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ASSOCIATION OF THE ALLELIC STATE OF THE GNB3 (RS5443) AND AGT (RS4762)
GENES WITH ANTHROPOMETRIC, METABOLIC-HORMONAL PARAMETERS
AND INDICATORS OF MINERAL METABOLISM IN PATIENTS WITH ESSENTIAL

ARTERIAL HYPERTENSION

K. O. Voroniuk, L. P. Sydorchuk

Bukovinian State Medical University, Chernivtsi, Ukraine

The aim of research — to analyze the dependence of changes in metabolic-hormonal
parameters and indicators of mineral metabolism depending on the allelic state of the
AGT (rs4762) and GNB3 genes in patients with essential arterial hypertension (EAH).
Material and methods. The case-control study involved 100 patients with EAH stage
11, 1-3 degrees of blood pressure (BP), high and very high cardiovascular risk. Among
the patients there were 21% (21) men, 79% (79) women. The mean age of patients was
59.86+6.22y.0. The control group consisted of 60 almost healthy individuals, relevant
in age (49.13+£6.28y.0.) and gender distribution (63% — women, 37% — men). To study
AGT (rs4762) and GNB3 (rs5443) genes polymorphism a qualitative polymerase
chain reaction (PCR) was performed in real time. The lipid panel parameters, such as:
Total cholesterol (TC), Triglycerides (TG), Low-density and High-density lipoprotein
cholesterol (LDL-C, HDL-C) were investigated in the blood plasma, using diagnostic
kits «Accent 200» (Poland). The atherogenic index (Al) was calculated by the equation:
(TC — HDL-C)/ HDL-C. All recruited subjects were tested for serum levels of fasting
glucose, ionized calcium, parathyroid (PTH) hormone, 25-hydroxyvitamin D.

Results. The activity of certain metabolic processes is associated with the allelic state of the
AGT (rs4762) and GNB3 (rs5443) genes in patients with EAH: carriers of the T-allele of
the AGT gene (rs4762) have a glucose level 27.36% higher than that of owners of the CC
genotype (P CC = 0.032), while KA, on the contrary, is lower 14.41% (P CC =0.047) with
a probable difference in women— 14.90% (P CC =0.046); the presence of the TT-genotype of
the GNB3 gene (rs5443) in patients with EAH is associated with hypercholesterolemia. the
content of cholesterol probably exceeds that of homozygous owners of the wild C-allele 13.95%
(P CC =0.037). Hormonal-messenger indicators of the regulation of mineral metabolism
do not depend on the allelic state of the GNB3 gene (rs5443), while in the owners of the
T-allele of the AGT gene (rs4762) a lower level of total metabolites of vitamin D in the blood
(at the &quot; deficiency&quot; level) was established — 14, 97% (P CC =0.002), against
a background of a compensatory increase in PTH concentration—29.18% (P CC =0.025).
Conclusions. Themutated T-allele ofthe AGT gene (rs4762) is associated with hyperglycemia,
hypovitaminosis D and a compensatory increase in PTH, and the TT-genotype of the GNB3
gene (rs5443) is associated with hypercholesterolemia in patients with EAH.
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ACOIIALIA AJTEJBHOI'O CTAHY I'EHIB GNB3 (RS5443) TA AGT (RS4762)
3 AHTPOITIOMETPUYHHUMHU, METABOJITYHO-TOPMOHAJIBHUMH
IMAPAMETPAMMU I IOKAZHUKAMHU MIHEPAJIBHOI'O OBMIHY Y XBOPHUX
HA ECEHIIAHY APTEPIAJIBHY I'NIEPTEH3IIO

K. O. Boponiox, JI. I1. Cuoopuyk

BykoBuHCBHKUI 1epkaBHU MeAM4YHUIl YHiBepcuTeT, M. YepHiBui, Ykpaina

Mema 0ocnidcenns — npoananizyeamu 3aielCHICMb 3MiH MEMAbONIUHO-20PMOHATLHUX
napamempie i NOKa3HUKi6 MiHepaIbHO20 0OMIHY 610 anenvrHoeo cmany eenie AGT (rs4762)
ma GNB3(rs5443) y xeopux na ecenyitiny apmepiansny cinepmensito (EAT).

Mamepianu i memoou. B oonomomenmuomy 0ocaiodxcenni 63sano yuacmo 100 xeopux
na EAL Il cmaoii, 1-3 cmynenie niousmms apmepianvroco mucky (AT), eucoxozo ma dyaice
8UCOK020 cepyego-cyournozo pusuxy. Ceped xeopux oyno 21% (21) uonosixis, 79% (79)
arcinok. Cepeoniil ik nayienmie — 59,86+6,22 poxis. I pyna konmpono — 60 npakmuino
300posux ocib, sicmasnux 3a eikom (49,13+£6,28 pokis) ma cmamesum po3nodiom
(63% — orcinok, 37% — uonosixie). /lna oocnioxcenns norimopizuy eenie AGT (rs4762)
ma GNB3 (rs5443) euxonanu sikicry nonimepasHy aanyroeogy peaxyiro (IL/IP) 6 pesicumi
peanvrozo uacy. Iloxkasnuxu ninidoepamu: 3azanvhuii xonecmepur (3X), mpueniyepuou
(TT), ninonpomeinu nusvkoi winonocmi (XCJIIIHII]), ninonpomeinu sucoxoi wjinbHocmi
(XCJITIBII]) oocrioocysanu 8 naazmi Kpoei, BUKOPUCIOBYIOUU DiacHOCUYHT HAbopu ipmu
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«Accent  200» firm (Poland). [Inoexc amepocennocmi (IA) pospaxogyeanu
3a gopmynorw: 3X-XCJITIBLL)/XCJITIBIL. Taxooc obcmedsicyganum SU3HAYANU DiGeHD
2NIOKO3U  Hamwjecepye, IOHI3086aH020 Kanbyiio, napamupeoionozo zopmony (II1TT)
ma 25-ziopoxcusimaminy D.

Pesynomamu. Axmugricmos okpemux memaboniunux npoyecis y xeopux na EAI” acoyiroe
3 anenvrum cmamnom eena AGT (rs4762) ma GNB3 (rs5443): y nociie T-anens ecena AGT
(rs4762) pisens 2nroxo3u nepesuwye yeil nokasHux y enacuuxie CC-eenomuny na 27,36%
(P..=0,032), a xoegiyienm amepozennocmi, naenaxu, nusxcuuti na 14,41% (P .. =0,047)
3 6ipo2ionoro pisnuyero y scinox (na 14,90%, P .. =0,046); nassnicmo y xeopux na EAI’
TT-2enomuny ecena GNB3 (rs5443) acoyitoe 3 cinepxonecmeponemicio: emicm 3XC
8IPOCIOHO nepesaicac Hao GIONOBIOHUM NOKAZHUKOM ) 20MO3USOMHUX 8IACHUKIB OUKO20
C-anens — na 13,95% (P . =0,037). I'opmonanvno-mecenodicepi noKasHUKY peyisayii
MIHepanbHO20 0OMIHY He MAroMb 3aeACHOCI 8I0 anelbHoeo cmany 2ena GNB3 (rs5443),
modi sik y enacuukie T-anens eena AGT (rs4762) ecmanosunu HUKMCHULL pi6eHb CYMAPHUX
memabonimie gimaminy D kpogi (na pisHi &quot; Odegiyumdquot;) — na 14,97%
(P CC = 0,002), na mni komnencamopHozo 3pocmantsa konyenmpayii INTI—na 29,18%
(P CC=0,025).

Bucnoeku. T'opmonanvHo-meceHONCEPHI NOKAZHUKU pe2yIayil MIHepAibHO20 O0OMIHY
He Maomb 3anedcHocmi 6i0 anenvroeo cmany eena GNB3 (rs5443), mooi sx y enachuxie
T-anens cena AGT (rs4762) scmanosuiu HUNCHUL PIGeHb CYMAPHUX Memabonimie 8imamimny
D «kpogi (Ha pisni «dediyumy) —na 14,97% (PCC=0,002), na mai komneHcamopHozo
spocmanns konyenmpayii INTI—na 29,18% (PCC=0,025).

Introduction

Hypertension is a major modifiable risk factor for
cardiovascular diseases (CVD) morbidity and mortality.

The genetic component determines the elevation
of blood pressure only 20-30%, the rest is the result of
the influence of epigenomic structures, environment,
lifestyle, access to medical care, etc. Importantly,
both EAH and left ventricular hypertrophy (LVH)
are modifiable risk factors. However, the choice of
treatment in both cases is much more complicated than
simply controlling blood pressure [1]. At the same time,
questions arise that point to a genetic predisposition
to the development of LVH: why do some patients
with EAH with moderate hypertension develop LVH,
while others do not; why some patients respond more
effectively to antihypertensive drugs with LVH reversal,
while others do not. A number of mutated genes encoding
sarcomere proteins, actin filaments connecting myofibrils
of cardiomyocytes (MYH7, MYBPC3, genes encoding
B-myosin heavy chain and myosin-bound protein C),
have a direct etiological relationship in patients with
hypertrophic cardiomyopathy (HCM) and LVH for other
pathologies [1]. But in almost 40% of patients with
HCM, the causative genes have to be established yet.
Therefore, genetic testing and preclinical identification of
pathology in family members is an important progress in
understanding the molecular pathogenesis of myocardial
hypertrophy, its early diagnosis, prognosis and finding
ways for genetically determined treatment.

Materials and methods

Study design and patients

The study was conducted in full compliance with
the main ethical principles of the European Convention
on Human Rights and Biomedicine, according to the
standards of the Helsinki Declaration, GLP and GCP,
EUC directive #609 and other EU and international
legislations on bioethics. The Research Protocol was
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approved by the Ethics’ Committee of the Bukovinian
State Medical University. Each participant signed
a consent form to participate in the study. The Research
is defined as prospective, cohort, case-control study.

Diagnosis. Inclusion / Exclusion criteria.

Hypertension was defined according to European
Societies of Hypertension and Cardiology (ESH/ESC)
recommendations: office systolic BP (SBP) values >140
mmHg and/or diastolic BP (DBP) values >90 mmHg at
least for three measurements during a month.

The study enrolled EAH patients with hypertensive-
mediated organ damage (HMOD) estimated according
to European Societies of Hypertension and Cardiology
recommendations (ESH/ESC 2018, 2021): target-organs
damage — 2" stage (asymptomatic EAH), moderate-high
CVrisk, from the 1* through to the 3™ grade of BP elevation.

Exclusion criteria were as follows: EAH patients
with complicated /symptomatic HMOD (coronary heart
disease, heart attack, stroke, heart failure, aneurysm,
chronic kidney diseases, thickened, narrowed or torn
blood vessels in the eyes, carotid arteries intima-
media thickness enlargement, peripheral artery disease,
etc.); secondary arterial hypertension; malignant or
uncontrolled arterial hypertension; diabetes mellitus type
I (DM 1), sub- and decompensated diabetes mellitus
(DM) type 2 (with diabetic target-organ damage); sub-
and decompensated liver diseases; bronchial asthma,
chronic obstructive pulmonary disease of III-IV stage
with C or D risk value (GOLD 2019); exacerbated
infectious diseases or during unstable remission of any
location, including systemic immune system diseases;
severe dementia; psychological/psychiatric disorders/
diseases; malignancies of any location; multiple organ
failure; use of oral corticosteroids or contraceptives;
pregnancy or lactation.

100 patients were selected for further examination
after screening of matching inclusion and exclusion
criteria: 79% women, 21% men, mean age 59,86+6,22
years old. The control group included 60 practically
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healthy individuals who were not relatives of the patients,
without reliable differences in age (49,13+6,28) and
gender distribution (63% —women, 37% — men) with the
study group.

Laboratory, anthropometric and clinical data collection

All enrolled patients underwent a complex of basic
clinical examinations: clinical anamnesis recording,
anthropometric parameters, body mass index (BMI,
kg/m?), complete blood count, total cholesterol level,
low / high density level cholesterol (LDL-, HDL-C),
serum uric acid, office SBP, DBP and heart rate (HR)
measurement, ECG in 12 leads, EchoCG, kidneys’
ultrasound examination and Daily Holter BP monitoring
in undetermined conditions as well as consultations of
ophthalmologist and neurologist according to Ukrainian
standards (2019) and European recommendations ESC/
ESH (2018, 2021). All recruited patients were observed

by general physicians, cardiologists. Patients were
tested for serum level of fasting glucose (enzymatic
method, « CORMAY», Poland), ionized calcium (Ca*")
(potentiometry, «SINNOWA», China), parathyroid
hormone (PTH) and 25-hydroxyvitamin D (Vit D)
(immune luminescent test «MAGLUMI», «SNIBy,
China), as well as genetic testing (qualitative real-time
polymerase chain reaction (qQRT-PCR, PCR)) for the
detection of GNB3 (rs5443) and AGT (1s4762) gene
polymorphism was done.

Research results and their discussion

Our study showed that the level of venous blood
glucose in patients with EAH, carriers of the T-allele of
the AGT gene, probably exceeded that of owners of the
CC-genotype 27.36% (P_.=0,032) (table 1).

Table 1

Glucose and blood lipid panel indicators in the examined depending on the genotypes of the AGT gene
(rs4762, 521 C>T)

AGT gene genotypes
Values ?r?’[?legggﬁ tgglnogges in the group under study
group CC- CT-,TT-
CC- 5,20+0,18 _ 8,75+0,96 P=0,007
Glucose, mmol/l C1- 4.8550.16 6,87+0,63 P=0,002 P. 0,032
CC- 5,60+0,21
TC, mmol/l CT- 5.1540.23 5,77+0,30 5,52+0,34
CC- 1,78+0,20
TG, mmol/l CT- 1.89+0.08 2,08+0,28 1,76+0,19
CC- 3,98+0,22
LDL-C, mmol/I CT- 3.8640.15 4,29+0,27 4,03+0,34
CC- 1,44+0,10 _
HDL-C, mmol/I CI- 1195011 1,24+0,07 P=0,009 1,31+0,06
CC- 1,54+0,07 -
HDL-C, mmol/l \4 C1- 1.3540.08 1,29+0,06 P=0,007 1,37+0,06
cC- 1,24+0,11
HDL-C, mmol/l m Px=0,039 1,11£0,06 Px=0,009 1,1340,04 Px=0,043
CT- 1,05+0,09 P:x=0,048
CC- 3,24+0,39 3,33+0,19
IA, cu C1- 3.2940.10 3,81+0,30 P 20,047
CC- 2,64+0,30 _
W CT- 2.8150.17 3,47+0,18 3,02+0,16 P_=0,046
IA, cu cC- 3,52+ 0,28
m Px=0,039 4,2040,23 Px=0,037 3,88+0,15 P:x=0,006
CT- 3,90+0,19 Px=0,049

Notes: P—the probability of differences in indicators with the control group according to the corresponding genotype;
P__—the probability of differences in indicators among carriers of the CC-genotype in the corresponding group; Pw—

cc

the probability of differences in indicators with women in the corresponding group.

However, in individuals with the CC-genotype, against
a background of slightly higher hypercholesterolemia
and a lower content of HDL-C, a statistically significant
increase in IA by 14.41% was established (P_.=0,047)
regardless of gender, with a probable difference only in
women-— 14,90% (P_.=0,046). At the same time, the level
of LDL-C in men is significantly lower than the indicator
in women, regardless of the allelic state of the AGT gene —
13.95% (Pw=0,009) and 17,52% (Pw=0,043), which was
also accompanied by a proper growth of IA —21.04%
(Pw=0,037) and 28,48% (Pw=0,006), respectively.

Owners of the T-allele of the AGT gene (1s4762) were
found to have a lower content of total metabolites of
vitamin D in the blood (at the «deficiency» level)—14,97%
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(P.=0,002), againstabackgroundofahigher concentration
of PTH-29.18% (P.=0,025), respectively (table 2).

We also did not establish the dependence of the
fasting blood glucose level on the polymorphism of the
GNB3 gene (rs5443, 825 C>T) (table 3). However, the
content of TC was probably higher in EAH patients with
the TT-genotype of the GNB3 gene than in homozygous
owners of the wild C-allele —13,95% (P_.=0,037).

Hormonal-messenger indicators of regulation of
mineral metabolism did not depend on the allelic state of
the gene GNB3 (1s5443) (table 4).

Blood pressure levels and individual anthropometric
parameters do not depend on polymorphic variants of the
AGT gene (154762, 521 C>T) (table 5).
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Table 2
Hormonal-messenger indicators of regulation of mineral metabolism depending on the allelic state of the gene
AGT (rs4762)
AGT gene genotypes
Values ?ﬁ};eggggt%gln ozges in the group under study
group CC- CT+TT-
Ionized calcium CC- 1,16+0,015
concentration, mmol/l CT+TT- 1,16+0,02 0,1720,01 0,17+0,02
. . CC- 24,15+1,66 _ 18,06+1,53 P=0,015
Vit D concentration, ng/ml CT+TT 20.1241.07 21,24+1,63 P=0,042 P_. 20,002
Parathormone concentration, CC- 55,91+4,33 55.045.59 71,05+1,91 P=0,051
pg/ml CT+TT- 62,48+6,30 T P_=0,025

Notes: P— the probability of differences in indicators with the control group according to the corresponding genotype;
P~ the probability of differences in indicators with carriers of the CC-genotype in the corresponding group.

Table 3
Glucose and blood lipid panel indicators in subjects depending on the genotypes of the GNB3 gene (rs5443, 825 C>T)
GNB3 gene genotypes
Values Gill\ln,?ﬁegc%ﬁr%?;gﬁes in the gr%up u%lder Zgldy
CC- CT- TT-
CC- 5,13+0,21
Glucose, mmol/l CT- 5,19+0,16 7,38+0,78 P=0,011| 7,16+0,68 P=0,019 6,32+0,33
TT- 5,65+0,10
CC- 5,44+0,34
TC, mmol/l CT- 5.,68+0.23 5,520,26 5,91:0,38 6:2920.23 1 0.049
TT- 5,65+0,15 cc
CC- 1,99+0,21
1,53+0,17 _
TG, mmol/l CT- P =0,048 2.1140.29 1.74+0.20 210,32 B .04
T 1,2240,15 cr
P, =0,046
CC- 3,83£0,33
LDL-C, mmol/l CT- 4,03+0,20 4,03+0,30 4,50+0,37 4,56+0,24 P=0,051
TT- 4,10+0,12
CC- 1,35+0,14
HDL-C, mmol/l CT- 1,45+0,11 1,22+0,12 1,28+0,10 P=0,038 1,29+0,05
TT- 1,29+0,09
- CC- 1,52+0,12
3 w | CI- 1,53£0,00 _ |1,29+0,09 P=0,034|  1,34+0,08 o
E TT- 1,35£0,10 er
o) cC- 0,83+0,09
2 Px=0,005 1,07+0,08 1,13+0,04 1,14+0,02
@ m CT- 1,35£0,15 Pw=0,01 Pw=0,019 Pw=0,046
& TT- 1,18+0.07
CC- 3,44+0,40
1A, cu CT- 3,15+0,35 3,65+0,28 3,71+0,33 3,86+0,30 P=0,038
TT- 3,02+0,19

Notes: P—the probability of differences in indicators with the control group according to the corresponding genotype;,
P P_.— the probability of differences in indicators in individuals with CC-, CT- genotypes in the corresponding
group, Pw—the probability of differences in indicators with women in the corresponding group.

Table 4
Hormonal-messenger indicators of regulation of mineral metabolism depending on the allelic state of the gene
GNB3 (rs5443)
GNB3 gene genotypes
Values Giﬁ?}i%i:ﬁr%(fnorg?es in the group under study
grovp CC- CT+TT-
Ionized calcium CC- 1,16+0,02
concentration, mmol/l CT+TT- 1,17+0,01 0,17£0,02 0,1720,01
. . CC- 23,61+£2,55
Vit D concentration, ng/ml CT+TT 25.031.46 20,56+1,69 22,72+1,30
Parathormone concentration, CC- 60,91+5,71
pg/ml CT+TT- 54.0944.55 63,59+9,0 57,44+6,18

Notes: P—the probability of differences in indicators with the control group according to the corresponding genotype;
P —the probability of differences in indicators with carriers of the CC genotype in the corresponding group
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Table 5

Individual anthropometric parameters and the level of blood pressure in the examined depending on the
genotypes of the AGT gene (rs4762, 521 C>T)

Values AGT gene genotypes i the roup tnder sty
cC- CT- TT-
otia o isorio 152,2544,0 P<0,001 157,1042,52 P<0,001
B e |
BML, kg/m? ((:3(T: %g:ﬁjﬁg; 31.43+1,52 P<0,001 32174146 P<0,001
WCsm o ST 102,2342,71 P<0,001 102,1124,65 P=0,049
WHR.co | ~Gr | gora008 Hoo0r 093204

Notes: P—the probability of differences in indicators with the control group according to the corresponding genotype;
P~ the probability of differences in indicators with the control group according to the corresponding genotype.

The dependence of hemodynamic indicators
and individual anthropometric parameters on gene

genotypes was also not established GNB3 (rs5443, 825
C>T) (table 6).

Table 6

Individual anthropometric parameters and the level of blood pressure in the examined depending on the
genotypes of the AGT gene GNB3 (rs5443, 825 C>T)

GNB3 gene genotypes
Values GN]tBh3 gene{ ngotypes in the group under study
1n the control group CC- CT- TT-
CC- [ 116,35:2,52
SBP, mmHg | CT- | 116,59+222 1300533 PSR0PS| 1541722,62 P<0,001
TT- | 118.80+1,05 : :
CC- | 7542429
oo, 93,87+1,85 94,50+2,71 95,043,07
DBP,mmHg | CT- | 76.65:2.21 STEL S0£2, 043,
. o0 P<0,001 P<0,001 P=0,001
CC- | 26,18£127
BMI kg/m? | CT- | 26.4120,39 e Ty 33,2320,9 P=0,013
TT- | 25.97+0,57 ’ ’
CC- | 89.33+5.98
WC, sm CT- | 90,17:2.62 pvierel HO-2Te0112 | 108,83+2,90 P=0,048
TT- 97,092,0 ’ ’
cC- 0,840,03 0012002
WC/HC, cu | CI- 0,86:0,02 L0 0,92+0,02 P=0,013 |  0,94+0,02 P=0,045
TT- | 0.88£0,015 ’

Notes: P—the probability of differences in indicators with the control group according to the corresponding genotype; P,
P_,—the probability of differences in indicators among carriers of the CC-and TI-genotypes in the corresponding group.

Conclusions

1. The activity of certain metabolic processes
in patients with EAH is associated with the allelic
state of the AGT (rs4762) and GNB3 (rs5443) genes:
carriers of the T-allele of the AGT gene (rs4762) have
a glucose level 27.36% higher than that of owners of
the CC-genotype 27,36% (P..=0,032), at the same
time, the atherogenicity coefficient, on the contrary, is
lower — 14.41% (P_.=0,047) with a probable difference
in women — 14,90% (P .=0,046); the presence of the TT-
genotype of the GNB3 gene (rs5443) in patients with EAH
is associated with hypercholesterolemia: the content of
cholesterol probably exceeds that of homozygous owners
of the wild C-allele by 13.95% (P_.=0,037).

2. Hormonal-messenger indicators of the regulation
of mineral metabolism do not depend on the allelic state of
the GNB3 gene (rs5443), while in the owners of the T-allele
of the AGT gene (rs4762) a lower level of total metabolites
Kriniuna Ta excriepuMeHTanbHa natonoris. 2022. T.21, Ne 4 (82)

of vitamin D in the blood (at the «deficiency» level) was
established - 14, 97% (P.=0,002), against a background
of a compensatory increase in the concentration of PTH —
on 29,18% (P_.=0,025). The obtained results indicate that
the hypocalcemia present in patients with EAH, although
it does not have a statistically significant dependence on
the allelic state of the genes analyzed by us, is caused
in part and potentiated by a pronounced deficiency of
25-hydroxycholecalciferol 25(ON)D3 in the blood,
especially in patients with EAH carriers of T- allele of the
AGT gene (rs4762), which led to an increase in PTH in
them to maintain calcium homeostasis at the proper level.

Prospects for further research

In the future, we will investigate the association of
hypertrophic geometric models of the left ventricle with
changes in clinical and anthropometric parameters.
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