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INTRODUCTION  Polymorphisms in genes coding G-protein subunits (a, , and y) may affect the response
of stimulated a,,-adrenergic receptors, which are involved in the regulation of blood pressure.
0BJECTIVES The aim of the present study was to determine the association between the rs11559300
(A/G), rs199705300 (C/A), rs61754630 (C/T), rs13093 (C/A), and rs41284589 (C/T) single nucleotide
polymorphisms (SNPs) of the gene coding G-protein y5 subunit (GNG5) and the risk of essential hyper-
tension in the population of Poland.

PATIENTS AND METHODS A total number of 838 subjects were included in the study: 536 patients with
diagnosed essential hypertension and 302 controls. Genotyping was performed using the polymerase
chain reaction—restriction length polymorphism (PCR-RFLP) method.

ResuLts  Of the studied GNG5 polymorphisms, only SNP rs13093 was significantly associated with an
increased risk of essential hypertension (odds ratio [OR], 2.91; 95% confidence interval [Cl], 1.68-5.05;
P = 0.0036). In addition, the T allele of rs41284589 may protect against hypertriglyceridemia (OR, 0.32;
95% Cl, 0.1-0.9).

concLusions rs13093 in the promoter region of GNG5 may be associated with an increased risk of
essential hypertension in the Polish population. Further studies are needed to explain the molecular
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mechanism by which rs13093 affects blood pressure.

INTRODUCTION Essential hypertension is the
most common cardiovascular disease, affecting
from 20% to 50% of the adult population in devel-
oped countries." Moreover, it accounts for 95% of
all cases of hypertension? and is influenced both
by environmental and by genetic factors.® Stud-
ies of families, as well as of monozygotic and di-
zygotic twins, have indicated that hypertension
has a strong genetic component and that the co-
efficient of hypertension heritability ranges from
20% to 55%.4°

Numerous epidemiological studies have shown
that elevated blood pressure (BP) is a risk factor
for coronary artery disease, heart failure, stroke,

peripheral artery disease, and renal failure both
in men and in women.®® The NATPOL2011 study
showed that about 10.5 million patients suffer
from high BP in Poland, which represents 32% of
the adult population. This number includes 9.5
million people aged from 18 to 79 years and al-
most 1 million aged 80 years or older.

One of the factors involved in the regulation
of BP is the a,,-adrenergic receptor. Its activa-
tion leads to BP lowering due to the inhibition
of norepinephrine secretion from adrenergic fi-
bers, which is controlled by a negative feedback.®
The a,,-adrenergic receptor belongs to the fam-
ily of receptors coupled to the heterotrimeric
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TABLE 1

Clinical characteristics of the study and control groups

Parameter Study group Control group P value

(n = 536) (n = 302)

frequency frequency

sex (male) 250 0.47 156 0.52 0.38
essential hypertension 536 1 0 0 <0.05
hypercholesterolemia, 120 0.22 76 0.25 0.59
>200 mg/dl
HDL-C (males <40 mg/dl; 40 0.07 - - -
females <45 mg/dl)
LDL-C, >115 mg/dl 114 0.21 - - -
triglycerides, >150 mg/d| 100 0.19 - - -

a Yates-corrected x?

Conversion factors to Sl units are as follows: for total cholesterol, HDL-C, and LDL-C, multiply by 0.02586; for triglycerides, multiply by 0.01129.

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol
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G, protein, which consists of , 3, and y subunits.
To date, 5 different GB subunits and 12 differ-
ent Gy subunits have been identified," yielding
60 possible combinations of GBy dimers. How-
ever, biochemical studies have shown that the
formation of a functional dimer does not occur
randomly.'?'® Studies based on Sf9 insect cells
have indicated that 3 subunits and y5 subunits
interact with one another to form a functional
By dimer associated with the Go,2 subunit of the
G protein.' Richardson and Robishaw'® reported
that the 83y5 dimer with the Go, subunit dem-
onstrates a substantially greater coupling with
the recombinant a,,-adrenergic receptor than
other dimer combinations. The structure of the
G-protein subunit is the key to achieve a physio-
logical effect as a result of receptor stimulation.
Dysfunction of the signal transduction pathway
from the a,,-adrenergic receptor may disrupt the
physiological response and lead to the develop-
ment of essential hypertension.

The aim of this study was to determine wheth-
er there is any association between the presence
of essential hypertension and the occurrence of
selected polymorphic variants of the GNG5 gene
coding the G-protein y5 subunit in the Polish pop-
ulation. We tested 5 polymorphisms of the GNG5
gene: 3 in the coding region (Ser6Gly, rs11559300;
Leud8Met, rs199705300; Thr561le, rs61754630)
and 2 in the promoter region (rs13093, recognized
by the Spl transcription factor, and rs41284589,
recognized by the Nfrl transcription factor).

PATIENTS AND METHODS Subjects The study
group consisted of 536 patients with a diagno-
sis of essential hypertension based on the 2013
European Society of Hypertension and Europe-
an Society of Cardiology guidelines for the man-
agement of arterial hypertension,'® who had been
treated with antihypertensive medications for
at least 30 days before admission. All patients
were Caucasians. Additional data obtained from
hospital records included total cholesterol (mg/
dl), high-density lipoprotein (HDL) cholesterol

(mg/dl), low-density lipoprotein (LDL) choles-
terol (mg/dl), and triglyceride (mg/dl) levels. The
clinical characteristics of the study and control
groups are provided in TABLE 1.

The control group consisted of 302 healthy Pol-
ish residents unrelated to patients. The inclusion
criteria for the control group included the pres-
ence of normal BP confirmed by at least 2 sepa-
rate BP measurements on 2 different days of hos-
pitalization and no history of antihypertensive
treatment. All control participants were select-
ed randomly. The age of less than 18 years was
the exclusion criterion both for the study and
control groups.

The study was conducted in accordance with
the Declaration of Helsinki, and the study pro-
tocol was approved by the Bioethics Committee
of the Medical University of Lodz, £6dz, Poland.

DNA extraction and genotype determination Venous
blood from all individuals was collected in vials
containing sodium citrate at a concentration of
3.2% (Sarstedt, Numbrecht, Germany). Samples
were stored at —20°C until DNA isolation. Ge-
nomic DNA was isolated from blood leukocytes
using a standard method (phenol/chloroform)
or a Chemagic DNA Blood250 Kit (PerkinElmer,
Waltham, Massachusetts, United States). The
samples were examined using the polymerase
chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) method, which was per-
formed in a 25-pl volume containing 2.5 pl of 10
x PCR buffer (Bioron, Ludwigshafen, Germany),
1U DFS-Taq DNA Polymerase (Bioron, Ludwig-
shafen, Germany), 2 pl of 2 mM dNTP MIX (Ther-
mo Scientific, Massachusetts, United States), 0.2
pl of 20 uM each primer (Genomed, Warsaw, Po-
land), 3 pl of extracted DNA, and 16.3 ul of dis-
tilled water. The PCR reactions were conducted in
a Biometra T professional thermocycler (Analyt-
ik Jena Company, Jena, Germany). After an ini-
tial denaturation of 95°C for 5 minutes, the fol-
lowing cycle was performed 30 times: denatur-
ation cycle, 95°C for 30 seconds; annealing, at a
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TABLE 2  Conditions of polymerase chain reactions and expected length of dominant fragments after digestion

Polymorphism Primers (5"-3°) Annealing Polymerase chain Restriction fragment length polymorphism
temperature, °C reaction product analysis

length, bp restriction enzyme  fragment length, bp
rs11559300 AGCACAGAACCGGAAACTTAG 57 217 BsaHI AA-217
(A/G) TCACTTTTACGCGGTTGAGTC GG —149+68
rs199705300 GTTCTCACCATCTGGCACTTC 59 160 Mnll CC-75+49+36
(C/A) GGAACAGACTTTCTGGGGTC AA - 124436
rs61754630 GTTCTCACCATCTGGCACTTC 59 160 Cival CC-126+34
(C/T) GGAACAGACTTTCTGGGGTC TT-160
rs13093 TTCTCCTCCCCCTCCTCC 60 137 Haelll CC-103+34
(C/A) GGGCTCCGAACTTTGTCTCTA AA-137
rs41284589 TTCTCCTCCCCCTCCTCC 60 137 Cival CC-137
(C/T) GGGCTCCGAACTTTGTCTCTA TT-78+59

TABLE 3  Frequencies of genotypes and minor alleles in the study and control groups

Polymorphism Study group Control group
(n = 536) (n = 302)
number frequency number frequency
rs13093 cC 384 0.7164 266 0.8808
(C/A) CA 142 0.2649 36 0.1192
AA 10 0.0187 0 0
minor allele 162 0.1511 36 0.0598
2 for HWE 0.5692 1.2132
P for HWE 0.4506 0.2707
rs41284589  CC 498 0.9123 292 0.9669
(C/T) CT 34 0.0634 8 0.0265
T 4 0.0075 2 0.0066
minor allele 42 0.0391 12 0.0197
%2 for HWE 13.2904 30.9800
P for HWE 0.000267 0.000000019

Abbreviations: HWE, Hardy—Weinberg equilibrium

temperature specific for the individual SNP for 30
seconds; elongation, 72°C for 30 seconds; final ex-
tension, 72°C for 10 minutes; and then cooling to
16°C. The specific conditions for genotyping, in-
cluding the choice of primer (Genomed) and an-
nealing temperature and enzymes (Thermo Scien-
tific), are presented in TABLE 2. The digestion prod-
ucts were separated by polyacrylamide gel elec-
trophoresis in a Biometra Minigel-Twin (Analy-
tik Jena Company) and visualized after staining
with ethidium bromide (UVP PhotoDoc-It™ Im-
aging System, Upland, California, United States).

Statistical analysis Owing to its nonnormal dis-
tribution, age was expressed as means and stan-
dard deviations. The frequency of alleles was
tested against the Hardy-Weinberg equilibrium
(HWE). The Yates-corrected y? test was used for
data comparisons. A logistic regression analysis
was performed to determine the relationship be-
tween individual factors and the occurrence of
essential hypertension. Univariate comparisons
were performed for all analyzed factors, and fac-
tors with P values lower than 0.15 were entered

into a multivariate backward-stepwise model.
The final P value of less than 0.05 was considered
statistically significant in the multivariate anal-
ysis. The Statistica 8.0 (Statsoft, Tulsa, Oklaho-
ma, United States) and Medcalc 9.36 (MedCalc
Software, Ostend, Belgium) statistical packages
were used for all computations.

RESULTS Of the 838 subjects included in the
study, 302 constituted the control group (mean
age, 65 £9.8 years) and 536 constituted the study
group (mean age, 66 +12.7 years). The clinical
characteristics of the study and control groups
are provided in TABLE 1. The HWE was tested to
compare expected and observed genotype fre-
quencies using the %2 test. The distribution of
the rs13093 polymorphism was consistent with
the HWE (P = 0.2707), while the frequency of
rs41284589 alleles significantly deviated from
the expected value. No polymorphic variants for
rs11559300, rs199705300, or rs61754630 were
observed either in the study or control group.
The frequencies of the genotypes and minor
alleles for rs13093 and rs41284589 between the
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TABLE 4 Comparison of the distribution of rs13093 CA+AA vs CC in the study and control groups

Polymorphism Study group Control group CA+AA vs.CC P value?
(n = 536) (n = 302) OR (95% CI)
rs13093 CA+AA 152 36 2.91 (1.68-5.05) 0.0036

906

a Yates-corrected x?

Abbreviations: Cl, confidence interval; OR, odds ratio

TABLE 5 Distribution of clinical parameters in carriers of the T allele rs41284589 in the study group

Clinical parameter

Carriers of the T allele

rs41284589 (C/T)
allele T (n = 38)° P valueb
total cholesterol, >200 mg/dl 16 (42.1%) 0.02
triglycerides, >150 mg/dl 14 (36.8%) 0.09
LDL-C, >115 mg/dI 10 (26.3%) 0.02
HDL-C (males <40 mg/dl; 8(21.1%) 0.017

females <45 mg/dl)

a the discrepancy between the number of patients with the T allele of rs41284589 (n = 38) and that of clinical
parameters (n = 48) results from the fact that some patients presented with more than 1 clinical parameter

b Yates-corrected x?

For abbreviations and conversion factors, see TABLE 1.

study and control groups were compared, and the
results are presented in TABLE 3. As rs41284589
did not meet the HWE in the control group, the
subsequent multivariate analysis included only
rs13093 (TABLE 4). Owing to the low percentage
of polymorphic genotypes, the statistical anal-
ysis included the distributions of wild homozy-
gotes vs mutant homozygotes and heterozygotes.
A significant relationship was observed between
the presence of rs13093 in the GNG5 gene and
the risk of essential hypertension.

Analysis in the study group  The statistical analy-
sis of rs13093, rs41284589, and the clinical pa-
rameters in the study group showed that the T al-
lele of rs41284589 (C/T) is associated with ele-
vated levels of total cholesterol, LDL cholester-
ol, and triglycerides, and decreased levels of HDL
cholesterol, regardless of sex (TABLE 5). These pa-
rameters were entered into the multivariate anal-
ysis based on the multivariate backward-step-
wise model, which showed that the T allele of
the rs41284589 polymorphism (C/T) protects
against elevated blood triglyceride levels (OR,
0.32; 95% CI, 0.1-0.9)

DISCUSSION  Essential hypertension is the most
common cardiovascular disease worldwide. The
results of the present study indicate that rs13093
is a significant risk factor for essential hyperten-
sion in the Polish population, independent of pri-
mary hypertension risk factors.

In the sympathetic nervous system, 9 adren-
ergic receptor subtypes are activated by adrena-
line and noradrenaline, but only the a,-adrenergic
receptor has been implicated as an inhibitory

presynaptic autoreceptor. The a, A-adrenergic re-
ceptor is known to be responsible for the con-
trol of BP homeostasis: its activation leads to a
decrease in BP by inhibiting the central sympa-
thetic outflow, as well as inhibiting noradrena-
line release from sympathetic nerves."” Hein et
al'® reported that it is responsible for the normal
presynaptic control of transmitter release from
sympathetic nerves in the heart. Deletion of the
a,,-adrenergic receptor gene was found to cause
tachycardia.' Moreover, increased noradrenaline
turnover was observed in mice expressing a mu-
tant a,,-receptor (a,,-D79N).? As coupling the re-
ceptor with an appropriately-composed G-protein
subunit is required for the correct functioning of
G protein-coupled receptor signaling pathways,
this functioning may be disrupted by the pres-
ence of an SNP in the y subunit of the G protein.
The G-protein y5 subunit is a human protein
encoded by the GNG5 gene located on the short
arm of chromosome 1 (1p22.3).?' GNG5 spans
6kb and consists of 4 exons and 3 introns. The
coding region is localized at the 3’-end of exon
2 and in the most part of exon 3.2' The analysis
by PROMOTER SCAN (version 1.7) and a related
study by Liu et al’? indicated that the function-
al promoter region of GNG5 lies within the rang-
es from -725 to -456 and from -342 to -92.7
Our findings indicate that the examined SNPs
(rs11559300, rs199705300, and rs61754630) are
not present in the G-protein y5 subunit coding
region within the Polish population. However,
they do suggest that the carriers of the A allele of
-195 C/A (rs13093) in the promoter region of the
GNGS5 gene is associated with the risk of essen-
tial hypertension more than 2.9-fold greater than
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that observed in carriers of the C allele among the
Polish population (OR, 2.91; 95% CI, 1.68-5.05).

The rs13093 SNP is located in the recognition
sequence of the Spl transcription factor. Spl is
associated with many other transcription factors
and can regulate the expression of TATA box-
-containing promoters, as well as those which
do not contain the cassette.?* The presence of the
rs13093 (C >A) SNP in the recognition sequence of
the Spl transcription factor may result in the loss
of consensus sequences for Spl in this area, result-
ing in low levels of GNG5 mRNA and y5 protein.
An insufficient amount of y5 protein prevents the
correct coupling of the G-protein complex (G a(i)2
with B3y5) with the a,,-adrenergic receptor. All
the above may lead to the a,,-adrenergic receptor
displaying impaired hypotensive effects.

Interestingly, the multivariate analysis per-
formed in the study group indicated that the T al-
lele of the rs41284589 polymorphism may pro-
tect against elevated blood triglyceride levels (OR,
0.32; 95% CI, 0.1-0.9). The -152C/T polymor-
phism (rs41284589) occurs in the GNG5 promoter
sequence recognized by transcription factor Nrf1.
It is hypothesized that this polymorphism may
influence the level of the GNG5 gene expression.
The loss of consensus sequences for the Nrfl tran-
scription factor in the GNG5 gene may lead to re-
duced levels of GNG5 mRNA, resulting in reduced
v5 protein levels. In turn, as mentioned earlier, an
insufficient amount of the y5 protein prevents the
G-protein complex (G a(i)2 with $3y5) from cou-
pling correctly with the a,,-adrenergic receptor.

The hypotensive effect of the a,,-adrenergic re-
ceptor causes numerous physiological responses,
including the suppression of insulin release from
pancreatic B cells.?’ Insulin is a major regulator
of lipoprotein lipase (LPL) activity in adipose tis-
sue. LPL hydrolyzes triglycerides present in the
circulating blood lipoproteins, especially in chy-
lomicrons and lipoproteins of very low density.?8
During adipocyte differentiation, insulin increas-
es LPL gene transcription. In mature adipocytes
or adipose tissue, insulin stimulates LPL activi-
ty by increasing the level of LPL mRNA and regu-
lating LPL through both posttranscriptional and
posttranslational mechanisms.?”’?° This mecha-
nism of action could explain the reduced levels of
triglycerides in patients with the T allele of SNP
rs41284589 (C/T).

The study has 1 important limitation—it in-
cluded a relatively small group of subjects; there-
fore, it is necessary to confirm these results in a
larger cohort. Nevertheless, the study participants
belonged to the same ethnic group, which argu-
ably strengthens the results. Another strength of
the study is the fact that this is the first analy-
sis of the association between the rs13093 poly-
morphism and the risk of essential hypertension.

In conclusion, the results of this study con-
firm the necessity to look closer into the role of
this polymorphism in the GNG5 expression. Car-
rying the A allele at —195 C/A (rs13093) may be
a potential genetic factor for primary essential
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hypertension and may help assess the risk pro-
file in hypertensive patients, but further studies
are needed to precisely define the effect of the A
allele on the prognosis of these patients.
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STRESZCZENIE

WPROWADZENIE  Zmienno$ci polimorficzne w obrebie genéw kodujacych poszczegélne podjednostki
(a, B iy) biatka G moga wptywac na odpowiedz stymulowanych receptoréw a,,-adrenergicznych, ktére
biorg udziat w regulacji cisnienia krwi.

cELE Celem niniejszego badania byto okreslenie zwigzku pomigdzy wystepowaniem zmiennos$ci po-
limorficznych pojedynczego nukleotydu (single nucleotide polymorphism — SNP): rs11559300 (A/G),
rs199705300 (C/A), rs61754630 (C/T), rs13093 (C/A) i rs41284589 (C/T) w genie kodujagcym podjed-
nostke y5 biatka G (GN/G5) a ryzykiem rozwoju pierwotnego nadci$nienia tetniczego w populacji polskiej.
PACJENCI I METODY W badaniu udziat wzieto facznie 838 pacjentédw: 536 pacjentdw ze zdiagnozowanym
pierwotnym nadci$nieniem tetniczym oraz 302 osoby z grupy kontrolnej. Genotypowanie przeprowadzono
za pomocg metody reakcji taficuchowej polimerazy i polimorfizmu dfugo$ci fragmentu restrykcyjnego
(PCR-RFLP).

WYNIKI  Sposréd przebadanych zmiennos$ci polimorficznych genu GNG5 jedynie SNP rs13093 byt istotnie
zwigzany ze zwigkszonym ryzykiem pierwotnego nadci$nienia tetniczego (OR 2,91; 95% Cl 1,68-5,05; p =
0,0036). Ponadto allel T rs41284589 moze chroni¢ przed hipertriglicerydemia (OR 0,32, 95% CI 0,1-0,9).
WNIosKl  rs13093 wystepujacy w regionie promotorowym genu GNG5 moze sig wigzac ze zwigkszonym
ryzykiem pierwotnego nadci$nienia tgtniczego w populacji polskiej. Konieczne sg dalsze badania w celu
wyjasnienia mechanizmu molekularnego ttumaczacego wptyw rs13093 na cisnienie krwi.
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