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Background: WNK1 (With No-lysine Kinase 1) modulates numerous sodium transport-related ion channels involved in reg-
ulation of blood pressure. Several studies have indicated associations between the common variants of the
WNK1 gene and hypertension or blood pressure levels. However, little data exists on Asian populations and nor-
motensive or pre-hypertensive subjects. Our aim was to detect whether the common variations in the WNK1
gene are potential contributors to individual variations in blood pressure in a family-based sample.
Material/Methods: 525 individuals from 116 families were selected from a rural community of Northern China. Five single-nucleo-
tide polymorphisms were selected from the WNK1 gene. Single-marker and haplotype analyses were conduct-
ed using the Family-Based Association Test program.
Results: Regretful, no associations for the 5 WNK1 SNPs and the constructed haplotype blocks of WNK1 with blood
pressure level reached nominal statistical significance.
Conclusions: We conclude that although multiple candidate genes are involved in development of hypertension, the genet-
ic polymorphism in WNK1 is not a major contributor to the observed variability in blood pressure and familial
clustering risk of hypertension.
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Background

Hypertension is a global public health challenge because of its
high prevalence and the concomitant increase in risk of vas-
cular disease [1-3]. An abundance of evidence has confirmed
that an individual’s genetic profile may play a large role in
blood pressure regulation, and hypertension is recognized as
a polygenic syndrome [4,5]. Improved understanding of mech-
anisms of BP regulation should facilitate advances in the pre-
vention and treatment of hypertension. Because BP is a her-
itable trait, efforts are underway to identify genetic variants
that have a role in BP regulation [6-11].

WNK1 (With No-lysine Kinase 1) is a serine-threonine kinase
regulating numerous ion channels involved in sodium and
potassium transport [12-17]. WNK1 maps to chromosome
12p13.3, is encoded by 28 exons, and spans over 150 kb of ge-
nomic DNA. It is ubiquitously expressed in various tissues, par-
ticularly in the kidney and cardiovascular system. WNK1 have
been implicated as important modulators of salt homeosta-
sis, regulating the balance between renal sodium reabsorption
and potassium excretion. Mutations in WNK1 cause pseudo-
hypoaldosteronism type 2 (PHA2), a rare autosomal-dominant
disorder primarily characterized by early-onset hypertension
and hyperkalemia [18]. Therefore, the possibility has been
proposed that genetic mutations in WNK1 affect blood pres-
sure variations and/or susceptibility to essential hypertension.

Indeed, accumulated evidence has indicated associations between
the common variants of the WNK1 gene and blood pressure levels
[19-23]. However, these previous studies always emphasized the
relationship in hypertensive subjects but not in normotensive or
pre-hypertensive subjects, and the data in Asian populations are
rare. In the present study, we investigated whether the common
variations in the WNK1 gene are potential contributors to individ-
ual variations in blood pressure in a family-based sample of 525
normotensive or pre-hypertensive subjects from northern China.

Material and Methods

Subjects

In northern China, a community-based BP screening was con-
ducted among persons aged 18-60 years in the study villages
to identify potential probands and their families for our study.
All the study subjects belong to the Chinese Han ethnic group.
We recruited subjects with mean systolic BP (SBP) between 130
and 160 mm Hg and/or diastolic BP (DBP) between 85 and 100
mm Hg and no use of antihypertensive medications, and their
siblings, spouses, and children. All subjects underwent clinical
and biochemical investigation to exclude those with second-
ary hypertension, chronic kidney disease, or type 2 diabetes
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mellitus. The institutional ethics committee of Xi’an Jiaotong
University Medical School approved the study protocol, and
written informed consent for the total program was obtained
from each participant. All of the procedures were performed
in accordance with institutional guidelines.

BP Measurement

Three random-zero BP measurements were obtained using
a Hawksley random-zero sphygmomanometer (Hawksley &
Sons Ltd, Lancing, UK; zero range 0-20 mmHg) with a 1-min-
ute interval. BP was measured by trained and certified ob-
servers according to a common protocol adapted from proce-
dures recommended by the American Heart Association. BP
was measured with the participant in sitting position after 5
min of rest. In addition, participants were advised to avoid al-
cohol, cigarette smoking, coffee/tea, and exercise for at least
30 min prior to their BP measurement. Systolic BP (SBP) and
diastolic BP (DBP) were determined as the first and fifth phas-
es of the Korotkoff sounds, respectively. MBP was defined as:

MBP=DBP+1/3xPP.
DNA extraction and genotyping

Peripheral venous blood was drawn from each participant.
Genomic DNA was extracted from whole blood using the Maxwell
16 DNA Purification Kit (Promega Corporation, Madison, WI). The
choice of SNP was informed by the results of a prior analysis of
WNK1. All the genotyping experiments were done by the Shanghai
Generay Biotech Co,, Ltd. (http://www.generay.com.cn/) using li-
gase detection reactions (LDR). The target DNA sequences were
amplified using a multiplex PCR method. After the completion of
the amplification, 1 pl of proteinase K (20 mg/ml) was added, then
heated at 70°C for 10 min and quenched at 94°C for 15 min. The
ligation reaction for each subject was carried out in a final volume
of 10 pl containing 2 pl of multi-PCR product, 1 pl of probe, 0.125
ul of 40 U/ul Tag DNA ligase (NEB, USA), 1 pl of 10x Taq DNA li-
gase buffer, and 6 pl H,0. The LDR was performed using 25 cy-
cles of 94°C for 30 sec and 55°C for 4 min. The fluorescent prod-
ucts of LDR were differentiated by use of an ABI sequencer 377.
Additionally, about 5% of the samples were randomly selected
and retested by direct DNA sequencing on a 3730x| DNA analyz-
er (Applied Biosystems) and the results were 100% concordant.

Statistical analysis

The Mendelian consistency of the SNP genotype data was as-
sessed by PLINK and PedCheck on parental SNP data (Figure 1).
Departure from Hardy-Weinberg equilibrium was tested with 2
test on parental SNP data. We used Haploview software (ver-
sion 4.0, http://www.broad.mit.edu/mpg/haploview) to estimate
the extent of pairwise linkage disequilibrium between SNPs.
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Figure 1. Structure of the human WNK1 gene and location of
the SNPs analyzed. Exons are shown as vertical lines.
The locations of the 5 genotyped SNPs are indicated
by arrows.

We used the Family-Based Association Test (FBAT) program
(version 2.0.2, http://www.biostat.harvard.edu/fbat/default.
html) to test the association of single-marker and haplotypes
with adjusted phenotypes [24]. Three genetic models (additive,
dominant, and recessive) were tested. To assess the effect of
genetic variants on the trait value, a univariate FBAT test was
performed for each allele and haplotype. This test provides a
z-statistic with its corresponding P value. The false discovery
rate (FDR) method was used to correct for multiple testing.

LiuF. etal.:
Lack of family-based association between common variations..
© Med Sci Monit, 2014; 20: 1958-1962

Results

Characteristics of the study participants

We recruited 525 individuals from 116 families, including 23
families with 3 generations of pedigree and 93 families with
2 generations of pedigree. All the families had 2 or more chil-
dren. Of these 525 individuals, 481 had normal blood pressure
and 44 were essential hypertensive patients. The character-
istics of the study individuals are given in Table 1. The pro-
bands had higher mean baseline levels of SBP and DBP than
their siblings, spouses, and children, whereas the parents had
the highest SBP levels among all of the groups.

Allele frequencies and Hardy-Weinberg equilibrium test

Table 2 summarizes the genomic location, allele frequency,
and Hardy-Weinberg test results for the 5 WNK1 SNPs ana-
lyzed. None of the SNPs showed statistically significant devi-
ation from Hardy-Weinberg equilibrium.

Table 1. Characteristics of the study participants at the baseline examination.

Probands Siblings Spouses Offspring Parents
No. of participants 102 18 47 186
CAge(years 05176 30473 aare1l 23371 661182
Cmalecw 696 s 22 68 78
Body mass index, kg/m* 230128 23129 225832 199125 204126
Csystolic mmHg 1206110 1074105 10864122 10244107 12364216
Diastolic, mmHg 788179 700182 706169 629187 7074108
 Mean arterial pressure, mmHg 027182 824185 833179 761190 8831134
24 hurinary sodium, mmol 285116 2131164 218:208 1154234 1248214
 24hurinary potassium, mmol 3684683 411:913  394:123 s56:187 4731171

Continuous variables are indicated as mean +SD. BP, blood pressure.

Table 2. Description of the WNK1 SNPs genotyped.

WNK1 SNP WNK1 position Alleles
rs880054 Intron 10 A/G
"""" 12828016 Bon2l  Metlle
""""" 956868 Bon1s  Pofthr
"""" 230188  Inwon2s  oT
""""" (765250  won1 MG

Minor-Allele Hardy-Weinberg Test*
frequency*
0.27 0.72 0.396
"""""" 025 o002  os3
"""""" o2 183 owe
"""""" 021 oo oses
"""""" 02 oo osay

* Minor allele frequency and Hardy-Weinberg tests relate to the parents (parental generation).
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Table 3. Association between WNK1 SNPs and blood pressure.
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z indicates test statistic for FBAT. BP — blood pressure; FBAT — Family Based Association Test; MAP — mean arterial pressure;
SNP — single nucleotide polymorphism, P values are corrected for multiple testing (FDR <0.05). FDR — false discovery rate.

Association tests between WNK1 and blood pressure level

As shown in Table 3, single-locus analyses conducted with the
use of FBAT revealed no significant evidence of an association of
blood pressure level with the 5 common variation in WNK1 (all
P>0.05). To further increase the statistical power of the study,
we also applied the 3 genetic models and false discovery rate
(FDR) method, but we still found no significant differences.

Because all the SNPs within the same gene had been found
to be in strong LD, we also constructed haplotype blocks of
WNK1 SNPs by using Haploview software, and found that the
5 SNPs were located in 1 haploblock. However, no significant
differences in haplotype distributions were found to be asso-
ciated with blood pressure (P>0.05).

Discussion

We investigated the association of 5 common SNPs with blood
pressure in a family-based sample of 528 normotensive or
pre-hypertensive subjects from northern China. However, in
the current study, despite using data corrected for multiple
testing, we still failed to detect any significant associations.
Furthermore, we also found no significant association of their
haplotypes with blood pressure.

Advances in human genetics have provided a number of op-
portunities for investigating the association between genet-
ics and disease, but also a growing recognition that results of
many published associations failed to be replicated. A number
of studies have found that WNK1 plays a vital role in main-
taining sodium and potassium homeostasis in the kidney, and
consequently blood pressure regulation. On the basis of in vi-
tro and animal studies, WNK1 seemed to be an obvious candi-
date gene to test for associations with blood pressure [13-17].
Newhouse et al. tested for associations among 19 WNK1 SNPs
and EH in 712 severely hypertensive families, and observed

evidence suggesting an association between variants of WNK1
and severity of hypertension [22]. Moreover, Tobin et al. also
reported that rs880054 in WNK1 contributes to BP variation
in a population-based sample of 996 subjects from 250 white
European families [21]. Recently, Osada et al. reported that the
tSNPs rs880054, rs956868, and rs12828016 in the WNK1 gene
were associated with blood pressure variations in the general
Japanese population, and that the constructed haplotypes were
associated with Na/K intake ratio [25]. However, through care-
ful observation of these positive outcomes between tSNP and
blood pressure, we found that the association was inconsistent
or nominal, such as with rins880054, rs956868, and rs765250,
in which findings of the same relationship were not replicat-
ed in other studies. Furthermore, Kokubo et al. tested for as-
sociation among 7 WNK1 SNPs and EH in 1818 Japanese in-
dividuals, 771 of whom were hypertensive, but no association
was found [26]. Several researchers have criticized the above-
mentioned studies for not conducting any haplotype analysis
or considering quantitative BP phenotypes in association tests
with WNK1. Of course, different ethnicity may be an irreconcil-
able factor because these populations show disparate minor
allele frequencies in the 5 tSNPs. The current study, in spite of
using a family-based sample and quantitative BP phenotypes,
still failed to find any association of tSNP or haplotypes with
blood pressure, which is in accord with Kokubo’s conclusion.
Therefore, we believe the variation at WNK1 does not play a
major role in the risk of hypertension.

Our study has several important strengths and limitations.
The subjects were recruited from several neighboring rural
communities that were similar with respect to lifestyle and
environmental risk factors, including diet and physical activ-
ity. Furthermore, because this study was based on the fami-
ly pedigree, the within-family association test can eliminate
the effect of an admixed and stratified population using FBAT.
Thus, confounding of genetic associations due to these fac-
tors should have been minimal. In contrast, because all of the
subjects were recruited from the northern Chinese population,
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our results will require replication in other cohorts to deter-
mine generalizability to other ethnicities and to populations
with different dietary habits. Moreover, the sample size in the
current study was small, so we need to repeat the study us-
ing a larger sample.

Conclusions

We did not find a significant association between each of the
5 tagging SNPs and haplotypes in WNK1 and blood pressure

References:

—

. Collaboration PS: Age-specific relevance of usual blood pressure to vascu-
lar mortality: a meta-analysis of individual data for one million adults in
61 prospective studies. Lancet, 2002; 360(9349): 1903-13

. Lawes C, Hoorn SV, Rodgers A: Global burden of blood-pressure-related dis-
ease. Lancet, 2008; 371(9623): 1513-18

. Staessen JA, Wang J, Bianchi G, Birkenhdger WH: Essential hypertension.
Lancet, 2003; 361(9369): 1629-41

Lifton RP, Gharavi AG, Geller DS: Molecular Mechanisms of Human
Hypertension. Cell, 2001; 104(4): 545-56

. Oparil S, Zaman MA, CalhounDA: Pathogenesis of hypertension. Ann Intern
Med, 2003; 139: 761-76

. Luft FC: Present status of genetic mechanisms in hypertension. Med Clin
North Am, 2004; 88(1): 1-18

. Caulfield M, Newhouse S, Munroe P: Genetics of essential hypertension.
Principles and Practice of Clinical Cardiovascular Genetics, Oxford University
Press, Oxford, UK, 2010; 329-36

. Franceschini N, Reiner A P, Heiss G: Recent findings in the genetics of blood
pressure and hypertension traits. Am J Hypertens, 2011; 24(4): 392-400

. Tobin MD, Tomaszewski M, Braund PS et al: Common variants in genes un-
derlying monogenic hypertension and hypotension and blood pressure in
the general population. Hypertension, 2008; 51(6): 1658-64

10. Armani C, Botto N, G Andreassi M: Susceptibility genes in hypertension.
Curr Pharm Des, 2011; 17(28): 2973-86

11. M&atta K, Kunnas T, Nikkari ST: Contribution of SLC7A1 genetic variant to
hypertension, the TAMRISK study. BMC Med Gen, 2013; 14(1): 69-72

12. Naray-Fejes-Toth A, Snyder PM, Fejes-Toth G: The kidney-specific WNK1
isoform is induced by aldosterone and stimulates epithelial sodium chan-
nel-mediated Na+ transport. Proc Natl Acad Sci USA, 2004; 101: 17434-39

13. Kahle KT, Ring AM, Lifton RP: Molecular Physiology of the WNK Kinases.
Annu Rev Physiol, 2008; 70: 329-55

14. Huang CL, Kuo E: Mechanisms of Disease: WNK-ing at the mechanism of
salt-sensitive hypertension. Nature Clinical Practice Nephrology, 2007; 11:
623-30

N

w

»

S,

[=))

~

foc]

el

LiuF. et al.:
Lack of family-based association between common variations..
© Med Sci Monit, 2014; 20: 1958-1962

in a northern Chinese population. These results strongly sup-
port the view that variation at WNK1 does not play a major
role in the familial clustering risk of hypertension. However, we
cannot exclude that regulatory variation that is distinct from
WNKT1 and not in linkage disequilibrium with any of the vari-
ants tested here might affect the expression of this gene and
influence blood pressure.
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