454 Journal of Hypertension 2008, Vol 26 No 3

mice was 14mmHg, The cypd4ald "~ hvpertensive phe-
notype was spontancous and insensitive to dietary salt.
The cyp4al4™'~ male mice had elevated levels of plasma
androgens. Castration normalized the blood pressure of
the hypertensive cyp4al4 ™/ male mice, and androgen
replacement restored the hypertensive phenotype to the
castrated cyp4al4™" male mice. In a study by Nakagawa
et al. [11], disruption of the murine cyp4al0 gene caused
salt-sensitive hypertension. When cyp4al0™'™ mice were
fed a low-sale dier, they were normotensive. When the
cyp4a10" mice were fed a normal or high-salt diet,
however, they became hypertensive. Compared with
wild-type mice, the male and female cyp4al0™ mice
had a significantly increased systolic blood pressure when
fed a 0.3% NaCl diet, with an average increase in systolic
blood pressure of 27 and 22mmHg for the male and
female mice, respectively. The findings for the
cyp4al4 ™'~ mice and the cyp4al0 ™’ mice were there-
fore similar in that the male knockout mice had more
severe hypertension than the female mice. These findings
suggest thac the effects of cyp4al4 and cyp4al0 mediated
by androgens are involved in the pathophysiology of
hypertension, and thart these knockout mice are promising
models of gender-specific human hypertension.

The isoforms cyp4al4 and cyp4al0 do not exist in humans,
Human CYP4Al1l is 72.69% identical with murine
cyp4al4, and is 73.02% idendical with murine cyp4al(.
This suggests that CYP4A11 plays a role in humans similar
to that of cyp4al4 and cyp4al0 in mice [12]. In humans,
CYP4A11 acts mainly as an enzyme that converts arachi-
donicacid to 20-hydroxyeicosatetraenoic acid (20-HETE).
In the kidney, CYP4A11 and CYP4F2 are involved in the
regulation of blood pressure [13]). Available evidence
suggests that the human CYP4Al1 gene is an essential
hypertension causative gene candidate.

The human CYP4A11 gene is located at chromosome
1p33, spans approximartely 12.57 kilo-base-pairs, and
contains 12 exons, More than 120 single-nucleotide poly-
morphisms (SNPs) of the human CYP4A11 gene are listed
in the National Center for Biotechnology Information SNP
database (hop://www.ncbi.nlm.nih.gov/SNP),

There have been case—control studies on the association
berween CYP4A11 and hypertension [14,15], but none of
these studies were haplorype-based. The aim of the
present haplotype-based case—conurol study was to assess
the association berween essential hypertension and the
human CYP4A11 gene in Japanese men and women.

Materials and methods

Participants

Padents diagnosed with essenual hypertension were
recruited at Nihon University [tabashi Hospital and other
neighboring hospitals in Tokyo from 1993 o 2003. We
enrolled 304 cssenual hypertension patents in the present

study, with a men/women ratio of 2.27. Essenual hyper-
tension was diagnosed based on the following criteria:
seated systolic blood pressure greater than 160mmHg or
diastolic blood pressure greater than 100mmHg on three
occasions within 2 months after the first blood pressure
reading. None of the essendial hypertension patients were
recciving anthypernensive medicanon. Padents diag-
nosed with secondary hypertension were excluded. A toral
of 207 normotensive, age-marched individuals (men/
women ratio = 1.92) were enrolled as control participants.
None of the control individuals had a family history of
hypertension, and all had a systolic blood pressure below
130mmHg and a diastolic blood pressure less chan
85mmHg. Informed consent was obrained from each
participant in accordance with the protocol approved
by the Human Studies Committee of Nihon University
[16].

Genotyping

There are 121 SNPs for the human CYP4A11 gene listed in
the Nadonal Center for Biotechnology Information SNP
database Build 127 (hup://www.nebinlm.nih.gov/SNP),
We also screened the dara for the Tag SNPs on
the International HapMap Project website (hep:/fwww
hapmap.org/index.heml ja). The daca for all SNPs listed for
the Japanese population were classified into three groups
depending upon frequency, including: having large minor
allele frequencies (MAF) of 0.367-0.417, having a middle
MAF of 0.179-0.200, and having a MAF less than 0.1. Five
SNPs (rs 4660978, rs9333025, rs3890011, rs9333016 and
159332982) were included in the first group and three SNPs
(rs9333029, rs4660980 and rs9332998) were included in the
second group. For use as a marker, the first group was
thought preferable because the minor allele frequencies
were high. Since high r* values were shown berween the
SNP pairs in the first group, we selected one SNP for this
group (rs9333025). Genotyping for this SNP was done
using a kit from Applied Biosystems Inc. (Foster Ciry,
California, UUSA). There were cight SNPs for the human
CYP4A1l gene that were registered in the Japanese
Single Nucleotide Polymorphisms darabase. Of these
SNPs there was only one SNP (rs2269231) chat was found
to have an allele frequency within the Japanese popu-
lation. We sclected rs2269231 for our experiment because
the MAF of this SNP was 0.389. This SNP could also
be genotyped using the kit from Applied Biosystems Inc.
The MAF for both SNPs (rs9333025, rs2269231) was
greater than 30%, which indicates that they were effective
genetic markers. In addition to this standard, we chose
151126742, which 15 a nonsynonymous substitution at
amino acid [14], as this SNP has been reported to have
a loss-of-function and associated hypertension. This SNP
was not registered in the genoryping kit from Applied
Biosystems Inc., so we purchased a Custom TagMan
SNP Genoryping Assay (Applied Biosystems Inc.).
We designated these SNPs as SNP1 (rs2269231,
C_15876257_10), SNP2 (rs1126742) and SNP3
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Structure of the human CYP4A11 gene. The gene consists of 12 exons (boxes) separated by 11 introns (lines; intergenic regions), Filled boxes,
coding regions; arrows, locations of single-nuclectide polymorphisms (SNPs). kbp, kilo-base pairs,

(rs9333025, C_29846881_10), which were in order of
increasing distance from the 5" end of the gene (Fig, 1),
SNP1 and SNP3 were located in the introns. SNP2, which
is located in exon 11, involves a thymidine-to-cytosine
substtution (T8590C) thar leads to a nonsynonymous
phenylalanine-to-serine (F-to-S) substitution at amino
acid residue 434 of CYP4A11 [14],

Blood samples were collected from all participants, and
genomic DNA was extracted from the peripheral blood
leukocytes by phenol and chloroform exeraction [17).

Genoryping was performed using the TagMan SNP
Genoryping  Assay (Applied Biosystems Inc.). The
TagMan SNP Genotyping Assays were performed using
the method of Taq amplification [18]. In the 5’ nuclease
assay, discrimination occurs during the polymerase chain
reaction (PCR) because of allele-specific fluorogenic
probes that, when hybridized to the template, are cleaved
by the 5 nuclease activity of Taq polymerase. The probes
contain a 3’ minor groove-binding group that hybnidizes to
single-stranded targets with greater sequence-specificity
than ordinary DNA probes. This reduces nonspecific
probe hybridization, and results in low background
fluorescence in the 5 nuclease PCR assay (TagMan;
Applied Biosystems Inc.). Cleavage results in increased
emission of a reporter dye. Each 5 nuclease assay requires
two unlabeled PCR primers and two allele-specific probes.
Each probe is labeled with two reporter dyes at the 5’ end.
In the present study, VIC and FAM were used as
the reporter dyes. The primers and probes used in the
TagMan SNP Genotyping Assays (Applicd Biosystems
Inc.) were chosen based on information available on
the Applied Biosystems Inc. website (htp://myscience.
appliedbiosystems.com),

PCR amplification was performed using 6 pul TagMan
Universal Master Mix, No. AmpErase UNG (2x) (Applied
Biosystems Inc.)ina 12 pl final reaction volume containing
2Zng DNA, 0.22 ul TagMan SNP Genotyping Assay Mix
(20x or 40x), primers at a concentration of 900 nmol/l

cach, and probes ata final concentration of 200 nmol/l each.
Thermal cycling conditions were as follows: 50°C for
2min; 95°C for 10min; 40 cycles of 95°C for 155; and
62°C for 1 min. Thermal cycling was performed using the
GeneAmp 9700 system (Applied Biosystems Inc.).

Each 96-well plate contained 80 DNA samples of an
unknown genotype and four reaction mixtures containing
reagents but no DNA (conuol). The conwol samples
without DNA are a necessary part of the Sequence
Detection System (SDS) 7700 signal processing, as
outlined in the TagMan Allelic Discrimination Guide
(Applied Biosystems Inc.). The plates were read on the
SDS 7700 inscrument with the end-point analysis mode of
the SDS version 1.6.3 software package (Applied Biosys-
tems Inc.). The genotypes were determined visually
based on the dye-component Huorescent emission data
depicted in the X-Y scatter-plot of the SDS software. The
genotypes were also determined automancally by the
signal processing algorithms of the software. The resules
of each scoring method were saved in two separate ourput
files for later comparison [19].

Biochemical analysis

‘We measured the plasma coneentration of toral choles-
terol and high-density lipoprotein cholesterol, and the
serum concentrarion of creatinine and uric acid, using
standard methods employed by the Clinical Laboratory
Department of Nihon Universicy Hospiral.

Statistical analysis

All continuous variables were expressed as the mean £+ SD.
Differences in continuous variables between essential
hypertension padents and control individuals were
analyzed using the Mann—Whitney U-test. Differences
in categorical variables were analyzed using Fisher's exact
test. Hardy—Weinberg equilibrium was assessed by chi-
sqquared analysis. Differences in distributions of genotypes
and alleles between essential hypertension patients and
control individuals were analyzed using Fisher's exacr test.
Based on the genotype data of the genetic vanations,
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we performed linkage disequilibrium _analysis and -g §‘§'§'§.§ g 3 E g a ‘é iz g
haplotype-based case—control analysis, using the expec- n| degegeelvecgda | L
tation maximization algorithm [20] and the software 5
SNPAlyze version 3.2 (Dynacom Co., Ltd., Yokohama, g P - §
Japan). The pairwise linkage disequilibrium analysis was HELEE PR T 3
performed using three SNP pairs. We used || values L - c'; :ﬂ: -q -:' Py o~ &o88
greater than 0.5 to assign SNP locations to one haplotype g g S8CER°ZET %
block. SNPs with an #* value less than 0.5 were selected as = S 5
tagged. In the haplotype-based case—control analysis, e ;
haplotypes with a frequency below 0,02 were excluded., £ RS S‘
The frequency distribution of the haplotypes was calcu- 2| c33c93g22 3
lated by chi-squared analysis. In addition, logistic 3 HAMRLNIBABERE | &
regression analysis was performed o assess the contn- E; al & Rear® E av ;4
bution of the major risk factors. Statstical significance H I-;—
was established at P values less than 0.05. Stavstcal v =
analyses were performed using SPSS software for Windows 32 'g '§ 'é §§ v oo g'-s- as | §
(version 12; SPSS Inc., Chicago. Illinois, USA). a s EREE a8as = 35 E
1

Results -! @ o ww E
Table 1 presents the clinical characteristics of the study | 2226888 5
participants. For men, women and total participants, the b8 I S R
following values were significantly higher for the essen- g gRuggoggna
tial hypertension patents than the control individuals: i 8 - -
body mass index, systolic blood pressure, diastolic blood
pressure, and pulse rate. For men and total participants, g
serum creatinine was significantly higher for the essential gl 2e E E s
hypertension patents than the control individuals. There % 8| HHH 4
was no significant difference in the following vanables 3 i CEgge-ggs
between the essential hypertension patients and control § - . s
individuals: plasma concentration of total cholesterol, o 'i
plasma concentration of high-density lipoprotein choles- -§ ALy e I 5] gl Byl B
terol, plasma concencration of uric acid, and the incidence c88888K85-8848~ ]

. . . - C0O00000000CO0O0O0O
of hyperlipidemia. The incidence of diabetes was % v
significantly higher for essential hypertension patients L
than for control individuals. There was no significant 3 Curnly 5 . B9 2
difference in alcohol consumption between essennal 'é el A it b 2cm® :
hypertension patients and control individuals. For men, B § E gg;g § g p
smoking prevalence was significantly higher for essenual 3 ¢§ - “ -
hypertension pacients than for control individuals.

[

Table 2 presents the distnbution of the genotypes and i e8Il
alleles of the three SNPs. The genotype distnbution of g‘é A NR AT omws
the each SNP did not show significant difference from 38| 5% z P9 T § i
the Hardy-Weinberg equilibrium  values (data not 2 E SEERT O
shown). For total parucipants, the genotype distribution B a
of rs1126742 differed significantly between the essential 1 B
hypertension patients and control individuals (P = 0.005). 2 ?
For the total participants, men, and women, the distri- g 2
bution of the recessive model of rs1126742 (CC versus = F
TC + 'TT) differed significantly between the essential -

pr

hypertension patients and control individusls (P = 0.007,
P=0.043, and P=0.045, respectively). Dominance and

g
2
i
£
:
g

Systokc blood pressure (mmHg)
Diiastolc blood pressure (mmHg)

% s &

; : 231 It . i3

recessiveness of the models were defined by their =] £ g v

g $o3E3B88 §d

frequency among total control individuals. 5 - 5 33 2 “gi ZE z| 2

: i

Table 3 presents the resules of logistic regression analysis. a -ig g 2 3 3 ‘ég g(—g : E
Logistic regression was performed with and withourt = g’ OrISfoo S
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Table 3 Odds ratios and 95% confidence intervals for each risk factor and the TC + TT genotype of rs1126742 iated with tial
hypertension

Total Men ‘Women
Risk factor Odd rabos  85% confidence nterval Pvalue  Odd ratios  95% confidence imerval  Pyalus  Odd ratios  95% confidence interval P value
TC + 1T genotype  6.697 1.312-34.1756 0.022* 5.704 1.060~-30.677 0043" 0000 0.000-0.000 1.000
Duabetos malktus 0.000 0.000~0.000 0.998 0.000 0.000-0.000 0.698 0.000 0.000-0.000 0.999
Smoking 0.704 0.444-1.116 0.13% 0.591 0.345-1.014 0.056 1.138 0.417~3.108 0.800
Hyperiipidemia 0.737 0.422-1,2809 0.285 0773 0.390-1.532 0.481 0.829 0.301-2.285 0717
*P< 005
diabetes mellitus, smoking and hyperlipidemia. For the  Discussion

total participants and for the men, the TC + TT geno-
type of rs1126742 sull differed significantly between the
essential hypertension partients and control individuals
(P=0.022 and P=0.043, respecrively), while for women
there was no difference for the TC + TT genotype of
151126742 between the essennal hypertension patients
and control individuals (7= 1.000).

Table 4 presents patterns of linkage disequilibrium in the
CYP4A11 gene, with their [/ and / values. All three
SNPs are located in one haplotype block because all ||
values are beyond 0.5, All three SNPs were available for
the performance of a haplotype-based case—control study
because all of the 7* values were below 0.5.

In the haplotype-based case—control analysis, haplotypes
were established through the use of different combi-
nations of the SNPs (Table 5). For men, the overall
distribution of the haplotypes established by SNPI,
SNP3 and by SNP1, SNP2, SNP3 were significantly
different between the essential hypertension patients
and the conwol individuals (P=0.001 and P=0.003,
respectively). For women, the frequency of the T-C
haplotype (established by SNP1, SNP2) was significantly
lower for essental hypertension patients than for control
individuals (P =0.021), For the men, the frequency of the
T-A haplotype (established by SNP1, SNP3) and the
frequency of the T-T-A haplotype (established by SNP1,
SNP2, SNP3) were significantly lower for essential
hypertension patients than for control individuals (both
P =0.001), while the frequency of the A-'T-G haplotype
(established by SNPI, SNP2, SNP3) was significantly
higher for essential hypertension patients than for control
individuals (P=0.043),

Table 4 Pairwise linkage disequilibrium for the three single
nucleotide polymorphisms

Y| value

Essential hypertension pabonts Control indmduals

SNP2 SNP3  SNP  SNP1

SNP  SNPY SNP2 SNPa

SNP21
SNP32 0.060
SNP13 0225 o0.211

0751 0.748
0828

~ value  SNP1
SNP2
SNP3

0626 0788
0.078 0.867

0.207 0193

|[¥| above disgonal and 7 below diagunal.

CYP4A11 is involved not only in fatry-acid metabolism in
the liver, but also in blood pressure regulation in the
kidney [13,21]. CYP4All converts arachidonic acid 1o
20-HETE, which acts in cither a prohypertensive or
antihypertensive manner depending on whether it is
expressed at renovascular or tubular sites in the kidney,
respectively, In the renal wbule, 20-HETE blocks
sodium cransport and acts primarily as a natriuretic,
antihypertensive substance. In the renal vasculature,
20-HETE has vasoconstricting and prohypertensive
cffects [22,23]. Both animal and human studies [22,24-
26] indicate that the cyp4All gene 15 a candidate causa-
tive gene of hypertension. Gainer e/ /. [14] were the first
to identfy the T8590C vanant of the CYP4All gene
(registered as rs1126742 in the NCBI online database). In
in-vivo experiments examiming the kinetc properties of
CYP4A1l and 20-HETE, they found chat a thymidine-
to-cytosine substitution in CYP4A11 resulted in 3 phenyl-
alanine-to-serine (F-to-S) amine acid substtution, which
affects the catalytic activity of 20-HETE synthase via a
loss-of-function mechanism. Studies have revealed an
association between rs1126742 and hypertension in large
study populations (Tennessee cohort and Framingham
offspring cohort) [14]. In the third MONICA Augsburg
survey, Mayer er af [15] also found an association
between 151126742 and hypertension, but did not find
any cvidence that rs1126742 had s blood-pressure-
independent modulatory effect on cardiac size, cardiac
structure, of left ventricular functon. In the present
study, we genoryped three SNPs in CYP4A11 (including
rs1126742) in Japanese individuals, and assessed the
association berween CYP4A11 and essential hyperten-
sion using a haplotype-based case—control analysis.

In the present study that examined three groups, for the
total parucipants, for the men, and for the women the
genotypic distribution of the recessive model (CC versus
TC+TT) of rs1126742 significantly differed berween
essential hypertension patients and control individuals,
indicating thar the nisk of essenual hypertension is
increased in individuals with the T allele of rs1126742.
Some srudies have produced conflicting resules regarding
whether the recessive, dominant or both models of
this genotype modulate bleod pressure [14,15,27).
The present results indicate that the recessive model
of rs1126742 is associated with essential hypertension.
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Although the studies by Gainer ¢ @/ [14] and by Mayer
e al. [15] concluded that this SNP was nor associated
with gender-specific hypertension, in the present results
logistic regression indicates that the TC + TT genorype
distribution of rs1126742 for men significantly differed
between the essential hypertension patients and the
control individuals, which means the SNP was associated
with gender-specific  hypertension. The  discrepant
results that were noted may be due to racial differences:
for example, all participants in the study by Gainer e @/,
[14] were Caucasian. These discrepancies may also be
due to the differences in the designs of these studies. The
criteria for essential hypertension in the present study
(systolic blood pressure > 160mmHg or diastolic blood
pressure > 100mmHg) were sericter than those of the
study by Gainer ef al. [14] (systolic blood pressure

2 140mmHg or diastolic blood pressure > 9 mmHg).
Use of age-matched case—control analysis is generally
thought to produce more accurate resules in such studies.

Morns and Kaplan [28] found thar, for genes with
multiple suscepribilities, analysis based on haplorypes
has advantages over analysis based on individual SNPs,
particularly when linkage disequilibria berween SNPs are
weak. Consequently, in the present study we successfully
established haplotypes for the CYP4A11 gene from the
different combination of the three SNPs. For the present
female participants, although the frequency of the T-C
haplotype (established by SNP1, SNP2) was significantly
lower for essential hypertension parients than for control
individuals (P =10.021), we believe that this difference
is not indicative of the rtrue situation, as the overall
distribution of the haplotype established by SNPI,
SNP2 was not significantly different berween the essen-
tal hypertension patients and the control individuals
within the female group (P=0.098). For the present
male participants, the frequency of the A-T-G haplorype
(established by SNP1, SNP2, SNP3) was significantly
higher for essential hypertension patients than for control
individuals (P = 0.043). When SNP2 was not present, the
A-G haplotype (established by SNP1, SNP3) did not
show any differences between the essential hypertension
patients and the control individuals (P=0.338), We
therefore speculate that haplotypes that are carrying
151126742 arc more valuable as gencric markers for
essential hypertension in Japanese men. In addition,
for men, we also successfully identified two resistance
haplotypes for essential hypertension ('T-A, established
by SNPI1, SNP2; and T-T-A, established by SNPI,
SNP2, SNP3).

Some case—control studies have identified gene vanants
associated with gender-specific suscepubility to essennal
hypertension [29,30]. The present haplotype-based case—
control study also showed gender-specific (for men only)
significant  differences in generic markers berween
essennal hypertension patients and control individuals.

This s very interesting i light of the previous findings chac
male (')']14'.:]4';' or cypdall ' mice have higher blood
pressures than female cypdald™™ or cyp4al0™’" mice,
respectively. The combination of these previous findings
and the present resules suggest that amimal cypda loss-
of-function models of essental hypertension are useful
models for the human hypertensive phenotype associated
with CYP4A11. The finding that the male cypdald™"
mice exhibited increases in plasma androgen, and that
their hypertensive phenotype was androgen sensitive [ 10],
suggests that the A-T-G haplotype and the T-A, T-T-A
haplotype are  associated  with  androgen-mediated
acovity of the CYP4A11 enzyme. Unfortunacely, we could
not obtain data on plasma androgen, as we were notable o
obtain informed consent to collect blood samples for the
purpose of measunng plasma androgen levels. It appears
that functional mutations in the CYP4All gene andfor
neighbonng genes are assocated with essental hyperien-
S10M 10 men,

In conclusion, rs1126742 and the A-T-G haplotype of the
human CYP4Al1 gene appear to be geneuc markers of
essential hypertension in Japanese men. Further studics
are needed to isolate functional mutations in the
CYP4A11 gene that regulate blood pressure, and to
evaluate the funcuon of CYP4All variants that are
mvolved in the metabolism of sex hormones.
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Background 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 altered
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 a8 well-known risk factor for
myocardial infarction, we hypothesized that TNFRSF4 could
be a susceptibility gene for essential hypertension.

Methods We performed a case—-control study of TNFRSF4
in two independent population.

Results 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 5 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 10" and that of
the second most frequent haplotype, C-T-G-A, was
significantly higher (P=6.07 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 with disease susceptibility.

Conclusion Our results suggest that TNFRSF4 Is a
female-specific susceptible gene for essential

Introduction

Hypertension affects more than 25% of cthe adult popula-
tion worldwide [1]. Essential hypertension (EH) accounts
for more than 90% of hypernension cases and is a mulu-
factonal disorder resulting from the interaction of a
number of suscepribility genes and environmental facrors.
It is estimated thar the genetic contribution to blood
pressure variation ranges from 30 to 50% [2]. Identification
of susceptibility genes for hypertension would provide a
clue to the pathophysiology of the discase.
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Several approaches cxists for genetic causes of EH:
candidate—gene linkage studies, genome—scanning link-
age studics, candidate—gene association studies, genetic
studies in animal models, and gene expression profiling
in animal models [3]. Each approach has its own srengths
and weaknesses, and some argue thar integration of
the approaches is a more efficient way forward [4]. The
Millennium Genome Project for Hypertension in Japan
has adopted the candidatc—gene association stratcgy
because of its relatuvely higher statsucal power and

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.




convenience of collecting samples [5]. Candidate genesare
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 sale
sensitivity were considered to be candidate genes for EH.
The resules showed that more than 300 genes were either
downregulated or upregulated. For the generic association
study, from these 300 genes, we nominated 121 thac had
been reported in the literature as candidate genes. To
dare, 70 genes have been screened, 10 of which showed
significant association with EH on haplotype-based ana-
lysis. Three of these 10 genes were positive in both the
expression profiling and genetic association studies. The
rumor necrosis factor recepror superfamily, member 4
(TNFRSF4) gene was one of the three.

TNFRSF4(0OX40)isamemberof the tumor necrosis factor
receptor (TNFR) superfamily, and is primarily expressed
asa transmembrane protein onactivated CD4" T cellsafter
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 dendritic cells, as well
as on endothelial cells and some activated T cells [11-14].
The TNFRSF4-TNFSF4 interaction between T cell and
APC contributes to proinflammatory T-cell function. In
particular, TNFRSF4=TNFSF4 interactions are crucial
for the generation of memory CD4" T cells by promoting
the survival of effector T cells [15-18]. Thus, itis suggested
that the TNFRSF4-TNFSF4 pathway 15 involved in
inflammation and immune response.

T lymphocyte activation involving several receptor—ligand
pairs such as TNFRSF4-TNFSF4 is suggested to
promote acherosclerosis [12,19,20], which is now con-
sidered to be an inflammartory disease [21]. Recenty,
TNFSF4 was identified as a suscepubility gene for athero-
sclerosis and a genetic vanation in TNFSF{ was reported o
be associated with myocardial infarction (M) and severicy
of coronary artery disease [22]. Genetic vanation in
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TNFRSF4 was also shown to be associated wich MI [23].
T'hese reports suggested thar the TNFRSF4-TNFSF4
pathway plays an important role in the pathogenesis of
atherosclerosis and M1 in humans. Itis generally believed
that hypertension is one of the major risk factors for
atherosclerosis and M1[24]; however, Ml and hypertension
often coexist, as seen in the SHEEP study cohort in which
MI partients were significantly associated with hyperten-
sion [25]. Thus, the association between MI and
TNFRSF4/TNFSF4 in human subjects may be due to
not only atherogenesis but also hypertension itself. We
hypothesized that TNFRSF4 and/or TNFSF4 were poten-
ual candidate genes for EH.

The aim of the present study was to investigate the
association berween genetic variations of the TNFRSF4
gene and EH in the Japanese population. We performed a
case—control study using two independent population of
Japancse patients wich EH.

Methods

Study subjects

Initial screening of candidate genes involved 1035 subjects
with EH (762 men and 273 women) and 1058 age-martched
controls (792 men and 266 women) who were recruited
through the study group of the Millennium Genome
Project for Hypertension [5]. 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 derail elsewhere [5).

The clinical characreristics of the subjects included in this
study for TNFRSF4 gene analyses are shown in Tables 1
and 2. Subjects in population | were part of the population
recruited through the study group of the Millennium
Genome Project for Hypertension [5]. Subjects in popu-
lation 2 were recruited from Ohasama, a cohort in a rural
communicy of northern Japan [26].

Each subject was assigned to one of the blood pressure
diagnostic categories defined by the critena of the 1999
WHO/ISH guidelines for the management of hyperten-
sion [27]. Hypertensive (HT) subjects had systolic blood
pressure (SBP) of at least 140 mmHg or diastolic blood

Table 1 Characteristics of subjects in population 1

Total subjects Male subjects Female subjects
Parameters NT HT P NT HT P NT HT P
No. of subjects 562 587 am 318 261 am
Age (years) 61.6+9.2 60.1+£11.2 0.011* 69.9+6.0 585+11 0.083 63.6+0.1 620+£111 0.056
BMI (kg/im?) 222428 230433 <0,001* 22,1429 238+3 <0.001* 223427 240+ 36 <0,001*
SBP (mmHg) 111,7+8.0 18374211  <0001* 111.8+B8 162.1 + 184  <0.001* 111.65+0.1 166.1 244  <0.001°
DBP (mmHg) 68.9+7.3 983+ 148  <0.001° 694+ 7.3 98.7+140  <0.001° 68.0+7.3 97.64£180 <0.001"
TC (mg/di) 2055+ 38.0 2071 £34.9 0.596 185.8£35.7 198.7 £33.0 0.204 216.2£378 218.0+£347 0.970
HDL-C (mg/di) 57.3 £ 151 5834+17.2 0314 §53+ 150 5684175 0.283 5905+ 150 60.0:+ 18.7 0.8097
TG (mg/di) 1238+87.4 14174847 0.003° 132141062 0.133 118.7+67.4 13654+713 0.007*

1470+ 845

Values are mean + SD. BMI, body mass index; DBP, diastolic blood pressure; HOL-C, HDL cholestarol; HT, hypertensive patient; NT, normotensive patient; SBP, systolic
blood pressurs; TC, total cholesterol; TG, tnglycende. * Difference was statistically significant.
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Table 2 Ct ics of subjects in population 2

Total subjects Male subjects Female subjects
Paramaters NT HT P NT HT P NT HT P
Na. of subjscts 925 732 37 323 608 409
Aga (years) 546+115 B1.6+0.7 < 0.001* 558+ 111 61.5+102 <0.001"° B40+11.6 81.7+93 < 0.001*
BMI (kg/m®) 234 £30 242+33 <0.001* 235+3.0 236131 0.506 234431 246+ 34 <0.001"
SBP (mmHg) 123808 14224121 <0001 1254 +86 1439114 <0001  1231+103 1408:125 <000*
DBP (mmHg) 703479 80.2 +9.1 < 0.001"* 7164008 B1.8+04 < 0.001* 69.6+72 7EA+ 86 < 0.001"
TC (mg/di) 1934+342 19504338 0.358 1864+ 338 1839340 0.952 197.1 2338 2038:310 o.001*
HOL-C (mg/di) 553141 5384148 0.028* 51.2414 528+ 144 0.180 5741147 5445147 0.001"
TG (mg/di 1289 +734 1425+ 808 0.001"  139.1 £ 85 146.3 £ 103.0 0.340 128.7 £ 66.1 1305+ 77.9 0.001*

Valuas are mean = SD. BML body mass index, DBP, diastobe bluod pressure; HDI.C HDL cholestarol; HT, hyporienave pationt; NT, normotensive patient; SBP, systolic

blood pressure; TC, total cholesterdl; TG, tnglycande. * Dift was

pressure (DBP) of ar least 99mmHg or were patients
currently taking chronic antihypertensive medication.
Normotensive (NT) subjects had SBP/DBP lower
than 140/90 mmHg and had never been treated with
antihypertensive  medication. Informed consent was
obuined from cach individual as per the protocol
approved by each insticurion’s ethics committee.

DNA microarray experiments in mice

In DNA microarray experiments, we used two lines of
mice having different numbers of the functional mouse
angiotensinogen gene (Agr) [28,29], kindly donated by
Professor Oliver Smithies (Department of Pathology,
University of North Carolina, Chapel Hill, North
Carolina, USA). To observe distinct effects by long-term
salt loading, Agr 2/2 mice (with four wild-type copies of
the Agr gene) were fed a high-salc diet containing 8%
NaCl for 6 months, whereas Agr 0/1 mice (with one wild-
type copy of the Agr 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 ¢DNA microarray (Incyre
Genomics Inc., Palo Alo, California, USA), which con-
rains 9222 mouse cDNA clones.

Screening of candidate genes

We selected a rouzl of 121 candidate genes (Supplemental
Table S1) based on the following critena: (1) gencs
reported as candidates 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
nucleotide polymorphisms (SNPs) per gene were selecred
from the Japanese SN database (http://snp.ims.u-tokyo.
ac.jp/) or dbSNP database (heep://www.ncbinlm.nih.gov/
SNP/) and were genotyped in 1035 patients and 1058
controls using the PCR-55P-FCS method [30]. Haplo-
type-based association analyses were performed using
SNPAlyze v4.1 Pro software (DYNACOM, Mobara, Japan)
based on an expectation/maximization (EM) algorithm.
P values for overall distnbution of haplotypes were caleu-
lated by permutation test at 1000 iterations. P values less
than 0.05 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 TNFRSF4 genomic
and mRNA sequences from the GenBank darabase
(accession numbers NT_004350.18 and NM_(003327,
respectively). All polymerase chain reaction (PCR) pro-
ducts were sequenced using the BigDye Terminator v3.1
Cycle Sequencing kit and an ABI PRIZM 3100 Generic
Analyzer (Applied Biosystems, Foster Ciry, California,
UUSA). The sequences were analyzed and polymorphisms
identified using the Generyx program (Generyx Corp.,
Tokyo, Japan).

Genotyping of polymorphisms in TNFRSF4
Genotyping of four SNPs in the TNFRSF4 gene (P1:
—-3948C>T, P2: ~3606C>T, P8: —~1725A>G and P12
—530A>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 pn-
mers were designed on the basis of the TNFRSF4 genomic
sequence from the GenBank database (accession number
NT_004350.18). The primer sequences arc shown in
Table 3. The PCR mixture for the TagMan-ASA method
contained 5pl of 2x TagMan Universal Mix (Applied
Biosystems), 0.4 wmol/l of cach 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 (Applicd
Biosystems). The thermoprofiles were 50°C for Zmin,
95°C for 10min, followed by 40 cycles of 95°C for 155
and 60°C for 1 min.

Luciferase assay

TNFRSF4 reporter constructs of 3970 bp (nt — 3968 to +2)
were created by means of PCR amplificanon of genomic
DNA from homozygous subjects who had alternative
haplorypes with the use of following primers: forward,
5-GGGGTACCGTGCCACATGGCTGGAATTTAC-
3" (including Kpnl site) and reverse, 5-TCTAGCTAGC
GTCTCTGCTGTCGCCAGAGTC-3 (including NAel

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Primer sequence (5'— 3') for TaqMan-ASA genotyping
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Allple-aspecific primer

Common primer

TagMan probe*

CACATGGCTGGAATTTACCATC
CACATGGCTGGAATTTACCTCT
GTCGCCTTTCCCCCTCCG
GTCGCCTTTCCCCCTCCA
GTCACAGGTCCAAGAAAGCCGT
GTCACAGGTCCAAGAAAGCCGC
GGTCAGGAGTTCAAGACCAGTGT
GGTCAGGAGTTCAAGACCAGTTC

CTCAGCAGTGGGAGAAAAACAA
GCTGCAGCCAATAGGCACCTT
GCAGGCTGCCTTACAGACCTT

CCACGCUCCGAATAATTTTTG

CCTCTGAAGCGTTTTCACTGGTATCATGTGT
AATAGCCACTTCGTGCGGCTGG
TGAGCTCTGGGTCAGTGTCCA

AGTAGAGACGGGATTTCGCCATGTTAGC

“TagMan probes contiuned a 5° FAM (6-carboryfluorescein) reporter fluorophore and a 3' TAMRA (6-carbory hyirhod ) quancher.

site). Amplicons of three haplotypes (Pr-H1, Pr-H2,
and Pr-H5) were cloned into the pGLA.10[lucZ]
vector (Promega, Madison, Wisconsin, USA). Promoter
constructs 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
murtagenesis carried out in the Pr-H1 plasmid using the
GeneEditor in vitro site-directed mutagenesis system
(Promega). All construces were verified by sequencing.
COS-7 cells (monkey kidney, SV40 T andgen trans-
formed) were cultured in Dulbecco’s modified Eagle's
medium supplemented with 10% feral bovine serum and
antibiotics. HEK293 cells (human embryonic kidney)
were cultured in minimum essential medium supple-

mented with 2Zmmol/l L-glutamine, 1% nonessential
aminoacids, 10% fetal bovine serum, and antibiotics. Cells
in 12-well plates ar 50-70% confluence were transfected
with 500 ng of each constructand 10 ngof pGL4.74[hRluc/
TK] Renilla luciferase vector (Promega) as an internal

control for transfection cfficiency, using 1.5pul of
FuGENE 6 transfection reagent (Roche Diagnostics,
Basel, Switzerland). After 24 h of transfection, the cells
were harvested, and firefly and Renilla luciferase activities
were measured using the Dual-Luciferase Reporter Assay
System and a TD-20/20 luminometer (Promega). Each
experiment was repeated five or six times, and each sample
was studied in triplicate.

Statistical analysis

Haploview version 3.32 (hup://www.broad. mic.edu/mpg/
haploview/index.php) was used to analyze and visualize
the linkage disequilibrium (1.D) and haplotypic patterns.
Hardy-Weinberg cquilibrium was assessed by x” analysis.
Overall distriburions of the genorypes or alleles were
analyzed by x* analysis using 2 x 3 or 2 x 2 contingency
tables between N'T controls and HT patients. Haplotype
frequencies were estimated using SNPAlyze v4.1 Pro
software. The distributions of each haplotype between
NT controls and HT patients were calculated both by x°
tests of one haplotype against the others (haplotype-wise
test) and by permutation tests with 1000 iterations using
SNPAlyze software. We calculated odds ratios (ORs) with
95% confidence intervals (Cls) using logisuc regression
analyses with or without clinical covariates (age, BMI,
total cholesterol, high-density lipoprotein cholesteral,

and tiglycende). To estimate the contribution of the gene
to the total variance of blood pressure, the vanance com-
ponent procedure with the analysis of variance (ANOVA)
type I variance estimates was used. Comparisons in
reporter assays were performed using Student’s /-test
or ANOVA. All statistical analyses were performed with
SPSS software (SPSS Japan Inc, Tokyo, Japan) unless
otherwise stated. P values less than 0.05 were considered
statistucally significant.

Results

DNA microarray experiments in mice

We used ¢cDNA microarray analyses to compare the
expression profiles of 9222 genes in the Kidneys of Agr
2/2 mice (with four wild-type copies of the Agr gene) with a
high-salt diet versus those of Agz 0/1 mice (with one wild-
type copy of the Agr gene) with a low-salt diet. Differenual
expression values greater than 1.3 based on internal qualicy
control data are summarized in Supplemental Tables 52
and S3. We found that 119 genes were downregulated in
the kidneys of Agr 2/2 mice by 1.3-3.1-fold compared with
Ags 0/1 mice and 192 genes were upregulated by 1.3-1.9-
fold. Murine TNFRSF4 gene ( Tnfrsf#) 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 critena: (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 genorype data were not available due o
the following reasons: no SNP dara was available in the
databases; minor allele frequencies of SNPs in Japanese
were too low (< 5%); or the genotyping of some SNPs was
difficult. So far, 191 SNPs in 70 genes have been success-
fully genoryped for genetic association tests, and the
genotyping of only a single SNP was completed in cight
genes, A haplotype-based association test was performed
in 62 genes and a single SNP associarion study in cighe
genes. P values for difference in overall distribution of
the haplotype or genotype frequencies berween normo-
tension and hypertension in toral (men + women), male,
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Fig. 1 o o
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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, untranalated sequences). (Bottom) Linkage disequibnum structure of polymorphisms across the TNFRSF4 gene region using data from 32
Japanese controls. Haplotype blocks were defined by the solid spine of LD method in Haploview. The number in each r,:ﬁ represents the LD

parameter r* (100x), blank cells denote ~ = 1. Each cell is painted with gradualed color relative to the strength of LD between markers, which is

defined by the * value.

and female subjects are shown in Supplemental
Table S4. Significant P values were observed for 10 genes:
Aquaporin-2 (AQPZ), Estrogen receptor 2 (ESR2), Glycogen
synthase 1 (GYS1), Kallikrein | (KLK1), Nephrin (NPHN),
Solute carrier family 1 (glial kigh affinity glutamate transporter),
member 2 (SLCIA2), Solute carrier family 9 (sodium/hydrogen
exchanger), isoform 3 (SLC9A3), Stervidogenic acute recu-
latory protein (STAR), Syntaxin binding protein 1 (STXBPI),
and TNFRSF4. Three genes (STAR, STXBPI, and
TNFRSF4) are the human homologues to the mouse genes
that showed changes in renal expression in the salt-loading
cxperiment. The P value for overall distribution of the
haplotype of TNFRSF4 was significant only in female
subjects.

Identification of polymorphisms in TNFRSF4

We scarched for polymorphisms in the TNFRSF4 gene,
including 4 kb of the 53 flanking region and 1.5kb of the 3
flanking region. By direct sequencing in 32 Japanese
individuals, a total of 4 polymorphisms were identified;
20 in the 5’ flanking region, four in exons, scven in introns,
and 13 in the 3’ flanking region. Of those, 27 polymorph-

isms (P1-P27) with minor allele frequencies (MAF) 5% 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 mecasuring r* between polymorphisms and defined
haplotype block strucrures in this region was evaluated
using the solid spine of LI merhod in Haploview (Fig. 1).
Three haplotype blocks (blocks 1, 2, and 3) were defined in
the TNFRSF4 gene region with this method. Blocks 1 and
2 appear to be separared because P8 showed low LD to
other polymorphisms and blocks 2 and 3 were separated by
P22 for the same rcason. Strong L.Ds, however, were
observed among cerain blocks, such as berween P4 and
P27 (# = 0.91). Inaddition, multiallelic [’ values 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, P&:
—1725A>G, and P12: —530A>G) were employed for
further analysis. The four SNP haplotypes constructed
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Table 4 Polymorphisms with minor allele frequencies 5% or higher detected in the TNFRSF4 g gion in 32 Jap 1
Name Polymorphism® Location Amino acid change MAF* dbSNP ID JSNP ID

P1 ~3943C>T 5' Flanking 0.06

P2 -3601C>T §' Fanking 0.27 rs12036216

P3 -3118G>T §' Fanking 027 11721

P4 2577delA §' Flanking 0.22

P5 ~2688C>G 5' Flanking 0.08

P8 -2481C>G 5’ Flanking 0.27

P7 ~2167C>T 5' Flanking 0.06

P8 ~1720A>G 5' Flanking 0.30 3813201 IST-IMS173304
P2 -836A>G 5' Flanking 0.19 ra34115518

P10 ~699C>T §' Fanking 0.18 rs353304098

P11 -669C>G §' Aankng 0.19 ra35650545

P12 -526A>G &' Flanking on rs35107978

P13 150 + 47G>C Intron1 0.11 m35737000

P14 376-18C>G Intron3 a 34108055

P15 442 + 32ns35bp Intrond 0.25

P16 442+ 248C>T Intron4 018 8661697

P17 530G -A Exonb Glu178Glu 0.25 17568

Pi8 838 + 25C>T Intron® 0.18 rs2208212 JSTIMS053053
P19 640-317>G Intron§ 0.20 52208211 JSTIMS053052
P20 2921C>T Exon? (3' UTR) 0.1 2208210 IST-IMS053051
P21 2988C>G Exon?7 (3 UTR) on rs2288200 JSTIMS053050
P22 1067 + 308G>A 3’ Fanking 0.08 rs2298208 JSTIMS053048
P23 1087 +841G>C 3’ Flanking 0,20 ra34067070

P24 1087 + 1224delTT 3 Flanking 0.20

Pas 1087 + 1240G>C 3’ Flanking 0.20 m34270802

P26 1067 + 1266T>C 3’ Flanking 0.20 35816780

P27 1067 + 1206C>T 3’ Flanking 0.20 ra36067244

*Numbering according to the cONA sequence of TNFRSF4 (accession number NM_003327). " Minor allele frequency (MAF) on the basis of the saquencing of 32 DNA

from these SNPs covered more than 85% of haplotype
diversicty of the entre TNFRSF4 gene when P22 was not

included for analysis.

Case~-control study for TNFRSF4 polymorphisms
T'he clinical characteristics of the N'T and H'T subjects in
populadion | are summarized in Table 1. Difference in age

between the N'T and HT subjects was significant when
men and women were jointly compared (P=0.011),

whereas it was not significant when men and women were
separately compared.

In population 1, four SNPs (P1, P2, P8, and P12) were
genotyped in 562 N'T conurols and 587 H'T patients. All

Table 5 Genotype and allele frequencies among normot (NT) and hypertensive (HT) subjects in population 1
Total subjects Mala subjects Foemale subjects

Genatype NT (n=562) HT (n=587) P NT (n=2301) HT (n=3186) P NT (n=261) HT (=271} P
P cC 448 (0.709) 455 (0.778) 238 (0.793) 245 (0.776) 210 (0.808) 210 (0.778)

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

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

Allale

c 1005 (0.8096) 1034 (0.882) 536 (0.893) 557 (0.881) 469 (0.898) 477 (0.883)

T 117 (0.104) 138 (0.118) 0.305 64 (0.107) 75 (0.118) 0.606 63 (0.102) 63 (0.117) 0.429
P2 cc 324 (0.578) 318 (0.544) 166 (0.553) 170 (0.538) 158 (0.605) 148 (0.552)

cT 208 (0.371) 220 (0.375) 121 (0.403) 117 (0.370) 87 (0.333) 103 (0.381)

i 29 (0.052) 47 (0.080) 0.120 13 (0.043) 29 (0.092) 0.055 16 {0.061) 18 (0.067) 0.455

Allale

[ 858 (0.763) 858 (0.732) 453 (0.755} 457 (0.723) 403 (0.772) 401 (0.743)

T 288 (0.237) 314 (0.288) 0.089 147 (0.245) 175 (0.277) 0.203 119 (0.228) 138 (0.257) 0.283
P8 AA 284 (0.508) 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 (0,458}

GG 38 (0.070) 58 (0.099) 0,182 19 (0.063) 37 (0.117) 0,044 20 (0.077) 21 (0.078) 0.250

Abele

A BO6 (0.718) B0B8 (0.888) 425 (0,708) 433 (0,685) 381 (0,730} 376 (0.664)

G 316 (0.282) 364 (0.311) 0.120 175 (0.202) 100 (0.315) 0.376 141 (0.270) 165 (0.308) 0.202
P12 AA 401 (0.718) 393 (0.671) 208 (0.899) 215 (0.680) 192 (0.736) 178 (0.659)

AG 148 (0.284) 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) 0318 5 (0.019) & (0.019) 0.144

Allaks

A 850 (0.848) 861 (0.820) 502 (0.838) 518 (0.820) 448 (0.858) 443 (0.820)

G 170 (0.152) 211 (0.180) 0.069 86 (0.161) 114 (0.180) 0.355 74 (0.142) a7 (0.180) 0.093

* Bignificant P value after Bonterroni'a correction for four loci s 0.0125 (0.05/4).
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Table 6 Four SNP haplotypes (P1, P2, P8, and P12) freq g ive (NT) and hypertensive (HT) subjects in p tion 1
Male subjects Female subjects
Haplotypa* NT (n = 208) HT (n=318) P* Permutabion P NT (n=261) HT (n=270) P~ Parmutabon P
H1 C-C-A-A 404 (0.677) 413 (0.853) 0471 0.383 376 (0.720) 356 (0.850) 0.031 0,021*
H2 C-T-G-A 81 (0.138) 26 (0.152) 0419 0420 60 (0.118) 75 (0.138) 0.267 0250
H3 T1-6-G 63 (0.108) 73 (0.115) 0.584 0.558 52 (D.088) 82 (D.115) 0.405 0.402
H4 C-C-G-G 16 (0.028) 21 (0.033) 0.484 0.470 17 (0.033) 14 (0.027) 0.578 0.817
H5  CCAG 17 (0.029) 18 (0.029) 0.967 0.958 1 (0.002) 19 (0.036) B.78x10 ™ <0,001"
HE C-C-GA 12 (0.021) 5 (0.008) 0.083 0.086 8 (0.018) 12 (0.021) 0.646 0.682
Others 3 (0.005) 6 (0.010) 7 (0.013) 2 10.004)
Entwe nhir'butm 072 0.003°*

*Four lociare P1, P2, P8, and P12, u\dmwudm-unlhlﬂdml.nhﬂnd ‘others’ category includes minor haplotypes with less than 1% frequency, "Sigmlbc.lntpvalw

after Bonterroni's cormection for major six haplotypen is 0.0083 (0,056/8), * P valus for the entire distrib with

of these SNPs were in Hardy-Weinberg equilibrium in
the N'T' group. Table 5 shows the distribution of geno-
typic and allelic frequencies of the four SNPs in each
group. The overall distribution of genotype and allele did
not significantdly differ between the HT and NT groups
for total, male, or female subjects. The P valuc of ¥* test
for the difference in the genotypic frequency of P8
between male HT and NT groups was 0.044, 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 H'T and NT groups. In women, the
frequency of the major C-C-A-A haplotype (H1) of the H'T
subjects was significantly lower than thar of the N'T' sub-
jects (P=0.031). Muldple logistic regression in women
revealed that the association of the H1/H1 diplotype
with hypertension remained significant (P =0.006) after
adjustment for age, BMI, toul cholesterol, high-densicy
lipoprotein cholesterol, and triglyceride. The OR of the
HI1/H1 diplotype against the others was 0.56 with a 95%
CI of 0.37-0.85. The frequency of the minor C-C-A-G
haplotype (H5) of the HT subjects was significantly
higher than that of the NT subjects (P=6.78 x 10°°).
H5 haplocype was significantly associared with hyperten-
sion in a dominant model (P = 0.004) after adjustment for
the above factors. The OR of the H5/H5 + 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 haplotypes
in women with EH, we genotyped them using the
second case—control population (population 2) comprising
925 N'T conrtrols and 732 HT patients. Table 2 presents
the clinical features of the N'T controls and HT patients in
population 2. All genotype results of four SNPs in each
group were consistent with Hardy—Weinberg equilibrium.
Table 7 shows the distribution of genotypic and allelic
frequencies of four SNPs in each group of population 2.
The overall distribution of genotype and allele of all four

tent, “ Ditf Was

Ity sig

SNPs did not significantly differ between 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)
between the HT and N'T subjects even after Bonferroni’s
correction (multiplied by 4). P2 was stll significancly
associated 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-density lipopro-
tein cholesterol, and triglycende. The OR of T/T + CfT
against C/C (dominant model) was 1.22 with a 95% CI of
1.05-1.40, and the OR of T/T against C/T + C/C (reces-
sive model) was 1.94 with a 95% CI of 1.04-3.62, P22 was
also significantly associated with hypertension in women
in both a dominant model (P=0.011) and recessive model
(P=0.002) after adjustment for the above factors. The OR
of G/G+ AJG against A/A (dominant model) was 1,20
with a 95% CI of 1.04-1.38, and the OR of G/G against
AJG + G/G (recessive model) was 1.49 with a 95% CI of
1.16-1.92.

Table 8 shows the frequency of four SNP haplotypes in
population 2. Among women, the H'T" subjects showed a
significantly lower frequency of H1 (C-C-A-A) (P =848 x
107*) 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
berween che HT and N'I” groups was observed. Mulriple
logistic regression in women revealed that the association
of H1 haplotype with hyperwension remained significant
in both a dominant (= 0.006) and recessive model (P=
0.005) after adjustment for age, BMI, total cholesterol,
high-density lipoprotein cholesterol, and glycende. The
OR of the H1/H1 + H1/other diplotype against the others
(dominant model) was (.52 with a 95% CI of 0.32-0.83,
and the OR of the H1/H1 diplotype against the others
(recessive model) was 0.67 with a 95% CI of 0.50-0.89.
The H2 haplotype was also significantly associated with
hypertension in women in a dominant model (£=0.001)
after adjusement for the above factors. The OR of the H2/
H2 + H2/other diplotype against the others was 1.40 with a
95% Cl of 1.18-1.65. In population 2, the frequency of HS
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Table 7 Genotype and allele freq i g tensive (NT) and hypertensive (HT) subjects in population 2
Total subjects Male subjects Female subjects

Genotype NT (n=925) HT (n= 732 P NT (n=217) HT (n=2323) e NT (= 808) HT (n~409) P~
P1 cc 729 (0.792) 573 (0.786) 253 (0.801) 240 (0.778) 476 (0.788) 324 {0.792)

cT 181 (0.187) 147 (0.202) 58 (0.184) 66 (0.208) 123 (0.204) 81 (0.108)

™ 10 (0.011) @ (0.012) 0829 5 (0.018) 6 (0.0186) 0.770 5 (0.008) 4 (o.o0) 0.848

Allele

c 1639 (0.881) 1283 (0.887) 564 (0.892) 564 (0.881) 1075 (0.800) 729 (0.881)

T 201 {0.109) 185 (0.113) 0.721 68 (0.108) 76 (0,119) 0.530 133 (0.110) 89 (0.108) 0.927
P2 cc 550 (0.598) 403 (0.553) 176 (0.555) 162 (0.567) 374 (0.620) 221 (0.542)

cT 323 (0.351) 282 (0.387) 118 (0.372) 123 (0.383) 205 (0.340) 159 (0.390)

T 47 (0.081) 44 {0.060) 0.178 23 (0.073) 16 (0.050) 0.468 24 (0.040) 28 (0.068) 0.7

Allestes

c 1423 (0.773) 1088 (0.748) 470 (0.741) 487 (0.769) 953 (0.790) 801 (0.737)

T 417 (0.227) 370 (0.254)  0.088 164 (0.260) 155 {0.241) 0.477 253 (0.210) 215 (0.263) 0.005"
P8 AA 464 (0.508) 342 (0.472) 146 (0.485) 157 (0.480) 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 86 (0.072) 67 (0.092) 0.188 28 (0.092) 21 (0.068) 0.436 a7 (0.062) 46 (0.114) 0.005*

Allsls

A 1312 (0.718) 1000 (0.680) 431 (0.688) 457 (0.712) 881 (0.734) 543 (0.672)

G 516 (0.282) 450 (0.310)  0.0B0 187 (0.314) 185 (0.288) 0.321 319 (0.268) 265 (0.328) 0.003"
P12 AA 630 (0.686) 478 (0.658) 214 (0.677) 208 (0.650) 418 (0.681) 271 (0.8686)

AG 285 (0.288) 220 (0.303) 93 (0.294) 100 (0.313) 172 (0.286) 120 (0.295)

GG 23 (0.025) 28 (0.038) 0.213 9 (0.028) 12 (0.038) 0.890 14 (0.023) 16 (0.039) 0.301

Allsle

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

G ar (0.169) 276 (0.190) 0128 111 (0.176) 124 (0.194) 0,405 200 (0.166) 152 (0.187) 0231

*Significant P value after Bonterroni's correction for four loci is 0.0125 (0.05/4). * Difference was statistically mignificant.

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

Although trends of frequency changes in the H1 and H2
haplotypes among women in the two independent popu-
lation were the same, the frequency of H2 showed a
significant difference not in population 1 but in population
2. This discrepancy could have been caused by difference
in the sample size. When we analyzed the differences in
frequencies of each haplotype berween the HT and
NT groups in combined samples of the rwo population
(Table 9), female HT subjects showed a significantly lower
frequency of H1 (P=8.07 x 107%) and a significandy
higher frequency of H2 (=607 x 10 ) than the NT
subjects. The frequency of H5 of female HT subjects
was still significantly higher than thac of N'T' subjects
(P=0.003). No significant difference in haplotype fre-
quencies between male H'T and N'T groups was observed.

Variance component estimation of TNFRSF4

The variance estimates of the TNFRSF4 diplotype and
the residual in SBP of the control women of population 1
were 5.5 and 79.6, respectively. Therefore, the TNFRSF4
gene explains 6.5% 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,

Transeriptional effects of polymorphisms in the
promoter region

To study transeriptional effects of the polymorphisms, we
transfected COS-7 cells and HEK293 cells with promoter
constructs containing the haplotypes in the TNFRSF4
gene (Pr-H1, Pr-H2, and Pr-H5). In COS-7 cells, promoter
activity of the Pr-H2 construct was significantly lower than
thatof the Pr-H1 or Pr-H5 construct (0.89 for Pr-H2/Pr-H1,
P =0.008 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, P2, P8, and P12) frequency normotensive (NT) and hyp (HT) subjects in population 2
Male subjects Fernale subjects
Haplolype®  NT (n=303)  MT (n=288) P" Permutation P NT (n=584)  HT (n=388) P* Parmutation P
H1 C-C-A-A 403 (0.865) 403 {0.674) 0,743 0714 838 (0.718) 502 (0.647) B.A4B« 107** < 0.001"
H2 C-T-G-A 86 (0.142) 75 {0.125) 0,400 0.388 115 (0.008) 116 (0.148) B.4Bx 107 0,001
Ha T-1-G-G 86 (0.108) 71 (0.118) 0682 0.683 125 (0.107) 84 (0,108) 0.639 0.926
Ha C-C-G-G 30 (0.049) 24 (0.040) 0.429 0.443 47 (0.040) 45 (0.058) 0.087 0.074
H5 C-CAG 11 (0.018) 20 (0.034) 0.085 0113 21 (0.018) 18 (0.023) 0.434 0.451
H& C-C-G-A B (0.014) 4 (0.007) 0.265 0.374 15 (0.013) 8 (0.010) 0.806 0.583
Others 2 (0.003) 1 (0.002) 8 (0.005) 3 (0.004)
Entire distribution 0,533 0.028*

* Four loci are P1, P2, P8, and P12, and six pradominant haplotypes are lsted; ‘others’ category includ
atter Bonferroni's correction for major six haplotypes i 0.0083 (0,05/6), © P value for the entirs distribution with p

minor

with less than 1% frequency. ® Significant P value
1est. * Diff P =

was g
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Table 9 FaurSNPh.plmpo{H P2, P8, and P12) fr tensive (NT) and hypertensive (HT) subjects in the combined
population (popl.lliﬂ-un
Male subjects Female subjects
Haplotype® NT (n=802) HT (n=815) P NT in = B845) HT (n=858) P

H1 C-C-AA BOE (0.871) B16 (0.863) 0.682 1215 {0.719) 858 (0.852) 807 x 107%
H2 C-T-G-A 167 (0.139) 171 (0.130) 0.989 175 (0.104) 191 (0.145) 8.07x 10°**
H3 TT-G-G 129 {0.107) 144 (0.117) 0.448 177 (0.104) 148 (0.111) 0578
H4 C-C-GG 45 (0,038) 45 (0.036) 0.845 B4 {0.038) 60 (0.045) 0.306

H5 C-C-A-G 29 (0.024) 38 (0.031) 0,263 22 (0.013) 37 (0.028) 0.003*
Hé C-C-G-A 21 (0.017) 9 (0.008) 0.033 24 (0.014) 20 (0.015) 0.906

5 (0.004) 7 (0.008) 13 (0.008) & (0.004)

Others

* Four loci are P1, P2, PB, and P12, mdmnwdomanthapimypon-ohmnd ‘othera’ category includes minor haplotypes with less than 1% frequency. ® Significant P value

after Bon, ‘s is 0.0083 (0.05/6).

for major sn h

for Pr-H2/Pr-H1, P=0.001 and 0.88 for Pr-H2/Pr-H5,
P=0.001; Fig. 2¢). There was no significant difference
in promoter activity between the Pr-H1 and Pr-H5 con-
structs in both cells. These results suggest that expression
of TNFRSF4 mRNA in cells is lower in individuals who
have the H2 haplorype than in cells from individuals who
have other types of haplotypes. To clarify 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 polymorphic change
(Pr-P2-T, Pr-P3-T, Pr-P4-del, Pr-P6-G, Pr-P8-G, Pr-P9-G:,

* Differenca was statistically significant.

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-HI,
P <0.0001, 0.90 for Pr-P6-G/Pr-H1, P=0.016, and 0.88
for Pr-P11-G/Pr-H1, P=0.015; Fig. 2b). In HEK293 cells,
as in COS-7 cells, Pr-P2-T showed significantly lower
promoter acuvity when compared with Pr-H1 (0.71 for
Pr-P2-T/Pr-H1, P=0.0001; Fig. 2d). The results of other
constructs, however, were different: promoter acrivities of
Pr-P8-G and Pr-P11-G were significantly higher than that
of Pr-H1 (1.04 for Pr-P8-G/Pr-H1, P=0.002 and 1.10 for

Fig. 2
(a) (c)
(COS-T) (HEK223)
—{Luc | pGLase pGLato [ ]

[Ec e AcCcCCAACCAJF{iu] o —— | Pmuj:
[CTTawmceceeT e alb{im] pmefl K N Pr-nz:____‘_l-:J"
lccsacccaaccsi—@ h-m-_;}- ’ L — R
P P!PaPiPsPﬂPTP!H?mPﬂPu 00 02 04 05 08 10 1.2 14 00 02 04 06 08 10 12 14

Ralative luciterase activity Roladive lucHerase activity
(b) (d)

{cos-n (HEK253)

[Ecc 6 AcCccaAACcCTCA{toc] P ] me—
[CTeacccaaccal{in] p,.m':—}.—l h-Pﬂ-T:——]‘
LeE e T ACCECAACCA Pnpu_—' P-.P&T:—
[CEcCGdc CcCcAACLCAJM{Lic] P-Pidel P:-Pl-dﬂ:
[cce acecAArCcCCAF{Loe] prree n.ns-_:j
lcceaccceaccal{iux] PrPeG | P-.Pss':- -
[cceacccaceccal{ie] peree|l 1~ PLPRG -
[CCeacCCcCCAATCRAIJ{Luw] P:.Pmr:]—_J PePiOT [}
[Eceacccaace al{ie] mrnel 1 AL e——
-%HP&PIPBPBPTPHWPWPHH';’ 00 02 04 05 08 10 1.2 14 00 02 04 08 08 10 12 14

Halntive lucHsrass activity Raetwtive lucorase activity

Effect of haplotypes and each ism on the transcriptional of the TNFRSF4 promoter. (a and ¢} Effect of haplotypes on the
lranscnptlonal activity of the TNFRSF4 pmmuler (b and d) Effect of sach ism on the transcriptional activity of the TNFRSF4 promater.

lucih activities after tr fection in COS-7 (a and b) and HEK293 (c and d) cell lines are shown. Activities of the Pr-H1
mﬂmlsmwmd«edm 100%. Each expenment was conducted in tnplicate for each sample, and the resulis are expressed as mean + S0 for
s {COS-7) or five (HEK283) independant expenments. *P< 0.05; =*P< 0.01; ***F< 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 resules suggest thar P2
had the largese impact on the decreased promorer activiey
of the H2 haplotype.

Discussion

The significance of TNFRSF4 in the pathogenesis of
female subjects with EH was indicated in two indepen-
denr sers of population. Haplotype analysis using four
SNPs (P1: —=3948C>T, P2: —3606C>T, P8: —1725A>
G and P12: =530A>G) in the 5’ upstream region showed
that the frequency of H1 (C-C-A-A) was significantly low
among female H'T™ patients when compared with female
N'T" controls in both population 1 (P=0.031) and popu-
lation 2 (P=8.48 % 107*). The frequency of H2 (C-G-
T-A) of female HT pacdients was significantly higher than
that of female NT controls in population 2 (P=6.46 x
10", but notin population 1. In the combined population,
both significantly lower frequency of H1 (P=8.07 x 107%)
and significantly higher frequency of H2 (P=6.07 x 1074
were observed in female HT patients compared with
female N'T controls. No difference in haplotype frequen-
cies between the HT and NT groups was observed in the
male subjects of either the combined or separate popu-
lation. These results of association of the TNFRSF4
haplotype wich hypertension suggested that the H1 hap-
lotype is a protective allele and thac the H2 haplotype is a
high-risk allele for EH in women. The promoter activity 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 activity than
other constructs. Allelic association of P2 (—3606C>T,
rs12036216) with female HT patents was significant in
population 2 and the combined population (data not
shown), burt not in population 1. These dara suggested
that P2 is the responsive SNP that modifies the risk for
hypertension in females, although it is possible that uni-
dentified variant(s) in LD with chis haplotype have func-
tion(s) that influence discase susceptibilicy. We also
observed a significant difference in frequency of the H3
haplotype in the combined population (£ = 0.003) and in
population 1 (£=6.78 x 10°%), but not in population 2.
We, however, could not find any transcriptional effect of
H5 haplotype.

The TNFRSF4-"TNFSF4 interactions on I lymphocytes
cnhance proliferation and differendacion 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 inflammarory markers, such as soluble
leukocyte adhesion molecules, cyrokines, 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 berween inflam-
mation and hypertension has not been well established, a
growing body of evidence indicates that vascular inflam-

TNFRSF4 gene and essential hypertension Mashimo et al. 911

marion may be involved in both the initiation and devel-
opment of hypertension [42-46]. Scsso ef @/, [46] showed
that elevaced plasma CRP, a well-known marker of inflam-
mation, was associated with the future development of
hypertension in a dose-dependent manner. Furthermore,
hypertension has been suggested to tgger inflammacion
through the increased expression of several mediators,
including leukocyte adhesion molecules, chemokines,
specific growth facrors, hear shock proteins, endothelin-
1, and angotensin [47-54]. Given our findings char
variants of the TNFRSF4 gene, which might affect the
inflammarory cascade, were associated with EH among
women, it is likely that inflammacion may play a role in
initiation and/or development of hypertension.

Inflammatory process [21] and T-lymphocyte activation
[12,19,20] are implicated to be involved in the pathogenesis
of atherosclerosis. Thus, alteration(s) in the TNFRSF4-
TNFSF4 pathway could influence atherosclerosis for-
mation. Indeed, Wang ¢74/. [22] found that polymorphisms
of TNFS§F4 are associated with M1 in women. Further-
more, a polymorphism in TNFRSF4 was also reported to be
associated with M1 [23]. These studies strongly suggested
that genes involved in the TNFRSF4-"TNFSF4 pathway
play 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 atherosclerosis and hypertension. So,
which comes first, atherosclerosis or hypertension? Hyper-
tension is one of the principal risk factors for acherosclero-
sis and MI [24], bur the exact mechanism underlying
the association is not fully understood. Although arterial
stiffness, which is a predictor of atherosclerosis [55,56], has
been thought to be the result of hypertension rather than
its causc, recent studics suggested that arterial stiffness is
related o the development of hypertension [57,58]. These
daca indicated that cthe relationship between hyperten-
sion and arterial stiffness may be bidirectional [59].
Therefore, three different scenarios are possible to
cxplain the results that generic variations in the
TNFRSF4-TNFSF4 pathway are associated with both
hypertension and M1, First, inflammation may directly
increase arterial stiffness and induce the development of
an atheroscleroric lesion, which may lead to the devel-
opment of hypertension. Second, inflammation may
induce hypertension, which may result in increase in
arterial stffness and atherosclerosis. "T'hird, inflam-
mation may promote the development of hypertension
and atherosclerosis by different pathways. Alchough icis
not clear whether atherosclerosis is a cause of hyperten-
ston, our findings and that of previous studies indicate
that the mfammaton may be an important part of
the link between hypertension and atherosclerosis and
cardiovascular events, such as ML

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

—-292-



912 Journal of Hypertension 2008, Vol 26 No 5

INFSF{ is also a potential candidace for a susceptibility
gene involved in the pathogenesis of EH in women. We,
therefore, examined the putative association berween
polymorphisms in the TNFSF4 gene and hypertension
in population 1. The allele frequencies of four SNPs
(rs1234315, rs3850641, rs1234313, and rs3861950) and its
haplotype did not significantly differ between the HT
group and the N'T group for women (data not shown). In
contrast to the case of M1 in which susceptibilicy was
affected by variations of both TNFRSF4 and TNFSF4,
susceptibility for hypertension may be affected only by
INFRSF4, though morc extensive studics are required
before we conclude an association of TNFSF4 wich
hypertension.

In the present study, we found that variations of TNFRSF4
affected hypertension suscepribilicy only in women. This
is an interesting similarity to women-specific MI suscepri-
bility exerted by TNFSF4 and TNFRSF4. Some case—
control studies [5,60,61] have identfied gene vanants
associated with sex-specific susceptibility to EH. Recently,
Nakayama era/. [5] reported thatan SNP in the 5'-untrans-
lated region of the follicle-stimulating hormone recepror
(FSHR) gene, in which mutations were reported to cause
hereditary hypergonadotropic ovarian failure [62], was
associated with EH in women and affected the levels of
transcriptional acavity. In this study, the functional
muration of the gene was clearly identified in paticnts with
EH in a sex-specific manner. Currentdy, the reason for
women-specific association of TNFRSF4 with EH is an
open question. One possibility is the involvement of the
female sex hormone, estrogen. After menopause, women
arc at increased risk of inflammatory cardiovascular
discases such as atherosclerosis and coronary heart discase,
suggesting that estrogens modulate the initiation and
progress of inflammation [63-65]. Recently, Xing e al.
[66] suggested that estrogen may exert anti-inflammatory
cffects by inhibiting tumor necrosis factor-a-mediated
chemokine production in vascular smooth muscle cells.
Estrogen, however, is also known to increase CRP, which is
an inflammatory marker [63]. These findings indicate
that estrogen may modulate the production of several
proinflammartory molecules in distinct pathways. It is
possible that TNFRSF4 and estrogen cross talk in inflam-
mation networks.

In conclusion, the present study revealed that haplotypes
of the TNFRSF4 gene were associated with EH among
women in two Japanese population, suggesting an invol-
vement of the TNFRSF4 gene in the pathogenesis of
female EH.
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