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Table A2. (Continued)
Gene  Allele 1/Allele 2 Amino acid Region Allele 1 Hetero Allele 2 Allele frequency Flanking sequence dbSNPID
name SNPs change 0" Homo Allele i Allele 2
392407 intron25 43 4 0 47 0957  0.043  gtaagtagtgec[c/tlggetgptgggag 152289115
C39375T¢ intron25 23 20 4 47 0702 0298  acatageccteg(c/t]gattcttageat rs2289114
C48128T llel008lle  exon26 38 9 0 47 0504  0.096 agtcacctgat[c/tcgagganaccag 152289113
A43195G 3'UTR exonl6 46 1 0 47 (098 G011 acatecctgteclalgcagetetgagty
MIR C—-2G exonl 0 20 27 47 0213 0787  utarttgitag[c/g)gatggagaccas 52070951
G2184 Cys73Tyr  exonl 30 | ¢ 31 098  0.016  aactactccett[g/aecticageaaga 185522
G4494 Argl50His  exon2 45 3 0 48 0969  0.03]1 gasatggecatc[gfaliceticcactct
G5384° Vall80lle  exon2 0 14 34 48 0146 0854  gteatgegepec[pfajitgttaaaagec
TI497C° Asp499Asp  exon2 0 14 34 48 0146 0854  agaaccagatza[t/clgggagetattac 185525
Al66IG Asn354Ser  exon2 43 5 0 48 0948 0052  ticctectgtcala/g]tactttagtgga 53527
GI872A intron2 45 3 0 48 0969 0031  gttetaaggatg[g/iajtcatatgtiget
WNKI G42]1A Alal41Thr  exonl 89 5 0 94 0973 0.027 ccteeagecget{gfalecgeccetggge
C446T Alat49val  exonl 90 4 0 94 0979 0021 aacaggecptegic/tjgggeectgecce
CS1T Lenl7IPhe  exonl 93 1 0 94 05995 0005  teccagectage[c/t]tigtggggagea
G786A" intron] 0 15 80 g5 0079 0921  achtatgac|g/algtectttggate 153838703
A9884G intron] 88 1 0 89 0994 0006 tetgagitacac[a/g]ttaacagtaaag
C73737G* intron3 0 16 I 95 0084 0916 gaciggetttetc/glacaticeitita 152158502
A76571GF Alad29Ala  exond 0 16 78 94 0085 (915 ccaaaatgctgcfa/glcagatctacegt
CI05668A% intron5 91 4 0 95 0979 0021 ttctittcect[c/a]tgttiggaagat
T105758C¢ Aspd93Asp  exonb 91 4 0 95 0979  0.02]1 agcagaagaaga[t/c|gatggagasaaa  rs2286006
GI059874 intrond 93 1 0 94 0.995 0005 tgatgaagtgec[gfaltgtatogeatat
AI07419G intron6 75 13 0 88 0926 0074 titcaatatact[a/g]ctgcttaatita
C108560T The6651e  exond 83 10 0 95 0947  0.053  cctetgteticalc/t]agaatctegagt 152286007
GI1247514k Gln776GIn  exonl0 4 26 56 86 0198 0802 gccagtgagtea[g/ajectcaagotecca rs1012729
TI259724 intron10 92 1 0 93 0995  0.005  eteeeitiue§i/alaagectgeetgt
GI26163A1 GIng43GIn  exonll 75 20 1 96 0885 0115  ceetgretetealg/falaticceatatca
AI28177CF  Thrl056Pro  exonld 3 19 71 93 0134 0866 geagtagcacag[afcleccaagetacee  rs956868
C1282741" intron13 60 28 3 93 0796  0.204  gacpgtatpaaa[c/t]gccaaactgtca
CI29494T' intron16 74 20 1 95 088  0.116  acaattatggta[c/tigtctgeattteg
AI20852G Nlel172Met  exonl$ 88 4 0o 92 0978 0022 rattetagcaat[afg)gagagagagteg
C130104T intron16 90 2 0 92 098¢ 0011 pgacacccatgac{c/tlgacaacaaactt
TI30917G intron]8 44 39 12 95 0668 0.332  gataugtaga(t'glgtgticatitet
CI31195T Asnl1320Asn  exonl9 20 47 28 95 0.458 0.542  agaaggacccaalc/t]lacagcaccicca
C131279T Thr1348Thr  exonl9 72 19 3 94 0867 0133 tggagicecaacc/tacageageagee
C132236T Ser1667Ser  exonl9 37 2 0 80 0989 0011  cagtgaacacap[c/tjicatctggaget
C132444G Prol737Ala  exonl9 88 1 0 8 0994 0006 caaptitctacc[c/glcagtcageacta
7132576~ intron19 68 17 3 &8 0.869 0131 atcagtimut[t/-]Jotocetaatgag
Al32655G intron19 20 36 15 71 0535 0465  cttatagtattt[a/g}itasattpacag
(1336341 intront9 72 19 ] 91 0896  0.104 titagegtetea[c/tlggactigattt
G135642T" Met1808Ile  exon2l 42 42 9 93 0.677 0323 tagtccagagat[g/tjatcacagtgact
TI35771G intron21 ) 1 0 93 0995 0005  tttaacargtat[t/glcagagttccige
G1369434  GIn1832GIn  exon22 93 1 0 94 0995  0.005 agcagpaacacag/alcctcagaagppt
Al41069T Gly1858Gly  exon23 86 3 1] 89 0.983 0.017  dttaagatggglat]cgatitcageta
Cl411147" iniron23 58 27 4 89 0803 0197 ctigaticctic[c/tiittggaggagit 1s2301880
TI42439C1 infron23 70 19 1 90 0.883 0.117  rgattetet[t/c]ecttitttaaat
Ci42763T  Argl945Cys  exon24 87 6 0 93 0968  0.032  accaaggitggale/tigtitteagstea
WNK4 C163T Arg35Cys  exonl 95 1 ] 96 0995 0005 gageeccggeegle/tigetettetepte
G2854 Arg96Arg  exonl 95 1 0 96 .995 0005  tggeccegegag(glaageccaccgect
C383T Prol28Leu  exonl 95 1 .0 96 0995  0.005 giceegagetee[cit]ggactetgeagt
172074C Ser2113er  exon2 93 1 0 94 0995 0005 (cggasactgtc[t/clagagetgagegg
C2285T intron2 87 7 0 94 0.963 0037  gatgtetpcecalc/t]tgeticetgaac
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Table A2, (Continued)
Gene Allele I/Allele 2 Amino acid Region Allele | Hetero Allele 2 Total Allele frequency Flanking sequence dbSNP ID
name SNPs change Homo omo Allele 1 Allele 2
A4732G lled74Val  exont 94 1 0 95 0995 0005 gacaaccaggec[a/g]tcgagticetgt
A6744G MetS46vVal  exon7 277 i ] 278 0998 0002  pemactgigecc[algliggcceecggtc
C6749T" Ala567Ala  exon? 87 5 1 93 0962  0.038 tatgeccatggele/tleceggtoecece
G7144T Ala60ISer exon§ = 89 6 1 96 0958  0.042  gecteagacect{gltjcocticagocee
A7235 intron8 83 12 1 9% 0927 0073 tgggpgpctcee[a/del)gccaticcaage
G81194 intron11 95 1 0 96 0995 0005 papggseagaga[g/ajatgaggacagag
G12806¢C" intron12 39 6 1 96 0958  (.042  cgegoccageet(g/elatgtittaagat
T12948C Ne740Thr  exonll 95 1 0 9 0995 0005 ggatteggpaga[t/c]atccagegagt
GI4139C Gly808Ala  exonl4 90 1 0 91 0995 0005 catctictcetgfg/claactectiigte
G144404 Pro908Pro  exonl4 89 6 1 96 0958  0.042 trctitcctee[p/ajigeceetecact 152290042
CI4597T Pro961Ser  exonl4 88 6 1 95 0.958 0.042  cetagtececte[c/t]ctagectgeece 152290041
Cl4717T intron14 75 19 0 94 0899  0.001 agggagactcca(c/t]tetgeactettc 152290040
CI5503A Prol173Thr  exonl7 278 1 0 279 099 0002 aageageecccalc/ajeggptatigtee
T15677C intronl? 275 2 0 277 099 0004  ctgtegactgti[te]uctecaggeee
C15703T inronl7 277 1 0 278 0998 0.002 ggggstetgeecie/t|gggegaatagac
CI5738A intron]7 272 4 0 276 0993 0.007  caccteccettt[c/a)cteacttagtge
NCXl  A—23846C intronld 94 [ ] 95 0995 0005 teacactgecn[a/claattcagggact
T—23690C intronld 62 31 2 93 0816  0.i84  aaatttaactta[t/c]agcaaggaaaga
C—23449A intronld 85 9 1 95 0942 0038  catacicacatt{c/alatgniigaggag
T—23200C™ intron1d 0 9 86 95 0.047 0953 attccgeeecet[tT]utgtigeggag 52301340
G—23186C™ intronld 0 9 86 95  0.047 0953 tigttgcggage(e/c]aaactgaggtic 152301341
T—23181C intronld i8 57 20 95 0489 0511  geggagpcaaac[i/clgaggttectgga 152301342
A—22729C intronle 71 23 1 95 0868  0.132 taauatgaggala/clagtgalitattg 152301343
A—22660— intronlc 94 1 0 95 0995 0005 gattgetgeaufal-Jpgtuiitceea
A—22387C SUTR exonlb 93 3 0 96 0934  0.016 attasaaaasaa(a/c]tcattgatatat
C—22144G intronlb 34 9 2 95 0932  0.068 gegegeceacaalc/glgcactgegegge
G144 ArgsGin - exon2 95 [ ¢ 9% 0995  0.005 rtglacaacatge[g/a]gcgatiaagtct
C303T Serl01Ser  exon2 95 l ] 9% 0895 0005 tegpttcatgic[c/t]tctatagaagte
G252581A intron4 45 40 11 96  0.677 0323  tctictetetec[g/altgteteectact 5433572
—2550904 intron3 94 1 0 95 0995 0005 tcaggtgatacal-/a]gtagetetgiga
2653647 ArgT03Cys  exond 95 1 0 9 0995 0005 geagaaatgggg[citlgecccateetgg

dbSNP ID was searched by using SNPper, a CHIP Bioinformatics Tool (Riva and Kohane 2001: http:/snpper.chip.org/bio/snpper-enter,
as of May 1 of 2003, that was constructed by dbSNP build 112). *™The apparent linkage disequilibrium was indicated in the Gene
name column. * Triallelic polymorphism.
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sure) RETH 2. <05 FREBIE~DER L HOERE
EELeNBBOTREZWS, 220 5BEEHES
HMETHL0THY, EHGORECEBICODWIERY
HMREbLLST I LHBHIFENS, 2004 FEOBFRSIE
HRIIBWT, ThENOFEBRSFEEI NI,

HOSP #f3ei, 2000 £ 84 1 v F R ¥ 7 1 BHEE
M, 2003 R A4 Y AF T 4 MRRE R, TREDCH
MEBFEE2HRE LT, BORENHHME % 140
mmHg F¥E (130 BLE) & 130 mmHg ki 0K, i
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Abstract The deletion of thiazide-sensitive Na—Cl
cotransporter (7SC, SLCI243) causes Gitelman’s
syndrome characterized by low blood pressure, while
deletions of the WNKI (PRKWNKI) and WNEK4
(PRKWNK4) genes cause familial hypertension known
as pseudohypoaldosteronism type II. Recent studies
have revealed that cell surface expression of TSC is
regulated by WINK 1 and WNK4. We hypothesized that
molecular variations in TSC, WNKI, and WNK4 could
lead to an increased morbidity of hypertension. We
identified 52, 35, and 21 polymorphisms in Japanese
hypertensives by sequencing the entire coding regions of
TSC, WNKI and WNK4, respectively. Twenty-one
representative polymorphisms were genotyped in 1,818
Japanese individuals (771 subjects with hypertension
and 1,047 controls) randomly sampled in Suita city. The
results indicated that the systolic blood pressure in men
with the CT+TT genotype in WNK4 Cl4717T was
3.1 mmHg higher than those with the CC genotype
(p=0.042) after adjustment with confounding factors
such as age, BMI, hyperlipidemia, diabetes mellitus,
antihypertensive drug use, smoking, and drinking.
Multivariate logistic regression analysis (with adjust-
ment for the same parameters) in men revealed that the
odds ratio for the presence of hypertension of the
CT+TT genotype in CI4717T to the CC genotype was
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1.62 (p=0.010, 95% confidence interval, 1.12-2.33).
Association of T8C and WNKI with hypertension was
not observed. In conclusion, our study suggests the
possible involvement of WNK4 in essential hypertension
in a Japanese general population.

Keywords WNK 1 - WNK4 - Thiazide-sensitive Na—Cl
cotransporter - Gene variants - Hypertension

Introduction

Several molecular variants of the thiazide-sensitive Na—
Cl cotransporter (7'SC, SLCI243) relate to Gitelman’s
syndrome characterized by their low blood pressure (BP)
sodium wasting, secondary hyperaldosteronism, hypo-
kalemia, alkalosis, hypomagnesemia, and hypocalciuria
(Mastroianni et al. 1996; Simon et al. 1996; Takeuchi
et al. 1996). This syndrome is known to be heritable as
autosomal recessive, and the mutations identifted in
TSC may reduce the capacity of the TSC to reabsorb
salt in the distal tubules where the cotransporter is
regionally expressed (Mastroianni et al. 1996). On the
contrary, mutations in the WNKI! (PRKWNKI) and
WNK4 (PRKWNEK4) genes relate to familial hyperten-
sion known as pseudohypoaldosteronism type IT (Wil-
son et al. 2001), associated with hyperkalemia (despite
normal renal glomerular filiration) and renal tubular
acidosis cansed by impaired renal K™ and H* excretion.
This autosomal dominant disease includes several types
of mutations; a large deletion in intron 1 of WNKI,
missense mutations in the highly conservative regions of
WNE4 (Wilson et al. 2001). Mutations identified in
WNEK4 so far were all accompanied by charge changes,
assuming modification of the protein function.

Recent expression studies have revealed a close link
between TSC and WNK family proteins. Coexpression
of TSC with WNK4 leads to a significant decrease in
thiazide-sensitive sodium uptake {Choate et al. 2003;
Wilson et al. 2003). WNK4 was shown consistently to
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suppress cell surface expression of TSC. Although
WNK1 per se was inactive on the transporter activity, it
was able to abolish the inhibitory effect of WNKA4,
suggesting that both proteins act on the same signaling
pathway (Wilsen et al. 2003; Yang et al. 2003). Thus,
WNK4 functions as a negative regulator for the surface
expression of Na—Cl] cotransporter, and loss of this
regulation can cause an inherited form of hypertension.
WNKI seems to act as a suppressor of WNK4, and
gain-of-function of this gene can cause loss in WNK4
function leading to an inherited form of hypertension.
It is likely that individual BP level is influenced by
several different genetic variants in a general population.
A polymorphism in WNK4 (basel156666G > A) has
been reported to be associated with hypertension in a
Caucasian population (Erlich et al. 2003) with a dis-
crepancy in other studies (Benjafield et al. 2003; Speirs
and Morris 2004). We hypothesized that the genetic
polymorphisms in TSC, WNKI, and WNK4 may in-
volve changes in BP level, Among the different kinds of
genetic variations, single nucleotide polymorphisms
(SNP) receive much attention due to their easy geno-
typing. This study was undertaken to identify genstic
variations, mainly SNPs, in all exons of TSC, WNKI,
and WNK4 and to examine the association of SNPs with
hypertension in a Japanese general population.

"Methods

Subjects

The subjects of the Suita study consisted of 14,200 men
and women (30-79 years of age), who had been randomly
selected from the municipal population registry consid-
ering group stratification by gender and 10-year age.
They were all invited, by letter, to have a group checkup
every 2 years at the Division of Preventive Cardiology,
National Cardiovascular Center, Japan. DNA from the
leukocytes was collected from participants who visited
the National Cardiovascular Center between April 2002
and February 2003. The study protocal was approved by
the ethical committees on human research of the Na-
tional Cardiovascular Center and Suita city. Written
informed consent was obtained from each subject for
proceeding genetic analyses. In this study, the genotypes
of 1,818 individuals including 771 subjects with hyper-
tension (396 men and 375 women) and 1,047 controls
(439 men and 608 women) were performed.

Measurements

BP was measured after at Jeast 10 min of rest in a sitting
position. Systolic and diastolic BPs (SBP and DBP) were
the means of two measurements by well-trained doctors
using a mercury sphygmomanometer (recorded in a
3 min pause). Hypertension was defined as SBP of
2140 mmHg, DBP of 290 mmHg or current use of
antihypertensive medication.

A physician or nurse questionnaired each patient
regarding current smoking and alcohol drinking habits
and personal history of cardiovascular disease, including
angina pectoris, myocardial infarction, and/or stroke.
Hypercholesterolemia was defined as total serum cho-
lesterol levels 25.68 mmol/l (2220 mg/dl) or current use
of antihyperlipidemic medication. Diabetes was defined
as fasting plasma glucose levels 7.0 mmol/l (126 mg/dl)
or nonfasting glucose levels =211.1 mmol/l (200 mg/dl),
HbAIC 26.5%, or current use of antidiabetic medica-
tion. Bedy mass index (BMI} was calculated as weight
(in kilograms) divided by height (in meters) squared.

Blood samples from the subjects after 12 h of fasting
were collected in EDTA-containing tubes. Total cho-
lesterol and high density lipoprotein (HDL) cholesterol
levels were measured with an autoanalyzer {Toshiba
TBA-80) in accordance with the Lipid Standardization
Program of the US Centers for Disease Control and
Prevention through the Osaka Medical Center for
Health Science and Promotion, Japan.

Direct sequencing for SNP discovery and genotyping
of polymorphisms

For DNA sequencing, Japanese patients with essential
hypertension at the Division of Hypertension and
Nephrology, National Cardiovascular Center, Japan,
were recruited. Genomic DNA was extracted using an
NA-3000 nucleic acid isolation system (KURABO,
Osaka, Japan). We sequenced the 48 or 96 Japanese
hypertensive samples in which hypertension-susceptive
SNPs would be most concentrated. In exon 22 of T'SC
and exons 7 and 17 of WNK4, more than 250 Japanese
hypertensive samples were sequenced (Kamide et al.

Table 1 Basic characteristics of subjects in Suita, a Japanese urban
population, 2002. HDL high density lipoprotein cholesterol. Values
are mean £ SD or percentage. Hypertension indicates SBP
=140 mmHg and/or DBP 290 mmHg or antihypertensive medica-
tion. Hyperlipidemia, total cholesterol 25.68 mmol/l (220 mg/dl)
or antihyperlipidemia medication. Diabetes, fasting plasma glucose
z7.0 mmol/l (126 mg/dl) or nonfasting plasma glucose =211.1
mmol/T (200 mg/dl) or antidiabetic medication

Women Men

(n=983) (r=1835)
Age (year) 63.3+£11.0 66.3+11.1%
Systolic blood pressure (mmHg) 128.0+19.6 131.9+19.5*
Diastolic blood pressure (mmHg)  76.6+9.8 79.7+£10.7*
Body mass index (kg/m?) 223+3.2 23.3£3.0%
Total cholesterol (mmol/l) 557 +0.79% 5.10=0.78
HDL cholesterol {mmol/1) 1.07 £0.40% 1.42+0.36
Current smokers (%) 6.3 30.17"
Current drinkers (%) 29.3 67.07
Present illness (%) -
Hypertension 38.2 47.4
Hyperlipidemia 55.2" 27.4
Diabetes mellitus 5.2 12.6"

*P<0.05 between men and women by Student’s ¢ test
P <0.05 between men and women by ¥* test
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TCOGAAACTGTCT/CIAGAGCTGAGCGG
GATGTGTGCCCA[C/TITGCTTCCTGAAC
GACAACCAGGCC[A/GITCGAGTTCCTGT
GCAACTGTGCCC[A/GITGGCCCCCGGTC
TGTGCCCATGGCC/TICCCGGTCCCCCT
GCCTCAGACCCTIG/TICCCTTCAGCCCC
TGGGGGGCTCCCA/DELIGCCATTCCAAGC
GAGGGGGAGAGA[G/AJATGAGGACAGAG
CGCGCCCAGCCTIG/CIATGTTTTAAGAT
GGATTCGGGAGA[T/CITATCCAGCGAGT
CATCTTCTCCTG[G/CJAACTCCTTTGTC
TTTCTTTCCTCCG/AJTGCCCCTCCACT
CCTAGTCCCCTCIC/TICTAGCCTGCOCC
AGGGAGACTCCAIC/ TITCTGCACTCTTC
AAGCAGCCCCCA[C/AICGGGTATTGTGG
CTGTCGACTGTT[T/CITTCTCCAGGCCC
GGGGGTCTGCCCC TIGGGGGAATAGAC
CACCTCCCCTTI[C/AICTCACTTAGTGC
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2004). The method of direct sequencing was described
previously (Okuda et al. 2002). The polymorphisms were
identified by use of Sequencher sofiware (Gene Codes
Corporation, Ann Arbor, MI, USA) and confirmed by
visual inspection (Takiuchi et al. 2004). SNPs having a
minor allele frequency of greater than 5% were defined
as candidates for genotyping using the TagMan-PCR
system {Tanaka et al. 2003). Some SNPs were not suit-
able for genotyping due to the presence of another SNP
in the adjacent region. The representative SNPs were
genotyped when they were in linkage disequilibriom (2
over 0.5). Since a missense mutation may directly be
susceptible to hypertension, five missense SNPs with
minor allele frequencies below 5%, including C4527A
(Thr180Lys, TSC), T29320A (Leu849His, TSC),
G34372A (Arg904Gln, TSCO), C142763T (Argl945Cys,
WNKI), and C15503A (Prol173Thr, WNK4), were also
genotyped.

Statistical analysis

A total of 1,818 subjects who had complete genotype
data were recruited for the study. Analysis of variance
was used to compare mean values between groups, and
if overall significance was demonstrated, the intergroup
difference was assessed by means of a general linear
model. Frequencies were compared by 7* analysis.

Association studies of genotypes with BP were per-
formed through logistic regression analysis considering
potential confounding variables in risk factors, including
age, BMI, present illness (hypeilipidemia and diabetes
mellitus), lifestyle (smoking and drinking), and antihy-
pertensive drug use by gender. For multivariate risk
factors, adjusted odds ratios were given with 95% con-
fidence intervals. The associations of genotypes with
hypertension were expressed in terms of odds ratios
adjusted for possible confounding effects, including age,
BMI, present illness (hyperlipidemia and diabetes mell-
itus), and Kfestyle (smoking and drinking) by gender. All
analyses were performed with SAS statistical software
{release 8.2, SAS Institute, Inc., Cary, NC, USA).
Linkage disequilibrium was calculated by using the
SNPAlyze version 2.1 (DYNACOM Co., Ltd, Mobara,
Japan).

Results
Basic characteristic of subjects

The characteristics of all 1,818 participants (835 men and
983 women) are shown in Table 1. Age, SBP, DBP, BMI,
percentage of current smokers, percentage of current
drinkers, and prevalence of individuals with hyperten-
sion and diabetes mellitus were significantly higher in
men than in women. Total cholesterol, HDL cholesterol,
and percentage of individuals with hyperlipidemia were
significantly higher in women than in men.
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Table 3 Primers and TagMan probes for genotyping of SNPs in TSC, WNKI, and WNK4

Probe

Gene SNP Primer
rsc C-19914 CCCTGACAGCTCAAATTTCCAC
CTTGTTACCAGAGGTGCCTAAGC
C-605T GCAGAAATGAAATCCACAAGCA
CATGCACCGATCATTAGATTGG
C-213G GGCAGAACACCATTTGATTGTG
GAAGAGCCACTCCAGGACTCA
Ci784T CGCAGTGGTGCAGGTCAGT
. AGGTGTCTGCCTTCCTGCTG
Al918G CTCACCATCACCCCCTTGAC
CAGCAGGAAGGCAGACACCT
A2141T GCTTCAGTTTCCCCATCTGTACA
GGTGGCTTTTTAGGGAAACACA
45274 GATGAACGTAGGTCGCATGGT
GATGGCTGAGATGGAGAGGC
TI18806C AGCAGCTCTGGCCTAGAAAGAG
ACGGAGATGATAGCCCCAAAC
1293204 TCACATAGTGCTCTGTCCTGAGTG
GATCTTGCATTTGCTCCACCTC
C29372T GCAAGAGGAGGTGGAGCAAAT
CCCTCCACACTTACGCCTTTC
G343724 GGGATTCCATGAAGTCCACATC
CTGGAAGCCCCAAAACAGAAC
C39375T GAAGCAGAAGGGCCAAAGTTC
GATGCCTGGGACACGTGAG
WNK1 G786A GAACTGCAGGTAAAGCCCCAC
GAACTCGATCAACTGGCTTCG
C108560T CTGATGGGACGGTTGACAGTG
CCTGTTCATGTTGGGAACCATA
A128177C GTTGCTCCTGCAGAGCCAGT
TCTACAGAGGAAGCCAAAGTGGT
CI133634T TTGATTTGCTCTTCAGTACGCAG
GCACCTACAGACAACAAAGGGAA
G135642T AAAACTTACACCAACCGCAGAAG
ATTCAGTCCCAGCAACCTCTAGA
Cl41114T TGGGACGATTTCAGGTAAGACAG
TTGTGTCCCAAATAGGTAGGCA
CI42763T ACGACCCACTTTGTTTGCTGTA
GTCAGACACTGGGCAGCCTAC
WNK4 C14597T CTGGCTGTGATGACTGTGGC
TGAAGGGCTTTCCTGGCC
CI4717T CACAGCTGAGGTGGAGAGTGAG

GGAGGTGGTGAGGCCTAGAAA

Fam-CTGCCTCCCTGCAA-MGRB
Vic-CTGCCTCACTGCAA-MGB
Fam-TTTGAAAATCCCTGTCCTG-MGB
Vie-CTTTGAAAATTCCTGTCCTG-MGB

Fam-CTGGCCCAAAGCCAGCCACTC-TAMRA
Vie-CTGGCCCAAACCCAGCCACTC-TAMRA

Fam-CAGAGACGCCGTCC-MGB
Vie-TGCAGAGATGCCGTC-MGB
Fam-CTGGTGCCTGCCTCGCCC-TAMRA
Vie-TGGTGCCCGCCTCGCC-TAMRA

Fam-AATAGATTAAAGCCTGCCGG-MGRB

Vic-AATAGATTAATGCCTGCCGG-MGB
Fam-TGTCGGTCACGGTGA-MGR
Vie-TGTCGGTCAAGGTG-MGB

Fam-TGGTGCCCTTGGCCCAGG-TAMRA

Vie-CTGGTGCCCTCGGCCCAG-TAMRA
Fam-TCCCTATCTCCTTGGC-MGB
Vie-CCTATCACCTTGGCC-MGB
Fam-TTCGTAGGCGGCCAG-MGB
Vie-TCGTAGGTGGCCAGAT-MGB
Fam-AACCCTCGGGCTGA-MGB
Vic-AGAACCCTCAGGCTG-MGB
Fam-ATAGCCCTGGCGATT-MGB
Vie-TAGCCCTGGTGATIC-MGB
Fam-TTTGACGGTCCTTTG-MGB
Vic-TTTATTTGACAGTCCTTTG-MGB
Fam-TCTTCACAGAATCTCGA-MGB
Vie-TCTTCATAGAATCTCG-MGB
Fam-AGTAGCACAGACCCAA-MGB
Vie-AGTAGCACAGCCCCA-MGB
Fam-AGCGTCTCACGGACT-MGB
Vic-AGCGTCTCATGGACT-MGB
Fam-CTGTGATCATCTICTG-MGB
Vic-ACTGTGATAATCTCTG-MGB
Fam-ATTCCTTCCTTTGGAGGA-MGB
Vie-ATTCCTTCTTTTGGAGGAG-MGB
Fam-CTGAAAACGTCCAACCT-MGB
Vie-CCTGAAAACATCCAACCT-MGB
Fam-TCCCCTCCCTAGCCT-MGB
Vice-TCCCCTCTCTAGCCTG-MGB
Fam-CTCCACTCTGCACTC-MGB
Vic-ACTCCATTCTGCACTC-MGB

Polymorphisms of TSC, WNKI, and WNK4

We sequenced 96 alleles from 48 patients with hyper-
tension in TSC and 192 alleles from 96 patients with
hypertension in WNKI and WNK4, and identified 52,
35, and 21 polymorphisms, respectively (Table 2).
There were six, nine, and nine missense mutations in
TSC, WNKI and WNKH4, respectively., Among them,
missense mutations with minor allele frequencies above
5% were 0, 3, and 0, respectively, indicating that most
of the missense mutations were rare. We selected SNPs
with minor allele frequencies above 5% for genotyp-
ing. Five missense SNPs with the minor allele fre-
quency below 5% were also included. We selected
representative SNPs for genotyping when some of the
SNPs were in linkage disequilibrium. Finally, 12, 7,
and 2 SNPs, in a total of 21 SNPs, were selected for
genotyping in population-based samples. The primers
and probes of the TagMan-PCR method are summa-
rized in Table 3.

Susceptible SNPs related to hypertension

The results of the case-control study are shown in Ta-
ble 4. Among 21 SNPs, the C14717T SNP of WNK4 was
si%niﬁcantly associated with hypertension in men
(x*=7.53, p=0.023). SBP in men with the CT+TT
genotypes was 3.1 mmHg higher than those with the CC
genotype (p=0.042) after adjustment for age, BMI,
hyperlipidemia, diabetes mellitus, antihypertensive drug
use, smoking, and drinking (Table 5). Multivariate lo-
gistic regression analysis with adjustment for age, BMI,
hyperlipidemia, diabetes mellitus, smoking, and drink-
ing revealed that the odds ratio for the presence of
hypertension for the CT+TT genotypes in C14717T in
comparison to the CC genotype in men was 1.62 (95%
confidence interval, 1.12-2.33, p=0.010) (Table 6).
When the controls were defined as SBP < 120 mmHg,
DBP <80 mmHg, or nonmedication, and the hyper-
tensives were defined as SBP 2160 mmHg, DBP
2100 mmHg, or current use of antihypertensive
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Table 4 Genotype distributions of 21 SNPs of TSC, WNK.I, and WNK4 in normotensives and hypertensives. n.4. not determined

Gene SNP Genotypes Women (rr=983) Men (n=835)
Normotensive Hypertensive 3 p Normotensive Hypertensive  »° P
(n=10608) (n=375) (n=439) (n=396)

rsc C-1991A (CC/CAJAA)Y  539/67/2 337/37/1 0.359 0.836 392/4572 359/36/1 0.571  0.752
TSC C-605T (CC/CT(TTy  539/67)2 3373711 0.359 0.836 392/45)2 359/36/1 0.571 0752
Tsc C-213G (CC/CG/GG)  539/67/2 337/37/1 0.359 0.836 392/45/2 359/36/1 0571 0.752
TsC C1784T (CC/CT/TT)  435/161/12 289/81/5 3754 0153 32001127 293/94/9 0.8300 0.670
TSC Al1918G (AA/AG/GG)  407/175/26 240/118/17 0.900 0.638 283/133/23 253/131/12 2945 0.229
TsC A2141T (AAJAT/TT)  6/114/488 4/67{304 0.131 0936 2/85/352 3/71/322 0.579  0.749
TSC CA5S27A (CC/CAJAA)  591/17/0 362/13/0 nd. a.d. 427120 382/14/0 n.d. n.d.
TscC T18806C  (TT/TC/CC) 115/285/208 63/181/131 0.703 0,704 57/210/172 50/182/164 0435 0.804
TsC T29320A  (TT/TA/AA)  592/16/0 360/15/0 n.d. n.d. 428/11/0 391/5/0 n.d. nd.
TSC C29372T  (CC/CT/TT)  325/242/41 199/143/33 1.475 0478 36/186/36 213/155/28 1.645 0.439
TscC G34372A  (GG/GA/AA)  548/59/1 334/40/1 0.362  0.835 387/50/2 347/490 nd. n.d.
TSC C39375T  (CC/CT/TT)  342/222/44 207/146/22 1.057 0.58% 231/174/34 189/161/46 4302 0.1l6
WNKI GT786A (GG/GA/AA)  9/133/466 4/93/278 1.356  0.508 7/82/350 7/82/307 0.602 0.740
WNKI Cl08560T (CC/CT/TT)  527/76/5 310/62/3 3127 0,209 377/60/2 342/52/2 0.061 0.970
WNKI AlIZBI7TIC  (AAJAC/CC) 9/135/464 4/80/291 0.430 0807 9/102/328 8/86/302 0.280 0.869
WNKI] Cl133634T (CC/CT/TT)  453/143/12 267110147 1.44% Q485 335/94/10 296/9347 0.733  0.693
WNK! G133642T (GG/GT/TT)  244/290/74 139/182/54 1478  0.478 196/187/56 164/182/50 1.040  0.595
WNK] Cl41114T  (CC/CT/TT)  361/218/29 219/134/22 0576 0.750  278/135/26 241/134/21 0.962 0.618
WNKI C142763T (CC/CT/TT)  592/16/0 362/13/0 n.d. nd. 421/17)} 389/7/0 n.d. n.d.
WNEK4 Cl4597T- (CC/CT/TT)y  381/27/0 353/22/0 #.d. n.d. 410/29/0 375/21/0 n.d. n.d.
WNK4 Cl4717T  (CC/CT/TTy  466/131/11 303/67(5 2394 Q302 367/6%/4 303/84/9 7.526 0.023

medication, the Cl14717T polymorphism was signifi-
cantly associated with hypertension in men (CC vs
CT+TT, odds ratio=1.91, 953% confidence interval;
1.02-3.58, p=0.045) after adjustment for the con-
founding factors described above.

Discussion

Three genes, 7SC, WNKI, and WNK{, are potentially
strong candidates for essential hypertension (Choate
et al. 2003; Wilson et al. 2003). To understand whether
these genes influence BP, we sequenced these genes and
identified a total of 108 SNPs. To evaluale the associa-
tion of the SNPs with hypertension, we genotyped 21
representative SNPs in a large members of 1,318 indi-
viduals and identified that the C14717T polymorphism
in intron 14 in WNK4 was associated with hypertension
in men. The TT genotype of this SNP increased SBP by
3.1 mmHg when compared with the CC+ CT genotype
(Table 5). The association of this SNP with hypertension

Table 5 Blood pressure levels on genotype of WNK4 Cl4717T
polymorphism. Values are means + SDs; all adjusted for age, body
mass index {BMI), antihyperiensive drug use, present illness

was observed after multiple adjustments for confound-
ing factors including age, BMI, present illness (hyper-
lipidemia and diabetes mellitus), lifestyle (smoking and
drinking), and antihypertensive medication (Table 6).
Therefore, we consider that the C14717T polymorphism
in intron: 14 in WNK4 was associated with hypertension
in our general population.

WNK4 15 located on chromosome 17q21.2. Several
lines of evidence indicate a region on human chromo-
some 17q as a gene that influences BP (Baima et al. 1999;
Jacob et al. 1991; Levy et al. 2000). A quantitative trait
locus of hypertension on the rat chromosome 10,
equivalent to human chromosome 17, was identified in
spontaneous hypertensive rats (Jacob et al. 1991). This
region was reportedly linked with hypertension using
hypertensive sib pairs from the United Kingdom and
France (Julier et al. 1997) and was confirmed in a study
of white American hypertensive sib pairs (Baima et al.
1999). Evidence obtained from the Framingham Heart
Study indicated that this region is associated with BP
with LOD score of 4.7 (Levy et al. 2000). Thus, these

(hyperlipidemia, diabetes mellitus), and lifestyle (smoking and
drinking); diastelic blood pressure (DBP) and systolic blood pres-
sure (SBP) are expressed as mmHg

cC CT TT » CC+CT  TT P cC CT+TT  »p
Men () 670 152 13 822 13 670 165
DBP 79.4+04  81.0+08  81.6£27 0.052 797403  §1.6+£27 0481 79404  81.1+0.8 0051
SBP 1313407 1338114 140.8 4.8 0.020 131.8£0.6 [40.8+4.8 0.062 131.3+0.7 1344414 0.042
Women (n) 769 198 16 967 16 769 214
DBP 76.6+03  76.6=07  76.1+23 0937  766+£03  76.1+23 0817  76.6+03  76.6+0.6 0.986
SBP 128.1+£0.6 128.1=12 [243+42 0653 1281405 124342 0358 128.1+06 127.821.1 0827
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Table 6 Odds ratio for the presence of hypertension for WNK4 C14717T genotype in a Japanese general population. @R odds ratio, CI

confidence interval

Sex Genotype OR? (95% CI) p Genotype OR™ (95% CI) P
Men CcC 1 (reference) CC+CT 1 (reference)

CT+TT 1.62 (1.12-2.33) 0.010 TT 3.00(0.88~10.19) 0.079
Women CC 1 (reference) CC+CT 1 (reference)

CT+TT 0.80(0.56-1.13) 0.209 TT 0.74 (0.22-2.45) 0.621

*Conditional logistic analysis, adjusted for age, BMI, hyperlipidemia, diabetes mellitus, smoking, and drinking

studies snggest that this region may contain a gene
susceptible for BP elevation.

The Cl4717T polymorphism in WNK4 associated
with hypertension was found in the intron. Therefore, it
is not likely that it directly affects the function of
WNK4, leading to hypertension. The Cl14717T
polymorphism may be in linkage disequilibrium with
another genetic variation in the region that was not
examined by sequencing. The functional SNP may be
present in the 5’-upstream region beyond our sequencing
region or in the intron, creating a new splicing site.
Further analysis is needed to clarify the function of this
SNP. In conclusion, our study has shown the possible
involvement of WNK4 in essential hypertension in the
Japanese general population.
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