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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hawea2o coobuwecmea.
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POLYMORPHISMS OF SOME GENES,
ASSOCIATED WITH HYPERTENSION:
A REVIEW OF RELEVANT PUBLICATIONS

Abstract. Purpose of the review: To review relevant publications on the study results of gene polymorphisms in
hypertension.

Methodology: A search of relevant publications was conducted in electronic databases including Embase,
PubMed/Medline, Science Direct, Ebscohost, Springer Link, The Cochrane Library, Web of Knowledge (Thomson
Reuters), and eLibrary. The depth of search for publications was 16 years (2002-2018). More than 30 publications
were selected and reviewed as analytical material for this article. The inclusion criteria were meta-analyzes, syste-
matic reviews, full-text articles published earlier in 2002, the results of randomized studies, research reports with
evidence base.

Results and conclusion. An analysis of relevant publications indicated that despite the many ongoing studies on
the polymorphisms of genes involved in the renin-angiotensin-aldosterone system in hypertension, the results of
these studies are contradictory. Sample size, the specific population and other external factors influence study results.
Each population has its own characteristics that affect the result of the study. When assessing the association between
gene polymorphisms and the risk of hypertension, it is necessary to take into account changes in the genes with the
geographical features of the studied population. In addition, an example of such a study would be the Kazakh
population.

Keywords: hypertension, gene polymorphisms, single nucleotide polymorphism, renin-angiotensin-aldosterone
system.

Introduction. Hypertension is a widespread chronically occurring multifactorial disease that is asso-
ciated with the interaction between the genetic background and environmental factors [1]. The prevalence
of hypertension throughout the world is constantly growing, and medical costs associated with treating its
complications are increasing exponentially in all countries. According to the World Health Organization,
hypertension is globally one of the risk factors for a number of non-communicable diseases.

One of the proven risk factors for the development of hypertension is a genetic predisposition in
which the signs of this disease are transmitted to offspring. Identification of genetic factors to predict the
formation and progression of hypertension and its complications is an important task for the Republic of
Kazakhstan due to the high prevalence and epidemiological, medico-social and economic significance of
hypertension for society and the health system [2, 3].

Genetic factors largely determine the risk of developing hypertension and target organ damage, are
constant throughout the life of the individual and can be diagnosed at any time, including well before the
onset of the clinical symptoms of the disease. However, most of the identified genetic factors were
obtained in studies of people of European descent, whereas there are significant differences in the
association of polymorphisms in genes with diseases between representatives of the Asian and European
populations.
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To date, there are many studies that are devoted to the study of gene polymorphisms in various disea-
ses including hypertension.

The purpose of this article is to review relevant publications on the study results of gene polymor-
phisms in hypertension.

Materials and methods. A search of relevant publications was conducted in electronic databases
including Embase, PubMed/Medline, Science Direct, Ebscohost, Springer Link, The Cocrane Library,
Web of Knowledge (Thomson Reuters), and eLibrary. The depth of search for publications was 16 years
(2002-2018). The following search terms were used for the search: “hypertension” OR “essential hyper-

99 ¢

tension” OR “high blood pressure”, “gene polymorphisms” OR “single nucleotide polymorphisms” OR
“polymorphism”, “genetic association” OR “genetic variant” OR “genetic association study”. More than
30 publications were selected and reviewed as analytical material for this article. The inclusion criteria
were meta-analyzes, systematic reviews, full-text articles published earlier in 2002, the results of rando-
mized studies, research reports with evidence base. All selected publications were in English and Russian,
and included studies in individuals with hypertension and metabolic syndrome.

Results and discussion. To date, there have been identified a polymorphism of dozens of genes
claiming to be hereditary markers of hypertension and other cardiovascular diseases.

In large-scale studies (GWAS), international consortia (Global Blood pressure gen Consortium,
CHARGE, International Consortium for Blood Pressure, Asian genetic epidemiological network) eva-
luated associations between genomic variants and phenotypic traits in different ethnic groups and iden-
tified 147 single-nucleotide polymorphisms associated with hypertension and the risks of target organ
damage [4-8].

The search for candidate genes in hypertension should be based on existing ideas about the mecha-
nisms of their development. Therefore, special attention was paid to the study of genes involved in the
renin-angiotensin-aldosterone system (RAAS), since the RAAS affects the homeostasis of the vascular
volume and vascular tone [9, 10]. We analyzed various genes - candidates for hypertension to determine
their association with each other.

Angiotensin-converting enzyme (ACE). Among numerous studies, considerable attention was paid to
the study of the polymorphisms of the angiotensin-converting enzyme gene, which catalyzes the splitting
of inactive angiotensin I to active angiotensin II. There are a number of polymorphisms in the ACE gene.
One of them is associated with the insertion (I) or deletion (D) of the Alu element with a size of 287 base
pairs in the 16th intron and 3 genotypes are distinguished: I/I homozygotes, D/D deletion homozygotes,
I/D heterozygotes [11]. Genotype Il carriers have the lowest enzyme level, while in people with DD
genotype, it is maximal. Therefore, the presence of allelic variant D leads to an increased content of
angiotensin I, a decrease in the level of bradykinin and may be a risk factor for cardiovascular disease.

Currently, there are many studies on insertion-deletion (ID) polymorphism of the ACE gene in
patients with hypertension. In the world as we know the ethnic origin affects the gene polymorphism of
ACE I/D [12]. Some studies conducted in the African, Australian, Mongolian, and Pakistani populations
revealed a link between the polymorphism of the ACE DD gene and the development of hypertension.

Tchelougou D. et al. (2015) investigated the association between the three polymorphisms of the
renin-angiotensin system and hypertension in the African population. The study results showed a strong
link between the polymorphism of the ACE I/D genes and the development of hypertension. Therefore,
they indicate that the DD genotype is a predictor of the risk of hypertension, regardless of other
environmental factors [13].

In addition, other studies have demonstrated a link between allele I and hypertension [14]. The
limited number of individuals studied and the presence of high levels of inbreeding [15] explained the
association between allele I and hypertension in the Pakistani population.

However, some studies conducted in the Belgian, Dutch, Indian and Bangladeshi populations did not
reveal any connection between the polymorphisms of the ACE gene and hypertension [16].

Sumeet G. et al. (2009) in their study have seen that the polymorphism of the ACE I/D genes is not a
risk factor for the development of hypertension in the study of rural population from India.

The inability to find a link between the polymorphism of the ACE I/D genes and hypertension in this
study strongly suggests that the ACE gene does not play a dominant role in the pathophysiology of hyper-
tension in the Indian population and it is not a good predictor of hypertension [17].

— 16 ——
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Thus, ethnic and geographical differences may affect the ACE I/D polymorphisms, but their asso-
ciation with the development of hypertension remains controversial.

Type | angiotensin Il receptor (AGTR1). The gene encoding angiotensin II receptor type I (AGTR1)
is located on chromosome 3 (3q24). Activation of the renin-angiotensin-aldosterone system and the sub-
sequent generation of angiotensin II play an important role in normal physiology and in the progression
of heart and kidney diseases. According to G. Nickenig and D. Harrison (2002) study, type I angiotensin
I receptor is regulated by different mechanisms.

Glucocorticoids, aldosterone, insulin, LDL, estrogen, progesterone, sodium influence the expression
of the angiotensin II receptor of type I. Increased serum LDL levels play a fundamental role in the patho-
genesis of hypertension. An increased level of LDL enhances angiotensin II type I receptor mRNA and
protein expression, thereby increasing angiotensin II sensitivity [18].

Fung M. and a group of researchers (2011) in their work showed that polymorphisms of the AGTR1
gene can contribute to the development of hypertension in patients with highly normal blood pressure
indicators [19]. In this study, insulin resistance was observed in patients with highly normal blood pres-
sure, and this was associated with the metabolic syndrome. Moreover, the less studied A/G polymorphism
was associated with HDL and apolipoprotein A1l.

Palatini P. et al. (2009) investigated the effects of A1166C gene polymorphism for AGTR1 and -
1332G/A for AGTR2 on the incidence of stable hypertension and metabolic syndrome in a cohort of
young patients who had screening test for stage [ hypertension. They showed that SS genotype carriers in-
creased the risk of developing metabolic syndrome, which was due to an increased tendency to gain
weight and the presence of hypertension. According to the results of this study, the polymorphism of the
AGTRI gene is a significant predictor of the development of hypertension and metabolic syndrome [20].

Sean O. Henderson et al. (2004) showed that the T allele (-535) of the AGTR1 gene and the T allele
(-344) of the CYP11B2 gene may increase the risk of hypertension among African Americans, but not
among Hispanics [21].

S. Mehri et al. (2011) studied the association between the genes AGTR1 and ACE with the risk of
developing cardiovascular diseases. The study indicated that the A1166C polymorphisms of the AGTR1
gene are genetic risk factors for the development of cardiovascular disease [22].

According to Behravan J. et al. (2006), the frequency of the C allele of the AGTR1 gene was higher
in women with hypertension than in women without hypertension, and in men, this frequency was not
observed [23]. The authors explain that the A/CC genotype is associated with higher blood pressure num-
bers than the AA genotype in women. In addition, the results of the study showed that some components
of the RAAS in women are regulated by estrogen.

Abdollahi M. and a group of researchers conducted a new approach to quantifying the haplotypes of
the AGTRI1 gene transcript [24]. The authors studied the association of homozygous and heterozygous
haplotypes with the metabolic syndrome and, as a result, the metabolic syndrome was associated with the
C allele rs5186 of the AGTR1 gene.

Shatskaya E. et al. (2011) conducted a study to identify the association between the genes - candida-
tes of the RAAS, lipid metabolism, hemostasis factors responsible for the function of the endothelium and
hypertension [25]. The results of the study showed that the A1166C polymorphism of the AGTR1 gene
was more common in patients with hypertension and was associated with parameters of hemodynamics
and metabolic status, determining the risk of developing cardiovascular complications in patients with
hypertension.

Aldosterone synthase (CYP11B2). The CYP11B2 gene encodes a second cytochrome P450 poly-
peptide of family 11, subfamily B (cytochrome P450, subfamily XIB, polypeptide 2; CYP11B2), catalyses
the last step in the synthesis of the hormone aldosterone from deoxycorticosterone. Several single
nucleotide polymorphisms are known in the CYP11B2 gene. The most fully studied polymorphism, which
is manifested in the replacement of cytosine by thymine in the -344th position of the nucleotide sequence,
in the regulatory region of the gene. This site is the binding site of steroidogenic transcription factor SF-1,
an expression regulator for aldosterone synthase gene. According to research, the allele T leads to increa-
sed production of aldosterone, which in turn is associated with hypertension.

Many researchers have studied and analyzed single nucleotide polymorphisms of the gene that affect
the function of aldosterone synthase activity. As a result, they created a database on the polymorphisms of
this gene [26].
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Y.R. Kim et al. (2014) examined the association of the polymorphisms -344C/T, K173R and IC of
the CYP11B2 gene with hypertension in Korean patients. The study authors found that the genotype RR
polymorphism K173R was associated with the development of hypertension [27].

Chandra et al. (2015) in their study determined the correlation between increased expression of the
CYP11B2 gene and hypertension [28]. They consider these results as a factor in the progression of in-
creased blood pressure in patients with hypertension.

E. Androulakis (2012) and other scientists studied the effect of aldosterone synthase gene polymo-
rphism on vascular dysfunction and inflammation in hypertension. As a result, they concluded that the
homogeneous T allele of the polymorphism —344C/T of the CYP11B2 gene is a marker of the risk of
developing hypertension, but it was not associated with vascular changes in hypertension [29].

Many scientists use large-scale studies of the association of genomic diseases (GWAS) and candidate
genes to study the genetic basis of hypertension and among these scientists were K. Miyaki (2012) et al.
who studied 12 independent gene variants [30].

Sh. Niu et al. (2016) studied the effect of polymorphisms of RAAS genes on hypertension in the
Kazakh population living in northwestern China [31]. As a result, the authors found that a strong syner-
gistic effect between polymorphisms of ACE I/D and CY11B2 T-344C genes and a moderate effect bet-
ween polymorphisms of ACE I/D and CY11B2 T-344C genes increases the risk of developing hyper-
tension among Kazakhs.

F. Takeuchi et al. (2012) in their large study on the Japanese population evaluated the association of
blood pressure with seven candidate genes [32]. The researchers found a link between the rs1799998 po-
lymorphism of the CYP11B2 gene and the rs699 of the AGT gene with hypertension.

However, there have been some studies, the results of which did not reveal the association of
CYP11B2 gene polymorphisms with the development of cardiovascular diseases [33-37].

Conclusion. An analysis of relevant publications indicated that despite the many ongoing studies on
polymorphisms of genes involved in the RAAS in hypertension, the results of these studies are contra-
dictory. Sample size, the specific population and other external factors influence study results. Each po-
pulation has its own characteristics that affect the result of the study.

Thus, to assess the association between gene polymorphisms and the risk of hypertension, it is neces-
sary to take into account changes in the genes with the geographical features of the studied population.
The Kazakh population study of polymorphisms associated with hypertension could significantly comple-
ment global studies and accelerate the acquisition of specific data for the development of personalized
approaches in the prevention and treatment of hypertension.

B. B. BenGepun', I'. A. Epmaxanora’, H. A. Illanazapos’,
T. A. BO].l.leHKOBal, H. K. Ceﬁna.ﬂnﬂl, H. IO. JInucoBckas’

'Kasaxcran Pecry6mukace! Ipesunenti Ic Backapmackl MeIMITHHANBIK OPTaIbiFbl AypyXaHACHL,
Acrana, KazakcraH,
*«Crimxenko Kimuukack» oHKOIOTHs opTanbFsl, Kues o6bich, YkpanHa

APTEPHUSUIBIK THIEPTEH3USIMEH ACCOLMAIMSIIAHFAH
KEWEBIP TEHEPIH ITOJIMMOP®U3M/IEPI:
BENTH/I )KAPUSITAHBIMJIAPFA IIOJTY

AHHOTanmsi. Makcatbl: ApTepUsUIBIK THIIEPTEH3US Ke3iHe reHaep MoJMMophu3MIepiH 3epTTey HOTHXKENepi
OolibIHIIIa OCHiH/II KapUsUTAHBIMIAPFa IIONTY JKacay.

9nuicreme: Embase, PubMed/Medline, Science Direct, Ebscohost, Springer Link, Kokpan kitanxanacer, Web of
Knowledge (Thomson Reuters), eLibrary xipeTiH 35eKTpOHABIK JepeKKOpIapbiHia OeifiHal xapHusaIaHbIMaapra i31ey
Kyprizingi. YKapusnaneimaapasr i3aey Teperairi 16 o (2002-2018 xok.) 6omapl. Ockl MaKalaHBIH TalaaMalbIK
MaTepHuaisl periaae 30-IaH acTaM KapusuTaHBIMIAP KapacTHIPBUIBIT ipikTenmi. XKapusiaaHeMaapasl KOCy KpUTEpHiA-
nepi 6ombm 2002 KpUIHaH OacTam JKapWsUTaHFaH TOJNBIK MOTIHII Makajialap, MeTa-aHaJm3/ep, XKYHeli IIomymap,
paHIOMH3ALUsIIaHFaH 3ePTTEYIIEePAiH HOTKETepl, ONeIeHTeH Heri3i 0ap 3epTTey ecentepi TaObUIIBI.

Hotwxenep MeH KOpPHITHIHABUIAP: OCHIHAI sKapHsIaHBIMAAPIB! TaJlay apTePHsIbIK THIepPTeH3UAIAFbl PEHUH-
AQHI'MOTEH3UH-aNIbJOCTEPOH JKYHECiHe KaThICAThIH TeHIEPIiH NOIMMOp(GHU3MIEpiHE KAaTBICTBI KONTEreH 3epTTey-
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Jepre KapaMacTaH OCHI 3epTTEeYJIEePAiH HOTIDKeIepl KapaMa-KalIIBUIBIKTE KOPCETTi. 3epTTey HOTHKENepiHe ipiKTey
OIIIIeMi, HAKTHI TOMYJILIHS KOHE CHIPTKBI (hakTopmap acep erexmi. ['eHaepaiH moauMopdu3Maepi MeH apTepHSIIBIK
THIEPTEH3UHBIH JaMy KayIliHiH e3apa OaillaHbICHIH Oaranay Ke3iHze opTyp:i reorpadusuiblK epeKIIeNikTepre acep
€TeTiH XaJBIKTHIH TeHAEPiHeri e3repicTepai eckepy KaxeT. OcbIHIAH 3epTTEYAiH MBICANBI PETIHAE Ka3aK IMOIyJIs-
UsICHl 00Ja amapl.

Tyiiin ce3mep: apTepusUIbIK THIIEPTEH3Us, TeHaep noiuMopdusmaepi, Oip HyKICOTHITI NOIUMOP(U3M, PEHHH-
aHTMOTEH3UH-JIBJI0CTEPOH JXYHecl.

B. B. Bendepun', I'. A. Epmaxanosa’, H. A. Illana3zapos’,
T. A. Bomenxosa', H. K. Ceiigaaun’, H. YO. JlucoBckas’
IEOJILHI/II_[a MepumuHcKoTO0 TIeHTpa YrpasneHus nenamu [Ipesunenta Pecyomuku Kazaxcran,
Acrana, Kazaxcras,
*[entp onxonorun «Kmnunka Crmkenko», Kiesckas 061acTs, YKpanHa

HOJIMMOP®U3MbI HEKOTOPBIX 'EHOB,
ACCOIIUMPOBAHHBIE C APTEPHUAJIBHON I‘I/IHEMPTEH3I/IEI71:
OB30P NPOPUJIBHBIX ITYBJINKAIIUNA

Annotanus. Llens: nmpoBecty 0030p MPOQUIBHBIX ITyONUKAMK MO pe3ysbTaTaM H3ydeHUs] HOIMMOp(U3MOB
TeHOB IIPU apTEePUANILHOM I'MITepTEH3NH.

Mertoo0rusi: NPOBEAECH IMOUCK NMPOQIIIBHBIX IMyOIMKalKid B 3JIEKTPOHHBIX 0a3ax JaHHBIX, Bomenmux B Em-
base, PubMed/Medline, Science Direct, Ebscohost, Springer Link, The Cochrane Library, Web of Knowledge
(Thomson Reuters), eLibrary. ['my6una momcka myonukanmii coctasisa 16 aer (2002-2018 rr.). beum paccmot-
peHsl 1 oToOpaHk! Oornee 30 MyOMUKaIWiA B Ka4eCTBE aHATMTHIECKOTO MaTepraia Jjsl JaHHOU cTatbu. Kpurepusmu
BKIIFOUCHHUS SIBIIJIMCh META-aHAIMN3bl, CUCTEMAaTHYEeCKHE 0030pbl, MOJHOTEKCTOBBIE CTATbH, OIyOIMKOBAaHHbBIE HE
panee 2002 roma, pe3yibTaThl PaHAOMH3HPOBAHHBIX HCCIECIOBAHUHA, OTYETHl HCCICJOBAHUI, MMEIOIINE IOKa3a-
TEJIbHYIO 0a3y.

PesysnbraTel u 3akimtoueHne. AHaIU3 NPOQUIBHBIX MyOJIMKAIMK TTOKa3all, YTO HECMOTPS Ha MHOXECTBO IIPO-
BOJUMBIX I/ICCJ'IG[[OBaHI/Iﬂ 1o HOJ'II/IMOp(l)l/ISMaM T'C€HOB, Y4aCTBYIOUIUX B peHI/IH-aHFl/IOTeHSI/IH-a.HI)ZlOCTepOHOBOﬁ CHC-
TEME€ IIPU apTepUaNbHON T'MIIEPTEH3UH, PE3YJIbTAThl 3TUX HCCIENOBAHUN OYEHb NPOTHBOpEeuMBLI. Ha pesynbrarsl
WCCIIEJOBAHMS BIUSIET pa3Mep BBIOOPKH, KOHKPETHas TOIYJISHS U BHEIIHUE (akTopbl. IIpu oleHke B3aMMOCBS3H
NOJIMMOP(HU3MOB I'€HOB U PUCKA Pa3BUTHUS apTEPUAILHON THIIEPTEH3UMN HEOOXO0ANMO YUUTHIBATh N3MEHEHHS B TeHaxX
MOMYJISIUK, WCIBITHIBAIOIIEH BIMSIHUE Ppa3lIMyalolnxcsi reorpaduyeckux ocobeHHocteid. M mpumepoM Takoro
WCCIIENOBAHMS MOTJIa ObI CTaTh Ka3aXxCTaHCKas MOITYJISLIHS.

Ki1roueBble c10Ba: apTepuanbHas THIEPTEH3MUs, NOIUMOP(U3MBI TEHOB, OXHOHYKICOTUAHBIN MOIUMOPHHU3M,
PEHMH-aHTHOTEH3UH-AJIbOCTEPOHOBASI CHCTEMA.
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