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Summary

Inherited deficiency of protein S encoded by the PROS/ gene
constitutes an important risk factor for deep vein thrombosis
(DVT). Nevertheless, although more than 200 deleterious gen-
etic variations in PROS [ have been identified, causative point mu-
tations of PROS/ gene are not detected in approximately half of
protein S-deficient families. The present study investigated
whether there may exist a large deletion in PROS/ that consti-
tutes a genetic risk factor for Japanese DVT patients. A multiplex
ligation-dependent probe amplification analysis was employed
to identify the deletions in PROS/ in |63 Japanese patients with
DVT.A large gene deletion was identified in one patient who
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showed 16% protein S activity and did not carry point mutations
in PROS| by DNA sequencing and it was validated by the quanti-
tative PCR method. The deletion spanned at least the whole
PROS! gene (107 kb) and at most from the centromere located
downstream of PROS/, to before the D35$36 19 marker, the first
heterozygous marker in the upstream of PROS/ in chromosome
3.In conclusion, a large deletion in PROS! was shown to partly
account for DVT with protein S deficiency. Screening for large
deletions in PROS/ might be warranted in PROS/ causative point
mutation-negative DVT patients with protein $ deficiency.

Thromb Haemost 2007; 98: 783-789

Introduction

Imbalance between procoagulant and anticoagulant potencies
triggers coagulation. Protein S (PS) is a cofactor for the anti-
coagulant protease, activated protein C (PC), which proteolyti-
cally inactivates activated coagulation factors V and VIII. There-
fore, inherited deficiency of PS constitutes an important risk fac-
tor for venous thrombosis (1). In the general Japanese popu-
lation, PS deficiency is relatively common, and its estimated
prevalence, 1.12%, is much higher than that in the Caucasian
population (0.16-0.21%) (2—4). Recently, we and others ident-

ified a PS K196E mutation (PS Tokushima) as a genetic risk fac-
tor for the development of deep vein thrombosis (DVT) (5-8).
The gene for PS (PROSI) is located near the centromere on
chromosome 3. It spans approximately 101 kb of genomic DNA
and comprises 15 exons and 14 introns (9-12). Human DNA
contains the active PROSI gene at 3g11.2 and a closely linked
pseudogene (PROSP) at 3p21-cen that shows 96.5% homology
to exons 2 to 15 of the PROS! gene. To date, more than 200 del-
eterious mutations in the PROS/ gene have been reported (13).
Most of the gene defects are small point mutations, such as mis-
sense, nonsense, frameshift, or splice site mutations, which are
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scattered throughout the coding region of the PROSI gene. Some
studies have reported that causative point mutations in PROSI
were found only in approximately 50% of the cases with func-
tional low PS activity (14). One possible cause of such PS defi-
ciency is the existence of large deletions or inversions covering
all or part of the PROS! gene, which are difficult to identify by
current PCR-based sequencing methods. Several studies in PS-
deficient families with PROS! causative point mutation-
negative members indicated that large deletions of PROS/ have
been identified in patients with PS deficiency and screening for
large deletions in PROS! causative point mutation-negative indi-
viduals is therefore warranted (15-18).

A wide range of methods are available for gene dosage
measurement to detect large deletions or insertions, but no one
method offers overwhelming advantages. Recently developed
technique, multiplex ligation-dependent probe amplification
(MLPA), based on PCR amplification of ligated probes hybrid-
ized to the target DNA (19, 20), would be beneficial for detecting
large cryptic genetic variations. This method has proven to be ac-
curate and reliable for identifying deletions, duplications, and
amplifications in several diseases (21-23). In this study, we util-
ized the MLPA method to determine whether there might be
large deletions in PROS! that constitute genetic risk factors for
DVT in Japanese patients.

Materials and methods

Patients

One hundred sixty-three DVT patients, 78 men and 85 women,
were registered by the Study Group of Research on Measures for
Intractable Diseases, working under the auspices of the Ministry
of Health, Labor, and Welfare of Japan. Six centers (one each in
Tochigi, Tokyo, Nagoya, and Kyoto, and two in Osaka) partici-
pated in this study (5). The protocol for the study was approved
by the ethical review committee, and only those subjects who
provided written informed consent for genetic analysis were in-
cluded.

Clinical profile of a patient with a large PROSI gene
deletion

A previously healthy 22-year-old female was admitted to our
hospital due to swelling of her left limb for the past two months.
She had no family history of thrombotic diseases. On physical
examination, she showed no abnormal findings except swelling
of the left thigh and calf.

Laboratory examination showed that the levels of free PS
antigen and PS activity had decreased to 2.1 pg/ml (normal
range: 6.5-9.8 pg/ml) and 16% (normal range: 65-105%), re-
spectively, while antithrombin (112.7%; normal range:
80-120%), PC (119%; normal range: 75-125%) and plas-
minogen (104.8%; normal range: 70-120%) were within the
normal ranges. *™Tc-MAA scintigraphy revealed obstruction of
the left common iliac and bilateral popliteal veins with no evi-
dence of pulmonary embolisms. Because of the presence of
DVT, decreased level of PS, and exclusion of other underlying
diseases causing thrombosis, the patient was diagnosed with PS
deficiency.

Laboratory values measurement

Some of the patients’ plasma samples were stored at —80°C. We
measured the PC amidolytic activity (24) and plasma PS activity
using Staclot protein S (Diagnostica Stago, Asnieres, France) (3)
in 34 samples of DVT patients.

MLPA method

MLPA was performed as described by Schouten et al. (19) using
SALSA MLPA KIT P112 PROSI (MRC-Holland, Amsterdam,
the Netherlands), a kit for screening deletions or duplications in
the PROSI gene. The kit contains probes for 13 out of 15 exons
in PROSI, one probe for the promoter located 6.5 kb upstream of
PROS1, and one probe for exon 4 in PROSP, It also contains 17
control probes located on different chromosomes, 1p36, 2q14,
2q24,3p22, 5935, 7931, 7q,9p21, 10p12, 12p13, 12q14, 14922,
15921, 16922, 18q21, 19p13, and 21q11. The ligation products
were amplified by PCR using the common primer set with the
6-FAM label distributed by the supplier. Approximately 100 ng
of genomic DNA was utilized for one MLPA reaction. Amplifi-
cation products were run on an ABI PRISM 3130 DNA Se-
quencer with the GeneScan 500 LIZ size standard (Applied Bio-
systems, Foster City, CA, USA) and analyzed by GeneMapper
Software 5.0 (Applied Biosystems).

Dosage analyses based on a comparison between deleted and
reference wild-type DNA samples were performed on an Excel
software Coffalyser V3 (MRC-Holland). Briefly, all PROS!
peak areas were normalized by dividing each peak area by the
combined areas of all the control probe peaks in the same
sample. Then, these normalized peak areas were divided by the
corresponding wild-type normalized peak areas (average of five
independent normal DNA samples) of that probe amplification
product, in order to obtain a series of patient-to-normal DNA
copy number ratios. The MLPA analysis was repeated three
times for all samples.

Q-PCR analysis ,
DNA copy numbers for 14 exonsin PROS! and exon 4 in PROSP
were determined by Q-PCR. Primers for each sequence (except
for the sequence of exon 1) were designed to avoid concurrent
amplification of the PROSP sequence. The amplicon length
ranged from 67 to 198 bps. The PCR reaction and the reference
genes were as described previously (25). Each assay included a
no-template control (in duplex), 20 ng of normal calibrator
human genomic DNA (Roche Applied Science, Indianapolis,
IN, USA) (in quadruplicate), and 20 ng of sample DNA (in quad-
ruplicate). Calculation of the gene copy number was performed
using the comparative (delta-C,) C, method (26) and the Q-PCR
automated analysis software package “qBase”
(http://medgen.ugent.be/qbase/). A haploid copy number of 1 is
expected for a normal sample and a value of <0.5 for a sample
with deletion.

PROS| sequence analysis

A genomic DNA sample from the DVT patient with the deletion
in PROS! was sequenced for all exons in PROS/! using an ABI
3730 sequencer (Applied Biosystems) (27). Genetic variations
were identified with NAMIHEI (Mitsui Knowledge Industry
Co., Ltd., Tokyo, Japan) and Sequencher (Gene Codes Corpor-
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A) The representative MLPA
electropherograms in one pa-
tient with the deletion in
PROS! (top) and in a normal
control DNA (bottom). De-
leted exons are marked by
squares. This is one represen-
tative of three rounds of MLPA
analyses. Probes are |3 out of
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prabes for exon |}, one probe
for promoter located 6.5 kb
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sentative histograms showing a
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deletion (black bars). The
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shown as the control probe.
The data are presented as the
means + SD from three
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ation, Ann Arbor, M1, USA) software, followed by visual inspec-
tion (28).

SNPs genotyping and microsatellite analysis

Five SNP markers located within a 252 kb region centered on
PROS! were chosen on the basis of the available data from NCBI
Map Viewer (Build 36.2) and the genotyping of the markers was
performed by the TagMan-PCR genotyping system (29).

Four microsatellite markers (D3S3681, D3S1276, D3S3634
and D3S1271) covering a 22 Mbp region centered on the PROS!
locus were obtained from the ABI Linkage Mapping Set Version
2.5 (Applied Biosystems), and the microsatellite marker ana-
lyses were performed according to the manufacturer’s instruc-
tions. For the other five microsatellite markers (D3S3556,
D381251, D3S3619, D3S1752 and D3S3716) in the region, we
designed PCR primer sets. Primer sequences were available on
request. PCR products were detected by Agilent Bioanalyzer
2100 (Agilent Technologies, Boeblingen, Germany) or by elec-
trophoresis through the 12% polyacrylamide gel stained with

SYBR Green I (Nucleic Acid Gel Stain (Molecular Probes, Eu-
gene, OR, USA). The products were also directly sequenced to
reveal the allele zygosity.

Results

Deletion detection using MLPA analysis
To identify the large deletions in PROS! in patients with DVT,
we utilized MLPA analysis. This method has the advantage of
using a relatively small amount of DNA —1i.e. only 100 ng of ge-
nomic DNA are required for one MLPA analysis to reveal a
PROSI gene deletion. A deletion of one copy of a probe target se-
quence is usually apparent by a 35-55% reduction in relative
peak area. A gain in copy number from two to three copies is
usually apparent by a 30—-55% increase in relative peak area.
We identified reduced peak areas in the PROS! regions in
one DVT patient, which indicates a heterozygous deletion en-
compassing the whole PROS! gene (Fig. 1). No significant
changes were found in the peak areas of the control probes in-
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Figure 2: Haploid copy number status of PROS! determined by
Q-PCR. Representative histogram showing the haploid copy numbers
of PROS/ exons in one patient with the PROS/ deletion (white bars) and
in the normally calibrated DNA (black bars). Data are presented as the
means % D from Q-PCR reaction in quadruplicate. The copy number of
PROSP exon 4 is plotted as no deletion control.

cluding PROSP exon 4 in this patient. For other patients, no re-
duced or increased peak areas were detected. The results of the
MLPA analysis were reproducible, with three rounds of MLPA
yielding identical findings in all patients. Based on the MLPA
analysis, a minimum distance of PROS! deletion in this patient
was estimated to be 107 kb between the PROS! promoter and
exon 15 MLPA probes.

Deletion detection using Q-PCR
To confirm the deletions detected by MPLA in the patient, the
patient’s genomic DNA and a normally calibrated DNA were

subjected to Q-PCR analysis to determine the copy numbers of
PROSI. The analysis confirmed that all exons of PROSI were
deleted in this patient (Fig. 2). No deletion was detected in
PROSP exon 4.

Direct sequencing of the coding regions of PROS!

As described in Methods, PS antigen and PS activity of the pa-
tient with the deletion in PROS! decreased to 2.1 pg/ml (normal
range: 6.5-9.8 pg/ml) and 16% (normal range: 65-105%), re-
spectively, while antithrombin, PC and plasminogen were with-
in normal ranges. This suggested that the patient might bea com-
pound heterozygote for PS deficiency. To identify additional
genetic variations in PROS! in the patient, we sequenced all
exons of PROS! in this patient, but no point mutations were
found.

Distribution of microsatellites and SNP genotypes

To define the range of deletions detected by the MLPA analysis,
five SNP markers and nine microsatellite markers covering a 22
Mbp window centered on the PROS! locus were analyzed for
their allele zygosities (Table 1). When the allele carries a dele-
tion, it will be hemizygous for all markers within the deleted re-
gion, but will appear homozygous. Thus, if a specific marker is
homozygous, there might be a deletion covering that locus, but if
a specific marker is heterozygous, there must be no deletion
covering that locus.

The five SNP markers flanking PROS! were homozygous.
The marker D3S3619, which was located 1,949 kb upstream of
PROS1, was detected as the first microsatellite heterozygosity in
the upstream region of PROS/ (Table 1). As a result, the bound-
ary of the deletion in this patient must be within the range of
D383619 to D3S1276. Since the centromere is located between
PROSP and exon 15 of PROSI, one breakpoint of the deletion
must be closer to exon 15 than to PROSP (Fig. 3). Therefore, the

Marker Location, kbp | Allele or Minor allele Hetero- Zygosity in the Table 1: Description of
repeats frequency zygosity, % patient m::;):gtoelhte and SNP

D3S3681 79894 CA — - heterozygous

D3S1276 85338 CA — — heterozygous

rs9289536 95031 ar 0.1 0.20 homozygous

rs9713061 95074 GIT 0.10 0.15 homozygous

rs6786905 95213 CIA 0.10 0.18 homozygous

rsi3100168 95220 ar 0.06 0.12 homozygous

rs10433405 95283 G/A 0.14 0.24 homozygous

D353556 95525.66 CA — — homozygous

D353634 95525.74 CA — — homozygous

D3S1251 95760 CA — — homozygous

D353619 97124 CA — — heterozygous

D3s1752 99228 GAT — — heterozygous

D3s3716 100219 CA — — heterozygous

D3sIa7 102217 CA — — heterozygous

Minor allele frequencies and heterozygosities of SNPs were calculated from 44 unrelated normal Japanese studied in the International HapMap project. Lo-

cations are from NCBI Map Viewer build 36.2. The zygosity analysis was performed for a patient with a deletion in PROS/.
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deletion ranged at a maximum from the centromere to before the
D3S3619 marker, the first heterozygous marker in the upstream
of PROSI in chromosome 3. If we take this maximum deletion
into account, the large deletion could also include the genes
ARLI3B (ADP-ribosylation factor-like 13B), STXI9 (syntaxin
19), DHFRLI (dihydrofolate reductase-like 1), and NSUN3
(NOL1/NOP2/Sun domain family, member 3), because they are
located between PROSI and the marker D3S3556 (Fig. 3).

PROS| deletion carrier in PROSI causative point
mutation-negative Japanese DVT patients with low

PS activity

We measured PC and PS activity in 34 out of 163 DVT patients.
We found that 11 patients showed PS activity of less than 50%
with PC activity of more than 90%, suggesting functional low PS
activity, where the patient with the large PROS! deletion was in-
cluded. Among 11 patients with low PS activity, five carried cau-
sative point mutations including missense or splice site mu-
tations (manuscript in preparation by YS and TM). Therefore, in
our Japanese DVT patient group, one patient with a large PROS/
deletion was identified in six DVT patients with low PS activity
and no causative point mutations in PROS].

Discussion

With a few exceptions, gene deletion measurements are not rou-
tine in most mutation screening studies, and thus alterations of
gene deletion on the kilobase scale are thought to be underesti-
mated. By MLPA, Q-PCR, and direct sequencing analysis of the
PROSI coding regions, in addition to genotyping of the microsa-
tellites and SNP markers flanking PROS!, we detected a large

deletion encompassing at least the whole PROS! coding regions
in 1 out of 163 Japanese patients with DVT.

Evaluation of the deletion detection methods

The presence of the highly homologous pseudogene (>96%)
PROSP hampered the analysis of the gene deletion in PROS! by
the conventional techniques. In the present study, therefore, we
used the MLPA method to detect the deletions in PROS/. The ac-
curacy of this method was confirmed by three rounds of MLPA
and validated directly by Q-PCR. The presence and possible
range of the deletion was further confirmed by direct sequencing
of PROSI as well as microsatellite analysis and SNP linkage
analysis of the flanking regions of PROS!. With the sequencing
of PROS| exon regions, the loss of heterozygosity of all the SNPs
of PROSI indicates the existence of a hemizygous deletion en-
compassing the whole PROSIgene in one DVT patient. The
boundaries of the deletion were deduced by allele zygosity analy-
sis of the SNPs and microsatellite markers centered on PROS.
The marker density selected for analysis also has an impact on the
accuracy of discriminating the range of the deletion. In the pres-
ent study, the breakpoints of the deletion could only be limited to
the range between D3S3619, which was detected as the first het-
erozygous microsatellite in the region upstream of PROS/, and
the centromere located downstream of PROS /. To further define
the range of the deletion, it will be necessary to determine the
segregation pattern of the investigated SNP and microsatellite
markers in other affected individuals of the same family (18).

Nature of the large deletion of PROS!
The large deletion in the present study was defined as ranging at
a minimum distance of 107 kb between the PROS! promoter and
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exon 15 MLPA probes and at a maximum distance from the cen-
tromere to before the D3S3619 marker, the first heterozygous
marker in the upstream of PROS! in chromosome 3. To date, a
total of five large PROS! deletions have been described (Fig. 4)
(16-18). A 5.3 kb deletion spanning over 90% of intron 12, the
entire exon 13, and about a quarter of intron 13, was detected in
two PROSI-deficient families by Southern hybridization (16). A
long-PCR-based technique identified a deletion from intron 7 to
11 that removed approximately 14 kb (17). With a dense set of
SNP and microsatellite markers, three large deletions that en-
compassed at least 35 kb including exons 5-15, 437 kb including
exons 1-11, and 449 kb including the whole PROSI gene were
identified (18). The deletion in the present study was another one
with the definite minimum range encompassing the whole
PROSI gene. '

Large deletion of PROS/ and PS activity
The free PS antigen level and PS activity of the patient with the
deletionin PROS! were 2.1 pg/ml (normal range: 6.5-9.8 pg/mt)
and 16% (normal range: 65-105%), respectively, so that, in addi-
tion to the hemi-deletion of the PROSI gene, other genetic vari-
ations could influence the levels of the PS antigen and activity.
However, no causative point mutations were found in this patient
by DNA sequencing. If we take the deletion-as the maximum, the
deletion may encompass four other genes, ARLI3B, STX19,
DHFRLI1, and NSUN3 (Fig. 3). To our knowledge, none of these
genes are known to be associated with thrombosis, and thus their
absence is unlikely to affect the PS deficiency phenotype. The
four genes were also deleted in other patients with PS deficien-
cy (18). Since the characteristics of these genes and the cor-
.responding phenotypes have not yet been clarified, quantitative
analysis of these genes was not considered in the present study.
Another genetic variation that was missing by our analysis was
the existence of chromosomal rearrangements such as an inver-
sion of a large segment of DNA which has been found to be a
major genetic defect in the factor VIII gene in patients with se-

vere hemophilia A (30). Mutations in the promoter region might
be another possible explanation for the tow PS activity, The
PROS! promoter region has recently been characterized and
liver-specific cis-acting DNA elements have been identified, but
the role of this region in PS deficiency is still unknown (31).

Mechanism of the large deletion

We speculated that the deletion might occur by non-allelic
homologous recombination which can generate rearrangements
as a result of recombination between highly similar duplicated
sequences, such as segmental duplications (32). It has been con-
firmed that 24% of the 1,447 copy-number variations in the
human genome are associated with segmental duplications. Seg-
mental duplications were more frequently associated with the
long copy-number variations (33). However, the segmental du-
plications were not present in the vicinity of the PROS! gene at
the pericentromeric region in chromosome 3 (34). Regardless of
the recombination mechanism, genomic architectural features
have been associated with many rearrangement breakpoints
(35). This suggests that the large deletion in PROS! is not a ran-
dom event, but might result from a predisposition to rearrange-
ment due to a complex genomic architecture that may create in-
stability in the genome.

Large PROS/ deletion in Japanese DVT patients

All of the large deletions of PROS! so far reported were detected
in affected individuals in PS deficiency families (15-18). In the
present study, a PROS/ deletion was identified in a patient with
DVT, but unfortunately, the family members were not available
for analysis. The presence of a large deletion in one out of the 163
DVT patients suggested that a large deletion of PROSI is
relatively rare in DVT patients. However, if the deletion was ob-
tained in specified patients with low PS activity (<50%) and nor-
mal PC activity (>90%), it was found in one out of 11 patients.
When we looked at DVT patients with low protein S activity who
did not carry the causative point mutations in PROSI, one out of
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six patients had a large PROS! deletion. Large deletions in
PROS! have been previously identified by segregation analysis
in three out of eight PROS! causative point mutation-negative
families with PS deficiency (18). Large deletions of PROSI

might be more common in familial PS deficiency than pre-

viously thought, and MLPA analysis is an effective tool to detect

the deletion in PROSI.

In conclusion, a large deletion encompassing the whole

PROSI gene was detected in one DVT patient with 16% PS ac-
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Protein tyrosine kinase 28 (PTK2B) is a member of the
focal adhesion kinase family and is activated by
angiotensin Il through Ca?* -dependent pathways. An
evidence exists that PTK2B is involved in cell growth,
vascular contraction, inflammatory responses, and salt and
water retention through activation of the angiotensin II
type 1 receptor. To examine the contribution of PTK2B,
we sequenced the PTK2B gene using 48 patients with
hypertension, identified 62 genetic polymorphisms, and
genotyped six representative single nucleotide
polymorphisms in population-based case-control samples
from 3655 Japanese individuals (1520 patients with
hypertension and 2135 controls). Multivariate logistic
regression analysis after adjustments for age, body mass
index, present illness (hyperlipidemia and diabetes
mellitus), and lifestyle (smoking and drinking) showed

- 22A> G to have an association with hypertension in men
(AA vs. AG + GG: odds ratio=1.27; 95% confidence interval:
1.02-1.57; P=0.030). Another polymorphism, 53484A>C
(K838T), in linkage disequilibrium with -22A> G showed
a marginal association with hypertension in men (AA vs.
AC + CC: odds ratio=1.25; 95% confidence interval: 0.99-
1.57; P=0.059). Diastolic blood pressure was 1.6 mmHg
higher in men with the AC + CC genotype of 53484A>C
than those with the AA genotype (P=0.003), after

Introduction

Angiotensin II (Ang II) is a multifunctional hormone that
regulates the functions of cardiovascular cells through
intracellular signaling events initiated via interaction with
cell surface Ang II type 1 (AT1) and Ang II type 2 (AT?2)
receptors [1,2}. Ang Il was initially described as a
vasoconstrictor. Recent studies, however, demonstrate
that Ang II has growth factor and cytokine-like proper-
ties. The multiple actions of Ang II are mediated by
specific intracellular signaling pathways that are stimu-
lated following initial binding of the peptide to its
specific receptors. In the vasculature, AT1 receptors are
mainly present in vascular smooth muscle cells (VSMCs)
[3]. In the heart, AT1 receptors are expressed in
cardiomyocytes and fibroblasts. AT1 receptors mediate
most of the physiological actions of Ang 1.

Protein-tyrosine kinase 2B (PTK2B), also known as proline-
rich tyrosine kinase-2, focal adhesion kinase 2 (FAK2),
cell-associated kinase P, related focal tyrosine kinase or

1744-6872 © 2007 Wolters Kluwer Health | Lippincott Williams & Wilkins

adjustments for the same factors. These polymorphisms
are in linkage disequilibrium with others in a range of
113kb in PTK2B. The intracellular distribution of the
recombinant PTK2B protein and that of the mutant protein
with T838 were indistinguishable even after angiotensin Il
stimulation, both proteins localizing at a focal point

in the peripheral area in the cells. Thus, a haplotype in
PTK2B may play a role in essential hypertension in
Japanese. Pharmacogenetics and Genomics 17:931-939
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calcium-dependent tyrosine kinase, exhibits a considerable
level of structural homology to FAK, a nonreceptor tyrosine
kinase which targets sites of integrin clustering [4]. Unlike
FAK, PTK2B is expressed in a highly cell type and tissue-
specific manner. PTK2B is activated by phosphorylation on
tyrosine residues in response to various stimuli, depending
on the cell type, including G protein-coupled receptor
agonists (such as Ang II, thrombin, and lysophosphatidylcho-
line) and cellular stress (from ultraviolet irradiation, tumor
necrosis factor-o, hyperosmotic shock, etc.) [5]. Activation of
PTKZB requires intracellular calcium release [6]. In contrast
to FAK, which is localized to adhesion plaques at the basal
side of the cell, PTK2B is localized in the cytosol but can be
recruited to plasma membrane, the perinuclear region, or the
nucleus in response to different stimuli [7].

PTK2B is very similar to FAK, containing a kinase domain
and two proline-rich domains, as well as several phos-
phorylated residues including an autophosphorylation site
(T402), sites involved in kinase activation (T579, T580),
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and a site (T881) homologous to the Grb2-binding site in
FAK [6,8]. .

AT1 receprors activate PTK2B in a calcium-dependent
manner. As PTKZB may act to regulate c-Src and to link
G protein-coupled vasoconstrictor receptors with protein
kinase-mediated contractile, migratory, and growth re-
sponses, it may be a potential point of convergence
between Ca“'-dependent signaling pathways and pro-
tein kinase pathways in VSMCs. Thus, PTK2B may playa
role in hypertension through AT1 receptors.

In this study, we attempted to evaluate the PTKZB gene
in relation to hypertension using population-based case—
control samples from 3655 Japanese individuals (1520
patients with hypertension and 2135 controls). First we
identified genetic variations, mainly single nucleotide
polymorphisms (SNPs), in all exons of PTKZB. Next, we
examined the association of SNPs with the presence of
hypertension in the Japanese general population. Finally,
we examined the intracellular localization of a mutant
PTK2B with the missense mutation K838T,

Methods

Participants of the study population

The selection criteria and design of the Suita study were
described previously [9,10]. Briefly, the participants had
been selected randomly from the municipal population
registry and stratified based on sex and age (stratified in
10-year intervals). They were all invited, by letter, to
receive medical and behavioral examinations every 2 years
at the Division of Preventive Cardiology, National
Cardiovascular Center, Japan. DNA from the leukocytes
was collected from participants who visited the National
Cardiovascular Center. In this study, 3655 individuals
including 1520 patients with hypertension (779 men, 741
women) and 2135 controls (930 men, 1205 women) were
genotyped. All of the participants were Japanese. For
DNA sequencing, 48 Japanese patients with essential
hypertension at the Division of Hypertension and
Nephrology, National Cardiovascular Center, Japan, were
recruited. Only those who gave their 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.

Measurements

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 measurements
(recorded > 3 min apart). In this study, two criteria were
used to define hypertension. SBP of > 140 mmHg and/or
DBP of > 90mmHg, or the current use of antihyper-
tensive medication. To exclude marginal hypertension,
hypertension was defined as SBP of > 160 mmHg and/or
DBP of > 95 mmHg, or the current use of antihyperten-

sive medication. Diabetes mellitus was defined as a
fasting plasma glucose level > 7.0 mmol/l (126 mg/dl) or
nonfasting plasma glucose level > 11.1 mmol/l (200 mg/
dl) or the taking of antidiabetic medication or HbAlc
2> 6.5%. Hyperlipidemia was defined as a total cholesterol
concentration > 5.68 mmol/l (220 mg/dl) or the taking of
antihyperlipidemia medication. Body mass index (BMI)
was calculated as weight (in kilograms) divided by height
(in meters) squared. ’

Blood samples drawn from the participants after 12h of
fasting were collected in ethylenediaminetetraacetate-
containing tubes. Total cholesterol and high-density
lipoprotein cholesterol levels: were measured with an
autoanalyzer (Toshiba TBA-80, 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 discovering polymorphisms and
genotyping of single nucleotide polymorphisms

We sequenced the entire coding region of PTKZB in 48
hypertensive samples in which hypertension susceptive
polymorphisms would be much concentrated. The
methods of direct sequencing were described previously
[11,12]. SNPs having a minor allele frequency of greater
than 5% were candidates for genotyping using the
TagMan-polymerase chain reaction (PCR) system (Ap-
plied Biosystems, Foster City, California, USA) [13,14].
As a consequence, we genotyped six SNPs in the
population-based samples.

Linkage disequilibrium and single nucleotide
polymorphism blocks in the PTK2B gene

SNP genotype data for the Japanese population were
downloaded from the International HapMap Consortium
(wwwhapmap.org) [15). Positions of SNP sites were
renumbered by NCBI human chromosome sequences
(build 35). Pair-wise D' and LOD values were calculated
and SNP blocks were inferred by Haploview [16] using
its default setting parameters.

Expression of wild-type and mutant rat PTK2B

PTKZB is a rat ortholog of human PTK2B. PTK2B cDNA
was inserted into an EGFP-tagging mammalian expres-
sion vector, pEGFP-C1 (BD Biosciences, San Jose,
California, USA). A missense mutation, K838T, was
introduced into PTK2BcDNA by site-directed muta-
genesis using PCR. The mutation was confirmed by
sequencing, Human umbilical vascular endothelial cells
(HUVECGs) were cultured in HuMedia-2 (Kurabo, Osaka,
Japan) supplemented with a growth additive set and used
for experiments before passage 7. HUVECs cultured on
glass-bottom dishes transfected with either pEGFP-wild-
type PTK2B or pEGFP-mutant PTK2B using FuGene6
(Roche Diagnostics, Basel, Switzerland) were imaged
under a fluorescence microscope (IX-81, Olympus,



Tokyo, Japan). Furthermore, both wild-type and mutant
cells were incubated with vehicle or 1pmol/l Ang 11
(Sigma, St Louis, Missouri, USA) for 5 min to investigate
the difference of cell maturity.

Statistical analysis

Student’s r-test was used to compare mean values
between groups. Frequencies were compared by y?
analysis. The relationships in men and women between
genotypes and the presence of hypertensives were
expressed in terms of odds ratios (ORs) adjusted for
possible confounding effects including age, BMI, anti-
hypertensive drug use, present illness (hyperlipidemia
and diabetes mellitus), and lifestyle (smoking and
drinking) by logistic regression analysis. For multivariate
risk predictors, adjusted ORs were given with 95%
confidence intervals (Cls).

Association-based analyses in each sex of genotypes with
blood pressures were investigated through analysis of
covariance considering potential confounding risk vari-
ables, including age, BMI, present illness (hyperlipidemia
and diabetes mellitus), lifestyle (smoking and drinking),
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in men than in women. Total cholesterol, high-density
lipoprotein cholesterol, and percentage that have hyper-
lipidemia were significantly higher in women than in
men. Table 1b shows patients characteristics divided by
two criteria of hypertension. Age, BMI, and percentage
that are current drinkers, have diabetes and have
hyperlipidemia were higher in hypertensive patients than
normotensives for both criteria.

Polymorphisms in PTK2B and genotyping of single
nucleotide polymorphisms

We sequenced 96 alleles from 48 Japanese patients with
hypertension, and identified 62 polymorphisms, including
four nonsynonymous and 11 synonymous SNPs (Table 2).
The four nonsynonymous SNPs, 45344G > A, 48255A >
G, 48273G > A, and 53484A > C, encode for the missense
mutation R698H with a minor allele frequency of 0.010,

Table 1a Basic characteristics of the participants

Women (n=1946) Men (n=1709)

- g Nt Age (year) 63.5+11.1 66.1+11.3*
and antihypertensive medication. Systolic blood pressure 128.3+19.8 130.8£19.9*
(mmHg)
L. ' . .. Diastolic blood pressure 76.5%9.7 79.2+10.3*
Statistical analyses were performed with SAS statistical {mmHg)
software (release 6.12, SAS Institute Inc., Cary, North $°:!y mase i"dﬁx((kgjg:;) 2125-‘1“:“22 . 1323‘—‘3-10:
- . . il otal cholesterol (mg 14313 7£31.
Carolina, USA). The linkage dlsequxhbrhmm (LD) of ol cholesterol (mg/d) 64.9£15 9% 54.0%14.3
genotyped SNPs was calculated by using SNPAlyze  CGurent smokers (%) 6.0 30.0t
version 2.1 (DYNACOM Ceo., Ltd, Mohara, Japan). Current drinkers (%) 273 6.0t
Present illness (%)
Hypertension 38.1 45.61
Results Hyperiipidemia 54.91 315
Diabetes mellitus 6.1 13.01

Basic characteristics of participants of the study
population

The characteristics of the 3655 participants (1709 men,
1946 women) are summarized in Table 1a. Age, SBP, DBP,
BMI, percentage that are current smokers, percentage
that are current drinkers, prevalence of hypertension, and
prevalence of diabetes mellitus were significantly higher

Values are the mean £ SD or a percentage. Hypertension indicates a systolic blood
pressure > 140mmHg and/or diastolic blood pressure > 90 mmHg or anthyper-
tensive medication; hyperlipidemia, total cholesterol > 5.68 mmol/l (220 mg/dl) or
antihyperlipidemia medication; diabetes, fasting plasma glucose > 7.0 mmoll
(126 mg/dl} or nonfasting plasma glucose > 11.1 mmol/l (200 mg/d) or antidiabetic
medication. HDL, high-density lipoprotein.

*P<0.05 between women and men by the Student's t-test.

tP<0.05 between women and men by the % test.

Table tb  Characteristics of the patients divided by two definitions of hypertension

NT1 (n=2135)

HT1 (n=1520)

NT2 (n=12657) HT2 (n=1098)

Age {year) 61.8+11.6 68.8+9.4* 62.7+11.4 69.5+9.4*
Sex (F/M) 1206/930 7411779+ 1426/1131 520/578 +
Body mass index (kg/m"’) 22.3*3.0 23.6+3.2* 22.4+3.0 238+3.2*
Systolic blood pressure (mmHg) 118.0£12.0 14561+ 16.5* 122.6+15.3 1455+ 18.9*
Diastolic blood pressure (mmHg) 73.9183 83.2+9.8* 75.6£9.0 829+10.5*
Total cholesterol (mg/dl) 208.31+32.8 207.51+32.2 208.7 +£32.5* 206.2+325
HDL cholesterol (mg/dl) 61.3115.8* 68.7115.2 61.1£15.8* 58.1+14.9
Current smokers (%) 193+ 14.2 18.9+ 13.4
Current drinkers (%) 43.6 49.0+ 44.3 493+
Present illness (%)

Diabetes mallitus 6.9 128+ 74 13.8+

Hyperlipidemia 40.6 48.6 + 418 49.1 +

Values are the meant SD or a percentage. HDL, high-density lipoprotein; HT, hypertension; HT1, hypertension indicates a systolic blood pressure >140 mmHg and/or
diastolic blood pressure >90mmHg or antihypertensive medication; HT2, hypertension indicates a systolic blood pressure >160mmHg and/or diastolic blood
pressure >95mmHg or antihypertensive medication; hyperlipidemia, total cholesterol > 5.68 mmol/l (220 mg/dl} or antihyperlipidemia medication; diabetes mellitus,
fasting plasma glucose > 7.0mmal/l (126 mg/dl) or nonfasting plasma glucose > 11.1 mmol/l (200 mg/dl} or antidiabetic medication; NT, normotension.

*P<0.05 between cases and controls by the Student's ttest.

+ P<0.05 between cases and controls by the y? test.
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Table 2 List of polymorphisms and their allele frequency in PTK28B identified by direct sequencing in 48 hypertensive patients

SNP LD

Amino acid Region Allele 1 Allele 2 Flanking sequence Typing dbSNP ID
substitution frequency frequency
~B86282C>A Promoter 0.870 0.130 cccggetgecaalc/algecegegaceeg Tagman rs7006183
-86255C>T a Promoter 0.924 0.076 tgetgggaategle/tlccagtecettee rs12679503
-86253C>T Promoter 0.988 0.011 ctgggaategcecle/tlagtcectteece
-86200G>A b Promoter 0.967 0.033 caatcgtgcgaglg/algggatggegagg
-86188G>A b Promoter 0.967 0.033 ggggatggegagla/algggagg-
929999
-86141G>A c Promoter 0.761 0.239 cttccggtgtgelg/alcgggaaatcttg Tagman rs7006244
—-85972A>T c 5-UTR 0.771 0.229 AAAGGAGCCTCTIA/T] rs6986218
CCTTAACCAATC
-85868C>T a Intron 1 0.927 0.073 GCACCqtgagtglc/tlaatcaccactta rs12679570
-75144G>A d §'-UTR 0.979 0.021 TTGTGAAGACAA[G/A]
CTAGACGGCAGA
-74037T>C c Intron 5 0.719 0.281 cattattgcaact/c]tatgccatatgg
-99G>A e,g,ik,m Intron 6 0.589 0.411 getgteectggglg/alccatgaggtatg
-22A>G e,g,ikm §-UTR 0.589 0.411 TGCAATGTGCCGIA/G] Tagman rs2241649
TCTTAGCTGCTG
27T>C 8,0,i,km 898 Exon 7 0.589 0.411 CGAGCCCCTGAGIT/C] rs1045510
CGAGTAAAGTTG
45G>A 8,g,ikm T18T Exon 7 0.589 0.411 AAAGTTGGGCACIG/A] rs1045511
TTACGCCGGCCT
162A>G e,g,i,k,m K54K Exon 7 0.589 0.411 CAATCCTGGGAAIA/G) rs1045512
AACTTCAAACTG
224C>T e,g,ikm Intron 7 0.589 0.411 tgaagtgtctgelc/flctgtecatetgt rs2241650
22313G>A E63E Exon 8 0.990 0.010 tectetgcagGAlg/al
ATCATCACCTCC
22436G>A f T110T Exon 8 0.875 0.125 CCCACAGATGACIG/A] Tagman rs1030526
GTGGGTGAGGTG
24604G>A e,g,h k| Intron 9 0.427 0.573 ttgtttgtggtala/alggtggatggetg rs2241652
32896T>A Intron 12 0.865 0.135 gagtgtaagggalt/algaggctgggget Tagman rs2241653
32932T>C f Intron 12 0.885 0.115 gagaagccaggglt/clatctgegeggec rs7827965
33213T>C Intron 12 0.927 0.073 agcagigggcaglt/clctctcagegaga
33938C>T Intron 14 0.957 0.043 aggaggtegtec{c/tlctetetgetgec
34834T>C Intron 15 0.979 0.021 tataatggcagalt/cltgggagetettg rs2303881
34862T>C Intron 15 0.979 0.021 agaccaaaagte[t/clgtgacacacagg rs2303882
36097G>A Intron 16 0.979 0.021 ccacagcceagelg/alggaagettecag
36456T>C g.hkl Intron 16 0.417 0.583 gtcagtcaccealt/clecaggtecetgt rs919493
36567A>G Intron 17 0.979 0.021 acaatggggtgcla/glgaggacagggcec
36648C>T b Intron 17 0.948 0.052 catagtttctgg(c/tltttcaggcccag rs12056620
38234G>T e,ijkm Intron19 0.615 0.385 ccecgecacagelg/tlaccgtagtcaag rs11774417
38312C>T Intron 19 0.989 0.011 ttectectttat{c/f)cteccettcgtge
38764C>T b H447H Exon 20 0.958 0.042 CTACACAAATCAIC/T] rs7005936
gtgagtictagg
38881C>T Intron 20 0.990 0.010 gggccccettgtele/tlctaagggectet
38888G>A b Intron 20 0.958 0.042 ttgtccctaagglg/alectettgtecac rs2241654
39431C>G ghkt Intron 20 0.426 0.574 taggagaaaggglc/glectttcctggea rs2163176
39505G>C b Intron 20 0.957 0.043 agcactgggctglg/claccaaggggtec rs7005954
39722T>C ghkl Intron 21 0.426 0.574 tggaggagggagtlt/clcccgtecteeea rs6996922
41359~ Intron 23 0.990 0.010 agattctiggtelte/ltttttccatetg
41360delTC
42101T>C b Intron 25 0.958 0.042 aagacgaaactclt/clgtgacttattct rs11995441
42595T>C ghkl Intron 25 0.448 0.5652 gacgatggtgctiveletgggtaggagg rs2241657
42977A>G ghkl Intron 26 0.448 0.652 agggtcaaggacla/glggaggctgaage rs2241658
45344G>A R698H Exon 27 0.990 0.010 AGAGGAATGCTCIG/A]
CTACCGAACCCC
46624C>G i P717P Exon 28 0.755 0.245 ctetetccagCCIC/G]
AGCCGACCTAAG
48255A>G M754V Exon 29 0.989 0.011 CTCACCAGCCCTIA/G]
TGGAGTATCCAT
48273G>A d V760F Exon 29 0.979 0.021 TATCCATCTCCCIG/A]
TTAACTCACTGC
48640T>A Intron 29 0.989 0.011 ggggtagggggali/alctgtggeagett
53437G>A b Intron 30 0.957 0.043 tettagtectte(g/alctetigtttett rs751018
53443G>A Intron 30 0.989 0.011 tecttegetettg/aliticttcctetg
53484A>C e,gh,ikim K838T Exon 31 0.489 0.511 ATATGAATGATAIA/C] Tagman rs751019
GTCCCCATTGgt
5374BA>G g,h,kl,m Intron 31 0.448 0.552 cagaaaggtcacla/glttgggtcacgag 12251430
53860C>T e,ik,l,m Intron 31 0.615 0.385 tgtctecacagelc/tlgeatgagtgacg rs2278319
55445A>G g,h,k Intron 32 0.448 0.552 tggtagaggggala/gl ggggceteattty rs3735758
56602T>C ghki T876T Exon 34 0.448 0.5652 CCTGGACCGGACIT/C] rs1879184
GATGACCTGGTG
66804~ Intron 34 0.990 0.010 ccagcagatcctfet/-ltagagcaagetg
56805delCT
56939C>T n Intron 34 0.956 0.044 ctgeccettictlc/fleccccagAATGT rs10093064
5§7034G>A n Intron 35 0.956 0.044 ACAGAGgtgagclg/altcceattecaga rs7007145
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Table 2 (continued)
SNP LD Amino acid Region Allele 1 Allele 2 Flanking sequence Typing dbSNP ID
substitution frequency frequency
60775A>G ahkl ABB0A Exon 36 0.435 0.565 GATGCGGCTGGCA/G) rs1879182
CAGCAGAACGCC
60799A>G ghkl Lo968L Exon 36 0.435 0.565 CGTGACCTCCCTIA/G] rs1879181
AGTGAGGAGTGC
60835A>G S980S Exon 36 0.967 0.033 GCTGACGGCTTCA/G)
CACACCCTGGCT
60926C>T 3'UTR 0.989 0.011 CCTGCAGAGTGAIC/T]
GGAGGGTGGGGG
61000T>C 3'UTR 0.989 0.011 TGCTGTTGGTCA[T/C)
GTGGGTCTTCCA
61016G>A b 3'UTR 0.957 0.043 GGTCTTCCAGGGIG/A} rs2271920
GAAGGCCAAGGG

The A of the ATG of the initiator Met codon is denoted nucleotide + 1, as recommended by the Nomenclature Working Group (Hum Mut 1998; 11:1-3). The uppercase
and lowercase letters are the sequence in the exon and intron region, respectively. The nucleotide sequence (GenBank Accession ID : NT_023666.16) was used as a
reference sequence. The apparent linkage disequilibrium (LD), defined by an /? of more than 0.5, was indicated by a~m, which shows different LD group.

SNP, single nucleotide polymorphism; UTR, untranslated region; Tagman, the SNP was successfully genotyped by the Tagman method.

for M754V with a minor allele frequency of 0.011, for
V760F with a minor allele frequency of 0.021, and for
K838T with a minor allele frequency of 0.489, respec-
tively. 53484A > C has been deposited in the public
database with the dbSNP number, rs751019. Considering
the allele frequency and the LD, we selected six SNPs for
genotyping in large-scale population-based samples.

Assaciation of single nucleotide polymorphisms with
hypertension

The multivariate logistic regression analysis after adjust-
ments for age, BMI, present illness (hyperlipidemia and
diabetes mellitus), and lifestyle (smoking and drinking)
revealed that —22A > G showed an association with the
presence of hypertension in men (AA vs. AG + GG:
OR=1.27; 95% CI: 1.02-1.57; P=0.030). Another
polymorphism, 53484A > C, accompanied by the mis-
sense mutation K838T in LD with —22A > G, showed a
marginal association with the presence of hypertension in
men (AA vs. AC+ CC: OR = 1.25; 95% CI: 0.99-1.57;
P=0.059) (Table 3a). Power analyses using the SNPs
with hypertension were performed. These two significant
SNPs, -22A>G and 53484A > C (K838T), showed
higher power, 68 and 53%, respectively. Furthermore,
DBP was 1.6 mmHg higher in men with the AC + CC
genotype of 53484A > C than those with the AA genotype
(P=0.003), after adjustments for the same factors
described above (Table 4).

When hypertension was defined as SBP of > 160 mmHg
and/or DBP of >95mmHg, or the current use of
antihypertensive medication, —22A > G showed an asso-
ciation with the presence of hypertension in men (AA vs.
AG+GG: OR=138; 95% CI: 1.10-1.73; P =0.006).
Another polymorphism, 53484A > C (K838T), showed a
significant association with the presence of hypertension in
men (AA vs. AC+ CC: OR=1.31; 95% CI: 1.03-1.68;
P=0.031) (Table 3b). These two significant SNPs,
—22A > G and 53484A > C (K838T), showed power, 90

and 68%. Taken together, PTKZR was associated with the
presence of hypertension in men.

The pair-wise LD parameters, 7% and DY, calculated from
the genotype data for these SNPs, are shown in Table 5.
Two SNPs, -22A>G (rs1045510) and 53484A > C
(K838T: rs751019), were in LD with an 7% of more than
0.5. These polymorphisms showed LD extensively to
make a haplotype block with more than 20 SNPs, as
shown in Table 2.

To understand more about the LD in PTK?B, we
retrieved genotype data on PTKZB from the public
database, HapMap Project. The pair-wise D' value is
shown in supplement Fig. 1. A hypertension-associated
polymorphism, 53484A > C (K838T: 1s751019), was in
LD with rs1879181, rs1583092, rs1019832, rs4733058,
15725787, 152322718, 151045510, 1s919495, rs11776858,
1511785606, rs10109834, and rs3735759, which are
present in a stretch of 113kb in PTKZB. Among the
polymorphisms in LD with 53484A>C (K838T
1s751019), 151045510 (27T >C) is a synonymous SNP
encoding S9S, and the others are present in the
S'-untranslational region, in an intron, or in the
3’-untranslational region.

Expression of mutant PTK2B

As described, a haplotype of PTKZB including the
missense mutation K838T was associated with the
presence of hypertension. Figure 1 shows an amino acid
sequence alignment of human, ape, dog, and mouse, in
the area surrounding K838. The amino acid sequence
around K838 was highly conserved among mammals,
suggesting a functional role. To understand the functional
roles of the K838T mutation, the rat ortholog, PTK2B,
was expressed in HUVECs to see the effects on the
intracellular localization of the recombinant protein. Both
EGFP-tagged wild-type PTK2B and mutant PTK2B were
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Table 3a  Allele frequency and odds ratio of the presence of hypertension by genotypes of PTK2B polymorphisms by sex

Men Women
SNP (allele frequency) Genotype group Odds ratio (95% Cl) P Odds ratio (95% Cl) P
~86282C>A cC 1 0.427 1 0.074
(0.890/0.110) CA+AA 0.90 (0.70~1.16) 1.26 (0.98-1.62)
CC+CA 1 0914 1 0.181
AA 1.05 (0.45-2.45) 1.78 (0.76~4.16)
-86141G>A GG 1 0.588 1 0.428
(0.671/0.329) GA+AA 1.06 (0.86-1.30) 1.09 (0.89~1.33)
GG+GA 1 0571 1 0.722
AA 1.10 (0.79-1.55) 0.94 (0.67-1.32)
-22A>G AA 1 0.030 1 0521
(0.597/0.403) AG+GG 1.27 (1.02-1.57) 1.07 (0.87-1.32)
AA+AG 1 0.375 1 0.617
GG 1.14 (0.86-1.50) 0.93 (0.70-1.24)
22436G>A GG 1 0.456 1 0.452
(0.820/0.180) GA+AA 0.92 (0.74-1.14) 0.92 (0.74-1.14)
GG+ GA 1 0.483 1 0.764
AA 1.27 (0.65-2.45) 1.10 {0.58-2.09)
32896T>A T 1 0.935 1 0.254
(0.889/0.111) TA+AA 1.01 (0.79-1.29) 1.15 (0.90-1.48)
TT+TA 1 0.276 1 0.926
AA 1.59 (0.69-3.67) 0.96 (0.37-2.50)
53484A>C AA 1 0.059 1 0.874
KB38T AC+CC 1.25 (0.99-1.57) 0.98 (0.79-1.22)
(0.527/0.473) AA+AC 1 0.600 1 0.633
cC 1.07 (0.83-1.37) 0.94 (0.73-1.21)

All adjusted for age, body mass index, antihypertensive drug use, present illness (hyperlipidemia, diabetes meliitus), and lifestyle {smoking and drinking). Hypertension
was defined as a systolic blood pressure of >140 mmHg and/or diastolic blood pressure of >90mmHg, or the current use of antihypertensive medication.

Cl, confidence interval; SNP, single nucleotide polymorphism.

Table 3b Allele frequency and odds ratio of the presence of hypertension by genotypes of PTK2B polymorphisms by sex

Men Women
SNP (allele frequency) Genotype group Qdds ratio (35% Cl) P Odds ratio (95% CI) P
~-86282C>A CC 1 0.426 1 0.288
(0.890/0.110) CA+AA 1.11 (0.86~1.44) 1.16 (0.88-1.52)
CC+CA 1 0.881 1 0.657
AA 1.07 {0.45~2.51) 1.24 (0.48-3.15)
-86141G>A GG 1 0.840 1 0.100
(0.671/0.329) GA+AA 1.01 (0.81~1.25) 1.20 (0.96-1.50)
GG+GA 1 0.470 1 0.305
AA 1.14 (0.80-1.60) 0.82 (0.57-1.19)
-22A>G AA 1 0.006 1 0819
(0.597/0.403) AG+ GG 1.38 (1.10-1.73) 1.03 (0.82-1.29)
AA+AG 1 0.067 1 0.985
GG 1.31 (0.98-1.74) 1.00 (0.74-1.37)
22436G>A GG 1 0.060 1 0.490
(0.820/0.180) GA +AA 0.80 (0.64-1.01) 0.92 (0.73-1.16)
GG +GA 1 0.735 1 0.360
AA 1.13 (0.56~2.26) 1.36 (0.70-2.63)
32896T>A T 1 0.420 1 0475
{0.889/0.111) TA+AA 1.11 (0.86-1.43) 1.10 (0.84-1.44)
TT+TA 1 0.691 1 0487
AA 1.18 (0.52-2.68) 1.42 (0.53-3.84)
53484A>C AA 1 0.031 1 0.554
K838T AC+CC 1.31 (1.03-1.68) 1.07 (0.85-1.36)
(0.527/0.473) AA+AC 1 0.986 B 0.386
cCc 1.00 (0.77-1.30) 0.89 (0.67-1.16)

Cl, confidence interval; SNP, single nucleotide polymorphism.

All adjusted for age, body mass index, antihypertensive drug use, present illness {hyperlipidemia, diabetes mellitus), and lifestyle (smoking and drinking). Hypertension
was defined as a blood pressure of >160mmHg and/or diastolic blood pressure of >95 mmHg, or the current use of antihypertensive medication.

observed at the focal adhesions. Figure 2a and b indicated
that the missense mutation, K838T, of PTK2B does not
extensively alter the intracellular localization of PTK2B.
As shown in Fig. Zc and d, both EGFP-tagged wild-type
PTK2B and mutant PTK2B were observed at the cytosol
and the immature focal adhesions without the stimula-

tion. After Ang II stimulation, EGFP-tagged wild-type
PTKZB and mutant PTK2B were partially located at the
mature focal adhesions as reported previously [17] and
had similar localization manner. These results indicated
that the missense mutation, K838T, of PTK2B does not
extensively alter the intracellular localization of PTKZB.
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Table 4 Blood pressure levels by genotypes of a PTK2B polymorphism, 53484A>C (K838T), in men

AA AC cC P AA+AC CcC P AA AC+CC P
n 459 876 366 1335 366 459 1242
DBP 78.0+£05 79.8+0.3 7891205 0.123 78.2+03 789105 0.544 78.0%05 79.6+0.3 0.003
SBP 130.8£08 131.0+06 1305%09 0.882 130.9+05 1305109 0.720 130.8£08 1308105 0.921

Values are mean+ SD. All adjusted for age, body mass index, antihypertensive dru

drinking).
DBP, diastolic blood pressure; SBP, systolic blood pressure.
DBP and SBP are expressed in mmHg. i

g use, present illness (hyperfipidemia, diabetes mellitus), and lifestyle (smoking and

Table 5 Linkage disequilibrium of six genotyped PTK2B polymorphisms expressed by r? and absolute D'

-86282 -86141 -22 22436 32896 53484
C>A G>A A>G G>A T>A A>C
-86282C>A - 0.24 0.17 0.02 0.41 0.09
-86141G>A 1.00 - 0.14 0.07 0.07 0.04
-22A>G 0.94 0.42 - 0.13 0.09 0.53
22436G>A 0.79 0.40 0.97 - 0.02 0.02
32896T>A 0.66 0.50 0.68 0.89 - 0.13
53484A>C 0.82 0.27 0.85 0.36 0.94 -

Upper right represents  and lower left shows absolute D'.

Fig. 1
*
Human 830 DPMVYMNDKSPLTPEKEV 847
Ape 923 DPMVYMNDKSPLTPEKEV 940
Dog 830 DPMLYMNDKSPLTPEKEA 847
Mouse 830 DPMVYMNDKSPLTPEKEA 847
Rat 788 DPMVYMNDKSPLTPEKEA 805

Amino acid sequences of human, ape, dog, mouse, and rat PTKB2 are
aligned. Numbers on left and right side indicate positions of amino acid
residues. *K838.

Discussion

In this study, we evaluated PTKZB as a candidate for a
susceptibility gene for hypertension using population-
based case—control samples including 3655 Japanese
individuals (1520 patients with hypertension and 2135
controls). The multivariate logistic regression analysis
after adjustments for confounding factors showed that
—22A > G and 53484A > C (K838T) in PTK2B showed an
association with the presence of hypertension in men.
This association was stronger when hypertension was
defined as SBP of > 160mmHg and/or DBP of
> 95mmHg, or the current use of antihypertensive
medication. Both SNPs were in LD with other poly-
morphisms in P7KZB, thus comprising an extensive
haplotype block 113kb in length. Therefore, this
extensive haplotype block in PTKZB may be an important
determinant for hypertension.

PTKZB is involved in the signaling pathways of Ang II and
endothelin-1 (ET-1), two important vasoconstrictors, in
cardiovascular cells [5,18,19], and nitric oxide, an im-
portant vasodilator, inhibited Ang II-induced activation of

PTK2B [20]. In addition, PTK2B-mediated Ang 1 or
ET-1-augmented migration and protein synthesis in
VSMGs [17,21,22]. The augmented migration and protein
synthesis by VSMCs could lead to medial thickening and
progressive luminal narrowing of resistant blood vessels
and result in hypertension [23,24]. Moreover, VSMCs from
spontaneously hypertensive rats exhibited increased cell
growth compared with those from normotensive Wistar—
Kyoto rats [25], and increased PTK2B activity was involved
in this effect [26]. All these results suggest that genetic
variations of PTK2B influence the net-effects of vasoactive
factors on VSMC phenotype and contribute to hyperten-

~sion. Furthermore, PTKZB was originally identified in the -

human hippocampus and its mRNA was detected mainly
in human brain and kidney [27]. An evidence to suggest
that Ang II is a neurotransmitter and upregulation of the
renin-angiotensin system in brain contributes to hyperten-
sion exists [28]. Therefore, an effect of genetic variations
of PTKZB on the regulation of the cardiovascular system by
the central nervous system is expected. Transgenic and
knockout techniques for the PTK2R gene i vivo are
necessary to clarify this point.

In this study, we genotyped six SNPs. Therefore, after

applying the Bonferroni correction for multiple testing,
the level of significance is P < 0.0083 (0.05/6 for 6 loci).
—22A > G showed a significant association with hyperten-
sion in men (P=0.006) even with use of a strict
Bonferroni correction, when hypertension is defined as
SBP of > 160 mmHg and/or DBP of > 95 mmHg, or the
current use of antihypertensive medication. In addition,
53484A > C still showed a significant association with
blood pressure levels in men (P=0.003) after the
Bonferroni correction. Power analysis also showed that
these two SNPs, —22A > G and 53484A > C, had higher
power more than 50%, and rest of SNPs did not have
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Fig. 2

(a) EGFP-PTK2B

© EGFP-PTK2B-K838T

Fluorescent imaging of wild-type and mutant PTK2B molecules. HUVECs transfected with the plasmids encoding EGFP-PTK2B (a, b) and EGFP-
PTK2B K838T (c, d) were starved for 4 h, and stimulated with vehicle {a, c) or 1 umol/t Ang Il for 5 min (b, d). Right side images of each panel show
magnified view of the area in squares. HUVECs, human umbilical vascular endothelial cells.

power above 50%. Thus, PTKZB is speculated to be a
susceptibility gene for hypertension.

The mechanisms by which the two SNPs (-22A > G and
53484A > C) might be associated with hypertension in
men only are unknown. No association in women was
observed. This inconsistency might be derived from sex
differences. Regarding sex differences, the incidence and
rate of progression of hypertension was markedly higher
in men than in age-matched premenopausal women and,
after menopause, this relationship no longer existed [29].
In various hypertensive animal models, males showed
higher blood pressure levels than females owing to greater
levels of Ang II-NADPH oxidase-mediated upregulation
of the production of reactive oxygen species [30,31], Ang
Il-induced enhancement of sympathetic nerve activity
[32], decreased nitric oxide production [33], and a high
ratio of AT'1/AT?Z receptors of Ang 11 [34)]. In addition, the
elevation in blood pressure after the administration of
ET-1 was much higher in male rats than in female rats
[35], because estrogen might reduce ET-1-induced
vasoconstriction {36]. As PTK2B is involved in the
signaling pathways of Ang II and ET:1 and nitric oxide
inhibits Ang II-induced activation of PTK2B [20], sex
differences in the relationship between PTKZ2B poly-
morphisms and hypertension may be ascribed to the
influences of these vasoactive factors.

The missense mutation K838T seemed to be important
to the function of PTK2B. We expressed the mutant
protein in mammalian cells and examined its intracellular
localization by fluorescence imaging. It was clear that the
mutant did not show extensive changes in terms of
localization even after Ang 11 stimulation. This imaging,
however, only looked at the localization. We have to
examine the kinase activity of the mutant protein in a
future study. In addition, —22A > G and SNPs in LD

with 53484A>C (-99G> A, 15919495, 1511776858,
1511785606, rs10109834, and rs3735759) are present in
the 5'-untranslational region. Whether they could influ-
ence PTKZB gene expression needs to be clarified.

In summary, we have found an association between
hypertension and SNPs of PTKZB. Association-based
studies are not consistently reproducible due to false
positive results, false negative results, or true variability
in associations among different populations [37). There-
fore, confirmation of the result in additional cohorts may
be required.
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Endothelin-1 (ET-1) is a potent vasoconstrictive peptide
and its activity is mediated by the receptors ET type A
(EDNRA) and ET type B (EDNRB). Although ET-1 is
thought to play an important role in the development of
atherosclerosis, it remains unclear whether polymorph-
isms of ET-1 family genes, including the ET-1 gene
(EDNT), EDNRA, EDNRB and the genes for endothelin
converting enzymes 1 and 2 (ECET1 and ECE2), are
associated with the progression of atherosclerosis. We
investigated the relationship between 11 single nucleo-
tide polymorphisms (SNPs) of ET-1 family genes
(including three in EDN17, one in EDNRA, two in EDNRB,
four in ECE1 and one in ECE2) and atherosclerotic
changes assessed using pulse wave velocity (PWV) and
carotid ultrasonography in 630 patients with essential
hypertension (EHT). In male subjects, we found sig-
nificant differences in brachial-ankle PWV (baPWV) in

additive and recessive models in EDNRB-rs5351 after
Bonferroni correction. Also in male subjects, there were
significant differences in mean intima-media thickness
(IMT) in additive and recessive models in EDNRA-rs5333
after Bonferroni correction. We found no significant
correlation between any SNPs in the ET family genes
and baPWV, IMT and Plaque score (PS) in female
subjects. Furthermore, after multiple logistic regression
analysis, only EDNRB-rs5351 indicated as an indepen-
dent risk of atherosclerosis in male hypertensive sub-
jects. Of the endothelin-related genes, EDNRB-s5351
was the most susceptible SNP associated with athero-
sclerosis in male hypertensives, and the genetic back-
ground may be involved in the progression of
atherosclerosis in EHT patients.
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Introduction

Endothelin-1 (ET-1} is a potent vasoconstrictive
peptide produced primarily by vascular endothelial
cells and appearing in many other organs.” ET-1 is
thought to play an important role in the develop-
ment of atherosclerosis through endothelial dys-
function and the proliferation of vascular smooth
muscle cells (VSMCs). ET-1 may be a marker for
arterial vascular disease; Lerman et al.? showed a
significant correlation between plasma endothelin
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levels and the number of vascular disease sites.
Some reports have linked plasma levels of ET-1 to
hypertension, while others have argued against this
relationship. Hirai et al.® suggested that high ET-1
levels are not related to hypertension, but rather to
subclinical renal dysfunction and smoking. The
expression of ET-1 is mediated by the activation of
specific receptors: ET type A (EDNRA) and ET type
B (EDNRB). The former is the predominant ET
receptor on VSMCs, and signalling via EDNRA
causes long-lasting vasoconstriction.*®* EDNRB is
located primarily on endothelial cells and its
signalling promotes the formation of nitric oxide,
as well as the clearance and reuptake of ET-1.5-°
Endogenous ET-1, which acts via EDNRA, increases
resistance-vessel tone in subjects with hyperten-
sion to a level greater than that in smokers and in
subjects with hypercholesterolemia.’® Plasma ET-1
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concentrations can be reduced by resistance training
and aerobic exercise.™

Pulse wave velocity (PWV) is generally recognized
as a surrogate marker for atherosclerosis.’> Using
sheep, McEniery et al.*® showed that endogenous
ET-1 production regulates large artery PWV in vivo.
They also revealed that exogenous ET-1 increases
PWYV and that this increase can be blocked by ET
type A receptor blockers. Vuurmans et al.’* exam-
ined whether ET-1 increases central aortic systolic
blood pressure, pulse pressure and PWV in healthy
men, and the effect of ET-1 is prevented by ET-1
receptor blockers.

It remains unclear, however, whether gene poly-
morphisms of the ET-1 family (including the ET-1
gene (EDN1), EDNRA, EDNRB and the genes for
endothelin converting enzymes 1 and 2 (ECE1 and
ECE?2) are associated with the progression of athero-
sclerosis. Therefore, we investigated the relation-
ship between single nucleotide polymorphisms
(SNPs) of ET-1 family genes and atherosclerotic
changes assessed by PWV and carotid echo ultra-
sonography in patients with essential hypertension
(EHT).

Materiéls and methods

Subjects

This study included 630 outpatients (340 men and
290 women) with EHT at the Division of Hyperten-
sion and Nephrology of the National Cardiovascular
Centre (NCVC). All subjects provided written in-
formed consent and the protocol was approved by
the ethics committee of NCVC. Hypertension was
defined as a systolic blood pressure (SBP) of 140 mm
Hg or greater and/or a diastolic blood pressure (DBP)
of 90mm Hg or greater, or the current use of
antihypertensive medication. The blood pressure
used was the average of at least three measurements
made during each visit. We also measured brachial-
ankle PWV (baPWV) using Form ABI (Colin Medical
Technology) and examined carotid arteries using
a commercially available ultrasound system
(SSA-390A; Toshiba Medical, Japan).* We measured
the mean intima-media thickness (IMT) and maximum-
IMT (max-IMT) of common carotid arteries and the
sum of the plaque score (PS) of bilateral common
and internal carotid arteries, as reported pre-
viously."® Blood samples were also taken at the
clinic, and diabetes mellitus was defined as a fasting
blood sugar level greater than 126 mg/dl, an HbA,.
level greater than 6.5%, or the use of anti-hypergly-
cemic medications. Hyperlipidemia was defined as
a total-cholesterol concentration of 220mg/dl or
greater, a triglyceride (TG) concentration of 150 mg/dl
or greater, or the use of lipid-lowering medication
at the time of the first examination. Subjects who
had ankle-brachial indices (ABI) lower than 0.9
were excluded because their baPWV readings were
unreliable.
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Table 1 The entire coding region of the endothelin-1 gene

Allele frequency

Allele 2

Allele 1

Allele 1/Allele 2

dbSNP ID

Homo Hetero Homo Total Allele 1 Allele 2 Flanking sequence

Region

Aa info.

SNPs

Gene name Locus

152070699
rs1800543
rs 5369

AGGTTTAGCAAA[GGTCTCTAAT/-JGGGTATTTTCTT

TTTCTCCCCGTTI[A/-JAAAGGGCACTTG
GGTGAGAACGGC[G/AIGGGAGAAACCCA
ATTGTAACCCTA(G/TITCATTCATTAGC
CCTAGTCATTCA[T/AITAGCGCTGGCTC
AAGACTATTAAT[T/CJACACTAATATAG
AACAGACCGTGA[A/G]JAATAGATGCCAA
GGGTGATTTTTTI[T/AJAAAATAACATTT
GCTGAAAGGCAA[G/T]CCCTCCAGAGAG

0.010
0.896
0.010
0.638

0.990
0.104
0.990
0.362
0.989

10.830
0.011
0.990

48
48
48
47
47
47
47
48

0O 0 AN
o -

1

47
47

8
46
33

o]
47

promoter
exonl
exon2
intron2
intron2
intron4

intron2
Lys198Asn exon5

5'-UTR
Gly36Arg
Glu106Glu exon3

A201- (4A/3A)

6p24-p23 10bp del.(-173)
G2087A
G2244T
T2252A
T3609C
A3730G
T5629A
G5727T

EDN1

rs 5370

31

Abbreviation: SNPs, single nucleotide polymorphisms.
By Gene Cards. Version: 2.25, released 3 July, 2002.
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All (n=630) Male (n = 340) Female (n = 290)  P-value
Age (years) 64.6+10.6 63.3+11.3 66.0+9.6 0.0015
Height (cm) 160.0+8.7 165.8+6.4 153.1+5.5 <0.0001
Weight (kg] 62.9+11.6 68.5+10.6 56.4+9.1 <0.0001
Heart rate (bpm) 64.0+10.7 62.0+9.4 66.2+11.8 <0.0001
Systolic blood pressure (mm Hg) 138.8+17.1 137.0+15.8 140.9+18.3 0.0042
Diastolic blood pressure (mm Hg) 82.7+10.3 83.2410.2 82.1+10.5 0.1799
Mean IMT (mm) 0.83+0.16 0.834+0.16 0.84+0.17 0.4634
Plaque score 3.131+4.76 3.57+5.18 2.61+4.17 0.0131
baPWV (cm/s) 1786.2-+309.1 1755.7+297.7 1822.0+318.8 0.0071
ABI 1.12+0.08 1.13+0.09 1.11+0.07 0.0018
CRP (mg/dl) 0.15+0.28 0.17+0.20 0.1440.30 0.1728
HbA,. (%) 5.63+0.80 5.66+0.77 5.58+0.83 0.2259
Total cholesterol (mg/dl) 203.0+35.2 196.7 +30.4 210.4+39.0 <0.0001
Triglyceride (mg/dl) 138.3+125.3 152.4+149.7 121.5+85.3 0.0020
HDL-cholesterol (mg/dl) 52.7+15.2 48.7+13.0 57.4+16.3 <0.0001
Smoking (current/past/never) 69/211/339 59/183/89 10/28/250 <0.0001
Anti-hypertensive medication (%) 570/630 (90.5%) 308/340 (90.6%) 262/290 (90.3%) 0.9174

Abbreviations: ABI, ankle brachial index; baPWYV, brachial-ankle pulse wave velocity; CRP, C-reactive protein; HbA,, hemoglobin A,., HDL, high-
density lipoprotein; Mean IMT, mean intima-media thickness.
Values are expressed as the means+s.d. P ; Student’s t-test (male vs female).

Table 3a Comparison between SNPs of ET-1 genes and baPWV in male subjects

Genes SNPs Allele1/Allele2 n baPWV (cm/s) P-dominamt P-additive P-recessive
EDN1 A201- (4A/3A) 3A/4A 3A3A 251 1763.8+301.0 0.4250 0.6509 0.7682
3A4A 81 1730.3+291.5
4A4A 5 1795.3+271.3
rs2070699 T/G TT 104 1768.1+341.2 0.6029 0.3509 0.2902
TG 158 1731.8+265.6
GG 76 1787.3+£297.1
rs$5370 G(Lys)/T{Asn) GG 182 1759.6 +308.5 0.8425 0.8318 0.5438
GT 134 1758.8+286.2
. TT 23 1720.2+284.5
EDNRA 1s5333 T/C TT 182 1746.8+307.0 0.5958 0.4479 0.2086
TC 130 1752.5+269.4
CC 23 1830.1+369.9
EDNRB r1s 5351 A/G AA 107 1706.6 +285.1 0.0409 (0.4499)* 0.0004 (0.0044)* 0.0001 (0.0011)*
AG 162 1736.1+277.7
GG 65 1882.2+332.7
153818416 G/T GG 305 1759.94+301.1 0.2393 0.3593 0.2593
GT 28 1708.0+260.2
TT 3 1560.54241.2
ECE1 r$212526 C/T CcC 247 1746.9+294.9 0.4798 0.7583 0.9557
CT 82 1775.1+298.4
TT 7 1747.6 +415.2
rs212528 T/IC TT 198 1724.64+292.4 0.0311 (0.3421)* 0.0246 0.3099
TC 122 1810.8+298.3
CC 16 1679.9+ 308.2
1s213045 G/T GG 102 1732.0+282.7 0.3865 0.3293 0.3737
GT 174 1776.5+305.3
TT 59 1722.0+301.3
rs2038089 A/G AA 153 1773.4+ 300.4 0.3051 0.0821 0.0262 {0.2882)*
AG 138 1764.3+304.3
GG 43 1661.1+253.9
ECE2 rs$2272471 C/T CC 94 1778.0+303.1 0.3573 0.6116 0.9717
CT 164 1739.8+282.3
TT 76 1755.1+324.4

Abbreviations: baPWV, brachial-ankle pulse wave velocity; SNPs, single nucleotide polymorphisms.
P-value {dominant), major vs hetero+minor; P-value (additive), major vs heterozygote vs minor; P-value {recessive), minor+hetero vs major.

*Bonferroni correction ( x 11).
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Table 3b Comparisons between ET-1 gene SNPs and baPWV in female subjects

Genes SNPs Allele1/Allele2 n baPWV (cm/s) P-dominant P-additive P-recessive
EDN1 A201- (4A/3A) 3A/4A 3A3A 198 1831.0+329.4 0.4510 0.7278 0.9152
3A4A 84 1798.0+305.9
4A4A 5 1836.6 +199.9
rs2070699 T/G TT 80 1845.0+367.1 0.4673 0.7631 0.7183
TG 139 1816.2+305.3
GG 69 1810.8 +289.1
rs5370 G (Lys]/T(Asn) GG 147 1843.94+321.8 0.2519 0.4711 0.5298
GT 116 1795.2+316.4
TT 26 1825.8+319.9
EDNRA rs5333 T/IC TT 153 1796.2+306.1 0.1163 0.1601 0.5298
TC 116 1867.4+331.3
CC 17 1776.64+342.9
EDNRB rs 5351 A/G AA 85 1859.2+315.1 0.2257 0.3921 0.3211
AG 145 1817.9+339.8
GG 56 1785.8+268.3
rs3818416 G/T GG 255 1822.4+325.2 0.8168 0.3676 =)
GT 29 1821.6+270.6
TT 1 2277.0
ECE1 rs212526 C/T CC 208 1827.04308.5 0.7909 0.4074 0.1873
CT 67 1835.0+360.3
TT 11 1698.1+257.9
rs212528 T/IC TT 184 1833.1+320.8 0.5150 0.4206 0.3855
TC 86 1791.7 +307.6
CC 16 1891.4+371.4
r$213045 G/T GG 93 1834.6+369.1 0.6899 0.4138 0.2837
GT 142 1801.0+281.4
TT 50 1867.8+326.9
rs2038089 A/G AA 124 1821.24+322.9 0.8902 0.9691 0.8109
AG 131 1824.34+321.9
GG 24 1839.2+323.7
ECE2 182272471 C/T CcC 73 1795.84343.4 0.3612 0.5926 0.4611
CT 144 1828.5+314.6
TT 68 1850.3+304.4

Abbreviations: baPWV, brachial-ankle pulse wave velocity; SNPs, single nucleotide polymorphisms.
P-value (dominant); major vs hetero+minor, P-value (additive); major vs heterozygote vs minor, P-value (recessive); minor+hetero vs major.

Screening of genetic variations in EDN1 EDNRA,
EDNRB, ECE1 and ECE2

We isolated genomic DNA from the peripheral blood
leukocytes of 630 subjects and directly sequenced
the entire coding region of the endothelin-1 gene
(EDN1). The results of the EDN1 screening are
shown in Table 1. Finally, we selected three SNPs
in the EDN1. We selected SNPs of the endothelin
type A receptor gene (EDNRA 1s5333), endothelin type
B receptor gene (EDNRB rs5351, rs3818416), endothelin
converting enzyme-1 gene (ECE1 rs212526, 15212528,
rs213045, 152038089) and endothelin converting
enzyme-2 gene (ECE2 rs2272471) from a public
database (dbSNP  http://www.ncbi.nlm.nih.gov/
SNP/). SNPs with a minor allele frequency of greater
than 5% were genotyped using the TagMan-PCR
method described previously.’® The representative
SNPs were genotyped when they were linkage
disequilibrium (LD: r* over 0.5). The LD was
calculated between each SNP. The primers and
probes used in the TagMan-PCR system are available
upon request.

Statistical analysis
Values are expressed as means +s.d. and were
analyzed using a Student’s t-test and a y*-test where

Journal of Human Hvpertension

appropriate. Hardy—-Weinberg equilibrium was as-
sessed by y®analysis, and we considered P-values
less than 0.05 to be statistically significant. The
levels of the P-values were adjusted by Bonferroni
correction). The LD between each SNP was checked
using Haploview version 4 (http://www.broad.mit.
edu/mpg/haploview/). The association of genotypes
with blood pressure, IMT and PS of carotid arteries
and baPWV was examined by simple regression
analysis and then investigated using a logistic
regression model that adjusted for confounding
factors. The distribution of plaque score (PS) was
not normal, so we compared the prevalence of
severe PS (>10.1)'" for each allele. All statistical
analyses were performed using Stat-View version
5.0 (SAS Institute Inc., Cary, NC, USA).

Results

Patient Characteristics and the Correlation between
baPWV and Clinical Parameters

The characteristics of the subjects at baseline are
summarized in Table 2. Significant differences were
apparent between men and women in age, height,
weight, heart rate (HR), systolic blood pressure
(SBP), plaque score (PS), baPWV and ABI and lipid



