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Original article Science & Healthcare, 2023 (Vol. 25) 4

% Hay4HO-UcCneaoBaTeNbCKMIi MHCTUTYT KapAMONOruM U BHYTPEHHUX GonesHen, Anmartbl, Pecny6nuka
KasaxcTaH;
® KMY “Bbicwas Lkona O6wecTBeHHOro 3apaBooxpaHeHnsa”, Anmatbl, Pecny6nuka KasaxcraH.

PaccmatpuBaloTcs 1 nccrneayoTcs pasnuyHble NoAX04b! K MEYEHUo CepAe4HO-COCyanCTbIX 3aboneBaHuin 1 CepaeyHoi
HeJoCTaTouHOCTH. B HacTosilee Bpems uccrenoBaTeny 0TMEYakoT KapaMONpPOTEKTOPHBIN AhdEKT npuema HOBOW rpynmbi
npenapatoB — uHrmbutopos SGLT2.

Llenb nccnenoBaHns: NPOBECTY CPABHUTENbHBIN aHANM3 NOMyNALMOHHbIX YaCTOT annenei 1 reHoTUNOB NMONMMOPHBIX
BapMaHTOB reHOB, CBS3aHHbIX C (hapmakokuHeTukoit ganarnucgosnHa GWAS — SLC5A2 (rs9934336, rs3116150); PNPLA3
(rs738409); WFS1 (rs10010131); UGT2B4 (rs1080755), B 9THMYeCKM OAHOPOLHOW MOMyNsUMM Ka3axoB C paHee
U3y4eHHbIMW MAPOBLIMM NONYNALUAMMU.

leHomHast 6a3a gaHHbIx 1800 30OPOBLIX JINL, KA3aXCKOW HaLMOHAMNbHOCTY MCTONb30Banack Ans aHanuaa nonynsauyoHHbIX
YacToT annenei u reHOTUMOB NONMMOPCHbBIX BAPUaHTOB rEHOB, CBA3AHHBIX C (DAapMaKOKMHETVKON AanarnudnoauHa.

PesynbTathl nokasanu, 4to B Ka3axCTaHCKOW NONyMsUMM pacrpefeneHne reHoTUnoB MCCnedyeMblX MonMmMopguamos
[EHOB, CBS3aHHbIX C S(EKTMBHOCTLIO Tepanui CEepAeYHON HEOOCTaTOMHOCTM MHMMbuTopamm SGLT2, cootBeTCTBYET
paBHoBecuto Xapau-Bainbepra (p>0,05). BbisiBnEHbl BbICOKME MONYMSLMOHHbIE 4acTOTbl HebrnaronpusTHbIX anmnenen
nonumopdmamos reHoB — PNPLA3 rs738409, uto cBupgeTenscTByeT 06 MX OCHOBHOM TEHETMYECKOM BKNage B MPOrHO3
apekTBHOCTY Tepanum uHbutopamm SGLT2 npu neveHnn cepaeyHon HegoCTaTouHOCTH B Ka3axCTaHekon nonynsuyuu. Mo
pesynbTatam aHarmsa GWAS u meTa-ccnegoBaHui Gbino 0TobpaHo 5 NaHITHUYECKUX MOMMMOPEUM3MOB 1S AanbHEMLIEro
PEMMMKATMBHOMO TEHOTMMWPOBAHUS MALWMEHTOB C CEepaeYHON HEeRoCTaTOMHOCTBIO, MONy4yaBLUMX AanarnudnosuH, ans
NPOrHO31poBaHMs 3H(HEKTUBHOCTM 1 Be3onacHoCTV Tepanim uHmbuTopamm SGLT2 B ka3axCTaHCKOM NOMynALmMA.

Knroyeenie cnoea: uHeubumops! SGLT2, hapmakokuHemuka, cpapmakozeHemuka, SNP, GWAS-aHanu3. PagHogecue
Xapdu-BaiiHbepza.

Tyninpgeme

KA3AK T¥PFbIHOAPDbIHbIH XYPEK XETKUIIKCI3AIr! KE3IHAOE SGLT2
UHIIMBUTOPJNIAPBIMEH TEPANMUACDBIHbBIH TUIMAOININNTHAOE
FEHETUKANDbIK MAPKEPJIEPi TAPANYbIHbIH NONYNALUMUANDbIK
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. AKymepniK, FTMHEeKoNnorusa XXoHe nNnepuHaTosniorus FbifibiMU OopTanbIfblHbIH PecnyGnMKanbm MegunuuHa-
reHeTUKanbIK KOHCyNbTauusicbl, Anmatbl, KasakctaH Pecnybnukachil;

2 Kapounonorus xaHe iwki aypynap fbiibiIMU-3epTTey MHCTUTYThI, AnmaThbl, Kazakctan Pecny6nukachi;
3 KMY “Kofamablk AeHcaynbIK cakTay Xofapbl MekTe6i”’, AnmaThbl, KazakcTaH Pecnybnukacoil.

JKypek-kaH Tambipriapbl aypyrapbl MEH XypeK XeTKInKCi3airH emaeyain, apTypni Tacingepi KapacTbipbinbin 3epTTenyae.
Kaaipri yakbiTra 3epTTeyLinep SGLT2 nHrnbutopnapbiHbiH, xaHa ToObiH KabbinpayablH XypeKTi Kopray aCepiH atan eTef.

3eptTey makcartbl: OypbiH 3epTTenreH anem Nonynsauusnapbl HerisiHAe Kasak STHUKamblk, GipTekTi nonynaumusacsiHaa
panarnucoani GWAS — SLC5A2 (rs9934336, rs3116150) hapmakokMHETUKACLIMEH BalnaHbICTbl reHAepaiH, NonMMopdThI
HyCKanapbIHbIH, annenbaepi MeH reHoTUNTepiHiH, NONyNALMANbIK, XuinikTepiHe caneicTbipmansl Tangay xyprisy; PNPLA3
(rs738409); WFS1 (rs10010131); UGT2B4 (rs1080755).

HanarnndnosnHriv, - hapmakokuHeTUKaCbIMEH OaiinaHbICTbl reHaepmiH, MonMMOpPdTbl  HyCKanapbiHbiH, annenbaepiHiH,
MONyNsLMANBIK, XKUIMirH XaHe reHOTUNTepiH Tangay yLUiH kasak, ynTbiHbiH, 1800 feHi cay afamHbIH, reHoMbIK Aepextep basach
nailganaHbingbl. Hamwkenep kasakCTaHgblk nonynsauusaa SGLT2 TexeriluTepiMeH Xypek KeTKinikciagiri TepanusiChiHbIH,
TimginiiHe GaiinaHbICTbl 3epTTENreH reHgik NonMMopgUamMaepmiH, reHoTUNTEPiHiH, Tapanybl Xapau-BaiHbepr Tene-TewngiriHe
Calikec KeneTiHiH kepcetTi (p>0,05). M'eHaik nonuMopdmamaepaiH, KoNaiichI3 annenbaepiHit, Xorapbl NONYNAUNSIbIK XUINIKTEP
aHbikTangsl — PNPLA3 rs738409, 6yn onapabiH, kasak, nonynsuusiaarbl Xypek xeTkinikciagiriH emaeyne SGLT2 TexeriTepimeH
Tepanus TiMainiriHiK, GomKkaMblHa Heri3ri reHeTUKkanblk, yneciH kepcetedi. GWAS TanpayblHblH, XaHe MeTa-3epTTeynepmiH,
HaTWxenepi BoiblHWA Ka3akCTaHablk nonynsumsaa SGLT2 TexeritepiMeH TepanusHbiH, TMIMAINIT MeH kayincisgiriH Oomkay
YWiH fanarmudono3MHMeH eMAEenreH Xypek KeTkinikciagiri 6ap Haykactapabl OfaH api PennuKaTWBTI FEHOTMMTEY yiliH 5
NaH3THUKarbIK NONMMOPU3M TaHZanAb!.

Tylindi ce3dep: SGLT2 uHeubumopnaps!, hapmakokuHemukacsl, (hapmakozeHemuka, SNP, GWAS mandayei, Xapdu-
BaliHbepe mene-men0iai.
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Introduction

According to the World Health Organisation (WHO),
cardiovascular diseases (CVD) account for 40% of all
causes of death in Europe and 50% in Kazakhstan [5, 44].
12% of the economically active population of the Republic
of Kazakhstan suffers from CVD (about 2 million people)
[2]. The high-risk group of deaths from CVD includes
patients with chronic heart failure (CHF), which develops as
a result of arterial hypertension (AH), coronary heart
disease (CHD), rheumatic heart defects, and type 2
diabetes mellitus (DM2).

At present, various approaches to the treatment of CVD
and heart failure (HF) are being considered and
investigated, most researchers note the cardioprotective
effect of taking a new group of drugs — SGLT2 inhibitors
(sodium-glucose co-transporter 2) prescribed for the
treatment of DM2 [28, 34]. Although the mechanisms of this
protection are not entirely known, it has been shown that
SGLT2 inhibitors cause a decrease in triglycerides, an
increase in high-density lipoprotein cholesterol (HDL) [28,
10], change liver metabolism towards fatty acid oxidation
and ketogenesis [42].

The most widely used drug in Europe of the SGLT2
inhibitor group — dapagliflozin (trade name Forxiga), a new
class of approved oral antidiabetic drugs that specifically
inhibit the function of sodium-glucose co-transporter 2 in the
kidneys. Initially used for the treatment of DM2,
dapagliflozin was one of the first antidiabetic drugs effective
in reducing mortality from CVD and the number of
hospitalisations for HF in these patients [10, 20; 22].

The Framingham Heart Study demonstrated that DM2,
regardless of the level of blood pressure (BP) and
cholesterol in the blood serum, increases CH by 2 times in
men and 5 times in women compared with the control group
of the same age. Long-term follow-up in the same cohort
discovered obesity as a risk factor for the occurrence of HF
in the future in both men and women [24].

According to the results of clinical trials of some
hypoglycemic drugs, a decrease in body weight was shown
among patients with DM2, especially those who took
selective SGLT2 inhibitors (for example, dapagliflozin and
empagliflozin) [21]. Meta-analysis of studies of patients with
DM2, in which the effects of dapagliflozin were evaluated,
body weight loss in the main group compared to the
placebo group after 24 weeks ranged from 1.6 [39] to 2.2 kg
[40] and from 0.8 [40] to 1.6 kg [15], respectively. In the
same study, among participants taking dapagliflozin without
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a history of DM2, compared with the placebo group, body
weight loss after 24 weeks was 4.1 kg [39].

Only a small number of studies have been conducted
on the effectiveness of dapagliflozin in chronic HF, which
indicates the need for more well-planned studies in this
area, with a large number of subjects investigated in
different groups. The results of single studies of
polymorphisms of various genes are rightly interpreted with
caution since they often cannot be reproduced in other
cohorts and populations. The analysis of the results of
genome-wide GWAS (genome-wide association study)
studies and data from meta-analyses on the
pharmacogenetics of dapagliflozin discovered specific
polymorphisms of genes associated with the effectiveness
of GWAS therapy with dapagliflozin.

In this study, a comparative analysis of the population
frequencies of alleles and genotypes of polymorphic
variants of genes, GWAS associated with the
pharmacokinetics of dapagliflozin — SLC5A2 (Solute Carrier
Family 5 Member 2, rs9934336, rs3116150); PNPLA3
(Patatin  Like Phospholipase Domain Containing 3,
rs738409); WFS1 (wolframin ER  transmembrane
glycoprotein, rs10010131); UGT2B4
(Glucuronosyltransferase Family 2 Member B4, rs1080755),
in an ethnically homogeneous population of Kazakhs with
previously investigated populations of the world.

Materials and Methods

This study was conducted as part of the scientific and
technical program BR 11065383 "Development of
innovative and highly efficient technologies to reduce the
risk of premature mortality from diseases of the circulatory
system, chronic respiratory diseases and diabetes" (Ne
0121RK00850).

The local Ethical Commission approved the study of the
Non-profit Joint Stock Company "Asfendiyarov Kazakh
National Medical University" (Almaty, Kazakhstan),
application No. 1121 dated April 28, 2021.

The research material was deoxyribonucleic acid (DNA)
isolated from the peripheral blood of the recruited population
control group, which 1800 healthy persons of Kazakh
nationality represent. Criteria for selection to the control group:
ethnicity — Kazakhs from 18 years and older; the ability of the
subject to make an independent decision on consent to take
part in the project. The DNA of the recruits is stored in the
biobank "Miras" Scientific Center of Obstetrics, Gynecology
and Perinatology, which was created within the framework of
the project "Genetic Research on Pre-eclampsia in Central
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Asian and European Populations” (InterPregGen) of the 7th
Framework Program of the European Commission under Grant
Agreement No. 282540 [40].

Information on possible candidate genes deposited in
public databases on the pharmacogenetics of various drugs
and recommendations of the Clinical Pharmacogenetics
Implementation  Consortium  (CPIC), the European
Medicines Agency (EMA); the Food and Drug
Administration (FDA) (USA) were used to select substantial
polymorphisms  of pharmacogenetic  testing  when
prescribing SGLT2 inhibitors in cardiology [15].

For replicative genotyping, 5 polymorphic variants of 4
genes were selected, according to GWAS data associated
with the effectiveness of therapy with SGLT2 inhibitors.

DNA isolation was conducted by the M-PVA magnetic
particle separation method on an automatic Prepitto
analyser (Perkin Elmer) to isolate nucleic acids Chemagic
Prepito (Wallac, Finland) using a set of Prepito DNA
CytoPure reagents. Genotyping of each individual for ~2.5
million SNPs was conducted using OmniChip 2.5 M lllumina
chips at the DECODE Iceland Genome Centre as part of
the InterPregGen project. lllumina Omni2.5-8 Chip includes
frequent and rare population variants of SNP from the 1000
genomes project for various world populations. Genotyping
quality control was conducted with the exclusion of SNP
with MAF (minimal allele frequency) below 1%, call
rate<98%, significance less than p<5x108, cluster plot

inspection, with deviation from the Hardy-Weinberg
equilibrium (HWE) (P<0.05) [2].

Based on the results of GWAS and meta-analysis, 5
highly significant single nucleotide  polymorphisms
associated with the pharmacokinetics of dapagliflozin were
selected for subsequent independent replicative genotyping
in an ethnically homogeneous population of Kazakhs.
Statistical calculations of allele and genotype frequencies,
significance tests, and analysis of the nonparametric
criterion x2 were performed using PLINK software. The
assessment of the correspondence of the obtained
genotype frequencies to the Hardy-Weinberg equilibrium
law was calculated using the HWE test function of the
PLINK programme [36].

Results

In an ethnically homogeneous population of 1800
Kazakhs, the study of population features of allelic and

genotypic  distribution ~ of  potentially  substantial
polymorphisms of genes SLC5A2 (rs9934336, rs3116150);
PNPLA3  (rs738409); WFS1 (rs10010131); UGT2B4

(rs1080755), according to the GWAS analysis associated
with the effectiveness of dapaglifiozin therapy. Table 1
presents the genetic characteristics of the polymorphisms of
the investigated genes with an indication of the identifier
(SNP Identifier), the location of the polymorphism on the
chromosome, the physical distance in the paired bases
(base-pairposition — bp), the name of the gene.

Table 1.

Genetic characteristics of SNPs genes associated with the pharmacokinetics of dapagliflozin according to GWAS data.

No. Name of the gene Chromosome rs Position | minor
1 . . rs9934336 | 31484552 | A
2 SLC5A2 Solute Carrier Family 5 Member 2 16 13116150 | 31486700 | A
3 | PNPLA3 Patatin Like Phospholipase Domain Containing 3 22 rs738409 | 43928847 | C
4 WFS1 Wolframin ER transmembrane glycoprotein 4 rs10010131] 6291188 | A
5 | UGT2B4 | UDP Glucuronosyltransferase Family 2 Member B4 4 rs1080755 | 69478923 | G

Note: rs is the SNP identifier;

As can be seen from Table 2, the highest population
frequency of the minor C allele is observed in the rs738409

polymorphism of the PNPLA3 gene — 37.4%, the lowest in
the rs1080755 polymorphism of the UGT2B4 gene — 8.5%.

Table 2.

Frequencies of alleles and genotypes of SNPs genes GWAS associated with the pharmacokinetics of dapagliflozin

in the Kazakh population.

Name of the gene rs MAF N A1 A2 GENO
SLC5A rs9934336 0.188 1801 G A 1178/569/54
rs3116150 0.114 1800 G A 1407/374/19
PNPLA3 rs738409 0.374 1800 G C 700/852/248
WFS1 rs10010131 0.185 1786 G A 1188/532/66
UGT2B4 rs1080755 0.085 1801 A G 1505/285/11

Note: rs is the SNP identifier; MAF is the frequency of the minor allele;

N is the number of samples; A1 is the wild-type

allele and A2 is the minor allele; GENO is the number of identified genotypes.

The materials in Table 3 indicate that in the Kazakh
population for all investigated polymorphisms, the
distribution of genotypes is in accordance with the Hardy-
Weinberg equilibrium since the differences between the
expected and observed heterozygosity for all 5 SNPs
turned out to be unreliable (p>0.05).

Table 4 shows the results of a comparative analysis of
the calculated population frequencies of 5 minor alleles of 4
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polymorphic genes associated with the pharmacokinetics of
dapaglifiozin in the Kazakh population compared to
previously investigated populations of the world.

Allele frequencies in populations of the world are
presented according to the database of 1000 genomes of
the third phase [43], as well as electronic resources
gnomAD [16], according to publications from world
information databases, GWAS analyses.
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Correspondence of genotype distribution to the Hardy-Weinberg equilibrium genes

Table 3.
associated with the

pharmacokinetics of dapagliflozin in the Kazakh population.

Name of the gene s N GENO O(HET) E(HET) D

SLCEAY rs9934336 1800 1178/569/54 0.3159 0.3053 0.1642

rs3116150 1801 1407/374119 0.2078 0.2027 0.3514

PNPLA3 5738409 1800 700/852/248 04733 0.4685 0.6874

WFS1 rs10010131 1786 1188/532/66 0.2979 0.3027 0.4826
UGT2B4 rs1080755 1801 1505/285/11 0.1582 0.1559 0.65

Note: rs is the SNP identifier; MAF is the frequency of the minor allele; N is the number of genotyped individuals;
GENO is the number of identified genotypes; O (HET) is the expected heterozygosity according to the Hardy-Weinberg
equilibrium; E (HET) is the observed heterozygosity according to the Hardy-Weinberg equilibrium; P is p-value;

Table 4.

Comparative analysis of allelic frequencies of SNPs genes GWAS associated with the pharmacokinetics of

dapagliflozin in populations of the world.

Population | N | MAF | X2 | p
SLC5A2 rs9934336
Kazakhstan 1800 0.188
Europe 503 0.254 10.835 <0.001*
East Asia 504 0.115 14.620 <0.001*
South Asia 489 0.181 0.361 0.548
SLC5A2 rs3116150
Kazakhstan 1801 0.114
Europe 503 0.237 48.459 <0.001*
East Asia 504 0.001 60.862 <0.001*
South Asia 489 0.089 2.355 0.125
PNPLA3 rs738409
Kazakhstan 1800 0.374
Europe 503 0.226 38.157 <0.001*
East Asia 504 0.350 1.077 0.300
South Asia 489 0.246 28.265 <0.001*
WFS1rs10010131
Kazakhstan 1786 0.185
Europe 503 0.369 76.936 <0.001*
East Asia 504 0.096 22.863 <0.001*
South Asia 489 0.282 22.306 <0.001*
UGT2B4 rs1080755
Kazakhstan 1801 0.085
Europe 503 0.227 77.041 <0.001
East Asia 504 0.002 43.479 <0.001
South Asia 489 0.097 0.601 0.439

Note: N is the number of DNA samples; MAF is the frequency of the minor allele;
X 2is the Chi-square criterion; p is statistical significance.

As shown in Table 4, the frequency of carrying the
minor allele A rs9934336 in the SLC5A2 gene in the
investigated sample of Kazakhs was 18.8%, which did not
substantially differ from the similar frequency in South Asian
populations - 18.1% (p>0.05), but was substantially higher
than the population frequency of the minor allele A of this
polymorphism in the population of East Asia - 11.5% and
substantially lower than in European populations — 25.4%
(p<0.001). The frequency of the minor allele A rs3116150 in
the same SLC5A2 gene in the Kazakh population was
11.4%, which also had no substantial differences with the
similar frequency in South Asian populations - 8.9%
(p>0.05), but substantially exceeded the population
frequency of the minor allele A of this polymorphism in the
population of East Asia — 0.1% and it turned out to be
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substantially lower than in European populations — 23.7%
(p<0.001).

The protein of the same name encoded by the SLC5A2
gene is the main co-transporter involved in glucose
reabsorption in the kidneys, therefore, polymorphisms in
this gene are associated with renal glucosuria [6]. It was
shown that although dapagliflozin was the first discovered
potent SGLT2 inhibitor with a beneficial effect on CVD, the
pharmacogenetic mechanisms of its action have not been
sufficiently investigated [32]. The results of the few studies
conducted are very contradictory, from the complete
absence of a link between the carriage of rs9934336 and
rs3116150 of the SLC5A2 gene with a decrease in the risk
of CVD to the pronounced protective effect of rs9934336 in
reducing the risk of DM2 and CHD [8, 48].
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The results of studies conducted to examine the course
of CVD using SGLT2 inhibitors have shown a reliable
relationship between the carriage of polymorphisms of
SLC5A2, PNPLA3 and WFS1 with the effectiveness of HF
therapy regardless of the presence of DM2 [26].
Pharmacogenetic study by N. Zimdahl et al. [48] the
effectiveness of SGLT2 therapy (using Empagliflozin 10-25
mg/day as an example) demonstrated that the carriage of
the minor A allele of rs3116150 polymorphism in the
SLC5A2 gene substantially increases systolic blood
pressure, increases the risk of developing DM2, which
reduces the therapeutic effect of treatment. The population
frequency of rs9934336, rs3116150 of the SLC5A2 gene in
the Kazakh population has an intermediate value between
the previously investigated populations of Europe, South
and East Asia, which is likely to affect the effectiveness of
therapy with SGLT2 inhibitors, which will be less substantial
than for the population of South and East Asia, but more
effective compared to European populations.

The materials in Table 4 indicate that the frequency of
carrying the minor allele with rs738409 of the PNPLA3 in the
Kazakh population was the highest and amounted to 37.4%,
which had no substantial differences with the same indicator for
the population of East Asia — 35.0% (p>0.05). Substantial
differences in the higher carrier of rs738409 in Kazakhs were
obtained when compared with populations of Europe — 22.6%
and South Asia — 24.6% (p<0001). It is known that the
rs738409 of the PNPLA3 has been identified as a risk factor for
non-alcoholic fatty liver disease (NAFLD), while the carrier of
the minor allele of the rs738409 is associated with higher
therapeutic efficacy of NAFLD treatment with SGLT2 inhibitors.
During therapy with dapaglifiozin, statistically substantial
positive correlations between the improvement of glycated
haemoglobin, total cholesterol, triglycerides, AST (aspartate
transaminase) and ALT (alanine transaminase) were found
only in carriers of the risk allele with PNPLA3 rs738409. The
frequency of the minor C allele increases to 50% and higher in
Latin American populations, which explains the high incidence
of steatohepatosis in this ethnic group [47]. Kazakhs have the
highest population frequency of the minor allele C rs738409 of
the PNPLA3 - 37.4% - suggesting a relatively higher
frequency of NAFLD and a better therapeutic effect of therapy
with SGLT2 inhibitors, compared with the populations of
Europe and Asia.

The materials in Table 4 indicate that the frequency of
the minor allele A rs10010131 of the WFS1 in the Kazakh
population is 18.5%, which has a substantially low value
compared to similar indicators of populations in Europe —
36.9% and South Asia — 28.2% (p<0.001), but substantially
exceeds the similar frequency of carriage in the population
of East Asia— 9.6% (p<0.001). The results of the GWAS
studies have shown a substantial genetic contribution of
rs10010131 of the WFS to the risk of developing DM2 and
CVD. Pharmacogenetic analysis of the effectiveness of
dapagliflozin therapy discovered the relationship between
the carrier of the minor A allele associated with impaired
insulin secretion with a substantial decrease in body weight,
which had a greater therapeutic effect in patients with DM2
and HF [48, 37]. The comparatively low population
frequency of the minor allele A rs10010131 of the WFS1 in
Kazakhs - 18.5% suggests a lower efficacy of treatment
with SGLT2 inhibitors in carriers of unfavourable genotypes
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compared to European and South Asian populations and
does not allow wusing this polymorphism as a
pharmacogenetic marker in the choice of HF therapy.

According to the results of Table 4, it is shown that the
frequency of the minor allele G rs1080755 in the UGT2B4 in
the investigated sample of Kazakhs was 8.5%, which did
not substantially differ from the populations of South Asia —
9.7% (p>0.05), but it turned out to be substantially lower
than the similar indicator of the European population —
22.7% and substantially higher than the similar population
frequency of the Eastern Asian populations — 0.2%
(p<0.001). It is known that the enzyme UGT-uridine
diphosphate glucuronyl transferase is responsible for the
metabolism of dapaglifiozin in the kidneys and liver, which
plays an important role in individual variability in
pharmacokinetics, pharmacodynamics and response to
treatment with SGLT2 inhibitors [33]. The carriage of the
mutant allele G rs1080755 in the UGT2B4 reduces the rate
of glucuronidation, which leads to an increase in the
concentration of canagliflozin (SGLT2 inhibitor) in plasma,
compared with the carriage of the "wild" type allele [14].
There are substantial ethnic differences in the population
frequency of the minor allele G rs1080755, from the highest
frequency — 17-38% in European, African, and Latin
American populations, to very low in the Asian population
[19]. The frequency of population carrier of the allele G
rs1080755 of the UGT2B4 in the Kazakh population was
8.5%, which occupies an intermediate position between
European and Asian populations. The results suggest the
possibility of using this polymorphism in the Kazakh
population as a mandatory pharmacogenetic marker for the
rational dosage of dapagliflozin therapy.

Discussion

The positive effect of SGLT2 inhibitors on the
prevention of HF was confirmed by the most extensive
multicentre studies of CVD-REAL and CVD-REAL-2
(Comparative Effectiveness of Cardiovascular Outcomes in
New Users of Sodium-Glucose Cotransporter-2 Inhibitors)
[31] using databases of 12 countries in which the analysis
of treatment outcomes of patients with DM2 was conducted
[30; 46]. A meta-analysis of the results of 21 studies with
dapaglifiozin (5936 patients took dapaglifiozin; other
medicine — 3403 subjects) demonstrated that the drug
reduced the likelihood of developing myocardial infarction
(MI) by 43% and hospitalisation for HF by 64% [3, 29].

It was noted that dapagliflozin substantially reduces the
frequency of deaths [37]: in acute and chronic HF (adjusted
odds ratio (OR) = 0.75; 95% confidence interval (Cl): 0.68-
0.84); deaths from CVD (OR = 0.80; 95% Cl: 0.68-0.93);
and CH (OR =0.72; 95% ClI: 0.63-0.83).

At present, four drug SGLT2 inhibitors are available on
the market — dapagliflozin, empagliflozin, canagliflozin, and
ertuglifiozin. The first investigated drug of this group,
Dapagliflozin (10 mg), has a bioavailability of 78%, which is
not affected by a high-fat diet. It was displayed that the
UGT1A9 enzyme is responsible for the metabolism of
dapagliflozin in the kidneys and liver [11]. Dapagliflozin is
mainly excreted in the urine [35] and is not recommended
for patients with moderate to severe kidney failure (KF) or
those on dialysis.

Empagliflozin (daily dose — 25 mg) is most selective to
the SGLT2 enzyme, its medicinal effect is not associated
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with food intake, and like other SGLT2 inhibitors, this drug
prolongs liver metabolism, mainly because of
glucuronidation to inactive metabolites. Kanagliflozin is
recommended to be taken before the first meal at a dose of
100-300 mg, its bioavailability is 65%. It is not
recommended for use in patients with severe hepatic
insufficiency. Ertuglifiozin has high selectivity against
SGLT2 and is a new drug from the group of SGLT2
inhibitors. Its binding to plasma proteins is 93.6%, it is used
once a day as monotherapy or in combination with other
antihyperglycemic drugs, regardless of food intake. It is not
contraindicated in patients with mild to moderate renal or
hepatic insufficiency [27].

Dapaglifiozin has favourable metabolic, nephroprotective
and cardiovascular activity, which is explained by its inhibitory
effect on SGLT2 receptors, which leads to a decrease in
glucose and sodium reabsorption and increases their excretion
in the urine [36]. It is noted that a decrease in glucose
reabsorption contributes to a negative energy balance,
contributing to weight loss and improving insulin sensitivity,
which causes a favourable metabolic effect. The
nephroprotective effect of dapaglifiozin is explained by the
reduction of the renal afferent arteriole, which reduces
intraglomerular pressure and, thus, increases the excretion of
albumin in the urine. The cardiovascular effect includes an
improvement in hemodynamics and results from an increase in
osmotic diuresis, a decrease in plasma volume and a decrease
in blood pressure, which leads to preload and postload of the
left ventricle. SGLT2 inhibitors increase the production of
ketone bodies and enhance their utilisation in the heart, which
improves the energy metabolism of cardiomyocytes and
reduces the risk of development and recurrence of HF,
reducing the unfavourable process of heart remodelling [27, 41,
45].

On October 15, 2020, the Committee on Medicines for
Humans adopted a positive conclusion regarding
dapagliflozin, expanding its indications in addition to DM2
for the treatment of HF and chronic (long-term) kidney
disease in adults [13]. According to published studies,
dapagliflozin is a fairly safe drug with a low incidence of
side complications leading to treatment discontinuation. The
most frequent non-severe side complications when taking it
include fungal infections of the external genitourinary tract,
the symptoms of which disappear after treatment with a
topical antifungal agent or a single dose of an antifungal
drug [35] and do not require discontinuation of therapy.

It was noted that a rare complication of dapagliflozin
therapy in patients with DM2 is ketoacidosis, with symptoms
such as polyuria, severe nausea andfor vomiting,
abdominal pain, excessive thirst, respiratory distress,
confusion, fatigue, and drowsiness. Although it is known
that dapaglifiozin does not increase the risk of
hypoglycemia, the appearance of such side symptoms may
require adjusting the dose of diuretics, insulin, and
sulfonylureas [20, 22]. It was shown that although
dapagliflozin was the first discovered potent SGLTZ inhibitor
with a beneficial effect on CVD, the pharmacokinetic
mechanisms of its action have not been sufficiently
investigated [21]. Pharmacokinetic effects include analysis
of genetic polymorphisms that lead to differences in the
activity of enzymes that metabolise this drug, which affects
its availability and concentration in plasma and tissues. The
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analysis of scientific literature indicates the need for
pharmacogenetic testing to increase the effectiveness of
therapy with SGLT2 inhibitors, drug selection, and dosage
regiment.

According to GWAS studies, a relationship was found
between the genetic variants of the SLC5A2, PNPLA3,
WFS1, UGT2B4 genes and the effectiveness of
dapagliflozin therapy, the use of which as pharmacogenetic
markers will enhance the role of SGLT2 inhibitors in the
prevention and treatment of HF regardless of the presence
of DM2.

The SLC5A2 gene (rs9934336, rs3116150). The
sodium-glucose co-transporter 2 protein is encoded by the
SGLT2 gene, also known as SLC5A2, located on
chromosome 16, having several genetic polymorphisms
that may play a role in glucose homeostasis and the risk of
DM2, and influence the effectiveness of treatment with
SGLT2 inhibitors. The genetic assessment of the
association of SGLT2 inhibitor therapy with a reduced risk
of CVD included SNPs with a population frequency of the
minor allele MAF>0.01: SLC5A2 rs9934336, rs3116150
[27]. A study by H. Drexel etal. [8] on the search for
associations of rs9934336, rs3813008 and rs3116150
polymorphisms of the SLC5A2 gene in 1684 patients with
high risk of CVD who underwent coronary angiography
demonstrated a substantial association of rs9934336
polymorphism with a decrease in glycated haemoglobin (P
= 0.023) and the risk of DM2 in one-dimensional (OR =
0.82; 95% CI: 0.68-0.99; p = 0.037), and in multivariate
analysis (OR = 0.79; 95% CI: 0.65-0.97; p = 0.023) [8].
Therewith, rs3813008 and rs3116150 were not substantially
associated with glycemic parameters, with the risk of
developing DM2, CHD, and CVD [48]. There are opposite
results. Thus, J.L. Katzmann et al. [26] investigated the
mechanism of reducing the risk of HF when taking drug
inhibitors of SGLT2 and carrying SLC5A2 rs9934336 and
rs3116150. A large sample of 416737 DNA from the UK
Biobank and DNA of 3316 patients with CVD from the
LURIC study [26] discovered a substantial association of
rs9934336 and rs3116150 with the level of glycated
haemoglobin, cholesterol, uric acid, systolic blood pressure,
waist circumference, increased risk of HF by 35%, but did
not affect the frequency and outcomes of coronary heart
disease. According to a large multinational study conducted
in 6 European countries on a sample of over 300000
patients with DM2, treatment with SGLT2 inhibitors
compared to other hypoglycemic drugs was more effective.
It reduced the frequency of CVD by 39% [31].

The PNPLA3 gene (rs738409). The protein encoded by
this gene is a triacylglycerol lipase, which mediates the
hydrolysis of triacylglycerol in adipocytes, the main cells of
adipose tissue [9]. It should be clarified that in all HapMap
populations, dbSNP and SNPedia data, the common
rs738409 allele of the PNPLA3 is the C allele on the plus
chain (encoding 148l), which means G on the minus chain.
However, in the scientific literature, most authors incorrectly
refer to rs738409 (G) as a minor allele. The genotypes
defined in SNPedia were used, although they may be the
opposite of what is indicated in the scientific literature. In
2017, the results of the EFFECT-II study were published to
evaluate the effects of therapy with dapaglifiozin and
omega-3 carboxylic acids on liver fat content in individuals
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with DM2 and NAFLD [1]. The effect of rs738409 of the
PNPLA3 on a decrease in the level of biomarkers of
hepatocyte damage, including alanine aminotransferase,
aspartate aminotransferase, y-glutamyltransferase [38], a
decrease in body weight, and abdominal fat volume [20]
with dapagliflozin monotherapy was noted. It is known that
NAFLD is associated with an increased risk of fatal/nonfatal
CVD and arrhythmic complications (left ventricular
hypertrophy, aortic valve sclerosis and other arrhythmias)
regardless of the general risk factors for CVD. The
presence of a number of main mechanisms, including
hepatic/systemic insulin resistance, atherogenic
dyslipidemia, hypertension and proatherogenic,
procoagulant and proinflammatory mediators released from
steatous/inflamed liver, may be associated with the possible
effect of PNPLA3 rs738409 on lipoprotein metabolism
during dapagliflozin therapy, has been suggested [17].

The WFS1 gene (rs10010131). WFS1 is a gene
encoding a transmembrane protein that takes part in the
regulation of Ca2+ homeostasis in cells, negatively
regulates the stress response in the endoplasmic reticulum
and positively regulates the stability of V-ATPase,
preventing their degradation through a proteasome-
independent mechanism [17]. According to the results of
GWAS studies rs10010131, the polymorphism of the WFS1
gene is associated with the risk of developing DM2, and the
risk of CVD (p<0.05) [7]. The correlation between the
carriage of the minor allele A rs10010131 polymorphism of
the WFS1 gene and a decrease in body weight when taking
dapagliflozin was discovered, which amounted to 2.4 kg for
each minor allele (p<0.05) [18]. Among patients with DM2
[12], estimated caloric intake increases by an average of
10-15% during continuous intake of SGLT2 inhibitors, which
compensates for approximately 9 kg of expected body
weight loss in 1 year caused by glucosuria [18, 37].
Dapagliflozin is a substrate for various CYP enzymes (the
highest metabolism with CYP1A2, CYP2C9, CYP2D6, and
CYP3A4) and various UGT (UDP-glucuronosyltransferase)
enzymes (UGT1A9, UGT2B4, and UGT2BY). It has been
shown that the excretion of dapagliflozin largely depends on
the formation of dapaglifiozin 3-O-glucuronide, which is
mediated by the UGT1A9 enzyme [12].

UGT2B4 gene (rs1080755). Due to the extremely low
population frequency of the rs72551330 polymorphism of
the UGT1A9 gene in the populations of the world — less
than 1.0% [13], in the Kazakh population, according to the
genomic database of the DNA biobank Miras - 0.1,
extensive inhibitors of this polymorphism 3*/3* they are very
rare, which does not allow using it as a prognostic marker of
the response to treatment with inhibitors SGLT2. Therefore,
only the most common polymorphism rs1080755 of the
UGT2B4 gene is included in this study. UDP-
glucuronosyltransferase  (UGT) catalyses phase |l
biotransformation reactions in which lipophilic substrates
are conjugated with glucuronic acid, which increases the
solubility of the metabolite in water, thereby facilitating their
excretion in urine or bile. UGT is necessary for the excretion
and detoxification of drugs, xenobiotics and endogenous
compounds. It is known that less than 1% of the dose of
SGLT2 inhibitors is excreted unchanged in the urine. The

4. populations of the world, suggests a relatively high
frequency of NAFLD in Kazakhs and the best therapeutic
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rs1080755 polymorphism in the UGT2B4 gene catalyses
the formation of glucuronidated metabolites, which affects
the pharmacokinetics of SGLT2 inhibitors [25, 32]. On the
contrary, in the study by S. Imamovic Kadric et al., plasma
concentrations of the SGLT2 inhibitor did not differ between
carriers of the wild-type allele and the minor UGT2B4 allele,
even though carriers of the mutant allele had reduced levels
of O-glucuronide metabolites [23].

Conclusions

The comparative analysis of genotypic and allelic
frequencies of polymorphisms of genes associated with the
pharmacogenetics of SGLT2 inhibitors demonstrated that
the formation of the genetic structure of Kazakhs occurred
as a result of active migration processes between
populations of Asia and Europe under the influence of
natural selection, mixing, genetic drift, and adaptive
evolution. As a result of clinical pharmacogenetic studies,
substantial associations of SGLT2 inhibitors and gene
polymorphisms — UGT1A9, SLC5A2, PNPLA3, CNRf,
SORCS1, WFS1, and TCF7L2 were discovered. Since
most of these studies were conducted based on a very
limited design and sample size and thus demonstrated
often contradictory results, additional large-scale genotypic
and GWAS studies are needed to identify new genetic
biomarkers in choosing the most optimal therapeutic
strategy and improving the effectiveness of HF therapy.

A comparative analysis of a genome-wide study
demonstrated that in the Kazakh population, an
intermediate population frequency of minor allele carriers
between European and Asian populations was found for
most gene polymorphisms associated with the
pharmacogenetics of dapaglifiozin - SLC5A2 rs9934336;
SLC5A2 rs3116150; WFS1 rs10010131; UGT2B4
rs1080755. Compared with the previously investigated
populations of Europe and Asia, the Kazakh population has
a substantially higher population frequency of carrying
unfavourable alleles of polymorphism of gene PNPLA3
rs738409. Thus, the analysis of the population features of
the frequency distribution of alleles and genotypes of
polymorphic genetic variants of genes, according to the
GWAS analysis associated with the pharmacogenetics of
dapaglifiozin in the treatment of HF, in the Kazakh
population, demonstrated:

1. The distribution of genotypes of 5 investigated gene
polymorphisms associated with the effectiveness of HF
therapy with SGLT2 inhibitors, obtained as a result of
statistical processing in the PLINK-HWE test programme, is
in accordance with the Hardy-Weinberg equilibrium
(p>0.05).

2. The results of the conducted genome-wide studies
demonstrated that the high population frequencies of
unfavourable allele of gene polymorphisms found in the
Kazakh population — PNPLA3 rs738409 suggest it main
genetic contribution to the prognosis of the effectiveness of
therapy with SGLT2 inhibitors in the treatment of HF.

3. The highest frequency of carriage of the minor allele
with rs738409 polymorphism of the PNPLA3 gene - 37.4%
in the Kazakh population compared to the investigated

effect of therapy with SGLT2 inhibitors, compared with the
investigated populations of Europe and Asia.
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5. The frequency of population carrier of allele A
rs72551330 polymorphism of the UGT2B4 gene in the
Kazakh population was 8.5%, which occupies an
intermediate position between the previously investigated
European and Asian populations and will allow using this
polymorphism as a mandatory pharmacogenetic marker for
rational dosage of the drug in dapagliflozin therapy.

Thus, the inconsistency of the available results of
GWAS studies and pronounced ethnic stratification
determined the choice of 5 pan-ethnic polymorphisms for
further replicative genotyping of patients with HF treated
with dapagliflozin in an independent Kazakh population.
Notably, the main studies on the pharmacokinetics of
SGLT2 inhibitors have been conducted in European
populations and cannot be extrapolated when prescribed to
the Kazakh population. The results will serve as a basis for
developing effective methods for selecting drugs and
predicting the effectiveness and safety of treatment with
SGLT2 inhibitors in the Kazakh population.
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THE ROLE OF SNCA GENE POLYMORPHISMS
IN THE DEVELOPMENT OF CARDIAC AUTONOMIC NEUROPATHY
IN INDIVIDUALS OF KAZAKH ETHNICITY

Nazira B. Bekenova', Alisher D. Aitkaliev!, Ainur S. Sibagatoval,
Serik R. Alibekovt, Balzhan S. Kassiyeva'

! Gerontology Center, Medical Centre Hospital of President’s Affairs Administration,
Astana, Republic of Kazakhstan.

Abstract

Cardiac autonomic neuropathy (CAN) occurs as a result of cardiac innervation impairment and leads to an increased risk
of cardiovascular morbidity and mortality. There is evidence suggesting that alpha-synuclein protein (SNCA) plays a
significant role in the pathogenesis of cardiac autonomic neuropathy, particularly in relation to heart rate variability, a major
clinical manifestation.

The aim of this study was to investigate the association between two SNCA gene polymorphisms (rs2736990 and
rs2737029) and cardiac autonomic neuropathy in the Kazakh population.

Materials and methods: A case-control study included 82 patients with cardiac autonomic neuropathy, including those
with a diabetic etiology (case group), and 100 individuals without a diagnosis of cardiac autonomic neuropathy (control
group). All participants were of Kazakh ethnicity. Two SNCA gene polymorphisms, rs2736990 and rs2737029, were
investigated. Statistical analysis was performed using chi-square tests, odds ratio calculations with confidence intervals, and
logistic regression (SPSS 26.0).

Results: Among the two SNCA gene polymorphisms studied, only rs2737029 was associated with cardiac autonomic
neuropathy. According to our findings, in a recessive model, the CC genotype increased the odds of having cardiac
autonomic neuropathy by almost 2 times (1.93 (1.06-3.53)). After adjusting for age and sex, the results remained significant.
However, the association between rs2736990 polymorphism and cardiac autonomic neuropathy did not show statistical
significance in any of the models (1.00 (0.63-1.59)).

Conclusions: Thus, the presence of the CC genotype of rs2737029 polymorphism in the SNCA gene may be a
predisposing factor for the development of cardiac autonomic neuropathy, including the diabetic form. However, the
rs2736990 polymorphism in the same gene is not associated with it.

Key words: Cardiac autonomic neuropathy, heart rate variability, synuclein-alpha, genetic polymorphism, Kazakh
population.

AHHOTauus
POJIb MOJIMMOP®UN3MOB rEHA CUMHYKIIEMHA-AJIb®A (SNCA)
B PA3BUTUU KAPOAUATIbLHOU ABTOHOMHOU HEUPONATUMU
Y NN KA3AXCKOU HALMOHANBHOCTMU

Hasupa Bb. bekeHora', Anmwep [1. Autkanuert!, AuHyp C. Cubararoeal,
Cepuk P. Annbekos?, banxan C. Kacuesa?

1 LleHTp MepoHTONnorum, bonbHuua MeauuuHckoro ueHTpa YnpaBneHus genamm MNMpesvaeHTta Pecny6nukn
KasaxcTaHr, r. ActaHa, Pecny6nuka KasaxcTaH.

KapananbHas aBToHOMHas Herponatus (KAH) Bo3HUKaeT Ha poHe HapyLIeHWUs MHHepBaLMK cepaLa W, Kak criefcTeue,
MPUBOANT K MOBLILLEHMIO PUCKA 3a00NEBAEMOCTN U CMEPTHOCTH OT CEPAEYHO-COCYANCTON natonorun. CyLiecTBy0T AaHHbIE
0 TOM, YTO B naToreHe3e BapuabenbHOCTU CEPLEYHOTO PUTMA, KaK OHOrO U3 TMaBHbIX KIMHUYECKUX MPOSIBIIEHMIA, UrpaeT
HemarnoBaxHyto ponb 6enok cuHykneut-anbda (SNCA).

Llenbto gaHHOro uccrnefoBaHWs SBASETCA W3ydveHue accoupauum nonumopcuamoB (rs2736990, rs2737029) reHa
CUHykneuHa-anba (SNCA) ¢ kapauansHoi aBTOHOMHOI HeliponaTueit, B TOM Yucne gnabeTnyeckoil, Cpeam nuL, kasaxckoil
nonynsyum.

Matepuanbl u meToabl. B nccnegosaHue Tuna «Cryvain-KoOHTPOMby ObIno BKYEHO 82 mauueHTa C kapauanbHoM
aBTOHOMHOW HelponaTtuen (cryyam), B TOM yucne guabetuyeckoir atmonorum, n 100 YenoBek C MCKIMHOYEHHBIM AUArHO30M
KapamarbHOW aBTOHOMHOWM HewponaTum (KOHTponu). Bce yyaCTHWKM uccnefoBaHust Bbinv Ka3axCkoW HaLMOHAmbHOCTM.
Bbinu nccnenoBaHbl ABa nonumopduama reHa cuHyknenHa-anba (SNCA): rs2736990, rs2737029. Cratuctudeckas
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