current drinkers (%) 29.3 67.0"
Present illness (%)
Hypertension 38.2 47 4%
Hyperlipidemia 55.2 27.4
Diabetcs mellitus 5.2 12.6'

Values arc mecan+SD or percentage. Hypertension: systolic
blood pressure 2140 mmHg and/or diastolic blood pressurc =90
mmHg or antihypertensive medication; hyperlipidemia: total
cholesterol =220 mg/dL or antihyperlipidemia medication; dia-
betes: fasting plasma glucosc =126 mg/dL or non-fasting plasma
glucosc 2200 mg/dL or HbAlc =26.5% or antidiabetic medica-
tion. ¥p<0.05 betwecn women and men by Student’s r-test.
'p<0.05 between women and men by ¥° test. HDL, high-density
lipoprotein.

cular complications. The clinical features of the patients in
this study are summarized in Table 2.

All of the participants for the genetic analysis in the present
study gave their written informed consent. The study protocol
was approved by the Ethical Review Committee of the
National Cardiovascular Center.

Genotyping of Mutations of Single Nucleotide
Polymorphisms of the ECE1 Gene in the General
Population

We obtained genetic polymorphisms in the ECE/ gene using
the database of Japanese Single Nucleotide Polymorphisms
(JSNP) (http://snp.ims.u-tokyo.ac.jp/) (21, 22) and genotyped
the following 5 single nucleotide polymorphisms (SNPs) by
the TagMan-PCR system: rs212548-TC (IMS-JST017298 in
intron 4), rs212528-TC (IMS-JST004319 in intron 5),
1s212526-CT (IMS-JST009090 in intron 6), rs2038090-AC
(IMS-JST004325 in intron 17), and rs2038089-AG (IMS-
JST004324 in intron 17). The primers and probes of the Tag-
Man-PCR system are available on request. Hereafter, SNPs
are described according to the RS nomenclature system.

Screening of Mutations in Exon 2 of the EDN1
Gene

Blood samples were obtained from each subject and genomic

— 195 —

Number 942
Age (ycars) 65.1£10.5
Gender (M/F) 518/424
Body mass index (kg/m*) 242133
Systolic blood pressurc (mmHg) 145.5+19.2
Diastolic blood pressurc (mmHg) 84.8+13.4
Essential hypertension 870
Sccondary hypertension 72
Renal hypertension 36
Renovascular hypertension 23
Primary aldostcronism 11
Hypothyroid-induced hypertension 2
Renal impairment* 110
Ischemic heart discase 102
Strokc** 145

Values arc cxpressed as mcantSD. *Paticnts who had scrum
creatinine =1.4 mg/dL. **Silent ccrcbral infarction was
included. M, male; F, female.

DNA was isolated from peripheral blood leukocytes using an
NA-3000 nucleic acid isolation system (KURABO, Osaka,
Japan). The region of exon 2 was amplified by polymerase
chain reaction (PCR) using a pair of specific primers, 5’
CTGATGGCAGGCTGTGTGCTT-3" and 5'-CCCCATCAG
ATGCCACTGTGA-3’, which flank the 612-bp region con-
taining exon 2. The PCR products were directly sequenced on
an ABI PRISM 3700 DNA analyzer (Applied Biosystems,
Foster City, USA) as described previousty (23, 24). The
obtained sequences were examined for the presence of muta-
tions using Sequencher software (Gene Codes Corporation,
Ann Arbor, USA), followed by visual inspection (25).

Statistical Analysis

Analysis of variance was used to compare mean values
between groups, and if overall significance was demon-
strated, the intergroup difference was assessed by means of a
general linear model. Frequencies were compared by ¥° anal-
ysis. Association analyses between genotypes and blood pres-
sure in each sex were performed through logistic regression
analysis with consideration for potential confounding risk
variables, including age, BMI, present illness (hyperlipidemia
and diabetes mellitus), lifestyle (smoking and drinking), and
antihypertensive medication. For multivariate risk predictors,
the adjusted odds ratios were given with the 95% confidence
intervals. The relationship between genotypes and risk of
hypertension was expressed in terms of the odds ratios
adjusted for possible confounding effects, including age,
BMI, present illness (hyperlipidemia and diabetes mellitus),
and lifestyle (smoking and drinking). Odds ratios were calcu-
lated as a measure of the association between each genotype
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Table 3. Odds Ratio of Polymorphisms in ECE/

SNP Sex Genotype n  Odds ratio (95% CI) P Genotype n  Oddsratio (95%ChH P
rs212548 Women T 328 ] (rcference) TT+TC 821 1 (rcference)
TC+CC 686 1.28 (0.94-1.74) 0.116 CC 193 1.21 (0.85-1.72) 0.293
Men TT 275 1 (reference) TT+TC 692 1 (reference)
TC+CC 590 1.10 (0.82-1.50) 0.520 CcC 173 0.98 (0.69-1.40) 0.924
rs212528 Women TT 663 1 (reference) TT+TC 980 1 (reference)
TC+CC 347 1.40 (1.04-1.89) 0.026 CC 30 1.63 (0.74-3.58) 0.227
Men TT 528 . 1 (reference) TT+TC 827 ] (rcference)
TC+CC 335 0.83 (0.62-1.11) 0.198 CcC 36 0.75 (0.37-1.53) 0428
rs212526 Women CC 734 1 (rcference) CC+CT 996 1 (reference)
CT+TT 280 0.76 (0.55-1.05) 0.099 TT 18 0.77 (0.25-2.35) 0.650
Men CC 615 1 (reference) CC+CT 842 1 (reference)
CT+TT 251 0.95 (0.70-1.30) 0.751 TT 24 1.40 (0.58-3.38) 0455
152038090 Women AA 774 1 (refercnce) AA+AC 999 1 (reference)
AC+CC 239 1.17 (0.84-1.64) 0.348 CC 14 1.05 (0.30-3.61) 0.939
Mcn AA 676 1 (reference) AA+AC 856 1 (rcference)
AC+CC 189 1.00 (0.71-1.40) 0.989 CcC 9 3.32 (0.67-16.45) 0.142
rs2038089 Women AA 414 1 (reference) AA+AG 880 1 (reference)
AG+GG 598 1.19 (0.89-1.59) 0.240 GG 132 1.21 (0.80-1.84) 0.358
Mcen AA 380 | (rcference) AA+AG 788 1 (reference)
AG+GG 486 1.12 (0.84-1.49) 0.450 GG 78 1.33 (0.81-2.18) 0.264

*Conditional logistic analysis, adjustcd for age, body mass index, present illness (hyperlipidemia and diabetes mellitus), and lifestyle
(smoking and drinking). SNP, single nucleotide polymorphism; CI, confidence interval.

Table 4. Association of Genotypes with Blood Pressure Variation

Womcen Mcn
SNP  Genotype DBP . SBP " DBP . SBP .
n 14 pP n 14 4
(mmHg) (mmHg) (mmHg) (mmHg)
rs212528 T 663 76.49+0.37 126.89+0.64 528 79.98+0.43 131.94+0.75
TC 317  76.55%0.53 129.21x0.93 299  79.48+0.57 131.18£1.00
CC 30 7757172  0.698 133.33+£3.02 0.007 36 80.93+1.66 0.931 133.83+2.89 0.94!
TT 663  76.49+0.37 126.89+0.64 528 79.98+0.43 131.941£0.75
TC+CC 347 76.63£0.51 0.823 129.56x0.89 0.016 335 79.64+0.54 0.840 131.47+0.94 0.698
TT+TC 980 76.51%0.30 127.64+0.53 827 79.67+£0.34 131.66£0.60
CC "30  77.57+1.72  0.545 133.33+3.02 0.066 36 80.93+1.66 0458 133.83+£2.89 0.463
rs212526 CcC 734  76.5610.35 128.07£0.61 615  79.41+£0.40 131.6710.69
CT 262  76.90+0.58 127.51£1.03 227 80.15%0.66 131.39£1.15
T 18 70.08+2.19 0.344 120.04+3.87 0.175 24 84.13+2.06 0.048 138.16x3.59 0.422
CC 734  76.56+0.35 128.07+0.61 _ 615 79.41£0.40 131.67£0.69
CT+TT 280 76.45+0.56 0.874 127.02+£0.99 0.371 251  80.52+0.63 0.135 132.03+1.09 0.780
CC+CT 996 76.65+0.30 127.92+0.52 842  79.61+0.34 131.59+0.59
TT 18 70.08%£2.19 0.003 120.04x3.87 0.044 24  84.13£2.06 0.030 138.16+3.59 0.07]

Valucs arc mcan+SEM. *Conditional logistic analysis, adjusted for age, body mass index (BMI), present illness (hyperlipidemia and
diabetes mellitus), and lifestyle (smoking and drinking). SNP, single nucleotide polymorphism; DBP, diastolic blood pressurc; SBP, sys-
tolic blood pressure.

and hypertension under the assumption of a dominant (with for carriers of the minor allele) or recessive (with scores of 0
scores of 0 for patients homozygous for the major allele and 1 for carriers of the major allele and 1 for patients homozygous
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Table 5. Haplotype Frequency (Freq) of ECEI Gene in Hypertensives (HT) and Normotensives (NT)

Haplotype

All

Mcn

Womcen

P

Freq \

o * Asymptotic Permutation

P

Freq 5

(%) x Asymptotic Permutation

p

Freq

%) * Asymptotic Permutation

H1 T/T/C/A/A Overall 19.2 1.278  0.258 0327  19.0 0.040 0841 0893 193 2954 0086  0.127
NT 19.8 18.8 20.4
HT 18.4 19.2 17.3

H2 C/C/C/A/AOverall 162 1305 0.253 0284 175 0.193 0.661  0.669 151 2991 0084  0.091
NT 15.5 17.9 14.0
HT 16.9 17.1 16.9

H3 T/T/C/A/G Overall 143 0122 0.727 0769 147 0231 0631 0695 142 0060 0807 0825
NT 14.1 14.4 14.0
HT 145 15.2 14.4

H4 C/T/C/AJA Overall 11.8 0.181 0.670 0716 119 0.033 0.857  0.867  11.8 0250 0617  0.699
NT 12.0 12.1 12,1
HT 115 1.8 11.4

H5 T/T/T/A/A Overall 107 8.254 0.004 0015 109 0.421 0516 0575 106 11.865 0001  0.003
NT 12.0 1.4 12.4
HT 9.0 10.4 1.5

H6 T/T/C/C/G Overall 8.3 0.317 0.574  0.618 7.8 0327 0568  0.624 9.0 0.001 0974 0978
NT 8.1 8.1 9.0
HT 8.7 73 9.0

H7 C/T/C/AIG Overall 7.8 0.133  0.715  0.775 62 1115 0291  0.402 88 2071 0150  0.192
NT 7.6 5.5 8.2
HT 7.9 6.7 10.0

517

Haplotypes (rs212548/rs212528/rs212526/rs2038090/rs2038089) with frequencies of more than 5% are shown. One hundred thousand
replicates were used for permutation test for all, men and women. Numbers of haplotypes in Overall, NT, and HT are 3,736, 2,150,
1,586 for All; 1,730, 914, 816 for men; and 2,030, 1,254, 776 for women, respectively.

for the minor allele) mode of inheritance. The p values were
adjusted by Bonferroni correction. SAS statistical software
(release 6.12; SAS Institute Inc., Cary, USA) was used for the
statistical analyses. The data of linkage disequilibrium, haplo-
type blocks and coverage of HapMap SNPs were downloaded
from the HapMap Consortium (http://www.hapmap.org).
Haplotypes and permutation analyses were calculated using
SNPAlyze version 4.0 software (DYNACOM Co., Mobara,
Japan).

Results

Association between SNPs in the ECE? Gene and
Hypertension

Five genetic polymorphisms in the ECE] gene were geno-
typed in 1,873 individuals. The genotype frequencies for each
polymorphism were as follows: rs212548-T>C, 0.563/0.437;
1s212528-T>C, 0.800/0.200; rs212526-C>T, 0848/0.152;
rs2038090-A>C, 0.880/0.120; rs2038089-A>G, 0.655/
0.345. None of the genotype frequencies were significantly
different from those expected from the Hardy-Weinberg equi-
librium (p>0.05). Multiple logistic regression analysis after
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adjusting for confounding factors of age, BMI, hyperlipi-
demia, diabetes mellitus, smoking, and drinking revealed that
one polymorphism, rs212528, in intron 5 was significantly
associated with hypertension in women (rs212528-T>C: TT
vs. TC+CC; odds ratio=1.40; 95% confidence interval:
1.04-1.89; p=0.026) (Table 3). The SBPs in women with the
TT, TC, and CC genotypes were 126.89+0.64 mmHg
(n=663), 129.21%£0.93 mmHg (n=317), and 133.33+3.02
mmHg (n=30) (p=0.007), after adjusting for the same con-
founding factors (Table 4). Thus, the difference in SBP was
6.44 mmHg between women with the CC genotype and those
with the TT genotype. This association was still significant
even after the Bonferroni correction.

Another polymorphism, rs212526, was associated with a
significant difference in DBP: women having the CC+CT
genotype had a DBP of 76.65+0.30 mmHg (»=996) and
those with the TT genotype had a DBP of 70.08+2.19 mmHg
(n=18) (p=0.003) after adjusting for the same confounding
factors (Table 4). This polymorphism was also significantly
associated with the SBP in women (CC+CT: 127.9210.52
mmHg, n=996; TT: 120.04+3.87 mmHg, n=18; p=0.044).
However, this polymorphism did not show a significant asso-
ciation with hypertension. In men, this polymorphism was
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Table 6. List of 5 Polymorphisms and Their Allele Frequency in Exon 2 of EDN1 ldentified by Direct Sequencing of 942 Hyper-

tensive Japanese

Allele frequency

Allele 1 > allele 2 Amino acid change region Flanking scquence rs 1D
Allelc 1 Allele 2 .
1753G>A G36R cxon 2 1.000 0.000 TGAGAACGGC[G/A]JGGGAGAAACC
1910G>T intron 2 0.473 0.527 TGTAACCCTA[G/T]TCATTCATTA rs2070699
1918T>A intron 2 0.999 0.001 TAGTCATTCA[T/A]ITAGCGCTGGC
2008G>A intron 2 0.999 0.001 GTGCCTCAGT{G/A)JGGGACAGTTT
2107G>A intron 2 0.999 0.001 TACTCATGAT[G/AJGGACAAGCAG

The A of the ATG of the initiator Met codon is denoted nucleotide +1, as reccommended by the Nomenclature Working Group (28). The
nucleotide number was according to the reference sequences GenBank Accession [D: NT_007592.

EDN1 gene
sequencing

ATG
ex 1

TGA 100 bp

P

preprbendothelin-1

117 22 53 7378 92

_':_]_/ /_C—til_/ ex::3 ex 4

[sp] |
mature / 10 3
endothelin-1 —
Gly36Arg > Lys198Asn

big endothelin-1
>

Fig. 1. Genome and domain structure of human endothelin 1. Two missense mutations in endothelin-1, Gly36Arg (G36R) and
Lys198Asn (K198N), are shown. The G36R mutation in preproendothelin-1 was identified in this study.

significantly associated with DBP (CC+CT: 79.61£0.34
mmHg, »=842; TT: 84.13£2.06 mmHg, »n=24; p=0.030).

The haplotypes composed of the 5 SNPs genotyped in this
study are shown in Table 5. Seven inferred haplotypes with
frequencies of more than 5% were examined to determine
their association with hypertension in all patients and in two
sub-populations (men and women). In women, the frequency
of haplotype H5 in the hypertensive group was significantly
lower than that in the normotensive group.

A Novel Missense Mutation in the preproEDN1
Polypeptide in Japanese Hypertensives

We sequenced the region of exon 2 of EDN/ in 942 hyperten-
sive patients with strong genetic background and secondary
hypertension. The results are shown in Table 6. In this study,
we were not able to detect any missense mutations within the
mature EDN1 region. However, we identified one novel mis-
sense mutation, G36R, in EDN! in a heterozygous form in a
male patient. The prevalence of this mutation was 0.05% in
our Japanese hypertensive population. We tried to screen this
missense mutation, G36R in EDN/, in our general population
by the TagMan-PCR method, but this genotyping failed due

to technical problems.

Discussion

In this study, we used two different approaches to reveal the
contribution of the EDN system to hypertension in two differ-
ent populations, a general population and a hypertensive pop-
ulation, both from the Osaka region in Japan.

We genotyped 5 SNPs in ECE/ and identified rs212528 as
the hypertension/blood pressure susceptibility genetic vari-
ant. We used the currently available HapMap data from CHB-
JPN to assess the coverage of haplotype blocks across the
ECEI gene by 5 SNPs. The ECE! gene consisted of 6 haplo-
type blocks, in which rs212548 was present in block 2, two
SNPs, rs212528 and rs212526, were present in block 3, and
two SNPs, rs2038090 and rs2038089, were present in block
6. and the genotyped SNPs were estimated to cover approxi-
mately 90% of the haplotypes in block 2, 30% of those in
block 3, and 90% of those in block 6, respectively. Two
SNPs, 15212528 and 15212526, in block 3 had an r=of 0.031
and LOD score of 0.43, and rs2038090 and rs2038089 in
block 6 had an r* 0of 0.163 and LOD score of 2.33.

In this study, the rs212528-T>C polymorphism in ECE/ in
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women was identified as the SNP conferring susceptibility for
hypertension and blood pressure change. It is well known that
the incidence of coronary artery disease shows a gender dif-
ference that may in part be related to the female sex hormones
estrogen and progesterone. The literature provides evidence
that estrogen inhibits EDN1 production (26). Furthermore,
estrogen inhibits ECE-1 mRNA expression (27). These find-
ings may explain the gender difference of ECE/ polymor-
phisms for hypertension. The mean age of women in our
population was 63.3 years. Despite the relatively advanced
age of this population, we identified a contribution of the
15212528 polymorphism to hypertension and blood pressure
change, while haplotypes containing the rs212528-C allele
were not clearly associated with normotension or hyperten-
sion. The association might have been stronger if we had used
a younger female population.

Another polymorphism, rs212526-C>T in intron 6, was
associated with a blood pressure change in women and men.
The mean DBP of the 996 women with the CC+CT genotype
was 6.57 mmHg higher than that of the 18 women with the TT
genotype (p=0.003), and the SBP change also showed the
same trend—that is, women with the CC+CT genotype had
higher blood pressure than women with the TT genotype
(p=0.044) (Table 4). However, in men, the opposite trend
was seen. The mean DBP of the 842 men with the CC+CT
genotype was 4.52 mmHg lower than that of the 24 men with
the TT genotype (p=0.030). Haplotype HS containing the
rs212528-T allele was significantly more prevalent in the nor-
motensive group. This association also suggested that the T-
allele of rs212528 was involved in blood pressure in women
(Tables 3-5). Thus, the significance of rs212526 on blood
pressure change should be evaluated using other population.

The association of SNP with hypertension and blood pres-
sure change is at best marginally significant given the number
of tests performed. All the p-values were more than 0.007.
However, rs212528 is present in the ECE! gene, which
encodes the endothelin-converting enzyme. In addition, this
SNP showed a positive association with both hypertension
and blood pressure change. Thus, we regarded this SNP as a
hypertension candidate. SNP and blood pressure/hyperten-
sion described in the present study needs to be confirmed by
another set of studies.

In the hypertensive population, we sequenced the coding
region of the EDN1 polypeptide and its flanking region in 942
Japanese hypertensives and identified one novel missense
mutation, G36R. that was not present in the EDN1 polypep-
tide but was present in the preproEDN-1 region (Fig. 1). At
present, the effect of G36R mutation on the EDN1 function is
not clear, because it was located far from the scissile site, the
R52-C53 bond, by the furin-like enzyme. From the evolu-
tionary point of view, G36 was conserved in humans, chim-
panzees, cows, and dogs, but mice and rats have Val and
chickens have Ala. The arginine residue at pogsition 36 was
not found in preproEDNI in any species. To reveal the func-
tional effect of this missense mutation on the processing of
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preproEDN]1, an expression study of the mutant preproEDN |
is needed.

We have hypothesized that rare nonsynomymous mutations
in candidate genes could collectively contribute to complex
traits. In this model, the extensive sequence-based approaches
focusing on identification of these mutations is necessary. So
far, we have sequenced several hypertension candidate genes
to evaluate whether rare variants could contribute to the etiol-
ogy of hypertension. At present, however, whether rare vari-
ants contribute to hypertension is not clear due to the lack of
in vitro or in vivo expression studies of the mutant protein (/4,
15, 17). The exception was the nonsense mutation identified
in the RGS2 gene, which has been clearly shown to produce
the defective protein (/6). In this study, we identified one
missense mutation, G36R, in preproEDN1. The further col-
lection of such missense mutations in hypertension candidate
genes could lead to an enhanced understanding of the etiology
of essential hypertension.

In summary, we revealed that the rs212528 polymorphism
in ECE! was associated with hypertension and blood pressure
change. In earlier reports, the Lys198Asn polymorphism in
EDN! showed a positive association with blood pressure ele-
vation in overweight people (3—3). Thus, endothelin family
gene polymorphisms might play an important role in the eti-
ology of essential hypertension.
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A nonsynonymous SNP in PRKCH (protein kinase C 1)
increases the risk of cerebral infarction

Michiaki Kubo!~3, Jun Hata'-3, Toshiharu Ninomiya'?, Koichi Matsuda’, Koji Yonemoto!,
Toshiaki Nakano?#, Tomonaga Matsushita®>, Keiko Yamazaki®, Yozo Ohnishi®, Susumu Saito®,
Takanari Kitazono?, Setsuro Ibayashi?, Katsuo Sueishi?, Mitsuo [ida?, Yusuke Nakamura® & Yutaka Kiyohara!

Cerebral infarction is the most common type of stroke and
often causes long-term disability. To investigate the genetic
contribution to cerebral infarction, we conducted a case-
control study using 52,608 gene-based tag SNPs selected from
the JSNP database. Here we report that a nonsynonymous
SNP in a member of protein kinase C (PKC) family, PRKCH,
was significantly associated with lacunar infarction in two
independent Japanese samples (P = 5.1 x 107, crude odds
ratio of 1.40). This SNP is likely to affect PKC activity.
Furthermore, a 14-year follow-up cohort study in Hisayama
(Fukuoka, Japan) supported involvement of this SNP in the
development of cerebral infarction (P = 0.03, age- and sex-
adjusted hazard ratio of 2.83). We also found that PKCn was
expressed mainly in vascular endothelial cells and foamy
macrophages in human atherosclerotic lesions, and its
expression increased as the lesion type progressed. Our
results support a role for PRKCH in the pathogenesis

of cerebral infarction.

Stroke is a major cause of long-term disabilities, leading to very
serious public health issues. Once a stroke has occurred, most affected
individuals suffer from disability, cognitive dysfunction and other
complications and have a higher risk of death!. In Japan, stroke
mortality rate has decreased significantly in the last three decades, but
the incidence of stroke has remained high in recent years, especially in
the clderly’. As the proportion of elderly individuals is increasing

Figure 1 Genomic structure, case-contro! association results and linkage
disequilibrium map of the PRKCH locus. (a) Genomic structure around
PRKCH. (b) Exon-intran structure of PRKCH. Genotyped SNPs in PRKCH
are indicated below the gene (vertical line). (c} Case-control association
study results for lacunar infarction. The -logg-transformed P values for
an allele frequency model are plotted on the y axis. (d) Pairwise linkage
disequilibrium map between SNPs, as measured by D’ (lower feft) and

A (upper right).

rapidly worldwide, primary prevention of stroke is becoming an
important medical and social issue requiring urgent attention.
Cerebral infarction is the most common form of stroke and is
classified into the following subtypes based on clinical and neuro-
imaging data: lacunar infarction due to presumed arteriosclerosis of
small penctrating arteries, atherothrombotic infarction due to athero-
sclerosis involving the external and major intracranial arteries, cardi-
oembolic infarction due to a cardiac source of the embolus and
undetermined subtype’. Twin- and family-based studies indicate a
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