tive SNPs, and all positive SNPs are scheduled to be geno-
typed in a large general population to reconfirm the findings,
as five G-protein related SNPs were genotyped in the second
population in the present study. Accordingly, in the present
study, all results were present without any correction based on
HWE.

In summary, the findings of the present study indicate that
a systemic multiple candidate gene approach can be used to
identify not only susceptibility genes but also susceptibility
pathways in which related genes may synergistically collabo-
rate through gene—gene interactions to predispose to hyper-
tension. Our findings suggest that the CD/CV hypothesis can
be challenged with numerous combinations of common vari-
ants with small effects.
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Essential hypertension is a complex disorder that results
from the interaction of a number of susceptibility genes and
“environmental factors. The TNFRSF4 (tumor necrosis factor
receptor superfamily, member 4) gene was one of the genes
that showed eltered renal expression in long-term salt
loading in mice. Moreover, association of the TNFRSF4 and
TNFSF4 (tumor necrosis factor (ligand) superfamily,
member 4) genes with myocardial infarction was recently
reported. Since essential hypertension is a well-known risk
factor for myocardial infarction, we hypothesized that
TNFRSF4 could be a susceptibility gene for essential
hypertension. We performed a case-control study of
TNFRSF4 in two independent population. Extensive
investigation of single nucleotide polymorphisms of the
entire gene suggested that it resided in one linkage
disequilibrium block, and four single nucleotide
polymorphisms in the §' flanking region sufficiently
represented major haplotypes. In the combined population,
the frequency of the most frequent haplotype, C-C-A-A, was
significantly lower (P=8.07 X 107%) and that of the second
most frequent haplotype, C-T-G-A, was significantly higher
(P=8.07 X 10™*) in hypertensive subjects than in control
subjects. This difference was observed only in female
patients. The C-T-G-A haplotype showed a lower promoter
activity than other haplotypes, suggesting a relationship

Introduction

Hypertension affects more than 25% of the adult popula-
tion worldwide [1]. Essental hypertension (EH) accounts
for more than 90% of hypertension cases and is a multi-
factorial disorder resulting from the interaction of a
number of susceptibility genes and environmental factors.
It is estimated that the genertic contribution to blood
pressure variation ranges from 30 to 50% [2]. Identification
of suscepribility genes for hypertension would provide a
clue to the pathophysiology of the disease.

Several approaches exists for genetic causes of EH:
candidate—gene linkage studies, genome-scanning link-
age studies, candidate—gene association studies, generic
studies in animal models, and gene expression profiling
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with disease susceptibility. Our results suggest that
TNFRSF4 is a female-specific susceptible gene for essential
hypertension. J Hypertens 26:000-000 © 2008 Wolters
Kluwer Health | Lippincott Williams & Wilkins.
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in animal models (3}. Each approach has its own swrengths
and weaknesses, and some argue that integradon of
the approaches is a more efficient way forward [4]. The
Millennium Genome Project for Hyperension in Japan
has adopted the candidate—gene association strategy
because of its relatively higher staristical power and con-
venience of collecting samples [3]. Candidate genes are
selected on the basis of the accumulation of experimental
evidence (expression profiling in animal models) and
information in the literature. As a first step in this project,
we performed DNA microarray experiments in mice to
screen genes whose renal expression was changed by
long-term salt loading, because genes that showed salt
sensitiviry were considered to be candidate genes for EH.
The results showed that more than 300 genes were either
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downregulated or upregulated. IFor the genetic association
study, from these 300 genes, we nominated 121 that had
been reported in the literature as candidate genes. To
date. 70 genes have been screened. 10 of which showed
significant association with EH on haplorype-based
analvsis. Three of these 10 genes were positive in both
the expression profiling and genetic association studies.
The tumor necrosis factor recepror superfamily, member 4
(I'XFRSF4) gene was one of the three.

TNFRSF4(0X40)isamemberof the tumor necrosis factor
recepror (TNFR) superfamily, and is primarily expressed
asatransmembrane proteinonacdvated CD4™ Teellsafter
antigen recognition [6-9]. Tumor necrosis factor (ligand)
superfamily, member 4 (TNFSF4, also called OX40L)
[10), the ligand for TNFRSF4 on activated CD4* T cells,
is expressed on antigen-presenting cells (APCs) including
activated B cells, macrophages. and dendritc cells. as well
as on endothelial cells and some activated T cells [11-14].
The TNFRSF4-TNFSF4interactionberween T celland
APC contributes to proinflammatory T-cell function. In
particular, ITNFRSF4-"INFSF4 interactions are crucial
for the generation of memory CD4™ T cells by promoting
thesurvivalof effector T cells [15-18]. Thus. icissuggested
that the TNFRSF4~-TNFSF4 pathway is involved in
inflammacion and immune response.

T lymphocyte activation involving several recepror-ligand
pairs such as TNFRSF4-TNFSF4 is suggested to
promote atherosclerosis [12,19,20], which is now con-
sidered to be an inflammatory disease [21]. Recently,
T'NFSF4 was identified as a susceptibilicy gene for athero-
sclerosis and a genetic variation in TNFSF{was reported to
be associated with myocardial infarction (MI) and severity
of coronary artery disease [22]. Genetic variation in
TNFRSF4 was also shown to be associated with M1 [23].
These reports suggested that the TNFRSF4-TNFSF4
pathway plays an important role in the pathogenesis of
atherosclerosis and M1 in humans. Itis genernally believed
that hypertension is one of the major risk facrors for
atherosclerosis and MI {24]): however, M and hypertension
often coexist. as seen in the SHEEP study cohortin which
M1 patients were significantly associated with hvperten-

\

sion [25]. Thus. the association between MI and
TNFRSF4/TNFSF4 in human subjects mayv be due to
not only atherogenesis but aiso hypertension itself. We
hypothesized that ZVFRSF4 andfor TVFSF# were poten-
tial candidate genes for EH.

The aim of the present study is to investigace the associ-
ation berween genetic vanations of the TNFRSF4 gene
and EH in the Japanese population. We performed a
case—control study vsing two independent population of
Japanese pauents with EH.

Methods

Study subjects

Initial screening of candidate genes involved 1035 subjects
with EH (762 men and 273 women) and 1058 age-matched
conwrols (792 men and 266 women) who were recruited
through the study group of the Millennium Genome
Project for Hypertension [S]. Six medical institutes took
part in the collaborative study and recruited subjects in
Japan. Recruitment procedures, case—control criteria. and
clinical characteristics are described in detail elsewhere

[5).

The clinical characteristics of the subjects included in this
study for TVFRSF+# gene analyses are shown in Tables 1
and 2. Subjects in population 1 were part of the population
recruited through the study group of the Millennium
Genome Project for Hypertension [3]. Subjects in popu-
lation 2 were recruited from Ohasama, a cohort in a rural
community of northern Japan [26].

Each subject was assigned to one of the blood pressure:
diagnostic categories defined by the criteria of the 1999
WHOYISH guidelines for the management of hyperten-
sion [27]. Hypertensive (HT) subjects had systolic blood
pressure (SBP) of at least 140 mmHg or diastolic blood
pressure {(DBP) of at least 90mmHg or were patients
currently taking chronic antihvpertensive medication.
Normotensive (NT) subjects had SBP/DBP lower than
140/90mmHg and had never been treated with antihy-
pertensive medication. Informed consent was obtained

Table 1 Characteristics of subjects in population 1

Total subjects Male subjects Fernale subjects
Parameters NT HT P NT HT P NT HT P
No. of subjects 562 587 301 316 261 27
Age (years) 61.6=8.2 60.1=£11.2 0011" $9.9:9.0 58.5=11.1 0.083 63.6=9.1 820=11.1 0.056 -
BMI (kglm’) 22228 23.8=33 <0.001* 221=29 23.8%3.1 <0.001" 223=27 24.0=3.6 <0.001™
SBP {mmHg) 111.7=89 163.7=21.1 <0.001* 1118288 1621 =184 <0.001™ 1115291 166.1+224.4 <0.001*
DBP (mmHg) 689=73 88.3=14.8 <0.001" 68.4=73 98.7:14.0 <0.001” 68073 87.6£16.0 <0.001*
TC {(mg/dl) 205.5=38.0 207.1 =349 0.596 195.8 £ 35.7 188.7=33.0 0.294 216.2+37.6 216.0+34.7 0.870
HDL-C (mg/di) §7.3%15.1 $8.3=17.2 0314 55.3=15.0 56.8£175 0.263 £8.5=15.0 60.0+16.7 0.697
TG (mg/dl) 1238+87.4 141.7 =847 0.003* 1321 £106.2 . 147.0:945 0.133 116.7267.4 1354713 0.007*

Values are mean = SD. BMI, body mass index; DBP, dizastolic blood pressure; HOL-C, HDL dholes{erol; HT, hjpertensive patient; NT, normotensive patient; SBP, systolic

blood p TC. total cholesterol; TG, triglycerid

* Difference was statistically significant.
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Table 2 Characteristics of subjects in population 2

TNFRSFA4 gene and essential hypertension Mashimo et al 3

Total subjects Male subjects Female subjects
Parameters NT HT P NT HT P NT HT P
- No. of subjects 925 732 317 323 608 409

Age (years) 546=115 61.6=9.7 <0.001™ 55.8=11.1 6§1.5210.2 <0.001" 5402116 61.7:9.3 <0.001"
BMI (kg/m’) 234231 242-=33 <0.001* 23.5=3.0 23.6=31 0.506 234x3.1 24.6=34 <0.001*
SBP (mmHg) 123.9£9.8 1422121 <0.001" 125.4=8.6 1439114 <0.001° 12312103 ‘ 1408+£125 <0001
D8P (mmHg) 703=7.1 80.2=9.% <0.001" 716269 81.9=94 <0.001" 69672 78886 <0.001"
TC (mg/dl} 1934342 1950338 0.358 186.4=33.8 183.9 = 34.0 0.352 197.1£33.8 203.8=31.0 ooom™
HDL-C (mg/dl) 55.3<14.1 53.8+14.6 0.028" 51.2214.1 528144 0.180 57.4+13.7 54.4£14.7 0.0017
TG {mg/dl) 128.973.4 142.5=89.8 0.001" 139.1£85.1 146.3 =103.0 0.340 123.7£66.1 13052779 0.001*

Values are mean = SD. BM|, body mass index: DBP. diastolic blood pressure; HDL-C, HDL cholesterol; HT, hypertensive patiem; NT, normotensive patient; SBP, systolic
blood pressure; TC, total cholesterol; TG, trglyceride. ” Difference was statistically significant.

from each individual as per che protocol approved by each
insticution’s ethics commitcee.

DNA microarray experiments in mice

In DNA microarray experiments, we used two lines of
mice having different numbers of the functional mouse
angiotensinogen gene (dgr) [28.29], kindly donated by
Professor Oliver Smithies (Department of Pathology,
Universicy of Norch Carolina, Chapel Hill, North
Carolina, USA). To observe distinct effects by long-term
salt loading. Agz 2/2 mice (with four wild-tvpe copies of
the Agr gene) were fed a high-salt diet containing 8%
NaCl for 6 months, whereas Agr 0/1 mice (with one wild-
rvpe copy of the Az gene) were fed a low-salt diet
containing 0.3% NaCl. Total RNA was isolated from
the Kidneys of mice and differences in gene expression
were examined using mouse cDNA microarray (Incyte
Genomics Inc., Palo Alro, California, USA), which con-
tains 9222 mouse cDNA clones.

Screening of candidate genes

\We selected a total of 121 candidate genes (Supplemental
Table S1) based on. the following criteria: (1) genes
reported as candidares in the literature or with functions
relevant to the blood pressure regulation and (2) human
homologue of genes in which renal expression was changed
by long-term salt loading in mice. For an initial screening
of these candidate genes, some of the available single
nucl€otide polvmorphisms (SNPs) per gene were selected
from the Japanese SNP database (hup://snp.ims.u-tokvo.
ac.jp/) or dbSNP database (huep://www.ncbi.nlm.nih.gov/
SNP/)) and were genotyped in 1035 padents and 1058
controls using the PCR-SSP-FCS method [30]. Haplo-
type-based association analvses were performed using
SNPAlvze v4.1 Pro software (DYNACOA!, Mobara. Japan)
based on an expectation/maximization (EM) algorithm.,
P values for overall distribucion of haplotypes were calcu-
lated by permutation test at 1000 iterations. P values less
than 0.03 were considered statistically significant.

Screening for polymorphisms in TNFRSF4
To identify genetic variants of the human TNFRSF4
gene. we sequenced all seven exons, the adjacent intronic

sequence, 4 kb of the 5’ flanking region, and 1.5 kb of the
3’ flanking region in 32 control subjects. Nineteen primer
sets were designed on the basis of the T'VFRSF4 genomic
and mRNA sequences from the GenBank dartabase
(accession numbers N'T_004350.18 and NM_003327,
respectively). All polymerase chain reaction (PCR) pro-
ducts were sequenced.using the BigDve Terminator v3.1
Cycle Sequencing kit and an ABl PRIZM 3100 Genetic
Analvzer (Applied Biosystems, Foster Cicy, California,
USA). The sequences were analyzed and polymorphisms
identified using the Genetyx program (Generyx Corp.,
Tokyo. Japan).

Genotyping of polymorphisms in TNFRSF4
Genoryping of four SNPs in the TNFRSF4 gene (P1:
~3948C>T, P2: —3606C>T, PS: —1725A>G and P12:
—330A>G) was performed using either the TagMan
allele-specific amplification (TagMan-ASA) method [31]
or the Custom TagMan Genomic Assays kit (Applied
Biosystems). In the TagMan-ASA method, specific pri-
mers were designed on the basis of the TNVFRSF4 genomic
sequence from the GenBank database (accession number
NT_004350.18). The primer sequences are shown in
Table 3. The PCR mixture for the TagMan-ASA method
conuined 3 pl of 2x TagMan Universal Mix (Applied
Biosystems), 0.4 pmol/t of each PCR primer, 0.12 pmol/l of
TagMan probe. and 5ng of template DNA in a final
volume of 10pl. The samples were analyzed with an
ABI PRIZM 7000 Sequence Detection system (Applied
Biosystems). The thermoprofiles were 30°C for 2min,
95°C for 10 min, followed by 40 cvcles of 95°C for 1355
and 60°C for 1 min. ’

Luciferase assay

TNFRSF4 reporter constructs of 3970 bp (nt —3968 to +2)
were created by means of PCR amplification of genomic
DNA from homozygous subjects who had alternative
haplotypes with the use of following primers: forward,
5-GGGGTACCGTGCCACATGGCTGGAATTTAC-
3’ (including Apn/ site) and reverse, 5-TCTAGCTAGC
GTCTCTGCTGTCGCCAGAGTC-3' (including Nel
site). Amplicons of three haplotvpes (Pr-H1, Pr-H2,
and Pr-H5) were cloned into the pGL4.10{luc2] vector
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Table 3 Primer sequence (5’ — 3') for TaqMan-ASA genotyping

SNP Allele-specific primer Common prmer TagMan probe®

P1 CACATGGCTGGAATTTACCATC CTCAGCAGTGGGAGAAAAACAA CCTCTGAAGCGTTITTCACTGGTATCATGTGT
CACATGGCTGGAATTTACCTCT

P2 GTCGCCTITCCCCCTCCG GCTGCAGCCAATAGGCACCTT AATAGCCACTTICGTGCGGCTIGG
GTCGCCTTTCCCCCTCCA

P8 GTCACAGGTCCAAGAAAGCCGT GCAGGCTGCCTTACAGACCTT TGAGCTCTGGGTCAGTGTCCA
GTCACAGGTCCAAGAAAGCCGC

P12 GGTCAGGAGTTCAAGACCAGTGT CCACGCCCGAATAATTITIG AGTAGAGACGGGATTTCGCCATGTTAGC
GGTCAGGAGTTCAAGACCAGTTC

*TagMan probes contained a 5° FAM (6-carboxyfluorescein) reporter fluorophore and a 3’ TAMRA (6-carbory hylthodamine) quencher.

(Promega, Madison. Wisconsin, USA). Promoter con-
structs that contained one polymorphic change (Pr-
P2-T, Pr-P3-T, Pr-P4-del, Pr-P6-G, Pr-P8-G, Pr-P9-G,
Pr-P10-T, and Pr-P11-G) were created by site-directed
mutagenesis carried out in the Pr-HI1 plasmid using the
GeneEditor /# vitro site-directed mutagenesis svstem
(Promega). All constructs were verified by sequencing,.
COS-7 cells (monkey kidnev, SV40 T antigen trans-
formed) were cultured in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum and
antibiotics. HEK293 cells (human embryonic kidney)
were cultured in minimum essential medium supple-
mented with 2mmol/l L-glutamine, 1% nonessential
amino acids, 10% fetal bovine serum. and antibiotics. Cells
in 12-well plates ac 50-70% confluence were transfected
with 500 ng of each constructand 10 ngof pGL4.74[hRiuc/
TK] Renilla luciferase vector (Promega) as an internal
control for transfection efficiency, using 1.5pl of
FuGENE 6 transfection reagent (Roche Diagnostics.
Basel, Switzerland). After 24 h of transfection, the cells
were harvested. and firefly and Reni//a luciferase activities
were measured using the Dual-Luciferase Reporter Assay
Svstem and a 'TD-20/20 luminometer (Promega). Each
experiment was re peated five or six times, and each sample
was studied in triplicate.

Statistical analysis

Haploview version 3.32 (heep://www.broad.mit.edu/mpg/
haploview/index.php) was used to analyze and visualize
the linkage disequilibrium (LD) and haplocypic paterns.
Hardy-Weinberg equilibrium was assessed by x” analvsis.
Overall distributions of the genotypes or alleles were
analvzed by x° analvsis using 2x 3 or 2x 2 contingency
tables berween NT controls and H'T patients. Haplotype
frequencies were estimated using SNPAlvze v4.1 Pro
software. The distributions of each haplotype between
N'I" controls and H'I' patients were calculated both by x°
tests of one haplotype against the others (haplorype-wise
test) and by permutation tests with 1000 iterations using
SNPAlyze software. We calculated odds ratios (ORs) with
95% confidence intervals (Cls) using logistic regression
analyses with or without clinical covariates (age, BMI,
total cholesterol, high-densicty lipoprotein cholesterol,
and triglyceride). To estimate the contribution of the gene
to the total vanance of blood pressure, the variance com-

ponent procedure with the analysis of variance (ANOVA)
tvpe lIl vanance estimates was used. Comparisons in
reporter assavs were performed using Student’s s-test
or ANOVA. All statistical analyses were performed with
SPSS software (SPSS Japan Inc.. Tokvo. Japan) unless
otherwise stated. P values less than 0.05 were considered

_ statistically significant.

Results

DNA microarray experiments in mice

We used ¢cDNA microarray analyses to compare the
expression profiles of 9222 genes in the kidneys of Agz
2/2 mice (with four wild-cype copies of the Agr gene) witha
high-salt diet versus those of Agz 0/1 mice (with one wild-
tvpe copy of the Agr gene) wich a low-salt diet. Differential
expression values greater than 1.3 based on internal quality
control data are summarized in Supplemental Tables S2
and S3. We found that 119 genes were downregulated in
the kidnevs of 4gr 2/2 mice by 1.3-3.1-fold compared with
Agr 0/1 mice and 192 genes were upregulated by 1.3-1.9-
fold. Murine ZNFRSF4 gene (Infrsf4) was the gene down-
regulated 1.3-fold..

Screening of candidate genes by haplotype association
study

We selected a total of 121 candidate genes (Supplemental
Table S1) on the basis of the following criteria: (1) genes
reported as candidates in the literature or with possible
involvement of blood pressure regulation and (2) human
homologue of genes in which renal expression was
changed by long-term salt loading in mice. We excluded
genes whose genotvpe data were not available due two
the following reasons: no SNP data was available in the
databases; minor allele frequencies of SNPs in Japanese
were too low (<5%); or the genoryping of some SNPs was
difficult. So far, 191 SNPs in 70 genes have been success-
fully genorvped for genetic association tests, and the
genorvping of only a single SNP was completed in 8
genes. A haplotype-based association test was performed
in 62 genes and a single SNP association study in 8 genes.
P values for difference in overall distribution of the
haplotvpe or genotype frequencies between normo-
tension and hvpertension in total {men + women), male,
and female subjects are shown in Supplemental
Table S4. Significant P values were observed for 10 genes;
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Haplotype block structure of the TNFRSF4 gene. (Top) Organization of the TNFRSF4 gene. Exons are indicated by boxes (black, coding sequences;
white, untranslated sequences). (Bottom) Linkage disequilibrium structure of polymorphisms across the TNFRSF4 gene region using data from 32

Japanese contrals. Haplo!
parameter r* (100x), blank cells denote
defined by the / value.

type blocks were defined by the solid spine of LD method in Haploview. The number in each cell represents the LD
= 1. Each cell is painted with graduated color relative to the strength of LD between markers, which is

Aquaporin-2 (AQP2), Estrogen receptor 2 (ESR2), Glycogen
syuthase 1 (GYSI), Kallikrein 1 (KLK1), Nephrin (NPHN),
Solute carrier family 1 (glial kigh affinity glutamate transporter),
member 2 (SLCIA2), Solute carrier family 9 (sodium|kydrogen
exchanger), isoform 3 (SLC9A3). Stervidogenic acute regulatory
protein (STAR), Syntaxin binding protein 1 (STXBPI), and
T'NFRSF4. Three genes (STAR, STXBPI, and TNFRSF9)
are the human homologues to the mouse genesthatshowed
changes in renal expression in the salt-loading experiment.
The P value for overall distribution of the haplotype of
I'NFRSF4 was significant only in female subjects.

ldentification of polymorphisms in TNFRSF4

We searched for polvmorphisms in the TNFRSF4 gene,
including 4 kb of the 3’ flanking region and 1.5 kb of the 3’
flanking region. By direct sequencing in 32 Japanese
individuals, a total of 44 polymorphisms were identified;
20 in the 5’ flanking region, 4 in exons, 7 in introns, and
13 in the 3’ flanking region. Of those, 27 polvmorphisms
(P1-P27) with minor allele frequencies (MAF) 3% of
higher (in 32 DNA samples) are presented in Table 4.
A graphical overview of the structure of the human

TNFRSF4 gene showing the location of the 27 polymor-
phisms identified in this study is shown in Fig. 1. Pairwise
LD measuring ~ becween polymorphisms and defined
haplotype block structures in this region was evaluated
using the solid spine of LD method in Haploview (Fig. 1).
Three haplotype blocks (blocks 1, 2, and 3) were defined in
the TNFRSF 4 gene region with this method. Blocks 1 and
2 appear 1o be separated because P8 showed low LD to
other polymorphisms and blocks 2 and 3 were separated by
P22 for the same reason. Strong LDs, however, were
observed among certain blocks, such as between P4 and
P27 (~ = 0.91). In addition, mulciallelic I vatues between
these blocks were high (0.86 berween blocks 1 and 2; 1.0
berween blocks 2 and 3). Thus, we decided to handle an
entire gene region as one block, which could be analyzed
by tag SNPs from the entire region. Four SNPs in the
5" flanking region (P1: —3948C>T. P2: —3606C>T, P8:
~1725A>G, and P12: —330A>G) were emploved for
further analysis. The four SNP haplorypes constructed
from these SNPs covered more than 85% of haplorype
diversity of the endre 7VFRSF4 gene when P22 was not
included for analysis.
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Table 4 Polymorphisms with minor aliele frequencies 5% or higher detected in the TNFRSF4 genomic region in 32 Japanese controls

Name Potymorph:sm® Location Amino acid change MAF® dbSNP ID ISNP ID

P -3943C>T 5' Flanking 0.06

P2 -3601C>T 5' Flanking 0.27 512036218

P3 -3119G>T 5' Fanking 0.27 rs11721

Pa -2577delA ' Fanking 0.22

Ps -2568C>G 5. Flanking 0.06

P& -2461C>G §' Flanking ’ 0.27

P7 -2167C>T ' Flanking : 0.06

] -1720A>G . 5’ Ranking 0.30 rs3813201 JST4MS173304
P9 -936A>G 5' Fanking 0.19 534115518

P10 -699C>T 5' Flanking 0.16 rs36339498

P13 -669C>G ' Fanking 0.19 535659545

P12 -525A>G 5’ Ranking 0.11 rs35107976

P13 150 - 47G>C Intron1 0.11 rs35737009

P14 378-16C>G Intron3 0.11 rs34108055

P15 442 = 32ins35bp Intrond 0.25

P16 442 = 248C>T Intrond 0.19 rs9661697

P17 538G>A Exon5 Glu178Glu 0.25 s17568 :
P18 639 + 25C>T . intron§ 0.19 52298212 JSTIMS053053
P19 640-31T>G IntronS 0.20 52298211 JST-IMS053052
P20 921C>T Exon7 (3' UTR) 0.11 52298210 JSTIMS053051
P21 988C>G Exon7 (3' UTR} 0.11 52268209 JST4MS053050
P22 1067 + 308G>A 3 Ranking 0.08 52298208 JSTIMS053049
P23 1067 +841G>C 3’ Flanking 0.20 rs34067070

P24 1087 + 1224delTT 3’ Fenking 0.20

P25 1087 + 1240G>C 3 Fanking 0.20 rs34279802

P26 1067 + 126675C 3’ Fanking 0.20 r$35916760

P27 1067 + 1296C>T 3’ Flanking . 020 536057244

* Numbering according to the cDNA sequence of TNFRSF4 (accession number NM_003327). b Minor allele frequency (MAF) on the basis of the sequencing of 32 DNA
samples.

Case~-control study for TNFRSF4 polymorphisms whereas it was not significant when men and women were
The clinical characteristics of the NT and HT subjects in  separately compared.

population 1 are summarized in Table 1. Difference inage

berween the NT and HT subjects was significant when  In population 1, four SNPs (P1, P2, P8, and P12) were
men and women were jointly compared (P=0.011),  genoryped in 362 NT controls and 587 HT patients. All

Table 5 Genotype and allele frequencies among normotensive (NT) and hypertensive (HT) subjects in population 1

Total subjects Male subjects . . Female subjects

Genotype NT (n=562) HT (n=587) P . NT {n=301) HT {n=316) P* NT (n==261) HT (n=271) Pt
P1 cC 448 (0.799) 455 {0.776) 238 {0.793) 245 {0.775) 210 (0.805) 210 (0.778)

CcT 109 (0.194) 124 {0.212) 60 (0.200) 67 {0.212) 49 (0.188) 57 (0.211)

T 4 (0.007) 7 (0.012) 0.524 2 (0.007) 4 (0.013) 0.691 2 (0.008) 3 (0.011} 0.722

Aliele

[o] 1005 (0.896) 1084 (0.882) 5§36 {0.893) 557 (0.881} 469 (0.898) 477 (0.883)

T 117 (0.104) 138 (0.118) 0.305 64 {0.107) 75 (0.119) 0.506 53 (0.102) 63 (0.117) 0.429
P2 cC 324 (0.578) 318 (0.544) 166 (0.553) 170 (0.538) 158 {0.605) 149 (0.552)

CcT 208 (0.371) 220 (0.375) 121 (0.403) 117 {0.370) B7 {0.333) 103 (0.381)

L 29 {0.052) 47 (0.080) 0.129 13 {0.043) 29 {0.092) 0.055 16 (0.061) 18 {0.067) 0.455

Allele

Cc 856 (0.763) 858 {0.732) 453 (0.755)- 457 (0.723) 403 (0.772) 401 (0.743)

T 266 (0.237) 314 (0.268) 0.088 147 (0.245) 175 (0.277) 0.203 119 (0.228) 139 (0.257) 0.263
P8 AA 284 (0.506) 280 (0.478) 144 (0.480) 154 (0.487) 140 (0.536) 126 (0.467)

AG 238 (0.424) 248 (0.423) 137 (0.457) 125 (0.396) 101 (0.387) 123 (0.456)

GG 39 {0.070) 58 (0.099) 0.182 19 (0.063) 37 (0.117) 0.044 20 (0.077) 21 {0.078) 0.250

Allele

A 806 (0.718) 808 (0.689) 425 (0.708) 433 (0.685} 381 (0.730) 375 (0.694)

G 316 (0.282) 364 (0.311) 0.129 175 {0.292) 128 (0.315) 0.376 141 (0.270) 165 (0.306) 0.202
P12 AA 401 (0.716) 393 (0.671) 209 {0.699) 215 (0.680) 192 (0.736) 178 (0.659)

AG 148 {0.264) 175 (0.299) 84 (0.281) 88 (0.278) 64 (0.245) 87 (0.322)

GG 11 (0.020) 18 (0.031) 0.179 6 (0.020) 13 (0.041) 0.318 5(0.019) 5 (0.019) 0.144

Allele

A 950 (0.848) 961 (0.820) 502 (0.839) 518 (0.820) 448 (0.858) 443 {0.820)

G 170 (0.152) 211 (0.180} 0.089 96 (0.161) 114 (0.180) 0.355 74 {0.142} 97 (0.180) 0.093

* Significant P value after Bonferroni™s correction for four loci is 0.0125 (0.05/4).
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Table 6 Four SNP haplotypes (P1, P2, P8, and P12) frequency among normotensive (NT) énd hypertensive (HT) subjects in population 1

Male subjects Female subjects

Haplotype®  NT (n=208)  HT (n=316) P Permutation #  NT (n=261)  HT (n=270) Pt Permutation P
H1 C-C-A-A 404 (0.677) 413 (0.653) 0.371 0.363 376 (0.720) 356 (0.659) 0.031 0.021*
H2 C-T1-G-A 81 {0.1386) 86 (0.152) 0.419 0.420 60 (0.116) 75 (0.138) 0.267 0.259
H3 T-1-G-G 63 (0.106) 73 (0.115) 0.584 0.559 52 (0.099) 62 (0.115) 0.405 0.402
H4 C-C-G-G 16 (0.026) 21 {(0.0633) 0.484 0.470 17 (0.033) 14 (0.027) 0.578 0.617
HS C-C-AG 17 (0.029) 18 {0.029) 0.967 0.958 1 {0.002) 19 {0.038) 678 x 107%* «0.001"
HE CC-GA 12 (0.021} § {0.008) 0.063 0.068 9 (0.018) 12 {0.021) 0.648 0.682

Others 3 {0.005) 6 (0.010) 7 (0.013) 2 {0.004)
Entire distribution 0.722° 0.003%*

* Four loci are P1, P2. P8, and P1 2, and s predominant haplotypes are listed; ‘others’

b,

tegory v

minor haplotyp

with less than 1% frequency. ® Significant Pvalue

after Bonferroni's correction for major six haplotypes is 0.0083 (0.05/6). © P value for the entire distribution with permutation test. ” Difference was statistically significant.

of these SNPs were in Hardy-Weinberg equilibrium in
the N'T group. Table 5 shows the distribution of geno-
tvpic and allelic frequencies of the four SNPs in each
group. The overall distribution of genotype and allele did
not significantly differ berween the HT and NI groups
for total, male, or female subjects. The P value of x? test
for the difference in the genotvpic frequency of P8
berween male H'I' and N'T groups was 0.0, which
was not significant after Bonferroni’s correction (multi-
plied by 4).

We nextanalyzed the four SNP haplotypes in population 1
(Table 6). Six common haplotypes (H1-H6) covered
approximately 99% of the subjects in the HT and NT
groups. The frequencies of each haplotype in men did not
differ between the HT and NT groups. In women, the
frequency of the major C-C-A-A haplotype (H1)of the HT
subjects was significantly lower than that of the NT' sub-
jects (£ =0.031). Muldple logistic regression in women
revealed that the association of the H1/H1 diplotype
with hvpertension remained significant (P = 0.006) after
adjustment for age, BMI, rotal cholesterol. high-density
lipoprotein cholesterol, and triglyceride. The OR of the
H1/H1 diplotype against the others was 0.56 with a 95%
CI of 0.37-0.85. The frequency of the minor €-C-A-G
haplotype (H3) of the HT subjects was significanty
higher than that of the NT subjects (P=6.78x 1079
H5 haplotype was significantly associated wich hyperten-
sion in'a dominant model (£=0.004) after adjustment for
the above factors. The OR of the H3/HS5 + H5/other
diplotype against the others was 6.93 with a 95% CI of
1.88-25.5.

To confirm an association of the four SNP haplotvpes
in women with EH, we genotyped them using the
second case—control population (population 2) comprising
925 NT controls and 732 HT patients. Table 2 presents
the clinical features of the N'T controls and H'T patients in
population 2. All genorvpe results of four SNPs in each
group were consistent with Hardy—Weinbergequilibrium.
Table 7 shows the distribution of genocypic and allelic
frequencies of four SNPs in each group of population 2.
The overall distribucion of genotvpe and allele of all four

SNPs did not significantly differ berween the HT and NT
groups for total or male subjects. Among women. however,
significant differences were observed in the allelic
frequencies of P2 (P = 0.005) and the genotypic and allelic
frequencies of P8 (P=0.005 and 0.003, respectively)
berween the HT and NT subjects even after Bonferroni's
correction (multplied by 4). P2 was still significantly

. associared with hypertension in women in both a dominant

(P =0.007) and recessive model (P =0.038) after adjust-
ment for age. BMI, total cholesterol, high-densicy lipopro-
tein cholesterol, and triglvceride. The OR of T/T+C/T
against C/C (dominant model) was 1.22 with a 95% CI of
1.05-1.40, and the OR of 'I'/T against C/T + C/C (reces-
sive model) was 1.94 with a 95% Cl of 1.04-3.62. P22 was
also significantly associated with hvpertension in women
in both a dominant model (£ = 0.011) and recessive model
(P =0.002) after adjustment for the above factors. The OR
of G/G +A/G against A/A (dominant model) was 1.20
with a 95% ClI of 1.04-1.38, and the OR of G/G against
A/G + G/G (recessive model) was 1.49 with a 95% CI of
1.16-1.92.

Table 8 shows the frequency of four SNP haplorypes in
population 2. Among women, the HT subjects showed a
significantly lower frequency of H1 (C-C-A-A) (P =8.48 x
10™% and a significantly higher frequency of H2 (C-T-
G-A) (P =6.46 x 107%) than the NT subjects, whereas in
men no significant difference in frequencies of haplotypes
beoween the HT and N'T groups was observed. Multiple
logistic regression in women revealed that the association
of H1 haplotype with hypertension remained significant
in both 2 dominant (= 0.006) and recessive model (P=
0.005) after adjustment for age, BMI, total cholesterol,
high-densicy lipoprotein cholesterol, and triglyceride. The
OR of the H1/H1 + H1/other diplotvpe against the others
(dominant model) was 0.52 with a 95% CI of 0.32-0.83,
and the OR of the HI/H1 diplocype against the others
(recessive model) was 0.67 with a 95% Cl of 0.50-0.89.
The H2 haplotype was also significantly associated with
hypertension in women in a dominant model (P = 0.001)
after adjustment for the above factors. The OR of the H2/
H2 + H2/other diplotype against the ochers was 1.40 with a
95% CI of 1.18-1.63. In population 2, the frequency of H3
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Table 7 Genotype and allele frequencies among normotensive (NT) and hypertensive (HT) subjects in populetion 2

Total subjects Male subjects Female subjects

Genotype NT (0 = 925) HT {n=732) - -l NT (n=317)  HT (n=323) P NT(n=608) HT (n=409) -
P1 cc 729 {0.792) 573 (0.786) 253 (0.801) 249 {0.778) 476 (0.788) 324 (0.792)

CT 181 (0.197) 147 (0.202} 58 (0.184) 66 (0.206) 123 {0.204) 81 (0.198)

T 10 {0.011) 9 (0.012) 0.929 5 {0.016) 5 (0.016) 0.770 5 {0.008) 4 (0.010) 0.849

Allele ’

[#] 1639 (0.891) 1293 (0.887) 564 (0.892) 564 (0.881} 1075 (0.860) 729 {0.891)

T 201 (0.109) 165 (0.113) 0.721 68 (0.108) 76 (0.118} 0.530 133 (0.110} 89 (0.109) 0.927
P2 cCc 550 (0.598) 403 (0.553) 176 (0.555) 182 (0.567) 374 (0.620) 221 (0.542)

(019 323 {0.351) 282 (0.387) . 118 {0.372) 123 (0.383) 205 (0.340) 158 (0.390)

m 47 (0.051) 44 (0.060) 0.176 23 (0.073) 16 (0.050) 0.488 24 (0.040) 28 {0.069) 0.017

Allele

C 1423 (0.773) 1068 (0.746) 470 (0.741) 487 (0.759) ' 953 (0.790) 601 (0.737)

T 417 (0.227) 370 (0.254) 0.069 164 (0.259) 155 (0.241) 0.477 253 (0.210) 215 (0.263) 0.005*
P8 AA 464 (0.508) 342 (0.472) 146 {0.465) 157 (0.488) 318 (0.530) 185 (0.458)

AG 384 (0.420) 316 (0.436) 138 (0.443) 143 (0.445) 245 (0.408) 173 (0.428) )

GG 66 (0.072) 67 (0.092) 0.189 29 (0.082) 21 (0.065) 0.436 37 {0.062) 46 (0.114) 0.005%

Allele

A 1312 {0.718) 1000 (0.690) 431 (0.686) 457 {0.712) 881 (0.734) 543 (0.672) :

G 516 (0.282) 450 (0.310) 0.080 197 {0.314) 185 (0.288) 0.321 319 (0.266) 265 (0.328) 0.003*
P12 AA 630 (0.686) 479 (0.659) 214 (0.677) 208 (0.650) . 416 (0.691) 271 {0.666)

AG 265 {0.289) 220 (0.303) 93 (0.204) 100 (0.313) 172 (0.288) 120 {0.295)

GG 23 {0.029) 28 (0.039) 0.213 9 (0.028) 12 (0.038) 0.690 14 {(0.023) 16 (0.039) 0.301

Allele

A 1525 (0.831) 1178 {0.810} 521 (0.824) 516 (0.806) 1004 (0.834) 662 (0.813)

G 311 (0.169) 276 (0.180) 0.128 111 {0176} 124 (0.194) 0.405 200 (0.166) 152 (0.187) 0.231

2 Significant P value after Bonferroni’s comrection for four loci is 0.0125 (0.05/4). * Difference was statistically significant.

did notsignificantly differ beeweenthe HT and N'T groups
for women.

Although trends of frequency changes in the H1 and H2
haplotvypes among women in the two independent popu-
lation were the same, the frequency of H2 showed a
significant difference notin population 1 but in population
2. This discrepancy could have been caused by difference
in the sample size. When we analvzed the differences in -
frequencies of each haplotype between the HT and
NT groups in combined samples of the two population
(Table9). female HT subjects showeda significantly lower
frequency of H1 (P=8.07x107%) and a significantly
higher frequency of H2 (P=6.07 x 10~ than the N'T
subjects. The frequency of HS of female HT subjects
was still significantdy higher than that of NT subjects
(P=0.003). No significant difference in haplorvpe fre-
quencies between male HT and N'T groups was observed.

Variance component estimation of TNFRSF4

The variance estimates of the T.WVFRSF4 diplotype and
the residual in SBP of the control women of population 1
were 5.5 and 79.6, respectively. Therefore, the TVNFRSF4
gene explains 6.3% of the variation of SBP in this group.
The values in DBP were 2.8 and 52.1, respectively, with
the gene contributing 5.2% of the variation.

Transcriptional effects of polymorphisms in the
promoter region

‘T'o seudy transcriptional effects of the polvmorphisms, we
transfected COS-7 cells and HEK293 cells with promoter
constructs containing the haplotyvpes in the TNFRSF4
gene (Pr-H1, Pr-H2, and Pr-H5). In COS-7 cells, promoter
acuviry of the Pr-H2 construct was significantly lower than
thatofthe Pr-H1 or Pr-H3 construct (0.89 for Pr-H2/Pr-H1,
P=10.008 and 0.91 for Pr-H2/Pr-H5, P=0.026; Fig. 2a).
The same results were observed in HEK293 cells (0.92

Table 8 Four SNP haplotypes (P1, PZ, P8, and P12) frequency among normotensive (NT) and hypertensive (HT) subjects in population 2

Male subjects Female subjects

Haplotype® NT {(n=2303) HT {n=299) P® Permutation P NT (n=584) HT {(n=388) - Permutation P
Hi C-C-A-A 403 {0.665) 403 (0.674) 0.743 0.714 839 (0.718) 502 (0.647) 8.48 < 107" <0.001*
H2Z CT-G-A 86 (0.142) 75 {0.125) 0.400 0.388 115 (0.098) 116 {0.149) 6.46 x 107 0.001*
H3 T-1-G-G 66 (0.109) 71 (0.119) 0.5e2 0.583 125 (0.107) 84 (0.108) 0.939 ' 0.926
H4 C-C-G-G 30 {0.049) 24 (0.040) 0.429 0.443 47 (0.040) 45 (0.058) 0.067 0.074
HS C-C-A-G 11 {0.018) 20 (0.034) ~ 0.095 0.113 21 (0.018) 18 (0.023) 0.434 0.451
HE CC-G-A - B (0.014) 4 (0.007) 0.265 0.374 15 (0.013) 8 {0.010) 0.606 0.583

Others 2 {0.003) 1 (0.002) 6 {0.005) 3 (0.004)
Entire distribution . 0.533° 0.026%*

*Fourlociare P1, P2, PB, and P12, and six predominant haplotypes are listed; *others’

minor h

after Bonferroni’s comrection for major six haplotypes is 0.0083 (0.05/6). © P value for the enhrs distribution with permutation test.
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Table 83 Four SNP haplotype (P1. P2, P8, and P12) frequency among normotensive (NT) and hypertensive (HT) subjects in the combined

population (population 1 and 2)

Mals subjects Female subjects

Haplotype® NT (a = 602) HT {n=615) P® NT (n=845) HT {(n =658} P
H1 CC-A-A 806 {0.671) 816 {0.663) 0.682 1215 {0.719) 858 (0.652) B.07 x 107%"
H2 CT1-G-A 167 (0.139) 171 {0.139) 0.989 175 (0.104) 191 {0.145) 6.07 v 10°**
H3 T-1-G-G 129 (0.107) 1244 {0.117) 0.448 177 {0.104) 146 (0.111) 0.578
He CLCGG 45 {0.038) 45 (0.036) 0.846 64 (0.038) 60 (0.045) 0.306
HS CC-A-G 29 (0.024) 38 (0.031) 0.263 22 (0.013}) 37 (0.028) 0.003"
Hé6 CC-G-A 21 {(0.017) 9 (0.008) 0.033 24 (0.014) 20 {0.015) 0.906

Others 5 (0.004) 7 (0.006} 13 (0.008) 6 (0.004)

* Four loc: are P1, P2, PB. and-P12, and sx predominant haplotypes are Ested; ‘others’ category includes minor haplotypes with less than 195 frequency. * Significant Pvalue
after Bonterroni's correction for major six haplotypes is 0.0083 (0.05/6). * Ditference was statistically significant.

for Pr-H2/Pr-H1, P=0.001 and 0.88 for Pr-H2/Pr-HS5,
P=0.001; Fig. 2c). There was no significant difference
in promoter activity beeween the Pr-HI and Pr-H5 con-
structs in both cells. These resules suggest that expression
of TTNFRSF4 mRNA in cells is lower in individuals who
have the H2 haplotype than in cells from individuals who
have other types of haplotypes. 1o clanify the responsible
SNP(s) for the lower promoter activity of Pr-H2, we
performed an additional assay using a series of promoter
constructs that contained only one polvmorphic change

Pr-P10-T, and Pr-P11-G). In COS-7 cells. promoter activi-
ties of Pr-P2-T, Pr-P6-G. and Pr-P11-G were significantly
lower than that of Pr-H1 (0.69 for Pr-P2-T/Pr-Ht,
P <0.0001, 0.90 for Pr-P6-G/Pr-H1, P=0.016, and 0.88
for Pr-P11-G/Pr-H1. £ = 0.015; Fig. 2b). In HEK293 cells,
as in COS-7 cells, Pr-P2-T showed significantly lower
promoter activity when compared with Pr-H1 (0.71 for
Pr-P2-1/Pr-H1, P=0.0001: Fig. 2d). The results of other
constructs, however, were different: promoter acuvities of
Pr-P8-G and Pr-P11-G were significandy higher than that

(Pr-P2-T.Pr-P3-T. Pr-P4-del. Pr-P6-G, Pr-P8-G, Pr-P9-G. of Pr-H1 (1.04 for Pr-P8-G/Pr-H1. P=0.002 and 1.10 for

Fig. 2
(a) (c)
(COS-n _ (HEK293) _

Luc] peLato [ ¥ pGlato [ ]
[(EcehAcccanrcc at{iw] paf - Pt [
[CT TdelC 6 C 6 G T G A}{tuc] pr.uz:‘]" P‘-Hz-:.::ln
[cc 6AaACCCAACLCGH{tu] p..us::]- ’ Pv.us‘:___—":‘}-L:
493% P2 P3 P4 P5 PG PT P8 P9 PIOPN PIZ‘2 00 02 04 06 08 1.0 12 14 00 02 04 06 08 1.0 1.2 14

Relative Juciferase activity Relative luciferase activity
(b) ) (d)

(COS-1) (HEK203) .

[Eceaccecanccal{iue] Pt [ ==y PeHr [ ==
[cTeAacccAACC AP{te] Pr-P?-T;__:-—J"' p..pz.r'—____——}——:.,.
[ccTaAcccanarcc apdtu] Pr—Ps—T: P:—PS-T.____——__]-
[Ccedaic ccAaAArCC APftic] ppede :}— Pr-Pa-del :'__"":}
[€ce acecaaccapb{ru] Pr-PS-G: . Pr-P&G:
[CE G ACCCB ACCAIIw] pPrac 7} PepaG [} 4
[cceacccascecca Te] Pepsc| - Pr-mG:}-
[CcceacccCcaatc Ap{tu] Pr.P1u'r"'__:}- Pr-P1o-T:.____—____:-
(CEeaccecarce al{ie] renel —_} ] —
-39281 P2 P3 P4 P5 P§ PT P8 P8 P10 P11 Pl‘;z 00 02 04 06 08 1.0 1.2 14 0.0 02 04 06 08 1.0 1.2 14

Relative luciferase activity

Relative luciferase activity

Effect of haplotypes and each polymorphism on the transcriptional activity of the TNFRSF4 promoter. {a and c) Effect of haplotypes on the
transcriptional activity of the TNFRSF4 promoter. (b and d} Effect of each polymorphism on the transcriptional activity of the TNFRSF4 promoter.
Relative luciferase activities after transient transfection in COS-7 (a and b) and HEK293 (c and d) cell lines are shown. Activities of the Pr-H1
constructs were considered as 100%. Each experiment was conducted in triplicate for each sample, and the results are expressed as mean + SD for
six (COS-7) or five (HEK293) independent experiments. *P< 0.05; *"P< 0.01; ***P<0.001.
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Pr-P11-G/Pr-H1. P=0.003; Fig. 2d). Only Pr-P2-T
showed consistent change in promoter activity in the
two different cell lines. These results suggest that P2
had the largest impact on the decreased promoter activity
of the H2 haplotype.

Discussion

The significance of TNFRSF# in the pathogenesis of
fernale subjects with EH was indicated in two indepen-
dent sets of population. Haplotype analysis using four
SNPs (P1: —3948C>T. P2: —-3606C>T. P8: -1725A>
G and P12: —330A>G) in the 5’ upstream region showed
that the frequency of H1 (C-C-A-A) was significantly low
among female HT patients when compared with female
NT controls in both population 1 (P=0.031) and popu-
lation 2 (P=8.48 x 107"). The frequency of H2 (C-G-
T-A) of female HT padents was significantly higher than
that of female N'T controls in population 2 (P=6.46 x
107*), butnot in population 1. In the combined population,
both significantly lower frequency of HI (P=8.07 x 107°)
and significantdy higher frequency of H2 (P =6.07 x 107

"~ were observed in female H1' patents compared with

female N'T" controls. No difference in haploctype frequen-
cies between the HT and N'T groups was observed in the
male subjects of either the combined or separate popu-
lation. These results of association of the TNFRSF4
haploevpe with hypertension suggested that the H1 hap-
lotype is a protective allele and that the H2 haplocype isa
high-risk allele for EH in women. The promorter activicy of
the H2 haplotype was significantly lower than that of
the H1 and H5 (C-C-A-G) haplotypes. Furthermore. the
Pr-P2-T construct showed lower promoter acrivity than
other constructs. Allelic association of P2 (—3606C>T,
rs12036216) wich female HT padents was significant in
population 2 and the combined populatdon (data not
shown), but not in population 1. These data suggested
that P2 is the responsive SNP chat modifies the risk for
hvpertension in females, although it is possible chat uni-
dentified variant(s) in LD with this haplotype have func-
tion(s) that influence disease susceptibility. We also
observed a significant difference in frequency of the H3
haplorype in the combined population (P =0.003) and in
population 1 (P=6.78 x 10, but not in population 2.
We, however, could not find any transcriptional effect of
H35 haplorype.

The TNFRSF4-TNFSF4interactions on T lymphocytes
enhance proliferation and differentiation of the cells as
well as generation and survival of memory CD4™ T cells
in the process of inflammation and immune response
{15-18]. Several inflammatory markers, such as soluble
leukocyte adhesion molecules, cytokines, specific growth
factors, heat shock proteins, CD40L, and C-reactive
protein (CRP). were reported to increase in patients with
EH [32-41). Although the relationship beaween inflam-
mation and hypertension has not been well established, a
growing body of evidence indicates that vascular inflam-

mation may be involved in both the initiation and devel-
opment of hypertension [42-46]. Sesso 7 a/. [46] showed
thatelevated plasma CRP. a well-known marker of inflam-
mation, was associated with the future development of
hvpertension in a dose-dependent manner. Furthermore,
hypertension has been suggested to trigger inflammation
through the increased expression of several mediators,
including leukocvte adhesion molecules, chemokines,
specific growth factors, heat shock proteins, endothelin-
1. and angiotensin [47-534]. Given our findings that
variants of the T'VFRSF4 gene. which might affect the
inflammatory cascade, were associated with EH among
women, it is likcly that inflammartion may play a role in
initiation and/or development of hypertension.

Inflammatory process [21] and T Iymphocyte activation
[12.19.20] are implicated to be involved in the pathogenesis
of atherosclerosis. Thus, alteration(s) in the TNFRSF4-
TNFSF4 pachway could influence atherosclerosis for-
mation. Indeed, Wangera/. {22] found that polymorphisms
of TNFSF4 are associated with M1 in women. Further-
more. a polymorphism in 'VFRSF#was also reported to be
associated with MI [23]. ‘These studies strongly suggested
that genes involved in the TNFRSF4-TNFSF4 pathway
plav a role in the pathogenesis of atherosclerosis and MI,
particularly in women.

Our findings combined with those of the studies men-
tioned above suggested that genetic variations in the
TNFRSF4-TNFSF4 pathway may be involved in the
pathogenesis of both acherosclerosis and hypertension. So.
which comes first, atherosclerosis or hypertension? Hyper-
tension is one of the principal risk factors for acherosclero-
sis and MI [24], but the exact mechanism underlving
the association is not fully understwood. Although arterial
stiffness, which is a predictor of atherosclerosis [55,56), has
been thought to be the result of hypertension rather than
its cause, recent studies suggested that arterial stiffness is
related to the developmentof hypertension [57,58). These
dara indicared char the relationship between hvperten-
sion and arterial stiffness may be bidirectional {39].
Therefore, three different scenarios are possible to
explain the results that genetic variations in che
TNFRSF4-TNFSF4 pathway are associated with both
hypertension and ML First, inflammation may directly
increase arterial stiffness and induce the development of
an atherosclerotic lesion, which mav lead to the devel-
opment of hypertension. Second, inflammation may
induce hypertension, which may result in increase in
arterial stiffness and atherosclerosis. Third, inflam-
mation may promote the development of hypertension
and atherosclerosis by different pathways. Although itis
not clear whether atherosclerosis is a cause of hvperten-
sion, our findings and that of previous studies indicate
that the inflammation may be an important part of
the link between hvpertension and atherosclerosis and
cardiovascular events, such as ML

—186—-



l’l'i]lUZUlOﬁk Total nos of Pages: 12:

TNFSF{ is also a potential candidate for a susceptibilicy
gene involved in the pathogenesis of EH in women. We,
therefore. examined che purtative association between
polymorphisms in the TVFSF# gene and hvpertension
in population 1. The allele frequencies of four SNPs
(rs1234315, 153850641, rs1234313, and rs3861950) and its
haplotype did not significantly differ becween the HT
group and the NT group for women (data not shown). In
contrast to the case of Ml in which susceptbility was
affected by variations of both TNFRSF4 and TNFSF4.
susceptibility for hvpertension may be affected only by
TNFRSF4, though more extensive scudies are required
before we conclude an association of T.NFSF4 with
hvpertension.

In che present study, we found that vanations of TNFRSF#
affected hvpertension susceptibility only in women. This
is an interesting similarity to women-specific M1 suscepti-
bility exerted by TNFSF# and I'VFRSF4. Some case—
control studies [5,60,61] have identified gene variants
associated with sex-specific susceptibilicy to EH. Recently.
Nakayama e a/. [5] reported thatan SNP in the 5’-untrans-
lated region of the follicle-stimulating hormone receptor
(FSHR) gene, in which mutations were reported to cause
hereditary hvpergonadotropic ovarian failure [62), was
associated with EH in women and affected the levels of
transcriptional activity. In this study. the functonal
mutation of the gene was clearly identified in patients with
EH in a sex-specific manner. Currently, the reason for
women-specific association of T.VFRSF# with EH is an
open question. One possibilicy is the involvement of the
female sex hormone, estrogen. After menopause, women
are at increased risk of inflammatory cardiovascular
diseases such as atherosclerosis and coronary heart disease,
suggesting that estrogens modulate the initiation and
progress of inflammation [63-65]. Recently, Xing e a/.
[66] suggested that estrogen may exert anti-inflammatory
effects by inhibiting tumor necrosis facror-a-mediated
chemokine production in vascular smooth muscle cells.
Estrogen, however, isalso known toincrease CRP, which s
an inflammatory marker [63). These findings indicate
that estrogen may modulate the production of several
proinflammatory molecules in distinct pathways. It is
possible that TNFRSF4 and estrogen cross talk in inflam-
mation nerworks.

In conclusion, the present study revealed that haplotvpes
of the TNFRSF{ gene were associated with EH among
women in two Japanese population, suggesting an invol-
vement of the ZVFRSF{ gene in the pathogenesis of
fernale EH.
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Prevalence and Lifestyle Characteristics of
Hypertensive Patients with Metabolic
Syndrome Followed at an Qutpatient Clinic in
Fukuoka, Japan

Yuko OHTADY, Takuya TSUCHIHASHIV, Kimika ARAKAWAD",
Uran ONAKADY, and Michio UENOY

A new guideline on metabolic syndrome (MS) in Japanese was introduced in 2005. The purpose of this study
was to evaluate the prevalence and lifestyle characteristics of Japanese hypertensive patients with MS. Sub-
jects were 290 patients (mean age: 64111 years) who had been followed at our hospital. The waist circum-
ference (WC) arid body mass index (BMi) were assessed. Subjects who had BMI 225 kg/m? were defined as
having BMI obesity, while abdominal obesity was defined as a WC 285 cm in men and 290 cm in women,
respectively. Since all patients had hypertension, the definition of MS was made when the patient had
- abdominal obesity plus either dyslipidemia or glucose intolerance, or both. Among the subjects, 230
patients underwent 24-h home urine collection to measure urinary salt and potassium excretions. Dietary
habits were also assessed by use of a questionnaire. Mean values of BMl and WC were 24.2+3.4 kg/m? and
87.119.6 cm, respectively. Among the total subject group, 39% patients were classified as having BMI obe-
sity, 49% as having abdominal obesity, and 27% as having MS. BMI was significantly correlated with WC
both in men (r=0.86; p<0.01) and in women (r=0.79; p<0.01). More men than women belonged to the BMI
obesity (46% vs. 33%, p<0.05), abdominal obesity (63% vs. 39%, p<0.01) and MS (39% vs. 18%, p<0.01)
groups. There were no significant differences in biood pressure between patients with and without MS, while
patients with MS needed a greater number of antihypertensive drugs than those without MS. Mean urinary
salt and potassium excretions were 8.9£3.8 g/day and 1.910.7 g/day, respectively. Urinary salt excretion of
<6 g (100 mmol of sodium)/day was achieved in 20% of the subjects. Urinary salt excretion in the patients
with MS was significantly higher than that in the patients without (10.114.2 vs. 8.5£3.6 g/day; p<0.01). Only
16% of the patients with MS achieved salt restriction (<6 g/day). The patients with MS had a significantly
greater the chance to eat out than the patients without MS. They were also less aware of the need to
increase their vegetable consumption. The resuits suggested that MS is prevalent in Japanese hypertensive
patients. Patients with MS showed higher urinary salt excretion and needed more antihypertensive drugs to
manage their blood pressure. Dietary counseling focusing not only on sodium restriction but also on the
need to increase fruit and vegetable consumption seems to be important. (Hypertens Res 2007; 30: 1077~
1082)
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introduction

In recent years, the prevalence of glucose intolerance, hyper-
cholesterolemia, and obesity has greatly increased in Japan
(/). The concept and the definition of metabolic syndrome
(MS) have been established by the National Cholesterol Edu-
cation Program’s Adult Treatment Panel III (2) and by WHO
(3). Following these guidelines, a guideline on MS in Japa-
nese was introduced in 2005 (4). MS has been reported to be
associated with an increased risk for type 2 diabetes mellitus,
cardiovascular disease and other manifestations of atheroscle-
rotic disease (5—10). Since lifestyle factors can make a major
contribution to the development of MS, dietary modification
and enhanced physical activity may delay or prevent the dis-
ease (2, 11-13).

Among the relevant lifestyle factors, dietary sodium intake
plays a major role in the development of hypertension.
Although the National Nutrition Survey in Japan showed a
tendency. for decreased sodium intake in recent years, it still
remains high (/4). In the present study, we evaluated the
prevalence and lifestyle characteristics—including sodium
intake—of Japanese hypertensive patients with MS.

Methods

Participants were recruited from among hypertensive outpa-
tients who visited the National Kyushu Medical Center,
Fukuoka, Japan. Subjects included 290 patients, 167 women
and 123 men, with a mean age of 64+11 years. The waist cir-
cumference (WC) and body mass index (BMI) were assessed.
WC was measured at the umbilical level in standing subjects
after normal expiration. Subjects who had'a BMI 225 kg/m?
were defined as having BMI obesity, while abdominal obesity
was defined as a WC 285 cm in men and 290 cm in women,
respectively. Blood pressure (BP) was measured with a
sphygmomanometer by the doctors while the patients were
seated. The averaged BP determined by two consecutive mea-
surements was used for analysis. Body fat was measured by
bioelectric impedance analysis (InBody 3.0; Biospace Tokyo
Japan Inc., Tokyo, Japan). Since all patients had hypertension
(systolic blood pressure [SBP} =130 mmHg and/or diastolic
blood pressure [DBP] 285 mmHg or current use of antihyper-
tensive drugs), the definition of MS was made when the
patient had abdominal obesity plus either dyslipidemia
(serum triglyceride 2150 mg/dL and/or serum high-density
lipoprotein [HDL] cholesterol <40 mg/dL or the current use
of anti-lipemic agents) or glucose intolerance (fasting plasma
glucose 2110 mg/dL or the current use of anti-diabetic
agents), or both. )

In the second part of the analysis, 24-h urine samples were
collected using a partition cup, which collects a 1/50 portion
of the 24-h urine. If the 24-h creatinine excretion was within
+30% of the estimated values, the urine collection was con-
sidered successful. Subjects included 230 patients who under-

went successful 24-h home urine collection. Urinary salt,
potassium, and creatinine were measured. Dietary habits
focusing on the chance to eat out (2 1/week) and the aware-
ness of the need to increase vegetable and fruit consumption
were also assessed by use of a questionnaire.

The detailed procedure of the study was explained and
informed consent was obtained from each subject. This study
was conducted following the institutional guidelines.

Statistical Analysis

Values are presented as the mean+SD. The differences in the
variables were compared by one-way ANOVA or generalized
linear model (GLM) when applicable. A x? test was also uti-
lized when appropriate. p values less than 0.05 were consid-
ered significant.

Results

The patient characteristics are shown in Table 1. The mean
age was 64111 years, and 58% of the patients were women.
The mean values of BMI and WC were 24.2+3.4 kg/m? and .
87.1£9.6 cm, respectively. Among the total patient group,
39% were classified as having BMI obesity, 49% as having
abdominal obesity, and 27% as having MS. More men than
women belonged to the BMI obesity (46% vs. 33%, p<0.05),
abdominal obesity (63% vs. 39%, p<0.01) and MS (39% vs.
18%, p<0.01) groups. BMI was significantly correlated with
WC both in men (r=0.86; p<0.01) and in women (r=0.79;
p<0.01). Table 2 compares the profiles of hypertensive
patients with and without MS. As a matter of course, WC,
serum triglyceride and plasma glucose were significantly
higher and HDL cholesterol was significantly lower in both
male and female patients with MS than those without MS.
The values of total cholesterol and uric acid in men and BMI
in women were significantly higher in the MS group. On the
other hand, there were no significant differences in BP
between patients with and without MS, while patients with
MS needed a gréater number of antihypertensive drugs than
those without MS (men: 2.0+1.3 vs. 1.611.0, p=0.10;
women: 2.1£1.0 vs. 1.621.1, p<0.05). As shown in Fig. 1,
angiotensin I receptor blockers and a-blockers were pre-
scribed more frequently in the patients with MS. Table 3
shows the characteristics of the patients with and without MS
who underwent successful 24-h home urine collection. The
mean urinary salt and potassium excretions of all patients
who underwent successful 24-h home urine collection were
8.9+3.8 g/day and 1.940.7 g/day, respectively. A urinary salt
excretion of <6 g (100 mmol of sodium)/day was achieved in
20% of the subjects. The urinary salt excretion in the patients
with MS was significantly higher than that in the patients
without MS (10.1£4.2 vs. 8.5+3.6 g/day; p<0.01). Only
16% of the patients with MS achieved salt restriction (<6 g/
day). The patients with MS had a significantly greater chance
to eat out than the patients without MS (Table 3). They were
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Table 1. Characteristics of the Patients

Total Men Women
Number of patients 290 123 167
Age (years) 6411 63112 6510
BMI (kg/m?) 242434 244433 24.0%3.5
Waist circumference (cm) 87.14£9.6 87.9+8.6 86.5+£10.2
Serum total cholesterol (mg/dL) 205+30 199431 210+£28**
Serum triglyceride (mg/dL) 135+89 145184 127193
Serum HDL cholesterol (mg/dL) 59+16 54114 6217+
Serum creatinine (mg/dL) 0.8+0.4 1.0+0.4 0.7£0.3**
Serum uric acid (mg/dL) 59+14 67+1.3 5.3+1.1%#
Plasma glucose (mg/dL) 102+19 103+16 101+21
Systolic blood pressure (mmHg) 13516 134%13 13617
Diastolic blood pressure (mmHg) 71£11 7110 7111
Number of antihypertensive drugs 1.7+1.1 18+1.1 1.7+1.1
Prevalence of BMI obesity (%) 3 46 33+
Prevalence of AO (%) 49 63 39%#
Prevalence of MS (%) 27 39 18%*

Values are meansSD. *p<0.05, **p<0.01 vs. men. BMI, body mass index; HDL, high-density lipoprotein; AO, abdominal obesity;
MS, metabolic syndrome.

Table 2. Characteristics of the Patients with and without Metabolic Syndrome

Men Women -
Non-MS MS Non-MS MS

Number of patients 75 48 137 ' 30
Age (years) 65+11 61£12%* 64+10 6718
Body mass index (kg/m?) 23.143.1 26.612.3 23.3+3.2 27.113.2%*
Waist circumference (cm) 842182 93.6%5.6™ 83.819.0 98.416.41
Serum total cholesterol (mg/dL) 19431 20730t 212427 201131
Serum triglyceride (mg/dL) 106158 205+ 841 116167 1771561
Serum HDL cholesterol (mg/dL) 58+14 484131t 6317 55+15t
Serum creatinine (mg/dL) 1.0£0.4 1.0£0.3 0.7£0.3 0.7£0.3
Serum uric acid (mg/dL) 6.5+1.3 7.1£1.3t 5.3%x1.1 5.311.0t
Plasma glucose (mg/dL) 99+12 110£191 96+ 14 1201341

- Systolic blood pressure (mmHg) 13512 132415 13517 138116
Diastolic blood pressure (mmHg) 71+11 7249 7111 7011
Number of antihypertensive drugs 1.61£1.0 2.0+1.3 1.6t1.1 2.1£1.0t

Values are means1SD. *p<0.05, **p<0.01 vs. non-MS. 'p<0.05, 1'p<0.01 vs. non-MS adjusted for age and body mass index. MS,

metabolic syndrome.

also less aware of the need to increase their vegetable con-
sumption (Table 3). Similarly, the patients with MS tended to
be less aware of the need to increase fruit consumption
(Table 3).

Discussion

In our present group of hypertensive patients, we found that
the prevalence of MS was 39% for men and 18% for women.
Epidemiological studies have shown that MS occurs in a wide
variety of ethnic groups (/2, 15-18). Data extracted from the

third National Health and Nutrition Examination Survey (/2)
have shown that the age-adjusted prevalence of MS is 24% as
defined by the NCEP-ATP III definition of MS. The preva-
lence of MS in the Hungarian population (/6) and in
Okayama Prefecture (18) have been reported as 15% and 31%
for men, and 9% and 4% for women, respectively. The prev-
alence of MS in the present study was higher than any of these
previously reported values. This finding was expected given
that all our subjects were hypertensive. Our study used the
new definition of MS for Japanese, which primarily requires
a WC 285 cm in men and 290 ¢cm in women in addition to
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Fig. 1. Antihypertensive drugs used in the patients with and
without MS. *p<0.05 vs. non-MS. MS, metabolic syndrome;
CCB, Ca antagonist; ACEI, angiotensin converting enzyme
inhibitor; ARB, angiotensin II receptor blocker.

two or more of the following risk factors: hypertension, dys-
lipidemia, and glucose intolerance. These cutoff points of the
WC are reported to correspond to a visceral fat area of 100
cm? at the umbilical level (79). Although the prevalence of
MS varies by the definition used and the population studied,
there is strong epidemiological evidence suggesting that the
number of subjects with MS is increasing rapidly in many
countries. '

In the present study, the prevalence of abdominal obesity
differed from that of BMI obesity; however, there was a sig-
nificant association between abdominal obesity and BMI obe-
sity. Based on the regression analysis, BMI of 25 kg/m?
corresponded to a WC of 89.3 cm in men and 88.7 cm in
women, respectively. These WC values were close to the cri-
teria for abdominal obesity in the new guidelines on MS in
Japanese. )

Since multiple risk factors for cardiovascular disease exist
in patients with MS, aggressive pharmacological as well as
non-pharmacological intervention to achieve strict BP control
should be required. In the present study, BP levels were com-
parable between the patients with and without MS, while the
patients with MS required a greater number of antihyperten-
sive drugs. Our results are consistent with previous studies in
which obese patients required a greater number of antihyper-
tensive drugs (20, 21). Among the lifestyle modifications rec-
ommended for hypertensive patients, -sodium restriction
seems to be the most important. One of the main findings of
this study was that urinary salt excretion in the patients with
MS was significantly higher than that in the patients without
MS. The rate of achievement of urinary salt excretion <6 g/
day in the patients with MS was also low. We have previously
reported that sodium intake in Japanese hypertensive patients
remains fairly high, and that very few of our patients were
able to achieve the sodium restriction recommended by the
guidelines (22, 23). Recently, it has been reported that the

Table 3. Characteristics of the Patients with and without
MS Who Underwent 24-h Urine Collection

Non-MS MS

Number of patients 175 55

Sex (men/women) 66/109 37/18**
Age (years) 64%10 63+12
Body mass index (kg/m?) 233429 26.812.5**
Body fat (%) 2817 2916
Walist circumference (cm) 844+83 95.016.3**
Systolic blood pressure (mmHg) 13516 134114
Diastolic blood pressure (mmHg) 71+11 71£10
Serum creatinine (mg/dL) 0.8+04 09104
Urinary salt excretion (g/day) 8.5+3.6 10.1£4.2**
Urinary potassium excretion (g/day) 1.9+0.7 1.9+£0.6

Urinary creatinine excretion (mg/day) 9441274 1,187+360
Chance to eat out (= 1/week) (%)

All 419 72.31

Men 52.7 78.1t

Women 35.5 60.0
Awareness to increase vegetable consumption (%)

All 75.4 60.0t

Men 71.2 62.2

Women 78.0 '55.61
Awareness to increase fruit consumption (%) .

All 73.1 52.7¢

Men 59.1 432

Women 81.7 722

Values are means+ SD. MS, metabolic syndrome. **p<0.01 vs. .
non-MS. #p<0.1, 1p<0.05, "p<0.01 vs. non-MS (adjusted for
age)..

prevalence of sodium-sensitive hypertension is significantly
higher in patients with MS than in those without MS, and the
patients with MS show higher homeostasis model assessment
of insulin resistance (HOMA-IR) (24). These findings indi-
cate the close association between sodium-sensitive hyperten-
sion and insulin resistance. Taken together, these results
indicate that sodium restriction in the hypertensive patients
with MS may have an additional therapeutic advantage to
reduce the risk of cardiovascular complication. In addition,
the present patients with MS had a significantly greater
chance to eat out, and were also less aware of the need to
increase vegetable and fruit consumption. However, the uri-
nary potassium excretion in the patients with MS was equal to
that in the patients without MS in the present study, in spite of
the reduced awareness of the need to increase vegetable con-
sumption in the former group. One possible explanation for
this finding is that actual potassium intake tends to differ from
the natural content of food because of the influence of cook-
ing. Some previous studies have reported on the association
between food intake and MS (11, 25-28). A whole array of
dietary factors, such as high intakes of saturated fatty acids
and low intakes of n-3 fatty acids, have been reported to con-
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tribute to the development of components of MS (26, 27). It
has also been reported that the Dietary Approaches to Stop
Hypertension (DASH) diet and the Mediterranean-style diet
might be effective in reducing the prevalence of MS (/1, 28).
In addition, Riccardi and Rivellese introduced a diet with high
amounts of vegetables, fruits, and legumes as well as reduc-
tions in saturated fat, salt, and alcohol as an optimal diet for
MS (29). Thus, lifestyle modifications to target not only
weight reduction, dietary sodium reduction, regular aerobic
physical activity, and decreased alcohol consumption, but
also increased fruit and vegetable consumption, may be help-
ful in hypertensive patients with MS.

One of the limitations of this study is that all subjects were
hypertensives, and thus we did not examine the prevalence
and lifestyle characteristics of normotensive patients with
MS. Another limitation is that the present investigation was
conducted in a hospital in Fukuoka. Therefore, our observa-
tions may not reflect the prevalence and lifestyle characteris-
tics of hypertensive patients with MS in the general
population.

In conclusion, our findings suggest that MS is prevalent in
Japanese hypertensive patients. We found that our patients
with MS required more antihypertensive drugs to manage BP
than our hypertensive patients without MS. Urinary salt
excretion was also high in the hypertensive patients with MS.
These results indicate that dietary counseling focusing not
only on sodium restriction but also on the value of increasing
fruit and vegetable consumption is important.
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