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Renin is the first step of the RAS cascade, which is a major regulator of salt-volume homeostasis. Adrenergic
beta receptor kinase 1 (ADRBK1) plays important roles in regulating blood pressure via the epithelial Na* chan-
nel (ENaC), which plays an important role in Na* reabsorption in the renal collecting duct. The present case-
control study was designed to investigate the potential relationship between polymorphisms of ADRBK1 and
plasma renin activity (PRA) in hypertension.

We recruited 1831 hypertensive and 422 normotensive Han Chinese subjects. Sitting PRA (ng/mL/h) was mea-
sured using radioimmunoassay method. Hypertensive patients were classified into 4 renin categories via PRA
quartile. Single-nucleotide polymorphisms (SNPs) of the ADRBK1 gene (rs1894111, rs4930416, rs7127431,
rs12286664, and rs3730147) were identified via TagMan polymerase chain reaction.

Comparison of the hypertensive group and the control group showed significant differences in distribution of
genotypes and alleles of rs1894111 (P<0.05). Moreover, distribution of the dominant model (CC vs. CT+TT) in
rs1894111 was lower in the hypertensive group than in the control group (P<0.05). Subjects were classified
into 4 subgroups based on PRA quartile; the dominant model (CC vs. CT+TT) of rs1894111 was significantly
lower in the quartile 1 group (the group with the lowest PRA) than in the control group (P<0.05). Logistic re-
gression analysis demonstrated that the dominant model (CC vs. CT+TT) of rs1894111 was significantly dif-
ferent in the hypertensive group (OR=1.590, 95%Cl=1.022-2.474, P<0.05), particularly in the quartile 1 group
(OR=1.845, 95%Cl=1.119-3.042, P<0.05), but not in the quartile 4 group.

The dominant model (CC vs. CT+TT) of rs1894111 polymorphism in the ADRBK1 gene might be associated with
low-renin hypertension in Han Chinese.
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Background

Hypertension is a common disease caused by interactions be-
tween genetic and environmental factors. Genetic factors are
estimated to account for 30-60% of hypertension pathogene-
sis [1]. The renin-angiotensin system (RAS) is thought to exert
an important role in the pathogenesis of hypertension and is
a hormonal cascade initiated by renin [2,3]. Renin is a major
regulator of blood pressure through its modulation of salt and
water homeostasis [2,3]. Researchers proposed that, based on
plasma rennin activity (PRA) level, essential hypertension can
be divided into high-renin hypertension, medium-renin hyper-
tension, and low-renin hypertension [4]. Tested plasma renin
activity is an important guidance value for prognosis and guid-
ed therapeutics in essential hypertension [2,5,6]. Researchers
showed that high-renin hypertension is strongly associated
with blood vessel contraction, indicating that the renin-an-
giotensin system is over-activated and salt volume is deplet-
ed. Low-renin hypertension is characterized by a physiologi-
cal response to over-loaded salt volume with decreased levels
of renin [5]. Its incidence increases with aging.

The epithelial Na* channel (ENaC) is a common and requi-
site component of salt-volume-dependent forms of hyperten-
sion [7]. ENaC has a primary role in water and salt metabolism
balance by regulating Na* reabsorption in the renal collecting
duct [8]. The activity and degradation of ENaC is regulated by
many upstream substances [9-11]. Recent research showed
that the products encoded by the ADRBK1 gene are involved
in blood pressure regulation, mediating the activity and deg-
radation of ENaC [12-14]. The ADRBK1 gene could be a candi-
date gene for hypertension. Expression of the kinase encoded
by the ADRBK1 gene decrease ENaC degradation by phosphor-
ylation and increase the number of ENaC at the cell surface,
leading to increased Na* reabsorption in the collection duct,
and thus finally causes hypertension. In this study, we aimed
to assess the potential association between genetic polymor-
phism of ADRBK1 and plasma renin activity (PRA) in hyper-
tensive Han Chinese patients.

Material and Methods

Ethics approval of study protocol

The current study was approved by the Ethics Committee of
the People’s Hospital of Xinjiang Uygur Autonomous Region
(Urumgi, China) and was conducted in accordance with the
standards of the Declaration of Helsinki. Informed consent was
obtained from each participant prior to providing permission for
DNA analyses, as well as for collection of relevant clinical data.
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Study subjects

A total of 1831 hypertensive inpatients aged 30-60 years and
422 normotensive subjects aged 30 years or older, of Han
Chinese ethnicity, were recruited from the People’s Hospital
of Xinjiang Uygur Autonomous Region from January 2007 to
July 2014. Hypertension was defined as: (1) a systolic blood
pressure (SBP) >140 mmHg and/or a diastolic blood pressure
(DBP) 290 mmHg, (2) use of antihypertensive medication, or
(3) physician diagnosis of hypertension as per clinical histo-
ry [15]. Normotensive subjects were defined as those with a
SBP <130 mmHg and a DBP <80 mmHg and no physician di-
agnosis of hypertension. Hypertensive patients were excluded
if they presented: (1) adrenal mass (e.g., aldosterone-produc-
ing adenoma, aldosterone carcinoma, or pheochromocytoma);
(2) renal parenchyma hypertension and renovascular hyperten-
sion; (3) Cushing syndrome; (4) excessive alcohol consumption;
(5) pregnancy; or (6) hypertension combined with congestive
heart failure, acute or chronic liver dysfunction, or renal in-
sufficiency. Normotensive subjects were also excluded if they
exhibited congestive heart failure, acute or chronic liver dys-
function, and/or renal insufficiency. In addition, hypertensive
patients were advised to discontinue diuretics (including spi-
ronolactone) for 6 weeks, and to discontinue B-blockers, an-
giotensin-converting enzyme inhibitors, and angiotensin recep-
tor blockers for 4 weeks, and to not take any antihypertensive
medications at least 2 weeks before the PRA measurement
[16]. When necessary, patients were allowed to take o-block-
ers (doxazosin mesylate controlled release or terazosin hydro-
chloride) and/or non-dihydropyridine calcium channel blockers
(verapamil slow release) for at least 4-6 weeks [16]. After be-
ing recruited, sitting PRA was tested in hypertensive patients,
and hypertensive patients were stratified into 4 renin catego-
ries by quartile [17]: quartile 1 group, <0.44 ng/mL/h, n=457;
quartile 2 group, 0.44 to 1.07 ng/mL/h, n=458; quartile 3 group,
1.08 to 2.36 ng/mL/h, n=456; and quartile 4 group, >2.36 ng/
mL/h, n=460, based on sitting PRA. All data, including weight,
height, body mass index (BMI), office SBP and DBP, mean ar-
tery pressure (MAP), and pulse pressure (PP), were acquired
from all subjects.

PRA assays

Following an overnight fast, blood samples were obtained from
an antecubital vein in a sitting position after at least 15 min of
rest at 9 AM. Blood tubes were then centrifuged in a refriger-
ated centrifuge, and plasma was separated from the cells im-
mediately after centrifugation. Blood cells were stored at -80°C
until subsequent genotyping. Followed by reacting the sample
with direct antibodies, the plasma samples were divided into
2 parts: one part was used for the determination of plasma
Ang | concentration as Ala, and the other part for the deter-
mination of plasma Ang | concentration as Alb following 1-h
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Table 1. baseline characteristics of control and hypertensive groups with various PRA.

Hypertensive group (n=1831)
Control group

(n=422) Quartile 2 Quartile 3 Quartile 4
(n=458) (n=456) (n=460)

Age (y) 54.45+9.76 47.7046.85% 46.09+7.032° 43.76+6.52%b¢ 42.04+7.242bcd <0.001
CMale®) 192 @s4) 258 (565 315 (6880 311 (68.2)% 357 (7.6 <0.001
CBMiGgm) 24210273 26654341 26841343 26841320° 26631352 <0001
Office SBP (mmHg)  11666+1159  13865:1766°  14085:1814"  14101:1696"  14373:2141%6 0001
Office DBP (mmHg) 74894755 91801120  93.6:1162%  95.13:1261%  9843£1435%% 0001
e 88814790  107.42:1216°  10935:1267%  11042+1295% 11353415825  <0.001
e 41771958 4686:1361°  4725:1329° 45881241  453141336%  <0.001

BMI — body mass index; Office SBP — office systolic pressure; Office DBP — office diastolic pressure; MAP — mean arterial pressure;
PP — pulse pressure; Compared with the control group,  P<0.05. Compared with the quartile 1 group ® P<0.05. Compared with the
quartile 2 group © P<0.05. Compared with the quartile 3 group ¢ P<0.05.

incubation at 37°C. The sitting PRA was calculated using the
following formula: (Alb-Ala)/hours [16]. Ang | was measured by
radioimmunoassay (Beifang Biology Technique Center, Beijing,
China). The reference range for PRA was 0.20-1.90 ng/mL/h.
For the kit, the intra- and inter-assay coefficients of variation
were <10-15%.

SNPs selection and genotyping

There are 2194 SNPs for the ADRBK1 gene listed in the National
Center for Biotechnology Information SNP database (http://
www.ncbi.nlm.nih.gov/SNP). Using Haploview 4.2 software
and the HapMap phrase Il database, we obtained 1 tag SNP
(rs7127431) via minor allele frequency (MAF) <0.05 and link-
age disequilibrium patterns with r2 >0.8 as the cutoff. Because
about 50%—60% of Chinese hypertensive patients have low-
renin hypertension, we selected the other 4 SNPs (rs1894111,
rs4930416, rs12286664, and rs3730147) described in hy-
pertension in blacks [18], in whom low-renin hypertension
is highly prevalent. We found that rs1894111, rs7127431,
rs4930416, and rs3730147 were located in the intron region
and rs12286664 in the 5’ untranslated regions. Genomic DNA
was extracted from the peripheral leukocytes using the DNeasy
blood and tissue kit of Qiagen (cat. no. 69504), according to
the manufacturer’s instructions and used as a template for
PCR-based genotyping using a previously described Tag am-
plification method in the 7900 HT Fast Real-Time PCR System
(Applied Biosystems Inc, USA) [19]. The TagMan SNP genotyp-
ing assay primers and probes were chosen based on informa-
tion in the ABI website (http://myscience.appliedbiosystems.
com). All 384 well plates were read using Sequence Detection
Systems automation controller software v2.3.

Statistical analysis

Data are presented as the mean + standard deviation (SD)
for continuous variables and frequency and percentage for
categorical variables. The distribution of Han Chinese patient
characteristics among patients with various levels of PRA hy-
pertension and control groups was analyzed using one-way
ANOVA or chi square test, and pairwise comparison used the
SNK test. The differences in distributions of genotypes and
alleles were analyzed by chi square test. Logistic regression
analyses with effect ratios (odds ratio [OR] and 95% confi-
dence interval [95%Cl]) were used to assess the contribution
of gender, age, and BMI. This was a case-control study, so link-
age disequilibrium and the Hardy-Weinberg equilibrium were
analyzed using SNPAlyze, version 7.0 Pro (DYNACOM Co. Ltd.,
Mobara, Japan) [19]. Statistical analyses were performed with
SPSS for Windows, version 16.0. A value of P<0.05 was con-
sidered to indicate statistical significance.

Results

Baseline characteristics of control group and groups with
various levels of PRA hypertension

A total of 1831 hypertensive patients and 422 controls were
finally included in this study. As shown in Table 1, there were
statistical differences in baseline data, such as age, gen-
der ratio, BMI, office SBP, office DBP, MAP, and PP, among
the 5 groups (P<0.05). Hypertensive patients showed high-
er male proportion, BMI, office SBP, office DBP, MAP, and PP
than did the control group (P<0.05), as well as younger age
(P<0.05). Statistically significant differences also existed in all
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Figure 1. ADRBK1 gene rs7127431, rs1894111, rs4930416, rs3730147, rs12286664, identification with TagMan-PCR. (A) 7127431,
(B) 1894111, (C) 4930416, (D) 3730147, (E) 12286664. (A) Red fluorescent spots for CC type, green fluorescent spots for
CT type, blue fluorescent spots for TT type, x for amplification failure, B for the blank control; (B) Red fluorescent spots for
CC type, green fluorescent spots for CT type, blue fluorescent spots for TT type, x for amplification failure, B for the blank
control; (C) Red fluorescent spots for AA type, green fluorescent spots for AC type, blue fluorescent spots for CC type, x for
amplification failure, ® for the blank control; (D) Red fluorescent spots for AA type, green fluorescent spots forAG type, blue
fluorescent spots for GG type, x for amplification failure, B for the blank control; (E) Blue fluorescent spots for GG type, x for

amplification failure, B for the blank control.

characteristics between the quartile 1 group and the control
group. Male proportion, BMI, office SBP and DBP, MAP, and PP
in the quartile 1 group were significantly higher than in the
control group, but the age was younger (P<0.05).

Distribution of genotypes and alleles in control and
hypertensive groups

Five SNPs (rs1894111, rs7127431, rs4930416, rs3730147,
and rs12286664) were successfully genotyped in the ADRBK1
gene (Figure 1). The rs3730147 was genotyped in 2238 sub-
jects with only 8 homozygous mutations and without hetero-
zygous type. The rs12286664 was genotyped for 2243 sub-
jects, but no mutation was found. Therefore, the other 3 SNPs
(rs1894111, rs7127431, and rs4930416) associated with hyper-
tension were analyzed in the current study. The genotype dis-
tribution of each SNP was in Hardy-Weinberg equilibrium. The
rs1894111 (MAF=10.9%) and rs7127431 (MAF=10.0%) were
common SNPs, and rs4930416 was a rare SNP (MAF=3.1%).

Table 2 shows the distribution of genotypes and alleles of
rs1894111, rs7127431, and rs4930416 for the ADRBK1 gene
in the control and hypertensive groups. In the control group,
the percentage of C/T genotype in rs1894111 was 7.6% and
there was no T/T genotype, but in the hypertensive group, not
only did the percentage of C/T genotype increase to 11.4%,
but also T/T genotype was observed in 3 cases (P=0.047). The
allele frequency of T was significantly higher in the hyperten-
sive group than in the control group (5.9% vs. 3.8%, P=0.016).
Further analysis showed that the percentage of CC genotype
was significantly lower in the hypertensive group than in the
control group (88.4% vs. 92.4%, P=0.016), whereas the CT+TT
genotype was reversed (11.6% vs. 7.6%, P=0.016). No signifi-
cant differences between the control and hypertensive groups
were observed in genotypes or alleles distribution of rs7127431
and rs4930416.
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Table 2. distribution of genotypes and alleles in control and hypertensive group.

Genotype /T

rs1894111 Ccc

rs7127431 cC

rs4930416 AA

Allele

Control group (%)

Hypertensive group (%)

390 (92.4) 1604 (88.4)
32 (7.6) 208 (11.4) 0.047
0 (0.0) 3 (0.2)
390 (92.4) 1604 (88.4)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.016
32 (7.6) 211 (11.6)
812 (96.2) 3416 (94.1)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.016
32 (3.8) 214 (5.9)
370 (88.1) 1649 (90.4)
50 (11.9) 169 9.3) 0.142
0 (0.0 5 (0.3)
370 (88.1) 1649 (90.4)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.146
50 (11.9) 174 (9.5)
790 (94.0) 3467 (95.1)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.216
50 (6.0) 179 4.9)
410 (97.6) 1761 (96.7)
10 (2.4) 59 (3.2) 0.583
0 (0.0) 1 (0.1)
410 (97.6) 1761 (96.7)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.328
10 (2.4 60 (3.3)
830 (98.8) 3581 (98.3)
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0.311
10 1.2) 61 1.7)

P<0.05 was considered significant.

Distribution of genotypes and alleles in control group and
hypertensive groups with various levels of PRA

Tables 3 showed the distribution of genotypes and alleles of
rs1894111, rs7127431, and rs4930416 for the ADRBK1 gene
in the control group and hypertensive groups with various lev-
els of PRA. Hypertensive patients were divided into 4 groups
based on quartile of PRA. For rs1894111, the genotype and al-
lele distribution showed significant differences among the 5
groups. We found that the 208 heterozygous mutations dis-
tributed in each group were 60 (13.2%), 42 (9.3%), 51 (11.2%),
and 55 (12.1%), respectively. All the 3 (0.7%) homozygous
types were found only in the quartile 1 group, but the differ-
ence was not significant (P>0.05). There was a significant dif-
ference in the dominant model among the 5 groups (P<0.05).
Distribution of dominant model (CC vs. CT+TT) in the quartile
1 group was the lowest among the 5 groups (P<0.05), followed
by the quartile 4 group. For rs7127431 and rs4930416, there
were no significant differences in distribution of genotypes

and alleles between the control group and hypertensive groups
with various levels of PRA.

Logistic regression analysis in control group and
hypertensive groups with various levels of PRA

As shown in Table 4, logistic regression analysis was performed
by adjusting for potential confounding covariates, including age,
gender, and BMI. In hypertensive groups, the dominant mod-
el (CCvs. CT+TT) of rs1894111 increased by 1.590 fold the risk
for hypertension (OR=1.590, 95% Cl=1.022-2.474, P=0.040).
In addition, the OR of the dominant model (CC vs. CT+TT) of
rs1894111 in the quartile 1 group showed a statistically sig-
nificant difference (OR=1.845, 95%Cl=1.119-3.042, P=0.016).
In the quartile 4 group, the dominant model (CC vs. CT+TT)
of rs1894111 was not significantly different (OR=1.657, 95%
C1=0.905-3.036, P=0.102). Therefore, these results suggest that
the dominant models (CC vs. CT+TT) of rs1894111 could be a risk
factor in hypertensive groups, especially in the quartile 1 group.
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Table 3. Genotypes and alleles distribution in control and hypertensive groups with various PRA.

Control Hypertension group (%)
Genotype

group (%)

Quartile 2 Quartile 3

Additive

el T 32 (7.6) 60 (13.2) 42 (9.3) 51 (11.2) 55 (12.1)  0.257
T 0 (0.0 3 (07) 0 (0.0 0 (0.0 0 (0.0)
;1894111 pominant €€ 390 (24) 390 (86.1) 412 (0.7) 403 (888) 399 (879) .
model CT+TT 32 (7.6) 63 (13.9° 42 (93 51 (11.2) 55 (1217
C 812 (96.2) 840 (92.7) 866 (95.4) 857 (94.4) 853 (93.9)
[IEE e oo T A A LTI S LIt 0.016
T 32 (3.8) 66 (7.3 42 (46 51 (56) 55 (6.1)
c/c 370 (88.1) 422 (923) 410 (90.1) 410 (90.7) 407 (88.7)
ﬁ]doddlzlve T 50 (11.9) 33 (7.2) 45  (9.9) 40 (8.8) 51 (11.1) 0.788
T 0 (0.0 2 (0.4 0 (0.0) 2 (05 1 (02
(7127431 pominant €€ 370 (881) 422 (923) 410 (0.1) 410 (907) 407 (887) - o
model CT+TT 50 (11.9) 35 (7.7) 45 (9.9) 42 9.3 52 (11.3) '
C 790 (94.0) 877 (96.0) 865 (95.1) 860 (95.1) 865 (94.2)
NIEE e e o e T A A LTI I AL I e 0.360
T 50  (6.0) 37 (4.0) 45  (4.9) 44 (4.9 53 (5.8)
A/A 410 (97.6) 449 (98.2) 432 (95.8) 438 (96.5) 442 (96.3)
Additive T e
model AMe R o L L R L
c/c 0 (0.0 0 (0.0 0 (0.0) 0 (0.0 1 (0.1)
54930416 pominant  AA 410 O7.6) 449 (98.2) 432 (958) 438 (965) 442 (963)
model AC+CC 10 (2.4 8 (1.8) 19 (4.2 16 (3.5 17 (3.7)
A 830 (98.8) 906 (99.1) 883 (97.9) 892 (98.2) 900 (98.0)
Allele o 0.173
C 10 (1.2) 8 (0.9 19 (2.1) 16 (1.8) 18 (2.0)

P<0.05 was considered significant. Compared with the control group, # P<0.05. Compared with the quartile 1 group ® P<0.05.

Discussion associated with low renin levels. Cohn et al. [21] suggested

that the expression and activity of ADRBK1 were related with

The protein encoded by the ADRBK1 gene, originally termed
G protein-coupled receptor kinase 2 (GRK2), is a member the
G protein-coupled receptor kinase family of serine/threonine
protein kinases, which are key proteins of G protein-coupled
receptor phosphorylation and desensitization [20]. It phos-
phorylates B-adrenergic receptor to induce activation of ade-
nylate cyclase and decrease blood vessel contraction [21]. It
also mediates C-terminus in B-ENaC subunits or WW domains
in these ubiquitin protein ligases through the action of G pro-
tein-coupled receptor phosphorylation and desensitization, in-
duced to decrease activation of ENaC degradation response to
increase the body salt volume with lower renin levels [12,13],
involved in regulating blood pressure. Gros et al. [20] declared
that expression of ADRBK1 protein in lymphocytes and tissues
of salt-sensitive hypertensive rats was increased compared to
salt-insensitive ones, while salt-sensitive hypertension was

hypertension in black Americans [22], in whom low-renin hy-
pertension is highly prevalent. However, the association be-
tween expression of ADRBK1 protein and low-renin hyper-
tension is still unclear. Low-renin hypertensive patients are
estimated to account for 50-60% of all Chinese hypertensive
patients. The present study is the first to examine the rela-
tionship between genetic variations in the ADRBK1 gene and
PRA in Chinese hypertensive patients.

In our study, 3 SNPs (rs1894111, rs7127431, and rs4930416)
of the ADRBK1 gene associated with hypertension were ana-
lyzed. We found that the dominant model (CC vs. CT+TT) and
allele of T of ADRBK1 rs1894111 were significantly different
between hypertensive and control subjects, possibly indicating
that those who carry CT or TT genotype of ADRBK1 rs1894111
might be at higher risk for hypertension. When hypertensive
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Table 4. logistic regression analysis in hypertensive group and various PRA hypertensive groups.

Hypertension group

Quartile 1 Quartile 4

95%ClI 95%Cl

rs1894111

"""" «« 11
T 1590 10222474 0040 1845
e 1150 11351175 <0001 1102
Ccender
"""" Female 1 1
Male 1991 15372579 <0001 1446
e
T . -
SR 2764 21193604 <0001 2817

1

1.119-3.042 0.016 1.657 0.905-3.036 0.102

1.081-1.124 <0.001 1.191 1.161-1.221 <0.001
1

1.059-1.975 0.020 5.174 3.446-7.770 <0.001
1

2.027-3.915 <0.001 1.830 1.223-2.739 0.003

BMI — body mass index; OR — odds ratio; 95%Cl — 95% confidence interval. P<0.05 was considered significant. Logistic regression
model enter with indicator variables for age, gender, BMI, dominant model (CC vs. CT+TT) of rs1894111 as independent variables.

patients were divided into subgroups according to PRA, the
distribution of the dominant model (CC vs. CT+TT) of ADRBK1
rs1894111 in the quartile 1 group with the lowest PRA was
found to be the lowest. Furthermore, logistic regression analysis
indicated that the dominant model (CC vs. CT+TT) of ADRBK1
rs1894111 was significantly associated with an increased OR
of hypertension in the quartile 1 group with the lowest PRA,
even after adjustment for age, gender, and BMI, but was not
significantly different from quartile 4 with the highest PRA.
We did not find relationships between rs7127431/rs4930416
and hypertension. Thus, the study suggests that variation of
ADRBK1 rs1894111 might more easily happen in low-renin hy-
pertension, potentially indicating that the risk of hypertension
is higher in low-renin hypertensive patients with CT or TT gen-
otype of rs1894111. Johnson [18] showed that the variation of
ADRBK1 rs1894111 and rs4930416 in hypertensive patients
varied significantly in response to diuretics during decreased
blood pressure. Diuretics might be a better choice for low-re-
nin hypertension patients. We reached the same conclusion
in the present study, which study indicates that rs1894111 of
the ADRBK1 gene might be a susceptible locus for low-renin
hypertension and might offer a therapeutic strategy for low-
renin hypertension. However, further studies on associations
between genetic variations of ADRBK1 and low-renin hyper-
tension are needed.

Our study has several limitations. First, study subjects includ-
ed middle-aged individuals and males accounted for most of
the subjects, which may to some extent limit the validity of

our findings. Second, because it was a case-control study, we
cannot conclude there is a causal relationship between ge-
netic variation of ADRBK1 and low-renin hypertension, sug-
gesting that further studies are needed to verify our specula-
tions. Finally, further studies should expand the sample size
to investigate or verify our study conclusion regarding the in-
teraction between ADRBK1 variation and various PRA hyper-
tension groups.

Conclusions

We found that polymorphisms of the ADRBK1 gene may be as-
sociated with low-renin hypertension in Han Chinese. Genetic
variation of ADRBK1 rs1894111 might more easily occur in low-
renin hypertension. The CC genotype of ADRBK1 rs1894111
might be a protective genetic marker for low-renin hyperten-
sion, but T allele may be a genetic risk marker for this sub-
type of hypertension in Han Chinese.

Acknowledgements
The authors gratefully acknowledge the Center of Diagnosis,
Treatment, and Research of Hypertension in Xinjiang for pro-
fessional assistance.

Conflict of interest

The authors declare that they have no conflict of interest.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

2987




CLINICAL RESEARCH

References:

N

w

IS

S

[=))

~

ol

Nl

10.

11.

. Fava C, Burri P, Almgren P et al: Heritability of ambulatory and office blood

pressure phenotypes in Swedish families. ) Hypertens, 2004; 22(9): 1717-21

. Verma S, Gupta M, Holmes DT et al: Plasma renin activity predicts cardio-

vascular mortality in the Heart Outcomes Prevention Evaluation (HOPE)
study. Eue Heart J, 2011; 32(17): 2135-42

. Daimon M, Konta T, Oizumi T et al: Higher plasma renin activity is a risk

factor for total mortality in older Japanese individuals: the Takahata study.
Metabolism, 2012; 61(4): 504-11

. Alderman M: Plasma renin activity levels in hypertensive persons: their wide

range and lack of suppression in diabetic and in most elderly patients. Am
J Hypertens, 2004; 17(1): 1-7

. Laragh JH, Sealey JE: The plasma renin test reveals the contribution of body

sodium-volume content (V) and renin-angiotensin (R) vasoconstriction to
long-term blood pressure. Am J Hypertens, 2011; 24(11): 1164-80

. Alderman MH, Cohen HW, Sealey JE, Laragh JH: Pressor responses to anti-

hypertensive drug types. Am J Hypertens, 2010; 23(9): 1031-37

. Pratt JH: Central role for ENaC in development of hypertension. ) Am Soc

Nephrol, 2005; 16(11): 3154-59

. Dahlberg J, Nilsson L, von Wowern F, Melander O: Polymorphism in NEDD4L

is associated with increased salt sensitivity, reduced levels of P-renin and
increased levels of Nt-proANP. PLoS One, 2007; 2(5): 432

. Zhou R, Patel SV, Snyder PM: Nedd4-2 catalyzes ubiquitination and degra-

dation of cell surface ENaC. ) Biol Chem, 2007; 282(28): 20207-12

Baines D: Kinases as targets for ENaC regulation. Curr Mol Pharmacol, 2013;
6(1): 50-64

Heise CJ, Xu BE, Deaton SL et al: Serum and glucocorticoid-induced kinase
(SGK) 1 and the epithelial sodium channel are regulated by multiple with
no lysine (WNK) family members. J Biol Chem, 2010; 285(33): 25161-67

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2988

LiY.etal:
ADRBK1 and plasma renin activity
© Med Sci Monit, 2016; 22: 2981-2988

Dinudom A, Fotia AB, Lefkowitz RJ et al: The kinase Grk2 regulates Nedd4/
Nedd4-2-dependent control of epithelial Na+ channels. Proc Natl Acad Sci
USA, 2004; 101(32): 11886-90

Sanchez-Perez A, Kumar S, Cook DI: GRK2 interacts with and phosphory-
lates Nedd4 and Nedd4-2. Biochem Bioph Res Co, 2007; 359(3): 611-15

Lee IH, Song SH, Campbell CR et al: Regulation of the epithelial Na+ chan-
nel by the RH domain of G protein-coupled receptor kinase, GRK2, and
G?g/11.) Biol Chem, 2011; 286(22): 19259-69

Li 'Y, Vgontzas AN, Fernandez-Mendoza J et al: Insomnia with physiological
hyperarousal is associated with hypertension. Hypertension, 2015; 65(3):
644-50

Luo Q, Li N, Yao X et al: Potential effects of age on screening for primary
aldosteronism. J Hum Hypertens, 2016; 30(1): 53-61

Sim JJ, Bhandari SK, Shi ) et al: Plasma Renin Activity (PRA) levels and anti-
hypertensive drug use in a large healthcare system. Am J Hypertens, 2012;
25(3): 379-88

Lobmeyer MT, Wang L, Zineh | et al: Polymorphisms in genes coding for
GRK2 and GRK5 and response differences in antihypertensive-treated pa-
tients. Pharmacogenet Genom, 2011; 21(1): 42-49

Li N, Wang H, Yang J et al: Genetic variation of NEDDA4L is associated with
essential hypertension in female Kazakh general population: A case-con-
trol study. BMC Med Genet, 2009; 10(1): 130

Gros R, Benovic JL, Tan CM, Feldman RD: G-protein-coupled receptor kinase
activity is increased in hypertension. J Clin Invest, 1997; 99(9): 2087-93

Cohn HI, Xi Y, Pesant S et al: G protein-coupled receptor kinase 2 expres-
sion and activity are associated with blood pressure in Black Americans.
Hypertension, 2009; 54(1): 71-76

Opie LH, Seedat YK: Hypertension in sub-Saharan African populations.
Circulation, 2005; 112(23): 3562-68

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



