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The aim of the study: to establish the frequencies of polymorphisms in VKORC1, CYP2C9 and CYP4F2 genes among residents
of the Zaporizhzhia region.

Materials and methods. A total of 150 persons (62 male, 88 female) with a median age of 46 years (26; 58) undergoing pre-
ventive examination at the Medical Educational and Scientific Center “University Clinic” of Zaporizhzhia State Medical University
(ZSMU). The CYP2C9, CYP4F2, VKORC1 genes polymorphisms in atrial fibrillation patients were determined in the Department
of Molecular Genetic Studies of the ZSMU Medical Laboratory Center. Amplification of DNA fragments containing polymorphic
regions was performed using multiplex real time polymerase chain reaction with Warfarin Pharmacogenetics kits (LLC NPO DNA
Technology) in a CFX-96 thermocycler (BioRad) with a fluorescence detection scheme.

Results. It was determined that among Zaporizhzhia region residents, the frequencies of CYP2C9*2 genotypes were: C/C —
77.3 %, CIT —22.7 %, TIT — 0; CYP2C9*3 genotypes: A/A — 88.7 %, AIC — 10.7 %, C/IC — 0.6 %; CYP4F2 genotypes:
C/IC -56.0 %, C/IT —35.3 %, T/IT —8.7 %; VKORC1 genotypes: G/G - 38.0 %, G/A —50.0 %, A/A —12.0 %. There were
no statistically significant differences in the distribution of genotype frequencies between males and females and between different
age groups. The frequencies of CYP2C9, CYP4F2, VKORC1 genotypes in different populations were compared. Their variability
in different geographic regions was established.

Conclusions. CYP4F2 and VKORC1 genes polymorphisms are more common in the Zaporizhzhia region, while the prevalence
of CYP2C9*2 and CYP2C9*3 genes polymorphisms is much lower. It is necessary to take into account the prevalence of genes
polymorphisms that affect warfarin metabolism for each individual population to select its dose by pharmacogenetic testing.

MowwupeHicTb noAimopdismis reHis, Wo BNAMBaOTb Ha papmaKOKiHETUKY BapdapuHy,
cepea XuteaiB 3anopisbKoro perioHy

M. 0. KonecHuk, . M. MuxannoBCbKUi

MeTa po6oTi — BCTAHOBMTU YaCTOTY MOLLMPEHHS MONIMOPEI3MIB reHiB, LLIO BNNMBAKOTb Ha (hapMakokiHETUKY BapdapuHy (BO),
cepeq xuTenis 3anopisbkoro PerioHy.

Marepianu Ta metoaun. Obctexunm 150 ocib Bikom 46 (26; 58) pokiB (62 Yonosiku, 88 xiHOK), ski MPOXOAUIM NPOINAKTUYHIA
ornsg y fiarHoctuyHomy LeHTpi «3nopos’sa» Ha 6a3i HHML, «YHiBepcuTeTcbka kniHikay 3anopisbkoro AepxaBHOr0 MeUYHONO YHi-
Bepcutety. Monimopdpiamu renis CYP2C9, CYP4F2, VKORC1 pocnimkysanu METoLoM MoriMepasHoi NaHLtoroBoi peakLii B pesxumi
pearbHOro Yacy Y Bifini MONeKynsipHO-reHETUYHNX AOCTIKEHb HABYAIBHOMO MeayKo-naboparopHoro LeHTpy 30MY. Amnnicikavito
¢parmerTie JHK, L0 MiCTATL NoniMopdHi 4insiHKW, BUKOHANM 3a A0MOMOTOt0 NofiMepasHoi NaHLtorooi peakLii Habopamu SNP-exc-
npec-thapmakoreHeTuka (TOB «HIMO OHK-TexHonorisi») B amnnicpikatopi CFX-96 (BioRad) i3 donyopecLieHTHOI0 CXeMOK0 AeTeKLii.

PesynkraTtu. BetaHoBunw, Wwo B xutenis 3anopisbkoi 0bnacTi YactoTa BUSIBNIEHHS reHOTUNIB 3a NOniMOPgHAM BapiaHTOM reHa
CYP2C9*2 craHoBuTth: C/C — 77,3 %, C/IT — 22,7 %, T/T — He BusiBneHo; reHa CYP2C9*3: A/A - 88,7 %, AIC — 10,7%,
C/IC - 0,6 %; rena CYP4F2: C/C - 56,0 %, C/T - 35,3 %, T/T — 8,7 %; reHa VKORC1: G/G - 38,0 %, G/A — 50,0 %,
A/A = 12,0 %. CTaTMCTMYHO BipOrigHUX BiAMIHHOCTEN 3a PO3MNOAINOM YaCTOT rEHOTUMIB MiXK YOMOBIKaMM Ta XiHkamu, rpynamm
0Cib pi3HWX BIiKOBUX rpyn He BUSIBUAW. 3iCTaBMnmM 4acToTy peecTpauii nonimopdHux BapiaHTie reHis CYP2C9, CYP4F2, VKORC1
y nonynsLisix, BCTAHOBUIM iXHIO BapiabenbHICTb Y pisHMX reorpadiiyHux perioHax.

BucHoBku. Y 3anopisbkomy perioHi 6inbLu nowumperi nonimopdiamu reHis CYP4F2 i VKORC1, nowumpeHicTb noniMopdiamis reHis
CYP2C9*2 ta CYP2C9*3 cyTTeBO MeHLIa. 3aCTOCOBY04M (hapMaKkoreHeTUYHe TeCTYBaHHS AN BU3HAYEHHS [03W BapdapyHy,
MoTpiOHO BpaxoByBaTH NOLLMPEHICTb NONIMOPQI3My reHiB, L0 BNAMBAKOTL Ha MO0 MeTaboriam, AN1st KOXKHOI OKPeMOi nonynsLii.

PacnpocTpaHéHHOCTb NOAMMOP(U3MOB reHOB, BAUAIOLIUX HAa GpapMaKOKMHETUKY
BapdapuHa, cpeau Xutearen 3anopoXXCKOro peruoHa

M. 0. KonecHuk, A. M. MuxanAoBCKUi

Llenb paboTbl — yCTaHOBWUTL YaCTOTY PacnpoCTPaHEH!s NONMMOPU3MOB reHOB, BIMSIOLLMX Ha (hapMaKOKUHETUKY BapdapuHa
(B®), cpeau xuTenen 3anopoxckoro permoxa.

Marepuansi u Mmetoasl. O6cnegosanm 150 yenosek B BospacTe 46 (26; 58) net (62 MyxuUnHbl, 88 KEHLLMH), KOTOpbIE MPOXOANIN
npodounakTuyeckuii 0cMoTp B InarHocTn4eckom LieHTpe «3aopoBbex Ha 6aze HHML| «YHuBepcuTeTckas knHuKkay 3anopoxcKkoro
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roCyAapCTBEHHOIO MeaMLMHCKOro yHBepeuTeTa. MNonumopdmambl reHoB CYP2C9, CYP4F2, VKORC1 uccnenosanu metogom
MonMMEPa3sHo LIEMHOM peakLyn B pEXMME pearnbHOro BpEMEHU B OTAENe MONEKYNSPHO-TEHETUYECKIX UCCTIEA0BaHMI y4ebHOro
meauko-nabopatopHoro ueHTpa 3rMY. Amnnudmkaumns dparmeHtoB [HK, cogepxalyx nonumopdHble y4acTku, npoBeaeHa
C MOMOLLK NONMMeEPasHoii LienHon peakummn Habopamu SNP akcnpecc-thapmakoreHeTvka (000 «HMO AHK-TexHonorusi») B
amnnudukatope CFX-96 (BioRad) ¢ conyopecLieHTHOI CxeMOWi AeTeKLmMU.

Pesynbrartbl. YCTaHOBNEHO, 4TO Y XxuTener 3anopoxckon 06nactv 4acToTa BbISBMEHNS FEeHOTUMOB MO NONMMOPHOMY BapUaHTy
reHa CYP2C9*2 coctaensiet: C/C -77,3 %, CIT —22,7 %, TIT —He obHapyxeH; reHa CYP2C9*3: AJA -88,7 %,AIC —10,7 %,
C/IC -0,6 %;reHa CYP4F2:C/C -56,0 %, C/T —353 %, T/T —8,7 %;reHa VKORC1: G/G —38,0 %, G/A —50,0 %, A/A —
12,0 %. CTatncT4eckn OCTOBEPHBIE Pa3NNYMs MO pacnpeaerneHmnto YacToT reHOTUMOB MEXAY MYXHUHAMM U KEHLLMHAMK, pas-
HbIMV BO3PACTHBLIMM rpynnamm He ycTaHoBMeHbl. CONoCTaBuiM YacToTy perucTpawuy nonMopdHbIx BapnaHTos reHos CYP2C9,
CYP4F2, VKORC1 B nonynsiuumsx, ycTaHOBUMN X BapuabenbHOCTb B pasfniHbIX reorpadnyeckmx permoHax.

BriBoabl. B 3anopoxckom pervoHe 6onee pacnpoctpaHeHbl nonnmopduamel reHo CYP4F2 n VKORC1, pacnpocTpaHéHHOCTb
nonumopcuamoB reHoB CYP2C9*2 n CYP2C9*3 3HaunTenbHO MeHbLLe. [Mpy ncnonb3oBaHny hapmMakoreHeTUYeckoro TecTupo-
BaHWs Ansi onpeseneHnst 4o3bl BapdapuHa HyKHO y4uTbIBaTb PacnpoCTPaHEHHOCTb NMonMMopK3Ma reHoB, BIVSILOLLMX Ha ero

MeTabonuam, Ans Kaxooi OTAENbHO NOnynALmMg.

The global aspect that determines the safety of drug
interventions, minimizing the occurrence of side effects,
are the genetic characteristics of a patient, especially
the polymorphism in genes involved in drug metabolism.
Therefore, today a new area of personalized medicine
is pharmacogenetics, which allows to optimize phar-
macotherapy for individual patients [1,2]. In real clinical
practice, pharmacogenetic testing is recommended for
long-term use of drugs with a narrow therapeutic range,
variable pharmacokinetics and a significant severity of
side effects [2-4].

Such drugs include warfarin (WF) —an oral anticoa-
gulant used to prevent thromboembolism in patients
with atrial fibrillation (AF) [3,5,6]. Today, a whole range
of genes that affect WF metabolism and cause different
sensitivity to the drug is known. The largest contribution
to WF dose variability make polymorphisms in the cyto-
chrome P450 2C9 gene (CYP2C9), the vitamin K epox-
ide reductase complex subunit 1 gene (VKORC1) and
the gene encoding an enzyme that is thought to inactivate
vitamin K (CYP4F2) [7,8]. In this regard, the scientific
literature describes algorithms for calculating the initial
dose of WF based on the results of pharmacogenetic test-
ing [9]. It is necessary to emphasize that genetic testing
in practical medicine should take into account the pop-
ulation characteristics of the selected genetic variants
prevalence, as well as their contribution to the dosage
and the development of side effects in a particular po-
pulation. [2]. In the Zaporizhzhia region, the prevalence
of polymorphisms of the VKORC1, CYP2C9 and CYP4F2
genes was not studied.

Aim
To establish the frequencies of polymorphisms in VKORC1,

CYP2C9 and CYP4F2 genes among residents of the Zapo-
rizhzhia region.

Materials and methods

A total of 150 persons (62 male, 88 female) with a me-
dian age of 46 years (26; 58) undergoing preventive
examination at the Medical Educational and Scientific
Center “University Clinic” of Zaporizhzhia State Medical
University (ZSMU).

All persons gave their informed consent to participate.
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CYP2C9, CYP4F2, VKORC1 genes polymorphisms
were determined in the Department of Molecular Genetic
Research of the Training Medical and Laboratory Center
of ZSMU (director - Prof. A. V. Abramov). Peripheral
blood samples were obtained from each participant and
transferred to ethylenediamine tetraacetic acid (EDTA)
containing tubes in order to prevent clotting. DNA samples
were extracted from whole blood leukocytes using a set of
reagents TEST-RAPID-GENETICS (“DNA-Technology”).
Amplification of DNA fragments containing polymorphic
regions was performed using a real-time polymerase
chain reaction with Warfarin Pharmacogenetics kits (‘DNA
Technology”) in a CFX-96 thermocycler (BioRad) with a
fluorescent detection scheme. 20 pl of pre-centrifuged su-
itable mixture for amplification were added to the test tubes.
A 20:1 mixture of PCR buffer with Tag-AT polymerase was
prepared separately and centrifuged for 1-3 seconds. 10 pl
of a mixture of PCR buffer with Tag-AT polymerase were
added to the test tubes with the amplification mixture. 1 drop
of mineral oil was added to each test tube. 5 pl of DNA was
added to the appropriate tubes with aerosol barrier tips.
The same manipulations were performed with the control
sample. After centrifugation for 1-3 seconds, amplification
was performed. PCR results were recorded automatically
by software.

The principles of bioethics were observed in the study:
the basic provisions of the European Council Convention on
Human Rights and Biomedicine (dated 04.04.1997), GCP
(1996), the World Medical Association’s Helsinki Declaration

Table 1. Comparison of the CYP2C9, CYP4F2 and VKORC1 genotypes frequencies
with calculated frequencies according to the Hardy—Weinberg equilibrium (HWE

T— cases e

CYP2Cc9*1  CIC 116/0.773 118/0.786
cr 34/0.227 30/0.201
T 0/0 2/0.013
CYP2C9*2 AA 133/0.887 133/0.884
AIC 16/0.107 16/0.112
CIC 1/0.006 1/0.004
CYP4F2 CIC 84/0.560 81/0.543
cT 53/0.353 58/0.388
TT 13/0.087 10/0.069
VKORC1 GIG 57/0.380 60/0.397
G/A 75/0.500 70/0.467
AA 18/0.120 20/0.137

2.45

0.44

1.20

0.79

)
0.29
0.80

0.55
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Table 2. The prevalence of the CYP2C9 alleles among different ethnic

groups

Polymorphlsm Allele frequency

AIC

Our study = 0.887 T=013

Ukraine [10] C = 0915 T = 0.085 P > 0.05
America [11] C = 0.992 T = 0.008 P < 0.05
East Asia [11] C = 0.998 T = 0.002 P < 0.05
South Asia [11] C = 0.929 T =0.071 P > 0.05
Europe [11] C = 0873 T =0127 P > 0.05
Central Asia [11] C = 0.840 T = 0.160 P < 0.05
Oceania [11] C = 1.000 T=0 P < 0.05
Africa [11] C = 0.99 T = 0.005 P < 0.05
Our study A = 0931 C = 0.069 -
Ukraine [10] A = 0.925 C = 0.074 P > 0.05
America [11] A = 0.984 C = 0.016 P > 0.05
East Asia [11] A = 0.957 C = 0.043 P > 0.05
South Asia [11] A = 0.899 C = 0.101 P > 0.05
Europe [11] A = 0914 C = 0.086 P > 0.05
Central Asia [11] A = 0933 C = 0.067 P > 0.05
Oceania [11] A = 0.953 C = 0.065 P > 0.05
Africa [11] A = 1.000 c=0 P < 0.05

Table 3. The prevalence of VKORC1 gene polymorphism among different ethnic

groups

Polymorphlsm Allele frequency

Our study G = 0.630 = 0.370

Ukraine [12] G = 0610 = 0.390 P > 0.05
African Americans [13] G = 0.900 A = 0.100 P < 0.05
Europe [14] G = 0.578 A = 0422 P > 0.05
Latin America [15] G = 0.670 A = 0.330 P > 0.05
Japane [16] G = 0.080 A = 0.920 P < 0.05
Egypt [17] G = 0.555 A = 0445 P > 0.05
India [18] G = 0.908 A = 0.092 P < 0.05

Table 4. The prevalence of CYP4F2 gene polymorphism among different ethnic

groups

Polymorphlsm Allele frequency

Our study = 0.737 T =0.263

Worlwide [19] C = 0.763 T = 0237 P > 0.05
America [19] C =0.762 T = 0.268 P > 0.05
East asia [11] C = 0.708 T = 0292 P > 0.05
South Asia [19] C = 0.587 T=0413 P > 0.05
Europe [19] C = 0.710 T = 0.290 P > 0.05
Central Asia [11] C = 0.597 T = 0403 P < 0.05
Oceania [11] C = 0.387 T = 0613 P < 0.05
Africa [11] C = 0.930 T = 0.070 P < 0.05
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on Ethical principles of bioethics, Principles for Scientific and
Human Research (1964—-2000) and the Order of the Ministry
of Health of Ukraine No. 281 of 01.11.2000.

Statistical data processing was performed using
the program Statistica 13.0 for Windows (StatSoft Inc.,
license No. JPZ8041382130ARCN10-J). Comparison of
qualitative indicators and assessment of the genotype
distributions conformity to the expected Hardy-Weinberg
equilibrium values were performed using the Yates-adjusted
criterion x2. The differences were considered significant at
P < 0.05.

Results

According to the results of the CYP2C9*2 gene polymor-
phism genotyping, wild allele (genotype C/C) homozygotes
were found in 116 (77.3 %) cases, heterozygotes (C/T) —in
34 (22.7 %), mutant allele (T/T) homozygotes were not
observed. The C allele frequency was 88.7 %, T allele —
11.3 %. In the study of the CYP2C9*3 gene polymorphism,
wild allele (A/A) homozygotes were found in 133 (88.7 %)
cases, heterozygotes (A/C) —in 16 (10.7 %), mutant al-
lele (C/C) homozygotes —in 1 (0.6 %) case. The A allele
frequency was 94.0 %, C allele —6.0 %.

The most common CYP4F2 genotype was C/C - 84
(56.0 %) cases. There were 53 (35.3 %) and 13 (8.7 %)
subjects carrying the C/T or T/T genotype in the CYP4F2
gene, respectively. The C allele frequency was 73.7 %,
allele T-26.3 %.

According to the VKORC1 genotyping results, 57
(38.0 %) persons had the G/G genotype, 75 (50.0 %) —
A/A genotype, 18 (12.0 %) — A/A genotype. The G allele
frequency was 63.0 %, Aallele —37.0 %.

As shown in Tables 1, 2, 3, 4, no significant deviations
from the Hardy-Weinberg equilibrium were observed.

There were no statistically significant differences in
the distribution of genotype frequencies between males
and females and between different age groups.

Discussion

We compared the obtained genotype frequencies with
the all-Ukrainian population and other ethnic groups studied
by a number of authors. The prevalence of the CYP2C9
gene polymorphisms is shown in Table 2.

As can be seen from the table, the prevalence of
CYP2C9 CIT gene polymorphism was the same in Zapo-
rizhzhia, all-Ukrainian population, Europe and South Asia. At
the same time, the C allele was more common in America,
East Asia, Oceania, and Africa compared with our study,
and the T allele was more common in Central Asia. The
A/C polymorphism did not show a significant difference in
allele frequencies between different geographical regions,
except Africa, where the C allele did not occur.

The prevalence of VKORC1 gene polymorphisms
among different ethnic groups is shown in Table 3.

The G and A alleles of the VKORC1 gene prevalence
varies in different geographical regions. Thus, the mutant A
allele dominates in Japanese, is less common in Egyptians,
Ukrainians (in our study and in the general population),
Europeans and Latinos, is very rare in African Americans
and is almost non-existent in Indians.

The prevalence of CYP4F2 gene polymorphism is
shown in Table 4.

The frequency of polymorphic alleles of the CYP4F2
gene is comparable in our study, Europe, East and South
Asia. The C allele is more common in America and Africa,
and the T allele is more common in Central Asia and Oce-
ania than in the Zaporizhzhia region.

Conclusions

1. The frequency of genes polymorphisms that affect
the pharmacokinetics of warfarin varies in different geo-

3anopoxckuii MeguumMHeKkni xxypHan. Tom 23, Ne 4(127), none — asryct 2021 1.



graphical regions, which determines the feasibility of study
on the genotypes distribution for each population.

2.CYP4F2and VKORC1 genetic polymorphisms are more
common in the Zaporizhzhia region, while the prevalence of
CYP2C9*2 and CYP2C9*3 genetic polymorphisms is
much lower.

Prospects for further research. Due to the wide-
spread prevalence of genetic polymorphisms affecting WF
pharmacokinetics, further research will focus on comparing
the efficacy and safety of traditional and pharmacogenetic
approaches to WF dosing.
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