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Two Cases of Epstein—Barr Virus Infection
Associated with Kawasaki Disease

Takaomi Minami", Tetsu Yoshimasu", Taketsugu Hama",
Genkichi Izumi", Mina Booka'', Nahoko Yata¥,
Masakazu Miyawaki", Tomohiro Suenaga®, Shoichi Shibuta®,
Takashi Takeuchi”, Hiroyuki Suzuki® and Norishige Yoshikawa?

1) Department of Pediatrics, Social Insurance Kinan Hospital, Wakayama, Japan
2) Department of Pediatrics. Wakayama Medical University, Wakayama, Japan

We report two cases of Epstein-Barr virus (EBV) infection associated with Kawasaki disease
(KD). Case 1 : 4—year—ald boy. The IgM and IgG antibodies to viral capsid antigen (VCA) were
detected, and anti-EBNA antibody was absent. These findings could confirm the diagnosis of
acute EBV infection. Then he fulfilled the clinical criteria for typical KD, and was treated with
single infusion of intravenous immunoglobulin (IVIG) (2 g/kg) on day 5. Though his fever fell on
day 7, his left main coronary artery was dilated transiently. Case 2 © 3-year—old boy. The IgM
antibody to VCA was also detected from his serum. and he fulfilled the KD criteria. He was
treated with IVIG (2 g/kg) and aspirin (30 mg/kg/day) on day 5, and his fever fell on day 7 with-
out coronary artery lesions. According to our cases, EBV possibly relates to the etiology of KD,
Further studies are needed to elucidate the relationship between EBV infection and KD.
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Positive association of genetic variants in the
upstream region of NKX2-3 with Crohn's disease in

Japanese patients

K Yamazaki," A Takahashi,” M Takazoe,® M Kubo,* Y Onouchi,’ A Fujino,* N Kamatani,’

Y Nakamura,®” A Hata'®

ABSTRACT

Background and aims: A number of genome-wide
association studies have been performed as a robust
means of identifying susceptibility loci for Crohn’s disease
{CD). The loci detected after the completion of the
HapMap project are quite concordant among these
studies, suggesting that the results are reliable. Recently,
the Wellcome Trust Case Control Consortium (WTCCC)
1eported the primary scanning of 17 000 individuals for
seven diseases, including CD, and a subsequent study has
validated these susceptible genetic varants in indepen-
dent UK sample sets. The purpose of this study was to
study the possible association of the vanants reported by
the WTCCC with CD in a Japanese population,
Patients and methods: A total of 484 patients with CD
and 470 healthy controls were examined. Seventeen
genetic variants at eight newly identified loci, including
IRGM, NKX2-3 and PTPN2, were genotyped using the
TagMan assay or the invader assay.
Results: A positive association signal presumably
common to different ethnic groups for 1510883365 was
detected in the upstream region of NIDG-3 (p = 0.019
under the genotypic model, p = 0.0065 under the allelic
model, p = 0.019 under the recessive model, p = 0.036
under the dominant model). In addition to rs10883365,
marginal associations for two single nucleotide paly-
morphisms (SNPs) were detected in the Japanese
population; rs6887695 near IL128 and 1s10761659 on
10q21. Further genotype-phenotype analysis found a
significant association between rs6887695 and patients
with pure ileal CD.

Conclusions: The results indicate that the three loci are
possible candidates for confemng susceptibility to CO in
people of differemt ethnicities.

Inflammatory bowel diseases (IBDs) such as
Crohn's disease (CD; MIM 266600) and ulcerative
colitis (MIM 191390) are chronic conditions
characterised by remitting and relapsing inflamma-
tion of the small and/or large intestine. The onset
of IBDs typically occurs in the second or third
decade of life. In spite of the many studies
performed in the past to identify the pathophysio-
logical processes undetlying these diseases, the
actiology of IBDs remains largely unknown. 1BDs
are thought to be multifactonal diseases and are
assumed to be the result of an abnormal response
of the mucosal immune system to unknown
pathogen(s) and/or substance(s), and involving
the aggregate effects of genetic, environmental
and other processes.’’

The involvement of genetic Factors in the
actiology of IBD was suggested by epidemiological
and linkage studies' There are two main
approaches to the identification of genes
complex genetic disorders: a hypothesis-free
approach based on linkage analysis or an associa-
tion study of candidate genes. The First suscept-
ibility gene, NOD2 (CARD15), was identified at the
IBDY locus on chromosome 16 by a linkage and
fine-mapping approach in 2001.** Recently, gen-
ome-wide association (GWA) studies have been used
as a robust means of studying multigenic disorders.
Now that the [nternational HapMap Consortium
has completed its comprehensive cataloguing of the
human genome in various populations,” accurate
information on genome-wide tagging single nucleo-
tide polymorphisms (SNFs), which are representa-
tive of a unique haplotype, has become freely
available on the internet. This makes GWA studies
far more efficient and less costly than genotyping all
SNPs in the genome.”* The Wellcome Trust Case
Control Consortium (WTCCC) recently reported on
1748 CD cases and 2938 controls from the UK using
the Affymetnx GeneChip Human Mapping 500 k
Array Set.” The results of Parkes er al supported these
findings with an independent set of 1182 CD cases
and 2024 controls of European descent.”

To evaluate whether the association identified in
the UK population also holds in Japanese people,
we selected 17 SNPs, including ecight newly
identified loci: two loci on chromosomes 1q24
and 1q31, and six nearby loci BSN, IL128, IRGM,
NKX2-3, PTPN2 and FLJ45139. We have assessed
the contribution of selected genetic variants in the
Japanese population and have also investigated
genotype- phenotype associarions.

METHODS

Human subjects and phenotypic analysis

Blood samples were obtained with wmtten
informed consent from 484 Japanese patients wath
CD at the Social Insurance Chuo General Hospital
and from 470 unaffected control individuals
belonging to the Osaka-Midosup Rotary Club or
Keio University School of Medicine, The study
protocol was approved by the local ethics board,
All CD cases were diagnosed at the Inflammatory
Bowel Unit of the Social Insurance Hospital by
clinical, radiological, endoscopic and histological
findings according to the Lennard-Jones critena,”
and patients with indeterminate colitis were
excluded, Extensive clinical charactersation was
available for 482 patients with CD. The clinical

Gut 200958 728-732. doi 10.1136/gut.2007.140764



Downloaded from gut bmy com on 7 April 2009

Inflammatory bowel disease

characteristics of patients with CD were assessed at the time of
diagnosis, and were categorised using the Vienna classification.”
In addition, medical histories of surgery were obtained from the
clinical records of 418 patients. The demographics of patients
with CD and of controls are shown in table 1

SNP analysis and genotyping

We selected a toral of 17 SNPs for genotyping; nine of them
were reported by the WICCC® as showing the strongest
association signals and 12 were confirmed in another sample set
in the UK from subjects of European descent.™ Seven SNI's were
genotyped using the TagMan assay (Applied Biosystems, Foster
City, California, USA) and the remaining 10 SNPs by the
invader assay (Third Wave Technologies, Madison, Wisconsin,
USA)." The primers and typing methods used are described in
Supplementary table 1. When the risk and minor allele
frequencies of the SNPs were not given in the original reports,"
the required information was obtained by calculating genotype
data from information provided by the WTCCC (http://www.
witcec.org.uk/, ftp://ftp.sanger.ac.uk/pub/WTCCC/).

Statistical analysis
Departure from Hardy Weinberg equilibrium was evaluared
using ° test. Allele frequencies were analysed with Fisher exact
test and genotype distnibutions were analysed with the
Cochran-Mantel-Haenszel 3’ test; we used the test as
implemented in R with the option that gives an exact p value
(http://www.r-project.org/). Genotype-phenotype associations
were analysed by the same method in CD susceptibility using R.
Meta-analyses were performed for the SNPs whose data were
available for all three studies, an original WTCCC study,” a
replication study™ and the present study, by a DerSimonian-
Laird random effects model. We excluded a monomaorphic
SNP, 1517234567, in our Japanese sample from the analysis. py
and py represented p values of heterogeneity and that of the
combined odds ratio (OR), respectively (Supplementary table 2).

RESULTS

Association analysis with Japanese CD patients

The markers that showed significant deviation from Hardy-
Weinberg equilibrium in controls were excluded before the
analysis (p>0.05). The overall success rate of the genotyping
assay wis 99.1%. We evaluated the association of 17 SNPs in a

Japanese population; these markers have been reported to be
strongly associated with CD in the UK population. Three of the
SNPs were found to be significantly associated: rs6887695
(5g33, p=0,035, OR =1.42 (1.08 to 1.95) under the recessive
model), 110761659 (1021, p= 0.040; OR = 1.23 (1.01 to 1.50)
under the allelic model, p=0.045; OR=130 (1.01 to 1.68)
under the recessive model) and rs10883365 (10g24, p=0.019
under the genotypic model, p=0.006, OR = 1.29 (1.07 to 1.54)
under the allelic model, p=0.036; OR =145 (1.04 to 2.02)
under the dominant model, p=0.019; OR = 1.45 {1.04 ro 2.02)
under the recessive model) (table 2). On the other hand,
1517234657 (5p13) was not polymorphic in our Japanese
populations.  Furthermore, rs11805803 in [L23R and
510210302 in ATG16L1, which were recently identified by
CWA studies, were not significant. We have already found other
markers at these loci not significant in the previous report.”

Genotype association with CD phenotypes

To look for possible associaons with CD phenotypes, we
stratified samples based on the Vienna classification for location
of discase, or disease behaviour. The subgroup of subjects with CID
with the pure ileal disease (n = 70) appeared to be more strongly
associated with 6887695 (5q38) (p<0.001 under the genotypic
model, p<0.001; OR = 2.21 (1.53 to 3.21) under the allelic model,
p=00027; OR = 2.76 (1.37 to 5.56) under the dominant model,
p<0.001; OR=290 (1.70 to 4.95) under the recessive model)
(table 8). There was no significant association when compared
with whole ileal disease regardless of colonic involvement
(n = 265). The associations of other subgroups were not significant
for the remaining 16 genetic variants (data not shown).

DISCUSSION

GWA studies, if available, have long been recognised as a powerful
tool for identifying genetic variants related to common complex
diseases. Recently developed resources from the Intemnational
HapMap Project and the availability of low cost large-scale
genotyping have finally made GWA studies a real robust tool.” A
consortium of >50 British groups known as the WICCC has
performed CWA studies, the largest scale studies ever carned out,
for seven common diseases; rheumatoid arthritis, hypertension,
CD, coronary artery disease, bipalar disorder, and type 1 and type
2 diabetes® Parkes et al replicated the result in CD with 37 SNPs
from 31 loci in independent panels,'”

Table 1 Demographic and clinical features of Crohn’s disease patients and unaffected controls

Crohn's disease n=482)  Contmls [n = 470)

Sex (M/Ffunknawn) BN 26/2331
Age at diseasa onset (years) (median (rangel) 224 (7-55) 38.7 (2111
Age ot disease onset (n [%))" <Al years 460 (95.8%)

240 yoars 20 (4.7%)
Disease locatan lleal disease (L1} 191 (39.6%)

Colonic disease (L2) 70 (14.5%)

Heal and colomc disease (L3) 186 (40.7%)

Upper Gi disease (L4) 27 (4.6%)

Uneartain 1(0.6%)
Disease behaviour Inflammatory (B1) 126 126.1%)

Sweturing (B2) 244 {50 6%)

Panutrating (B3) 107 (22.2%)

Uncartain 5 11.0%)
Need for sugery! 210 {68.3%)

“Information on age at onset was available for 480 patients.
Tinformation on surgery was avarlable for 418 patients
F. female; GI, gastiomtestingl, M, male
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Table 2 Genotype distribution of candidate single nucleotide polymorphisms (SNPs) positively associated with Crobn’s disease (CD) in the Wellcome
Trust Case Control Consortium

Number of CD gonotypes Numher of control genotypes p value
SNP markar Chi®  Genat! AA Aa aa AR Aa ] Genotyps  Allelic  Dominant Rocessive
11805302  1p31 A23R 151 (31.5%) 247 (S1.5%) B2 (17.1%) 142 (30.4%) 226 (4B.4%) 9% (11.2%) 0.7 027 012 07e
1512035082  1q24 445 (933%) 31 (65%) 1{0.2%) 424 (90.8%) 43 (3.2%) 0[0o% 013 024 1 019
510801047  1g31 8(17%) 96 (202%) IN (780%) BTN 67 (18.9%) 365 (79.3%) 089 072 0868 1.00
10210302 2937 ATGT6LY 278 (57.1%) 184 {38.1%) 23 (4.BN) 270 (ST.7%) 172 (368%) 26 (56%) 081 056 06e 0380
rs9B58542  3p21 BN etc. a7 (7% 373N 0 0.0%) 433 (92.5%) 1MW 2(04%) 054 072 024 050
17234657  S5p13 0 (D.0%) 0 (0.0%) 484 (100.0%) 0 (0.0%) 0 (0.0%) 466 (100.0%) 1 1 1 1
139292777 5p13 16 13.3%) 133 (276%) 333 (69.1%) 14 (3.0%) 105 (22.6%) 346 (744%) 0.8 010 0w 085
mI0077785  Sq23 (805 425 (B97%) 47 (9.9%) 2 (0.4%) 428 (31.6%) 39 (B.4%) 000 078 024 050 on
136887695 5q33 w128 110 (22.8%) 233 (48.2%) 140 (20.0%) 87 (17.2%] 245 (S2.1%) 144 (306%) 0.10 012 062 0.0355
34858847 S5q33  IRGM 116 (24.2%) 241 (50.2%) 123 (26.6%) 110 (235%) 244 (S21%) 114 (244%) 082 093 on 082
113361189 5q33 IRGM 181 (40.9%) 220 (47.1%) 56 (12.0%) 199 (43.9%) 205 (453%) 49 (108%) 063 035 0.61 033
31000113 5¢31 53 (11.0%) 222 (45.9%) 200 (43.2%) 43 (9.2%) 209 (44.7%) 216 (46.2%) 053 028 0.36 039
1510761658  10g21 254 (52.7%) 188 (39.0%) 40 (B.3%) 217 (46.2%) 204 (43.4%) 49 (104%) ON 0040 O 0.0455
rs10883365 1024 NKOC-3 101 (21.0%) 254 (52.8%) 126 (26.2%) 73 (15.5%) 241 (51.2%) 156 (312%) 0019 0.0065% 0.019% 0.0365%
17221417 16g12  NOO2 484 (100.0%) 0 (0.0%) 0 {0.0%) 466 (39.6%) 2 (04%) 0{00%) 024 024 1 024
52542151 16p11  PTPN2 BILTRI  84(194%) 387 (78.9%) 4(0.9%) B2 (17.6%) 381 (B1.6%) 033 0.23 033 038
52836754 21922  FLM5139 24 (S2%) 182 (39.3%) 257 (55.5%) 25(5.4%) 170 (26.6%) 263 (58.0%) 063 059 047 1

*Chromesame (Chr) and region were identifind from the onginal papers.” ™
1This column descnbes the nearest gene to the genotyping SNP.
1 “A” denotes a risk allele.

¥Wa defined the level of significance as (p=<0.05) and no corections wers applied to the p values,

We analysed, in a Japanese population, a total of 17 candidate
variants that had been reported to be strongly associated with
CD in the WTCCC and follow-up expenment, and found that
three markers, rs6887695, rs10761659 and rs10883365, were
significant. Our further genotype-phenotype analysis identified
a strong association signal between rs6887695 and the case of
pure ileal disease. The first marker, 56887695, was located
635 kb telomeric to the gene JL12B (interleukin 12B). The second
marker, 1510761659, was a non-coding intergenic SNP between
ZNF365 (zinc finger protein 365) and ATQL4 (antiquitin-like 4).
The last marker, rs10883365, mapping to chromosome 10424,
was located in the 5 kb upstream region of NKX2-3 (NK2
transcription factor-related, locus 3). Variants in the JL (2B gene
and the [L23R gene were recently reported to be associated with
both psoriasis and CD.* The positive association of the
intergenic  region on chromosome 10g21 that includes
1810761659 was recently described in North American cohorts.”
These two markers were replicated in a Japanese popula-
tion, although the level of significance was relatively low
possibly because of our small sample size compared with the
original UK reports. Even so, simulation indicated that our
study had a power of >0.70 in the case of SNPs wath significant
association in the onginal paper (p<1x1077). Assocation of
156887695 with pure ileal disease was significant even with the
small sample size (n=70). However, we understand that a
further study with a larger sample size will be necessary to
confirm the association.

The association of rs10883365 is the most significant SNP
that we have studied using information from European CD

studies.” " ¥ NKX2-3-deficient mice show severe defects of gut
development, primarily in the epithelium of the small intes-
tine.* In addition, the lymphod organs of these mice, including
the spleen and Peyer's patches, have abnormal tissue architec-
ture and abnormalities in the migration and segregation of B
and T cells.” Most of the CD susceptibility genes reported so far
are related to epithelial barrier function or to innare and
adaptive immunity. NKX2-3 must have an important role in the
pathogenesis of CD; however, its mechanism is unknown. More
biological studies and replication analyses will be required.
The distribution of 17 genetic variants in UK and Japanese
populations is summarised in table 4. In terms of minor allele
frequencies and of risk alleles, most SNFs revealed significant
differences between the two populations. The differences were
most notable for 1517234657 and 317221417, minor alleles of
which were very rare or absent in the Japanese. On the other
hand, three SNPs (rs6887695, rs10761659 and rs10883365)
showed positive associations in both the UK and Japanese
populations. Furthermore, in order to study heterogeneity
between the Japanese and UK population, we performed a
meta-analysis for 11 SNPs by using the random effect model
among all three studies (shown in Supplementary table 2 as
“All"). We also performed analysis restricted to the two
replication studies in order to exclude the possible overestima-
tion by the original study (designated “Rep.” in Supplementary
table 2). Although the heterogeneities were not significant
{pn<0.05/30), the combined OR of meta-analyses were shown
to be significant in three SNPs for both “All" and “Rep.”
(155282777, 1s6887695 and rs10883365), Two out of these three

Tahle 3 rs6iB887695 genotype distribution in CD cases stratified by disease location

Number of genotypes p Value

cc C6 GG Ganatype Allefic Dominant  Recessive
Pure fleal dsease 29 (414%) 31 (443%) 10 14.3%) <0.001 <0.001 00077 <0.001
Any ieal disease 68 (25.7%) 127 (47.9%) 70 (264%) NS NS NS NS

NS. not significant (p=>0.05): no corractions were apphed 1o the p values.
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Table 4 Summary of genetic ditferences between UK and Japanese populations in candidate single nucleotide polymorphisms (SNPs) in relation to

Crohn's disease susceptibility

Europsan population Japanese population

Allale* MAFT Allgla* MAFt
SNP Chi, Risk Minas Case Cantrol Risk Minar Case Control
1511805303 1pH T T 038 032 T [ 0s? 055
1912035082 1q24 [} c 044 0.3 c T 057 085
rs10801047 g A A 0,09 o A A 012 on
rs10210302 2937 T C 040 048 c T 0238 0.23%
rs9858542 321 A A 033 0z G A 0.038 0.04
1317234657 5p13 G G 018 012 G G 0 0
rs9282777 5p13 T [ 0.32 0.39 T T 083 0.86
310077765 5q23 G A 018 023 G A 0.05 004
36887695 5933 H H 0.24 0.32 C [ 0.47 043
54958847 5933 A A 015 on G G 0.5 0.50
ral3381189 5q33 C C 0.10 o c C 038 033
51000113 5q33 T T 010 007 T T 0.34 032
810761659 10621 G A o4 0.46 G A 0.28 032
10883365 10g24 G G 054 048 G G 047 o4
1817221417 16q12 G G 0.36 029 [H G '] 0.002
2642151 18p11 G G 0 018 6 G o 010
52836754 21q22 T T 0.40 0.35 [ C 0.75 078
1112000261 23R A A 0.07 0.02 A A [] 1]
rs2241880% ATGI6LY G A 04 047 A G 0.78 o
131373692} 5p13.1 C A 0.58 0.68 [ cC 083 084

Chr., chromosome; MAF, minor allele frequency.

*The minor allele (s defined in the controls, and its frequency in that group as well as the case sample is reparted. Il infarmation an risk and minor alleles in the UK papulation was
unavailable in the original reports,” '* we calculated the data using infarmation from the WTCCC database.

+MAFs were calculated as defined in the UK popufation.

1 The information on these three SNPs was from previous reports; rs11208026 m #.23R, 2241880 in ATG16LT and 181373692 on the chromesome 5p13 gene desert region.™ ™™

SNPs were also significant in our replication study, indicating
them to be common risk factors of CD among the Japanese and
UK population: rs6887695 (5q33, p:<0.001; OR=1.23 (1.11 to
1.35) under the allelic model designated “Rep."”) and 1510883365
(10g24, pz <0.001; OR =121 (1.10 to 1.33) under the allehc
model, ps<0.001; OR =134 (1.15 to 1.57) under the recessive
model designated “Rep.”). The third SNP, 159292777, showing
positive association in the present meta-analysis but negative in
our replication study (5p13, pe<0.01; OR=1.32 (1.20 to 1.46)
under the allelic model, p:<0.001; OR=1.38 (1.16 to 1.64)
under the dominant model, p<0.001; OR = 1.46 (1.25 to 1.69)
under the recessive model designated “Rep.”), could sull be a
candidate for a common genetic factor in CD. The associations
for four other SNPs (510801047, rs10077785, rs4958847 and
152836754) were probably not present because the strength of
their association was less than our proposed threshold and,
furthermore, the OR and confidence intervals designated by
“Rep.” were not significant by all three models. However, we
could not conclude for the remaiming SNPs whether the
association is present or not. We recognise a weakness in the
present meta-analysis in the following two points: first, the
number of studies included in the analysis was small and most
of the samples were derived from a UK population. Secondly,
we could not analyse the remaining six SNPs including
1510761659 that showed marginal association in Japanese
samples because UK replication data were not available
Further genetic studies in various ethnic groups would be
warranted to draw firm conclusions and to reveal the generic
architecture of CD

Since CARD15 was identified in 2001 as the first gene
confernng susceptibility to CD by the positional cloning
approach based on linkage studies,”” a significant number of
studies have been performed to identify CID susceptibility genes

Gut 009,58 278232, doi 10,1136/, 2007140784

In recent GWA studies, several genes have repeatedly been
identified as susceptibility genes for CD: TNFSFi5, IL23R,
ATG 8Lt and the gene desert region on 5p13.1.%# In addition
to the newly identified loc, the WICCC CWA study has
detected previously defined loci such as [L23R by rs11805308,
ATG16L1 by rs10210302, the gene desert region on 5p13.1 by
517254657 and rs9292777, [BD5 by rs10077785 and NOD2 by
1517221417. In our previous study, we failed to replicate the
positive association of these vanants.” ' * [n the present study,
most of the newly identified loci except the three under
discussion had also not been detected in the Japanese popula-
tion. Thus, we again confirmed the existence of distinct ethnic
differences in the genenc background of CD.

In conclusion, we examined whether 17 candidate SNPs
identified by WTCCC-GWA scans were associated with
susceptibility to CD in Japanese people, and detected positive
association for three markers, the most significant of these being
510883365 in the upstream region of NKX2-3, The WICCC
GWA scan has identified some of the common genes involved in
susceptibility to CD. However, the major part of the genetic
background of CD in Asian populations is still largely unknown,
50 1t is desitable to repeat the GWA studies using the newly
developed screening kit in Japanese people. In addition, further
genetic studies are required to confirm our findings in other
ethnically divergent populations, including other Asian popula-
tions
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Editor's quiz: Gl snapshot

Very large gastric ulcer with a round
lesion

CLINICAL PRESENTATION

A S6-year-old Japanese woman was admitted to our hospital
with a 1-month history of abdominal fulloess and a 1-year
history of body weight loss of 10 kg. There was no sign
ificant Family history nor history of previous abdominal surgery
There was no history of any use of alcohol, tobacco, steroids,
aspirin - or  othes drugs
(NSAIDs)

Physical examination showed anaemic conjunctivae and
upper abdominal tenderness without ngidity or rebound
Laboratory studies revealed that she had
severe anaemia (haemoglobin (Hb) 6.7 g/dl, haematocrit (Ht)
23.6%).

Upper gastrointestinal endoscopy showed a very large ulcer
extending from the lesser
postetior wall of the lower body, with a mucosal bridge in the
centre of the ulcer which seemed to divide the ulcer into two
parts but under which there was enough room for an endoscope
to pass through. A unique shaped elevated lesion was also seen
on the ulcer base at the posterior wall (fig 1)
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Susceptibility loci for intracranial aneurysm in European

and Japanese populations

Kaya Bilguvar'?, Katsuhito Yasuno®, Mika Niemeld®, Ynte M Ruigrok®, Mikael von und zu Fraunberg®,
Cornelia M van Duijn’, Leonard H van den Berg®, Shrikant Mane®, Christopher E Mason®®, Murim Choi?,
Emilia Gadl'®*, Yasar Bayri'?, Luis Kolb'?, Zulfikar Arlier"?, Sudhakar Ravuri®, Antti Ronkainen®,

Atsushi Tajima®, Aki Laakso®, Akira Hata'’, Hidetoshi Kasuya'!, Timo Koivisto®, Jaakko Rinne®,

Juha Ohman'2, Monique M B Breteler’, Cisca Wijmenga'>!, Matthew W State®®, Gabriel J E Rinkel®,
Juha Hernesniemi?, Juha E Jaiskeldinen®, Aarno Palotie'®!%, [turo Inoue’, Richard P Lifton®'? &

Murat Giinel'?

Stroke is the world’s third leading cause of death. One cause of
stroke, intracranial aneurysm, affects ~2% of the population
and accounts for 500,000 hemorrhagic strokes annually in mid-
life (median age 50), most often resulting in death or severe
neurological impairment’. The pathogenesis of intracranial
aneurysm is unknown, and because catastrophic hemorrhage
is commonly the first sign of disease, early identification is
essential. We carried out a multistage wide
association study (GWAS) of Finnish, Dutch and Japanese
cohorts including over 2,100 intracranial aneurysm cases

and 8,000 controls. Genome-wide genotyping of the European
cohorts and replication studies in the Japanese cohort
identified common SNPs on chromosomes 2q, 8q and 9p that
show significant association with intracranial aneurysm with
odds ratios 1.24-1.36. The loci on 2q and Bq are new, whereas
the 9p locus was previously found to be associated with
arterial diseases, including intracranial aneurysm®-5,
Associated SNPs on Bq likely act via SOX17, which is
required for formation and maintenance of endothelial cells®®,
suggesting a role in development and repair of the vasculature;
CDKN2ZA at 9p may have a similar role”. These findings have
implications for the pathophysiology, diagnosis and therapy

of intracranial aneurysm.

Siblings of intracranial aneurysm probands are at ~ fourfold increased
risk of hemorrhage from intracranial aneurysm, suggesting a genetic
component to risk!®, Genome-wide linkage studies of familial cases!!
and rare apparently mendelian kindreds have not thus far identified
replicable loci, and no underlying mutations have been
identified'*', Similarly, examination of candidate genes in small
case-control studies has failed to produce replicable results'?,

These considerations motivate the use of GWAS to identify com-
mon variants that contribute to intracranial aneurysm. We carried out
a multistage intracranial aneurysm GWAS in three cohorts: a Finnish
cohort of 920 cases and 985 controls, a Dutch cohort of 781 cases and
6,424 controls and a Japanese cohort of 495 cases and 676 controls (see
Supplementary Methods online).

The study design consisted of a first stage of genome-wide geno-
typing of the European cohorts on the [umina platform, careful
matching of cases and controls, and identification of intervals
harboring SNPs that surpassed a significance threshold of 5 x 1077
for association with intracranial aneurysm?. This discovery phase had
80% power to detect common alleles that confer a genotype relative
risk (GRR) of 1.31 and 50% power to detect a GRR of 1.25 (assuming
an additive model in log-odds scale). Replication of association
of SNPs in these intervals was tested in the Japanese cohort, setting
P < 005 for significant replication. The replication study had
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Figure 1 Genome-wide association of SNPs with intracranial aneurysm in
the combined European cohort, (a) Quanhlo-qulnwn pbl of the observed
7% values derlved from the Mantel test statistics versus the
expected y¥ distribulion. The solid line represents concordance of observed
and expected values. The slope of the dashed line represents the genomic
inflation factor (A = 1.11). (b) The plol of expected and observed y* values
for association ol SNPs with intracranial aneurysm after comection for the
genomic inflation factor (4 = 1.0). Significant deviation from the expected
values suggesls association of these SNPs with intracranial aneurysm
phenolype. (c) The ~log,q of uncomected P values for association of each
SNP and intracranial aneurysm is plotted according to its physical position
on successive chromosomes. Green dols indicate SNPs yielding P values
<l ® 10'5?. and red dots denole SNPs thal surpass a significance level

of 5 x 1077,

with myocardial infarction®, abdominal aortic aneurysm and intra-
cranial aneurysm®. Both Finnish and Dutch eohorts contributed to the
significance of each locus, the risk alleles were identical and their odds
ratios were not significantly different between cohorts (Table 1).

To attempt to replicate these four loci, we genotyped 15 SNPs from
these intervals in the Japanese cohort (Supplementary Tables 2 and 3
online). Eight of the 15 SNPs showed significant association with
intracranial aneurysm; these included SNPs on 2q, 8q and 9p (Table 1).
At each locus, SNPs in strong LD in the Japanese sample showed highly

respectively. The utility of using a genetically di lation for
replication has been demonstrated by recent studies'”, lhmlry extend-
ing association results to a broad segment of the world’s population.
Discovery phase genotypes were processed using rigorous quality
controls; because Dutch controls and some Finnish controls were
genotyped separately on [llumina chips of varying SNP density,
particular attention was paid to ensuring consistent genotyping
performance and excluding nonrandom genotyping error within
and across cohorts (Supplementary Methods and Supplementary
Tables 1 and 2 online). To control for population stratification, we
genetically matched cases and controls from each cohont', resulting in
a dataset in which cases and controls are similarly distributed along
axes of significant principal components (Supplementary Table 1).
We tested for association between each SNP and intracranial
aneurysm by using the Cochran-Armitage trend test in each cohort
and combined the results using the Mantel extension test. The
distribution of test statistics for association of SNPs with intracranial
aneurysm in the combined cohort is shown in Figure 1a. The genomic
inflation factor (1) was 1.043 and 1.136 for the Finnish and Dutch,
respectively, and 1.114 combined, indicating well-matched popula-
tions'” (Fig. 1a); further logistic regression including principal com-
ponents as covariates? did not significantly change 4 (Supplementary
Fig. 1 online), nor did exclusion of SNPs with call rates <99% in any
case or control cohort (Supplementary Methods); in contrast,
because genomic inflation factor increases with sample size'®, the
large Dutch control sample was a major contributor to 4 (Supple-
mentary Methods). The association results reveal a number of SNPs
whase P values exceed those expected under the null hypothesis; these
persist after correction for 4 (Fig. Ib). The P values across each
chromosome are shown in Figure 1c. Four intervals (on 1g, 2q, 8q
and 9p) harbored SNPs that surpassed the threshold for genome-wide
significance; these include multiple SNPs with correlated P values and
comprise 15 of the 16 SNPs with P < 107° (Fig. 1c). Associated SNPs
in each interval have very high call rates in every cohort and none
violate HWE in any cohort (Supplementary Table 2). The first three
loci have not previously shown association with intracranial aneurysm
or other discases, whereas SNPs on 9p are in the block of linkage
disequilibrium (LD) that has previously been shown to be associated

lated P values (Fig. 2). For associated SNPs, risk alleles in Japan
were identical to and showed similar odds ratios to those found in
Europe (Table 1 and Supplementary Table 3). Using the Mantel

ion test to combine data from all three cohorts, we found the
following P values and odds ratios for the SNPs showing the strongest
evidence for association at each locus: 2q, P = 4.4 x 10~* (odds ratio
(OR) = 1.24); 89, P= 14 x 1071 (OR = 1.36); 9p, P = 1.4 x 10710
(OR = 1.29) (Table 1). No locus showed significant deviation from an
additive model (log-odds scale) (Supplementary Table 3).

We examined the distributions of P values in each significant
interval. At 2q, assodiation in Europe lies within a large block of LD
(197.8-198.6 Mb; Fig. 2 and Supplementary Table 4 online). In Asian
subjects, this segment is divided into two smaller blocks of LD
and the associstion seen in Japan is confined to SNPs in the more
telomeric block (198.2-198.5 Mb). This interval contains four known
genes; the two most strongly associated SNPs, rs700651 and rs700675,
lie in introns of adjacent genes, BOLL and PLCLI. PLCL1 is of
interest because it has significant homology to phospholipase C,
which lies downstream of VEGFR2 signaling'®. VEGFR2 is a
marker of endothelial progenitor cells and has a role in central nervous
system angiogenesis®.

The LD structure at 8q is also of interest (Fig. 2 and Supplementary
Table 4). SNP rs10958409 shows the most significant association;
SNPs in high LD with rs10958409 show correlated P values. In
addition, however, rs9298506, which lies 110 kb distally and shows
virtually no LD with rs10958409 (© = 0,004 in European HapMap
subjects’!, 0.004 in Finnish cases and 0.0005 in Dutch cases) none-
theless also revealed significant association in BEuropeans; adjacent
SNPs in LD showed correlated P values. This observation suggests the
f ce of two independent risk alleles. A conditional test of
association demonstrated that after accounting for the association
with rs9298506, rs10958409 still showed significant association with
intracranial aneurysm (and vice versa), consistent with two risk loci
(Supplementary Table 4). The Japanese cohort replicated association
at rs10958409, but not rs9298506, despite having had 88% power to
detect association of this latter SNP (Supplementary Table 3). Further
work will be required to determine whether the European association
with rs9298506 is a true positive result. This 8q interval contains a
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that are nol strongly with one

segment. For chromosome 8, SNPs in two bloclm that are nol in significant LD with one another both show significant ass
te in Japan. Cohort-specific / values among all SNPs genotyped in the

in the European cohort; only SNPs | within the p | block repli

replication studies are shown in Supplementary Table 4

ther, and significant association with intracranial aneurysm in Japanese cohorl is seen only for the ldumﬂc

with

single gene, SOX17, which lies between these two association peaks,
43 kb from rs10958409 and 64 kb from rs9298506. The next closest
genes lie 201 kb distal and 266 kb proximal to rs10958409. Sox17 has
an important role in formation and maintenance of the endothelium
(see below).

Finally, SNPs on 9p that showed association with intracranial
aneurysm (22.07-22.10 Mb) (Fig. 2 and Supplementary Table 4)
were in LD with SNPs that have previously shown association with
multiple arterial diseases®™. Adjacent SNPs that are associated with
type 2 diabetes mellitus** showed no significant association with
intracranial aneurysm. The strongest association was with rsl 333040,
which lies 74 kb from the 5" end of CDKN2B and 88 kb from
CDKN2A. These genes encode the cyclin-dependent kinase inhibitors
p15™K® and p16™*4, a5 well as AR, a regulator of p53 activity. In
addition, a non-protein-coding transcript (ANRIL) lies within this
interval®. Among these, p16'™¥44 i5 of particular interest (see below).

To determine whether the effects of these loci are influenced by
known risk faciors, we examined the odds ratios of the most
significant allele at each locus after partitioning cases by gender, family
history of intracranial aneurysm, age (older half versus younger) and
ruptured versus unruptured aneurysm, The results showed no signi-
ficant difference in odds ratios after any of these partitions, suggesting
independent contributions to risk (Supplementary Table 5 online).

Finally, to assess the combined effects of the three loci, we defined
each subject’s risk score by summing the logarithm of the odds ratio
for each risk allele they harbor as determined in each cohort. The
observed intracranial aneurysm risk showed a significant linear
relationship with risk score in each cohort, with a more than threefold
increase from lowest to highest strata (Table 2 and Supplementary
Table 6 online).

This study provides the first results of a large GWAS of intracranial
aneurysm or stroke. Three significant loci have been identified. These
results cannot be explained by nonrandom genotyping error or
population stratification and are robust to alternative analyses (Sup-
plementary Fig. 1). We calculate that these loci collectively account for
38-46% of the population-atiributable fraction of intracranial aneur-
ysm and 2.3-3.8% of the sibling recurrence risk (Table 1). Additional
common variants are likely to have a role in intracranial aneurysm, as
the study was not well powered to find loci with GRR <1.25. In
addition, population-specific effects were not considered in this study
design. Given the risk allele frequencies and odds ratios of the
identified loci, future replication cohorts will require ~900 to 1,600
cases and controls to have 80% power for replication (a = 0.05).

After genomic control correction and exclusion of SNPs at the four
top loci, 37 SNPs remained with P values less than 10~ (28 are
expected by chance). Some of these may prove to be true risk alleles as
additional cohorts are evaluated, as has occurred with type 2 dia-
betes®. In addition, rare variants with larger effects at these same loci
may also contribute to the occurrence of intracranial aneurysm?*2,

Intracranial aneurysms predominate at arterial branch points and
sites of shear stress, locations that incur endothelial damage. Vascular
injury mobilizes bone marrow—derived cells that localize 1o these sites
and contribute to repair®®. SOX17, a member of the Sry-related
HMG box transcription factor family, is of particular interest because
it is required for both endothelial formation and maintenance®*,
Sox17 plays a key role in the gﬂm‘luon and maintenance of fetal and
neonatal stem cells of both | and endothelial lineages®
and is expressed in adult endothelium®, Sax17-/~ mice show multiple
vascular abnormalities”; morcover, whereas Sax18~'~ mice are normal,
Sox18'~;Sax17*~ mice show defective endothelial sprouting and
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Table 2 Increased intracranial aneurysm risk with increased risk score based on genotypes for rs700651, rs10958409 and rs133040

Japan Netherlands Fintand
Average Average
No. of risk Frequency risk score OR Fragquency Average risk score OR Frequency fisk score oR
alleles {controlicase)  (min-max) (95% Ch) (controlicase) {rmin—max) (95% CI) (controlicase)  (min-max) (95% ci)
Oor 0.14/0.08 023 1 030.21 022 1 0.3210.21 0.17 1
(0.00-0.29) (0.00-0.29) (0.00-0.27)
2 0.280.21 0.53 1.29 0.36/0.29 054 113 0.34/0.34 0.42 147
(0.46-0.55) (0.81-2.05) (0.41-0.75) (0.9-1.41) (0.38-0.54) (1.15-1.88)
3 0.330.32 0.79 163 0.25/0.33 082 1.88 0.24/03 0.63 1.82
(0.72-082) (1.05-2.55) (0.70-1.04) (1.51-2.34) (0.59-0.74) (1.41-2.36)
L] 0.19/0.28 1.05 241 0.08/0.14 1.10 2.40 0.07/0.13 0.85 283
(0.99-108) (1.51-3.83) (0.98-1.33) (1.82-3.16) (0.79-0.94) (1.98-4.04)
Sor6 0.06/0.10 134 2.9] 0.02/0.03 141 263 0.03/0.02 1.09 1.16
(1.26-1.54) (1.62-521) (1.36-1.74) (1.56-4.41) (1.06-1.33) (0.62-2.19)
P value® 33x 1077 8.4 x 10718 78 x 107
OR (95% CI)® 2.91(1.92-4.4]) 2.81(2.19-3.6]1) 2.88(1.95-4.2%)

Indiduals with nen-mssing genolypes for all six alleles were inclided in the analysis.

P value for linear relationship of risk score and logarthm of Ofts (complete dats set is listed in Supplementary Table 6). "increase in odds ratio per one unit change in risk scome.

vascular remodeling®. Similarly, p16"™¥* has a role in regulation of

lysis of the perfi ce of SNPs across cohorts and platforms to ensure

stem (progenitor) cell populations, including bone marrow-derived
cells of the vasculature’. These considerations suggest that intracranial
aneurysm may result from defective stem (progenitor) cell-mediated
vascular development and/or repair.

Finally, these findings have implications for identification of indi-
viduals with intracranial aneurysm before morbid events. The odds
ratio of intracranial aneurysm increases greater than threefold in
subjects with the highest versus the lowest risk (Table 2 and Supple-
mentary Table 6). Although we caution that further work is required,
these findings advance the potential for preclinical diagnosis by
combined assessment of inherited susceptibility with previously estab-
lished risk factors.

METHODS
Cohorts. The study protocol was approved by the Yale Human Investigation
Committee (HIC protocol 7680). Inlﬂcuu lhcdupowo(mlrmnl
lmymwamd:wh P

R Lo -

o nibaal dtakial S oy
-lmmwmwlwdmwmwmm
of acute subarachnoid h age (via P phy or SNP clati

that significant associations observed were not due to differences in SNP
performance (Supplementary Table 2).

Cryptic relatedness. We determined the identity by state (IBS) similarity and
estimated the degree of relatedness for each pair of samples in the GWAS
(Supplementary Methods) and excluded inferred first- and second-degree
relatives (Supplementary Table 1).

Analysis of populati In order to identify population outliers and
cases whose genetic ancestry cannot be properly matched to s (and vice
versa), we used the Genetic Matching (GEM) hod describ iously'®
based on principal ll’Q\]J\ﬁwl&mmud:mpm
thumpmmplmpummmdmurﬁnmﬁuﬂmwd
none in the Dutch cohort, as previously observed (Suppl tary Methods)

After quality control and ‘,'_f lation stracture, there d 874
um-ndﬂlmﬂmhiudwﬁnuﬂluim»dm“mdimgnumﬁh
the Dutch cohort. Among the Finnish cases, 7% were female; 73% had suffered
ruptured ancurysm and 43% had positive family history; the median age sl
diagnosis was 50 years (those with rupture 49 years versus those without rupture
52 years). In the Dutch cohort, 69% were female, 92% had ruptured aneurysm,
15% had a positive family history and the median age was 49 years.

lysis. To test for association of each SNP with intracranial

mmﬂﬁwapmm&muﬁh:ﬁ:v&wuﬁm
with intracranial aneurysm were considered familial, and other cases were
considered sporadic.

ﬂmmhmﬁumhdqmﬂmmﬂbmthnd.Tthﬂh«hﬂsuﬁ
Japan were collected and all particip There
mmwmwl.ﬂl?mm&:mm:ﬁwﬁu‘m
and 495 Jupanese cases and 676 controls. Japanese controls were screened for
not harbaring intracranial aneurysm,

Genotyping and SNP quality control. Genome-wide genotyping in European
cohorts was done on the Illumina platform ding to the facturer's
protocol (lllumina). We genotyped subjects on either the CNV370-Duo,
HumanHap300 or HumanHap550 chips. SNPs shared across all platforms
(n = 314,125) were extracted. We applied prespecified critena to exclude
samples and SNPs that performed poorly as well as samples that could not be

ically well hed (Suppl y Table 1 and Supplementary Meth-
ods), ﬂumllmedhnwno(rp:allmzwu”?%wdlhem
heterozygosity of all SNPs was 35%. Seventy-two duplicate pairs of samples
were genotyped and showed 99.91% genotype identity. We carried out detailed

aneurysm, we asumed an additive (in log-odds scale) model We used the
Cochran-Armitage trend test for each cohort. For the combined sample of

hnpmduaﬂmn[hnnpmndhmmmwmddnm
RN et | Methads)

%nknﬂnldﬂwpﬁ-nndeundWApdﬁcomMMm
meﬁmslﬂﬂl-ﬂwmm
We assessed heterogeneity of ORs among popul by ¢
Mbmduhoflhﬂnﬂcmddﬂhpmhymm
mt:)wn!hurumddwmtthzhnﬂmﬁonmh}udu-dn
P walue <0.05 as evidence of significant b ity (Suppl ta
Table 3). To evaluate the degree of overdispersi nl'lutmm\imweodmlmd
the genomic inflation factor (1) for each statistical test by the ratio of the mean
of the lower 90% of observed test statistics to that of the expecied 7* values'”,
We applied the genomic control method to correct for % (Fig. tb) and then
compared a pairwise plot of P values for each SNP in the trend and corrected
tests to determine the potential effect of any residual population stratification
(Supplementary Fig. 1a,b and Supplementary Methods).

We also examined the validity of the assumption of additivity (in log-odds
scale) in the association tests by comparing likelihood ratios assuming
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I i dels of d and rejected additivity for P < 005 (ref. 2
and Supplementary Table 3).

For each chrom howing significant association with intra-
cranial aneurysm, wtwmpldwhtdmmuuﬂnnnmm?hldm
independent marginal effect on intracranial aneurysm by the Mantel extension
test conditioned on genotypes for SNPs within each interval (Supplementary
Table 4).
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T assess the robustness of our GWAS results, we also performed a weighted

Z-score test and found that the results of this alternative analysis were highly
correlated with the results of the Mantel extension test { Supplementary Fig. 1c).

Replication study in Japanese cohort. For the Japanese replication study,
nﬂcdhmkuﬂmummdmmm 15 SNPs on the Sequenom iPLEX

W g to the facturer’s L For SNPs that
showed significant P values, gmnnrpsmnpmadmd?vdmmnﬁmud
on the TagMan platform (Applied Bi ). Association tests were done as

ddaicdlbou.mmg? 0.05 (in the Cochran-Armitage trend test with the
same allele found associated in Europe) as the threshold for significance
(Supplementary Table 3).

hhmnﬂyﬁhsmmmﬂ:mwmﬁc:m?mm:mud
whether the assodation results were affected by p i iahl
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such as rupture status, family history or gender. Wcmmp-ndgrnntype
distributions of cases stratified by these variables using the trend test (Supple-

mentary Table 5),

Populati ibutable fraction and proportion of genetic variance attri-
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the population attributable fraction (PAF) and the proportion of the sibling
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described (Table 1 and Supplementary Methods). For these calculations we
assumed intracranial ancurysm population prevalence of 2% and 43, of 4
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multiplicative model {Supplementary Methods).
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risk score for each of the 27 possible three-locus genotypes in each cohort
(Supplementary Table 6). We fitted a simple linear logistic model with an
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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 thal showed altered
renal expression in long-term sait 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 ntial hypertension is a well-known risk factor for
myocardial infarction, we hypothesized that TNFRSF4 could
be a susceplibility gene for essential hypertension.

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

Results Extensive investigation of single nucleolide
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 mostfrequent haplotype, C-
C-A-A, was significantly lower (P= 807 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 susceplibility.

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

Introduction

Hypertension affects more than 25% of the adult popula-
tion worldwide [1]. Essential hypertension (EH) accounts
for mare 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 genctic 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 exists for genetic causes of EH:
candidate—gene linkage studies, genome-scanning link-
age stdies, candidate—gene association studics, genctic
studics in animal models, and gene expression profiling
in animal models [3]. Each approach has its own strengths
and weaknesses, and some arguec that integration of
the approaches is a more efficient way forward [4]. The
Millennium Genome Project for Hypertension in Japan
has adopted the candidate—gene association strategy
because of its relatively higher statistical power and



convenience of collecting samples [5]. 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 siep in this project,
we performéd DNA microarray experiments in mice (o
screen genes whose renal expression was changed by
long-term salt loading, because genes that showed salt
sensitivity were considered to be candidate genes for EH.
The results showed that more than 300 genes were either
downregulated or upregulated. For 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 haplotype-based ana-
lysis. Three of these 10 genes were positive in both the
expression profiling and genetic association studies. The
tumor necrosis factor receptor superfamily, member 4
(TNFRSF4) gene was one of the three.

TNFRSF4(0X40)isamemberof the tumor necrosis factor
receptor (TNFR) supeifamily, and is primarily expressed
asa transmembrane protein onactivated CD4* T eellsafter
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, itissuggested
that the TNFRSF4-TNFSF4 pathway is involved in
inflammation and immune response.

T lymphocyte activation involving several receptor—ligand
pairs such as TNFRSFA-TNFSF4 is suggested to
promote atherosclerosis [12,19,20], which is now con-
sidered to be an inflammatory disease [21]. Recently,
TNFS8F4 was identified as a susceptibility gene for athero-
sclerosis and a genetic variation in TNFSF4 was reported to
be associated with myocardial infarction (MI) and severity
of coronary artery diseasc [22]. Genetie variation in

TNFASF4 gene and essontial hypertension Mashwno of al 903

TNFRSEF4 was also shown to be associated with M1 [23].
These repons suggested that the TNFRSF4-TNFSF4
pathway plays an important role in the pathogenesis of
atherosclerosis and M1 in humans. [tis genenlly believed
that hypertension is one of the major risk factors for
atherosclerosis and M1[24]; however, Ml and hypertension
often coexist, as scen in the SHEEP study cohort in which
MI parients were significantly associated with hyperten-
sion [25]. Thus, the association berween 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-
tial candidate genes for E1.

The aim of the present study was to invesugate the
association between genetic vanations of the TNFRSF4
gene and EH in the Japanese population. We performed a
case—control study using two independent population of
Japanese patients with EH.

Methods

Study subjects

Initial screening of candidate genes involved 1035 subjects
with EH (762 men and 273 women) and 1058 age-matched
controls (792 men and 266 women) who were recruired
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 detail elsewhere [5).

The clinical characteristics of the subjects included in this
study for TNFRSF4 gene analyses are shown in Tables 1
and 2. Subjects in population 1 were part of the population
recruited through the stwdy group of the Millennium
Genome Project for Hypertension [5]. 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
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 Ch teristics of subjects in population 1
Tolal submects Male subjects Fermale subjects

Purumelers NT HT P NT HT P NT HT P
No. of subjects 562 a7 ao ae 261 mn

(yeoinrs) 616+02 6012112 o.011* 509 +90 EBE£11.1 0.083 636401 620£11.1 0.058
BMI (kg/m”) 222428 23.0+33 <0.001* 221420 238431 <0.00* 223+27 24.0+36 <0.001*
SAP [mmHg) 111.7489 163.7 210 <000M* 1116488 16214184 cODOI* 1115481 186.1 244  <0.001*
DBP (mmHg) 6890+73 083=148 < 0.001* 684+73 687 +14.0 < 0,001° 680473 97.61£160 <0.001*
TC (mgidi) 2085 +380 2070 +340 0506 1968 £36.7 198.7 £ 39.0 0.204 21624376 21804347 0870
HOL-C (mg/dl) 67.9+151 5834172 0314 5534150 5BB L1756 0.263 59,5 4150 800+ 16.7 0.687
TG (mg/di) 1238 £874  1401.7£B47 0.003* 1321 £10682  147.0£04.5 0.133 10.7L674 13544713 0.007*

Values weo mean + S0, BMI, body mans ndex, DBP, daitobe blood pressure; HOL-C, HOL cholesterol; HT, hypartarsna patiant; NT, normolensive patent; SBP, systolic

blood f : TC, 1atal chok

i TG, Inglycende. * Difference was statistically significant.
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Toble 2 Choracteristics of subjects in population 2
Total subjocta Mals subects Fomale subyocis

Parameters NT HT P NT HT P NT HT P
Mo, of subpcts 925 732 n7 323 608 409

Age (yoam) 54621156 818407 <Qaoor* 5582111 8154102 < 000" 5404118 6174983 <0.001"
B (hg/m?) 234431 242433 <0001* 235430 236481 0506 234401 246434 <0.001°
SHP (mmbg) 1239468 14224121  <0001* 1254486 14394114 <0001" 12314103 14084126 <0001
DAP {mmHgl 703+7.1 80.2+0.1 <aom* 7iBtew 819+94 <0.om* 68672 TBE+E6 <0.001*
TC (mgidl) 18344 34.2 19504338 0.358 1804+ 338 1836+ 340 0352 19714339 03810 0.001*
HOL-C (mg/dl] 5534 141 5381148 0.028* 5122140 5284144 0.180 6744137 BA4 147 ooo1”
TG (mg/di) 1280+ 734 1425+898 ooor* 138.1 £ 85.1 1483+ 103.0 0.340 1237 4 661 1305+ 77.9 oom*
Values are mean + S0. BMI, body dex; DBP, dasiche blood HODL-C, HDL chok HT, hypert patient; NT, patient; SBP, sysiolic

blood pressurs; TC, lotal cholesterck; TG, iriglyceride. * Differance was statistically significant.

pressure (DBP) of at least 90mmHg or were patients
currently taking chronic antihypertensive medication,
Normotensive (NT) subjects had SBP/DBP lower
than 140/90mmHg and had never been treated with
antihypertensive medication. Informed consent was
obrained from each individual as per the prowcol
approved by cach institution’s cthics 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 (Ag/) [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-salt 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 dict
containing 0.3% NaCl. Total RNA was isolated from
the kidneys of mice and differences in gene expression
were examined vusing mouse cDNA microarmay (Incyte
Genomies Inc., Palo Alwo, California, USA), which con-
tains 9222 mouse cDNA clones.

Screening of candidale 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
nucleotide polymorphisms (SNPs) per gene were selected
from the Japanese SNP dawabase (hitp:/snp.ims,u-tokyo,
ae.jp/) or dbSNP database (hup://www.ncbi.nlm.nih.gov/
SNP/) and were genotyped in 1035 patients and 1058
controls using the PCR-SSP-FCS method [30]. Haplo-
type-based association analyses were performed using
SNPAlyze v4.1 Pro software (DYNACOM, Mobara, Japan)
based on an expecration/maximizarion (EEM) algarichm.
P values for averall distribution of haplotypes were caleu-
lated by permutation test at 1000 itcrations. £ values less
than 0.05 were considered statistically significanr.

Screening for polymorphisms in TNFRSF4

To identify genetic variants of the human 7NFRSF4
gene, we sequenced all seven exons, the adjacent intronic
sequence, 4kb of the §' flanking region, and 1.5 kb of the
3' flanking region in 32 control subjecrts. Nineteen primer
sets were designed on the basis of the TNFRSF4 genomic
and mRNA scquences from the GenBank database
(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 Genetic
Analyzer (Applied Biosystems, Foster City, California,
USA). The sequences were analyzed and polymorphisms
identified using the Genetyx program (Generyx Corp.,
Tokyo, Japan).

Genolyping of polymorphisms in TNFRSF4
Genotyping of four SNPs in the ZNFRSF4 gene (P1:
—3M8C>T, P2: —3606C>T, P8 —1725A>G and P12:
=530A>G) was performed using ecither 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 TNFRSFZ 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
contained 5 pl of 2x TagMan Universal Mix (Applicd
Biosystems), 0.4 pmol/l of each PCR primer, 0.12 pmol/l of
TaqMan probe, and 5ng of template DNA in a final
volume of 10l The samples were analyzed with an
ABI PRIZM 7000 Sequence Detection system (Applied
Biosystems). The thermoprofiles were 50°C for 2min,
95°C for 10 min, followed by 40 cycles of 95°C for 155
and 60°C for 1 min.

Luciferase assay

TNFRSF4 repornter constructs of 3970 bp (nt —3968 1o +2)
were created by means of PCR amplification of genomic
DNA from homozygous subjects who had altemative
haplotypes with the use of following primers: forward,
5“GGGGTACCGTGCCACATGGCTGGAATTTAC-
¥ (including Kpal site) and reverse, 5-TCTAGCTAGC
GTCTCTGCTGTCGCCAGAGTC-3 (including Nel
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SNP Allele-specihe primer Comman [rimer TogMan probe®

(] CACATGGCTGGAATITACCATC CTCAGCAGTGGGAGAAMALAA COTCTGAAGCOTTTICACTGGTATCATGTGT
CAGATGGCTGGAATTTACCTCT

P2 GTCGCCTTICCCCCTCOG GCTGCAGCCAATAGGCACCTT AATAGCCACTTCGTGCGGCTGG
GTCGCCTTTCCCCCTCCA

P8 TCCAAGAAAGCCGT GCAGGCTGCCTTACAGACCTT TGAGCTCTGGGTCAGTGTCCA
GTCACAGGTCCAAGAAAGCCGC

P12 GGTCAGGAGTTCAAGACCAGTGT CCACGCCCGAATAATTTTIG AGTAGAGACGGGATTTCGCCATGTTAGC
GGTCAGGAGTTCAAGACCAGTTC

*TagMan probes d a § FAM (6-carboeyfh in) reporter fuarophore and a 3 TAMRA (6 y hyrhodamine) quenchor.

site). Amplicons of threc haplotypes (Pr-HI, Pr-HZ,
and Pr-HS) were cloned into the pGLA.10[luc2]
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-PS-G, Pr-P9-G,
Pr-P10-T, and Pr-P11-G) were created by site-directed
mutagenesis carried out in the Pr-H1 plasmid using the
GencEditor in vitra site-directed mutagenesis system
(Promega). All constructs were verified by sequencing.
COS-7 cells (monkey kidney, 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 at 50-70% confluence were transfecred
with 500 ng of each constructand 10 ng of pGLA.74{hRlue/
TK| Renilla luciferase vector (Promega) as an internal
control for transfection efficiency, using 1.5ul of
FuGENE 6 wansfection reagent (Roche Diagnostics,
Basel, Switzerland). After 24 h of transfection, the cells
were harvested, and firefly and Reni/la luciferase activities
were measured using the Dual-Luciferase Reporter Assay
System and a TD-20/20 luminometer (Promega). Each
experiment was repeated five orsix times, and each sample
was studied in triplicate.

Statistical analysis

Haploview version 3.32 (hetp://www.broad. mit.edu/mpg/
haploview/index.php) was used to analyze and visualize
the linkage disequilibrium (LD) and haplotypic pattems,
Hardy- Weinberg equilibrium was assessed by analysis.
Overall distributions of the genotypes or alleles were
analyzed by x* analysis using 2x 3 or 2% 2 contingency
tables berween N'T controls and H'T patients. Haplotype
frequencies were cstimated 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) vsing logistic regression
analyses with or without clinical covarates (age, BMI,
total cholesterol, high-density lipoprotein cholesterol,

and triglyceride). To estimate the contribution of the gene
1o the rotal variance of blood pressure, the variance com-
ponent procedure with the analysis of varance (ANOVA)
type 111 vanance estimates was used. Comparisons in
reporter assays were performed using Student’s t-1est
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
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 Agt
2/2 mice (with four wild-type copies of the Ag gene) with a
high-salt diet versus those of Agr 0/1 mice (with one wild-
type copy of the Agr gene) with a low-salt diet. Differential
expression values greater than 1.3 based on internal quality
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
Agr 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 criteria: (1) genes
reported as candidares 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 genotype data were not available due to
the following reasons: no SNP data 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 genotyped for genetic association tests, and the
genotyping of only a single SNP was completed in eight
genes. A haplotype-based association test was performed
in 62 genes and a single SNP association study in eight
genes. P values for difference in overall distribution of
the haplotype or genotype frequencies between normo-
tension and hypertension in toral (men + women), male,
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Fig. 1

I-hplulypl block structure of the FNFRSF‘ gene. I'Topl Organization of the TNFRSFJ gene. Exons are indicated by boxes (black, coding sequences;
eq ). (B8 ) Linkage dibrium st of polymonphi ac.ronsme TNFRSF4 gene region using data from 32

leuuumtroh. Hocbmdefnedb;ll‘wwidlpmdm thod in H The b nud!celmpr!ummeLD

parameter r* (100 x), blank cells denote = 1. Each cell is painted with 'colm-r‘ ive lo the of LD bet rk which is

defined by the ~ value.

and female subjects are shown in Supplemental
Table S4. Significant P values were observed for 10 genes:
Aguaporin-2 (AQP2), Estrogen receptor 2 (ESR2), Glycogen
synihase I (GYS1), Kallikrein 1 (KLKT), Nepinin (NPHN),
Solute carrier family 1 (ghial high affinity glutamate transporter),
member 2 (SLCIA2), Solute carrier family 9 (sodiumikydrogen
exchanger), isoform 3 (SLC9A3), Stervidogenic acute regu-
latory protein (STAR), Syntaxin binding protein | (STXBPY),
and TNFRSF4. Three genes (STAR, STXBP!I, and
TNFRSF4) are the human homologues to the mouse genes
that showed changes in renal expression in the salt-loading
experiment. The P value for overall distribution of the
haplotype of TWFRSF4 was significant only in female
subjects,

Identification of polymorphisms in TNFRSF4

We searched for polymorphisms in the TNFRSF4 gene,
including 4kb of the 5’ 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 ¥ flanking region, four in exons, seven in introns,
and 13 in the 3’ Aanking region. OF those, 27 polymorph-

isms (P1-P27) with minor allele frequencics (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 measuring # between polymorphisms and defined
haplotype block structures in this region was evaluated
using the solid spinc of LD method in Haploview (Fig. 1).
Three haplotype blocks (blocks 1, 2, and 3) were defined in
the TNFRSF# pene region with this method. Blocks 1 and
2 appear to be separated because P8 showed low LD to
other polymorphisms and blocks 2 and 3 were separated by
P22 for the same reason. Swong LDs, however, were
observed among certain blocks, such as between P4 and
P27 (# = 0.91). In addition, multiallelic D' values between
these blocks were high (0.86 between blocks 1 and 2; 1.0
between blocks Z 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 Hanking region (P1: —=3948C>7T, P2: —3606C>T, PS:
—1725A>G, and P12: =530A>G) were employed for
further analysis. The four SNP haplorypes constructed
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Table 4 Polymorphisms with minor allele frequencies 5% or higher detected in the TNFRSF4 genomic region in 32 Jlapanese controls

Narrw Polymorphism® Location Aming acd change MAF" dbSNP 1D JSNP 1D

] ~3943C>T & Fanking Q.06

P2 ~3601C>T &' Flanking 0.27 a12036216

Pa -3118G>T &' Flanking 027 st 172

Pa —2677delA 5 Fisnking 0.22

PS5 -2868C>0 &' Flanking 006

Pe ~2481C>G &' Flanking 027

P7 ~2167C>T & Fanking 0.08

] -~1720A>G &' Fanking 0.30 maf 13201 ISTIMS) 73304
P8 ~836A>G & Flanking 019 mA4115518

Pi0 ~B9OC>T & Flanking '8 1.} 336330498

P -668C>G & Fanking 019 nIEE60646

P12 -526A>G & Flanking 011 rs35107976

P13 150 4 47G>C Intront on ra35737008

P14 376-16C>6G Intrond on m34108056

1] 442 4+ 92ins3Bbp Intrond 026

P18 442 4 248C>T Intrond o019 me661607

m7 530G=A ExonS Glu178Giu 028 a1 7568

Pia 839+ 25CoT Intron® 019 m2208212 JSTAMS0E3063
o B840317>G Intron® 020 2298211 ISTIMS053052
P20 921C>T Exon? (3 UTR) o 82298210 ISTIMS083051
P21 989C>G Exon? (3 UTR) on 2288209 ISTIMS0B3050
P22 1067 + S00G>A & Fanking oo8 2268208 IST-IMS0E3049
P23 1067 + 841G>C ¥ Flanking 020 834067070

P24 1067 -+ 1224delTT 3 Flanking 020

P25 1007 4 1240G>C 3 Flanking 020 1834270002

P28 1067 + 1266T=-C 9 Flanking 020 rs3E016760

P27 1067 + 1206C>T F Flanking 020 mIGOGT244

“ Numbering sccording 10 the cONA sequence of TNERSF4 (accession number NM_003327). " Minor allele frequency (MAF) on the basis of the sequencing of 32 DNA

from these SNPs covered more than 85% of haplotype  between the NT and HT subjects was significant when

diversity of the entirc TNFRSF# gene when P22 was not  men and women were jointly compared (P=0.011),

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

Case~-control study for TNFRSF4 polymorphisms

The clinical characteristics of the NT and HT subjects in In population 1, four SNPs (P1, P2, P8, and P12) were

population 1 are summarized in Table 1. Differenceinage  genotyped in 562 N'T controls and 587 HT patients. All

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

Total subjects Male eubjects Fomala subjects

Gonolype NT {n="562) HT {n=587) L NT (n=301) HT ln=318} P NT (= 201) HT (n=271) o
Pi cc 448 (0.709) 455 (0.776) 298 (0.793) 248 (0.775) 210 (w.aos) 210 {0.778)

cr 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) 0524 2 (0.007) 4 (0.019) 0.601 2 (0.008) afpon) 0722

Ml

c 1008 (0.868) 1034 (0.882) 536 (0.683) 657 (0.881) 488 (0.898) 477 (0.883)

T 117 (0.104) 138 (D.118) 0306 &4 (0,107) 75 (0.,1189) 0.608 53 (0.102) 53 (0.117) 0,429
P2 cc a24 (0.678) 310 (0.544) 168 (0.553) 170 (0.538) 158 (0.608) 140 (0.652)

cr 208 (0.471} 220 (D.375) 121 {0.403) 117 (0.370) B7 (0.333) 103 (0.381)

m 29 (0.062) 47 (0.080) 0.129 13 (0.043) 20 (0.082) 0.055 16 (0.061) 18 (0.067) 0.465

Abuie

c 856 (0.763) 868 (0.733) 453 (0.755) 457 (0.723) 408 (0.772) 401 (0.743)

1 208 (0.257) 314 (D.208) 0089 147 (0.245) 175 (0.277) 0.203 19 {0.228) 130 (0.257) 0.263
P8 AA 204 (0.508) 280 (0.478) 144 (0.480) 164 (0.487) 140 {0,5386) 126 (0.467)

NG 238 (0.424) 248 (0.423) 137 (0.457) 126 (0.306) 101 (0.387) 123 (0.456)

GG 39 (0.070) 58 (0.009) 0182 19 (0.063) a7 o7 0.044 20 (0.077) 21 (0.07€) 0.250

Aol

A 806 (0.718) 808 (0.689) 425 (0.708) 433 (D.685) 381 {0.730) 375 (0.694)

G 316 (0.282) 364 (0.311) 0129 175 {0.282) 196 (0.318) 0.378 141 (0.270) 185 (0.308) 0.202
Pi2  AA 401 (0718} 363 (0.671) 209 {0.608) 215 (0.680) 192 (0.736) 178 (0.650)

AG 148 (0.264) 175 (0.209) 84 (0.281) 88 (0.278) 64 (0.245) 87 (0.822)

GG 11 (0.020) 18 (0.031) nive 6 (0.020) 13 (0041} 04318 5 (0.018) 5 (0.018) 0144

Allwla

A 850 (0.848) 061 (0.820) 502 (0.839) 618 (0.820) 448 (0.858) 443 (0.820)

G 170 (0,169 211 (0.180) 0.080 96 (0.181) 114 (0.180) 0,355 74 (0.142) a7 (0.180) 0.083

*Signilicant P value afior Bonferron'e comaction for four loci is 0.0125 (0.06/4).
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Table 8 Four SNP haplotypes (P1, P2, P8, and P12) freq

(NT) and hypertensive (HT) subjects in population 1

Male subjects Fomale subjects

Hapiotype® NT in=208) HT ln=2318) ”~ Pormutation 2 NT (n=281) HT (2= 270) . Pormutation 2
Hi1 C-CAA 404 10877) 413 [0653) 0371 0.363 376 (07200 366 (0.656) o.o0m 0021°
H2 CT-GA 81 (0.136) 96 (0.152) 0419 0.420 60 (D118) 75 (0.138) 0.287 0.269
H3 T-1-G-G 63 (0.106) 73 (0.115) 0.584 0859 52 (0.099) 62 (0.118) 0,405 0.402
Ha CCGG 18 (0.026) 21 (0.033) 0,484 0.470 17 (0.033) 14 (0.027) 0578 0617
HS c-CAG 17 (0.028) 18 (0o29) 0067 0958 1 inoo2) 19 (0.038) 678 x 10°%* <0.001*
HE CCGA 12 [0.021) 5 10.008) 0.003 0.088 € (0.018) 12 [0.021) 0.646 0.882

Othars 2 (0.005) & 0.010) 7 (0.013) 2 {0.004)
Entire distribution 0727 0.003%"
* Four loci are P1. P2, P8, and P12, and sax mant hapiolypes ara kated; ‘others’ calogory includes minar haplotypes with less than 1% frequancy, * Significant Pvalue
aftor Borferrond's i for mnjor sia haph % 0.0083 (0.05/8]. " P value lor the enhre disinbubon with [ won tesl. * Dill was statuncally sigrif

of these SNPs were in Hardy-Weinberg equilibrium in
the NT group. Table 5 shows the distribution of geno-
typic and allelic frequencies of the four SNPs in cach
group. The overall distribution of genotype and allele did
not significantly differ between the HT and NT

for toral, male, or female subjects. The P value of x* 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-

plicd by 4).

We next analyzed the four SNP haplotypes in population 1
(Table 6). Six common haplotypes (H1-H6) covered
approximately 99% of the subjects in the H'T  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 N'T sub-
jects (P=0.,031). Multiple logistic regression in women
revealed that the association of the HI/H1 diplotype
with hypertension remained significant (2 = 0.006) after
adjustment for age, BMI, toul 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-C-A-G
haplotype (HS) of the HT subjects was significantly
higher than that of the NT subjects (P=6.78 x 107°),
HS haplotype was significantly associated with hyperten-
sion in a dominant model (P = 0.004) after adjustment for
the above factors. The OR of the HS/HS + 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 haplorypes
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 HT patients in
population 2. All genotype results of four SNPs in cach
gioup were consistent with Hardy~Weinberg equilibrium.
Table 7 shows the distribution of genotypic and allelic
frequencies of four SNP's in cach group of population 2.
The overall distribution of genarype and allele of all four

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 (£ = 0.005) and the genotypic and allelic
frequencies of P8 (P=0.,005 and 0.003, respectively)
between the HT and NT subjects even after Bonferroni's
correction (multiplied by 4). P2 was still significantly
associated with hypertension in women in both a dominant
(P=0.007) und recessive model (P=0.038) after adjust-
ment for age, BMI, total cholesterol, high-density lipopro-
tein cholesterol, and triglyceride. 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 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 (£ =0.011) and recessive model
(P=10,002) after adjustment for the above factors. The OR
of G/G+A/G against A/A (dominant model) was 1.20
with a 95% 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 HT subjects showed a
significantly lower frequency of H1 (G-C-A-A) (P =8,48 x
107" and a significantly higher frequency of H2 (G-T-
G-A) (P=6.46 x 10™*) than the N'T subjects, whereas in
men no significant difference in frequencies of haplotypes
between the HT and N'T groups was obscrved. Multiple
logistic regression in women revealed that the association
of H1 haplotype with hypertension remained significant
in both a dominant (P = 0.006) and recessive model (P=
0.005) after adjustment for age, BMI, total cholesterol,
high-density lipoprotein cholesterol, and triglyceride. The
OR of the H1/H1 + H1/other diplotype against the others
(dominant model) was 0,52 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 (P=0.001)
after adjustment for the above factors. The OR of the HZ/
HZ + H2/other diplotype against the others was 1.40 with a
95% Cl of 1.18-1.65. In population 2, the frequency of H5
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Table 7 Genotype and allele freq { a tensive (NT) and hypertensive (HT) subjects in population 2
Total subyects Mile subpcts Fomale subjects

Gaenotype NT (n=928) HT (n=732) ~” NT {n=2317) HT (n=323} P NT {n= 608} HT n=400) P~
211 oG 729 (0.797) 673 (0.786) 253 (0.801)} 248 (0.778) 476 (0.788) 324 (0.782)

cT 181 (0.187) 147 (0.202) 58 (0.184) 66 (0.206) 123 (0.204) 81 (0.108)

m 10 (D.O11) 20012 0.920 6 (0.018) & (D.016) 0.770 5 (0.008) 4 (D010} 0640

Allile

c 1639 (0.891) 1293 (0.B87) 564 (0.802) 564 (0.881) 1076 (0.890) 729 (0.891)

T 201 {0,108) 165 (0.113) 07 €8 (0.108) 76 {0.116) 0.530 133 (0.110) 89 {0.100) 0927
P2 cC B50 (0.599) 403 (0.553) 178 (D 555) 182 (0567) 374 (0.820) 221 (0.542)

cT 323 (0361) 282 (0.387) 118 (0.372) 123 (0.383) 205 {0.340) 159 (0.390)

m 47 (0.061) 44 (0.080) 0176 29 0073) 18 (0.060) 0.488 24 (0,040) 28 (0.069) oom?

Al

{ 1423 (0.773) 1088 (0.746) 470 0.741) 487 (0.759) 853 (0.790) 801 (0.737)

T 417 (0.227) 370 (D.254) 0.089 164 (02549) 168 (0.241) 0.477 253 (0.210) 216 (0.263) 0,006*
Pa AA 484 (0.508) 342 (0.472) 146 (0.465) 157 (0.480) 318 (0.530) 185 (0.458)

AG 384 (0.420) 318 (0.436) 139 (0.443) 143 (0.445) 245 (D.408) 173 (0.428)

GG 68 (0.072) 67 (0.0682) o.1e8 29 10.082) 21 (0.085) 0436 a7 (0.062) 40 (0.114) 0.005*

Albecle

A 1312 (D.718) 1000 (0.600) 431 (0 BBB) 457 (0.712) B8 (0.734) 543 (0.872)

G 516 (0.282) 450 (0.310) .080 197 (0.514) 185 (0.288) oA 319 (0.266) 285 (0.3920) 0.003*
L ] AA 630 (0.888) 479 (0.650) 214 (0.677) 208 (0.850) 4186 (0.601) 271 (0.668)

AG 266 (0.289) 220 (0.903) 943 (0.204) 100 (0313} 172 (0.288) 120 (0.295)

GG 23 (0.025) 28 (0.030) ons g (0.028) 12 (0.038) 0.680 14 (0.023) 16 (0.088) 0.301

Allele

A 1626 (0.831) 1178 (0.810) 521 (0.824) 516 (0.808) 1004 (0.R34) A&7 (0.813)

G 411 (D.168) 278 (0.180) 0.128 111 10.176) 124 (0.104) 0.408 200 {0.16€) 152 (0.187) 0.231
*Significant P value after Bonferroni's comection for four loci m 0.0125 (D.06/4), ¥ O was fly saggnify

did notsignificantly differ between the 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 two population
(Table9), female HT subjects showed a significantly lower
frequency of H1 (P=8.07 x 10°%) and a significanty
higher frequency of H2 (P=6.07 x 10™*) than the NT
subjects. The frequency of H5 of female HT subjects
was still significantly higher than that of N'T subjects
(P=0.003). No significant difference in haplotype fre-
quencies between male HT 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.

Transcriptional effects of polymorphisms in the
promoter region

To study transcriptional 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-HS5). In COS-7 cells, promoter
activity of the Pr-H2 construct was significantly lower than
that of the Pr-H1 or Pr-HS 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® Four SNP haplatypes (P1, P2, P8, and P12) frequency among (NT) and hypertensive (HT) subjects in population 2
Male suljecta Female subjects
Haplotype® NT {n=2303) HT (n = 299) P~ Permutation P NT (n=584) HT (n=2388) P Patimutation P
H1 CCAM 403 (0.665) 403 (0.674) 0.743 0714 830 (0.718) 502 (0.847) B4R x 1074 <0.001*
H2 C-T-G-A 88 (0.142) 76 (0,125} 0.400 0.388 1156 (0.0098) 116 (0.149) 6.40x 107 0.001*
H3 TIGG 68 (0.109) 71 (0.019) 0.802 0.503 125 (0.107) B4 (0.108) 0939 0826
Ha cCGG 90 (0.049) 24 (0.040) 0420 0.443 47 {0.040) 45 [0.058) 0.067 0.074
H§ CCAG 11 0018) 20 (0.034) 0065 0118 21 (0.018) 18 (0.073) 0434 0.451
HE  CCGA B (0.014) 4 (0.007) 0.265 0374 15 {0.013) 8 (0.010) 0.606 0.583
Others 2 (0.003) 1 (0.002) & (0.006) 4 (0.004)
Entire distribution 0533° 0028 "
* Four loci are P1, HP&NI’I! Mdmpudwwntluplo!yp-nhn-d ‘atheors' mann apdotyy wuhl«u1hm1%hqwm " Significant Pvalue

gory
ypes s 0.0083 (D.05/6), " Palue lor the entire distribution with unlwulm test. * Difterence was stutistically significant

after Bonk 's

1 for rrajor min hay



