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Aim This study aimed to evaluate the association between STK39 SNP rs35929607 and some cardiovascular risk factors in hypertension
patients in holy Kerbala city, Iraq.
Materials and Methods We included 74 hypertensive patients with no signs and symptoms of renal impairment and another 30 control subjects.
The links between genotype and hypertension were examined. Then, the SNP related variances in the blood pressure and remaining
cardiovascular risk factors were studied.
Results There is no significant association between STK39 rs35929607 and hypertension in current study. However Allele A showed a
significant association in hypertensive patient compared with control group particularly in female gender. The hypertensive patients
showed a significant higher result in age, BMI, FBS, total cholesterol, and STG, LDL-C and lower level in HDL-C.
Conclusion The association between the SNP rs35929607ofSTK3 and hypertension was not significant in current study in Kerbala population
of Iraq. Furthermore, only Allele A showed a significant association with hypertension in females group. Further studies needed to clarify
the effect of other STK39 variants on these cardiovascular risk factors.
Keywords hypertension, BMI, STK39 , LDL-C, polymorphism

Introduction

Materials and Methods

The pathogenesis of essential hypertension is believed to be
multifactorial and under the influence of multiple genetic
and environmental factors.1 Genes associated with blood
pressure (BP) are not sufficiently known as yet.2 A recent
genome wide association study examined single nucleotide
polymorphisms (SNPs) in American old order Amish and
identified SNPs in the serine/threonine kinase 39 (STK39)
that were associated with hypertension.3 The STK39
encodes a serine/threonine kinase known as a STE20-related
proline rich kinase (SPAK), one of STE20 family. These
kinases were shown to interact with a new discovered
serine/threonine kinases (WNK kinases) and cation-chloride
co-transporters, and it was suggested that their functional
change may cause BP dysregulation.4 Furthermore the
SPAK is also related to cytoskeletal rearrangement, mitogen
activated protein (MAP) kinases, and inflammation. The
associations between the above-mentioned SNPs and different STK39 SNPs and BP were confirmed in other Caucasian and Chinese cohorts.5,6 However, the influence of
STK39 polymorphism on BP has been inconsistent, and the
effects of the variants have not been found in other large
studies.7,8 Although a few studies have been conducted to
replicate the results in the Asian population, the association
between STK39 variants and hypertension is still unclear
among the Asians.
Here we aimed to examine the effect of rs35929607 of
STK39 on hypertension in a population of Karbala province, Iraq, using 74 hypertensive and 30 control subjects.
The primary purpose was to evaluate the association
between the SNPs and the risk of hypertension in females
and males. In addition, we investigated the effects of the
SNPs on other cardiovascular risk factors.

Subjects
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In current study, 74 hypertensive patients were studied who
were all diagnosed previously and some were taking treatment
along with the 30 healthy controls. And the control subjects
had to have systolic BP <135 mmHg and diastolic BP <85
mmHg, without using any blood pressure lowering agents.
Patients were selected from the out-patient department of
Al-Hussein Teaching Hospital, Al-Hussein Medical City, Holy
Karbala, Iraq. The history, blood pressure, cardiac biomarkers
and body mass index of all the subjects were investigated and
measured.
On the day of enrolment, clinical data including demographic variables, medical history, and antihypertensive medications were recorded for all study samples. BP was measured
by trained nurses at the right brachial artery using a mercury
sphygmomanometer. Subjects had 10 minutes of rest in the
supine position before the measurements, and the average of
at least three measurements were used in the study. Venous
blood samples were collected after an overnight fast, and samples were analyzed within 4 hours of collection. All analyses
were conducted by the hospital laboratory.

Genotyping
Genomic deoxyribonucleic acid (DNA) was extracted from
2 mL of peripheral venous blood by Genomic DNA Extraction Kit, from BIONEER, South Korea. In order to detect
allele A, tetra primer amplification refractory mutation
system-polymerase chain reaction (ARMS-PCR) has been
used. The detection of the allele G was carried out by
using ARMS PCR reaction for STK39 rs35929607 (Figs. 1, 2).
The PCR was carried out using an eppendorf gradient

1

Research
Relationship between STK39 and hypertension

Fadhil Jawad Al-Tu’ma et al.

Table 2. Characteristics of the study subjects

Fig. 1 Electrophoresis band for allele G of STK39 gene.

Parameters

Hypertension
Mean ± SD

Control
Mean ± SD

p value

Age (years)

51.07 ± 10.60

46.67 ± 12.62

0.07

BMI (kg/m2)

29.62 ± 5.42

24.06 ± 1.63

0.00

SBP (mmHg)

144.69 ± 21.46

117.50 ± 13.57

0.00

DBP (mmHg)

88.51 ± 10.97

71.83 ± 9.42

0.00

FBS (mg/dl)

131.07 ± 63.25

97.27 ± 9.73

0.00

Serum urea (mg/dl)

29.00 ± 8.32

27.00 ± 6.32

0.23

S. creatinine (mg/dl)

0.71 ± 0.25

0.68 ± 0.24

0.49

S. albumin (g/L)

4.37 ± 0.24

4.33 ± 0.23

0.43

S. cholesterol (mg/dl)

182.88 ± 38.71

178.90 ± 35.85

0.62

S. TG (mg/dl)

181.93 ± 108.46

147.50 ± 74.87

0.11

S. HDL-C (mg/dl)

39.65 ± 23.03

41.07 ± 15.48

0.75

S. LDL-C (mg/dl)

108.79 ± 40.51

108.73 ± 36.06

0.99

S. VLDL-C (mg/dl)

42.75 ± 60.47

32.33 ± 20.44

0.36

Fig. 2 Electrophoresis band for allele A of STK39 gene.
Table 1. Four primers for STK39rs 359296079
STK-1

CTCATGGAATTA AAGGATTATTAGGATAACG

Inner forward

STK-2

AACACTCTCACAAGAAGAGATCCCAGTG

Outer forward

STK-3

CACATTTTGGCAGTGTTTGGACAGCT

Inner reverse

STK-4

CTCCCAGGTCGTTTTCAAACAAAAATAA

Outer reverse

thermocycler. The reaction was carried out according to the
following program:

• 95°C for 7 minutes (initial denaturation), 40 cycles of
the following:
• 95°C for 45 seconds (denaturation)
• 64°C for 45 seconds (annealing)
• 72°C for 45 second (extension)
• 72°C for 7 minutes (final extension) and 4°C (hold
phase)
The PCR products were separated by 1.5% agarose gel
electrophoresis and the run at 120 V for 30–40 minutes and
the gel was transferred to UV trans-illuminator for visualization under ultraviolet light. Bands for the required product
sizes were obtained. Bands for the required product sizes of
STK39 gene were obtained as outer primers 349 bp, allele-A
175 bp and allele-G 231 bp (Table 1).

Biochemical Parameters
Fasting blood sample of (3 ml) collected by venipuncture
placed into plain tubes and allowed to clot for 10–15 minutes,
2

Fig. 3 The STK39 rs35929607 genotype in patients and control
groups.
centrifuged, and the separated serum was used for further
measurement of fasting blood sugar, urea, creatinine, albumin,
and lipid profile.

Statistical Analysis
Group differences in the categorical variables, genotypes, were
assessed by chi-square test, and continuous variables were
examined by Student’s t-test. Results were expressed as mean ±
SD and 2-tailed value of p < 0.05 was considered statistically
significant. All data were analyzed using Statistical Package for
the Social Sciences (SPSS) 17.0 version.

Results
The characteristics of population of this study are presented in
Table 2. The average age was 51.07 ± 10.60 years for the patients
and 46.67 ± 12.62 years for the controls. The hypertensive
patients have higher BMI, FBS, with significant P = 0.00 and
high total cholesterol, triglyceride, LDL-C, and low high density lipoprotein-cholesterol (HDL-C) levels.

Relationship between Genotype of STK39 and
Hypertension (Fig. 3)
Genotype distributions of STK39 polymorphisms were almost
the same between normotensive controls and hypertensive
patients (Table 3).
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Table 3. The STK39 rs35929607 genotypes distribution in
hypertension

Sex
Chronic
Diseases
Systolic
Diastolic

AA
N (%)

AG
N (%)

GG
N (%)

Female

60 (92.3)

5 (7.7)

0 (0.0)

Male

34 (87.2)

4 (10.3)

1 (2.6)

Hypertension

67 (90.5)

7 (9.5)

0 (0.0)

Control

27 (90.0)

2 (6.7)

1 (3.3)

SBP > 140 mmHg

43 (84.3)

7 (13.7)

1 (2.0)

SBP < 140 mmHg

51 (96.2)

2 (3.8)

0 (0.0)

DBP > 90 mmHg

44 (84.6)

7 (13.5)

1 (1.9)

DBP < 90 mmHg

50 (96.2)

2 (3.8)

0 (0.0)

p
value
0.38

0.27
0.11
0.13

Fig. 4 The STK39 alleles in hypertension and control groups.
Table 4. The STK39 alleles in hypertension and control groups
Sex

Alleles

Female

Allele A

Male

Allele A

Female Allele G
Male

Allele G

Result

Hypertension
N (%)

Control
N (%)

negative

4 (50.0)

4 (50.0)

positive

47 (82.5)

10 (17.5)

negative

2 (50.0)

2 (50.0)

positive

21 (60.0)

14 (40.0)

negative

47 (78.3)

13 (21.7)

positive

4 (80.0)

1 (20.0)

negative

20 (58.8)

14 (41.2)

positive

3 (60.0)

2 (40.0)

p value
0.05
0.54
0.70
0.67

Relationship between Studied Alleles and
Hypertension (Fig. 4)
The relationship between hypertension risk and alleles of
STK39 in males is presented in Table 4. Indicated no association between genotypes and hypertension in any group which
reached statistical significance. The only significant association was in females with allele A.

Relation among Studied Variants, Blood
Pressure, and Cardiovascular Risk Factors
To start with, we have to clarify that variants GG has been
detected in one sample hence all this variants statistics
J Contemp Med Sci | Vol. 1, No. 4, Autumn 2015: 1–6

depended on one sample which would have been much
better having more than one case for accurate outcome.
Although it has not been statistically proven, all AG variants in total sample and hypertensive patients have higher systolic BP than other variants.
Also, an obvious relationship has been clarified for the AG
variants with elevated S. urea, S. creatinine, S. total cholesterol,
S. TG and S. LDL-C compared to other variants in total, hypertensive, and control groups with significant P value in the control group of serum urea.
Moreover, AG variant patients have lower S. HDL-C in
comparison to the other variants in all groups (Table 5).

Discussion
In the current study, we found no significant association
between SNP STK39 rs35929607and hypertension in the case
control study of 104 Iraqi populations. Although there was no
association of this SNP on adjusted BPs, there was a significant
association between allele A of STK39 rs35929607 and hypertension group. Also, there was a significant association
between STK39 genotype and age, systolic BP and albumin
this relationship was more obvious in females.
On the other hand, the polymorphisms of STK39 were
reported to be associated with BP first in Caucasian samples.3
In a meta-analysis combining four studies, Wang et al.,3,4
showed the effect of SNPs of rs6749447 and rs3754777 on BP.
Another SNP of STK39, rs35929607, was also related to the
hypertension prevalence in women of two cohorts in Swedes.5
In the Chinese population, two SNPs of STK39 (rs6433027 and
3754777) were found to be associated with hypertension.6
In the results of current study, the associations between
STK39 SNPs and hypertension or BP were not significant.
Although the reason for the difference is not clear, several possibilities may be suggested.
First, all the samples were of Iraqis resident in Karbala
holy city, and the STK39-BP relationship may be weak in this
population. The influence of STK39 polymorphism on BP has
not been consistently confirmed. In two large GWAS, using
more than 60,000 people, the effects of STK39 SNPs on BP
were not found.7,8
In addition, in one British10 and one Chinese11 study, variants of STK39 were not associated with BP. Recently, Rhee
et al.12 reported four previously reported SNPs associated with
salt-sensitivity in 101 Koreans. However, in that study, no polymorphism of STK39 showed significant effects after adjusting
of confounding factors.
Second, although STK39 gene encodes for a protein that
plays a role in BP regulation, its final effects may be too small
to be detected consistently in every cohort study. Then, as the
population size of this study is not big enough, it cannot be
completely ruled out that some variants with impacts may not
have obtained statistical significance.
In this study, the influence of STK39 variants on the risk
factors was clearer in women. This finding is in accordance
with prior studies that have shown gender dependency of
STK39 effect. In a study by Fava et al.5 the association of STK39
rs35929607 variant and hypertension was evident only in
women. Sex differences in hypertension may be attributed to
multiple factors such as lifestyle, diet, and genetic polymorphism.13 Interestingly, it has been documented that SPAK
expression is affected by both androgen and oestrogens in
3
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Table 5. Genotype of the studied variants and cardiovascular risk factors
Risk factors

Age (years)

BMI

Systolic BP

Diastolic BP

FBS

S. Urea

S. Creatinine

S. Albumin

S. Cholesterol

S. TG

S. HDL-C

Total

Hypertension

Control

Mean ± S.D.

Mean ± S.D.

Mean ± S.D.

0.35

0.11

0.91

AA

49.28 ± 11.28

50.43 ± 10.69

46.41 ± 12.36

AG

55.00 ± 11.93

57.14 ± 7.97

47.50 ± 24.75

GG

52.00 ± 0.00

0.00

52.00 ±

0.87

0.93

0.1

Alleles

AA

27.95 ± 5.44

29.60 ± 5.57

23.86 ± 1.55

AG

28.83 ± 4.00

29.79 ± 4.02

25.49 ± 1.53

GG

26.70 ± 0.00

0.00

26.70 ±

0.11

0.07

0.08

AA

135.34 ± 23.06

143.24 ± 21.48

115.74 ± 13.06

AG

152.22 ± 19.22

158.57 ± 16.76

130.00 ± .00

GG

140.00 ± 0.00

0.00

140.00 ±

0.54

0.71

0.05

AA

83.24 ± 13.33

88.36 ± 11.39

70.56 ± 8.47

AG

87.78 ± 8.33

90.00 ± 5.77

80.00 ± 14.14

GG

90.00 ± 0.00

0.00

90.00 ±

0.84

0.8

0.96

AA

120.98 ± 57.64

130.46 ± 65.75

97.44 ± 10.07

AG

127.78 ± 33.87

136.86 ± 32.87

96.00 ± 9.90

GG

95.00 ± 0.00

0.00

95.00 ±

0.19

0.37

0.04

AA

27.99 ± 7.63

28.72 ± 8.14

26.19 ± 5.95

AG

33.00 ± 9.15

31.71 ± 10.14

37.50 ±.71

GG

28.00 ± 0.00

0.00

28.00 ±

0.03

0.03

0.38

AA

.67 ± .23

.66 ± .23

.69 ± .24

AG

.89 ± .31

.87 ± .35

.94 ± .19

GG

.80 ± 0.00

0.00

.80 ±

0.08

0.24

0.03

AA

4.37 ± .23

4.38 ± .24

4.35 ± .21

AG

4.20 ± .23

4.27 ± .21

3.95 ± .07

GG

4.50 ± 0.00

0.00

4.50 ±

0.31

0.18

0.8

AA

179.97 ± 36.88

180.91 ± 37.04

177.63 ± 37.08

AG

200.33 ± 46.20

201.71 ± 51.79

195.50 ± 30.41

GG

180.00 ± 0.00

0.00

180.00 ±

0.11

0.02

0.7

AA

166.67 ± 98.00

172.83 ± 104.92

151.37 ± 77.88

AG

235.67 ± 116.79

269.00 ± 110.71

119.00 ± 24.04

GG

100.00 ± 0.00

0.00

100.00 ±

0.54

0.4

0.59

AA

40.75 ± 21.77

40.38 ± 23.83

41.67 ± 15.89

AG

34.52 ± 11.72

32.64 ± 12.01

41.10 ±11.03

GG

25.00 ± 0.00

0.00

25.00 ±
Continued

4

J Contemp Med Sci | Vol. 1, No. 4, Autumn 2015: 1–6

Research
Fadhil Jawad Al-Tu’ma et al.

Relationship between STK39 and hypertension

Table 5. Continued
Risk factors

S. LDL-C

S. VLDL-C

Total

Hypertension

Control

Mean ± S.D.

Mean ± S.D.

Mean ± S.D.

0.59

0.68

0.51

AA

107.58 ± 39.67

108.16 ± 41.14

106.14 ± 36.45

AG

118.34 ± 34.49

114.84 ± 36.03

130.60 ± 36.63

GG

135.00 ±0.00

0.00

135.00 ±

0.85

0.61

0.69

AA

39.24 ± 54.49

41.59 ± 63.13

33.42 ± 21.27

AG

47.13 ± 23.36

53.80 ± 22.14

23.80 ± 4.81

GG

20.00 ± 0.00

0.00

20.00 ±

Alleles

human prostate cancer cells.14 Nevertheless, further studies are
needed to clarify the underlying mechanism of gender dependency in STK39 effect on cardiovascular risk factors.
The population studied in the initial GWAS from Wang
et al.3 is American Old Order Amish, which is a closed founder
population emigrated from Switzerland in the early 1700s. The
study populations in articles of Fava et al.5 and Donner et al.
are from Sweden and Finland. Those populations are all Caucasians and close in geographical location. When we checked
the details of the positive SNPs (rs6749447, rs3754777, and
rs4977950) in Wang’s GWAS, we found that the minor allele
frequency differs greatly between Europeans and Asians. To
determine whether STK39 is a common candidate gene for
hypertension, we set to find out whether it is associated with
hypertension in Iraqi population or not.
There were studies for two SNPs (rs35929607 and
rs12692877) within STK39 in Chinese population, which were
assumed functional SNPs based on a multispecies sequence
arrangement.3 However, neither SNP was significantly associated
with hypertension in the Chinese population. As the result was
quite different from Fava’s replication study5 and these result confirmed our result. Five genome-wide significant SNPs genotyped
in this study did not show a positive association with hypertension in the Chinese population. Similarly, Cunnington et al.10 also
did not find any association between the three SNPs (rs6749447,
rs3754777, and rs35929607) within STK39 and systolic BP or
diastolic BP from a cohort of 1372 British Caucasians.

Furthermore, in Fava’s study, and after exclusion of 2398
individuals from Malmo preventive project cohort, who also participated in the Malmo diet and cancer study, G allele of
rs35929607 was no longer associated with hypertension.5 Thus, it
is still questionable whether STK39 can be accepted as a common
susceptibility gene for hypertension. In a European study carried
out in 2009, the STK39 gene SNP rs35929607 were coincidently
associated significantly with systolic and diastolic blood pressure,
(p < 0.05).3 In another study in Tharparkar, Pakistan population,
they found an insignificant association of this polymorphism
with EHTN (p = 0.153). They looked at the prevalence of STK39
SNP and observed the prevalence of frequencies of reference and
rare alleles and also observed the concordance with HWE.15
The reference Allele A showed higher frequency than the
rare allele G (P = 0.0001). These findings highlight the weaker
association of STK39 gene with EHTN in the study
population.15

Conclusion
It was found that a presence of significant association between
the studied SNP and hypertension, particularly in females,
through allele A. However, the SNP showed genotype-related
differences in blood urea, creatinine, albumin and lipid profile
levels. The current study is the first to systemically analyse the
association between STK39 variants and multiple cardiovascular risk factors. 
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