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Распространённость полиморфизмов генов, влияющих на фармакокинетику 
варфарина, среди жителей Запорожского региона

М. Ю. Колесник, Я. М. Михайловский

Цель работы – установить частоту распространения полиморфизмов генов, влияющих на фармакокинетику варфарина 
(ВФ), среди жителей Запорожского региона.
Материалы и методы. Обследовали 150 человек в возрасте 46 (26; 58) лет (62 мужчины, 88 женщин), которые проходили 
профилактический осмотр в Диагностическом центре «Здоровье» на базе ННМЦ «Университетская клиника» Запорожского 
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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 %, C/T – 22.7 %, T/T – 0; CYP2C9*3 genotypes: A/A – 88.7 %, A/C – 10.7 %, C/C – 0.6 %; CYP4F2 genotypes: 
C/C – 56.0 %, C/T – 35.3 %, T/T – 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.

Поширеність поліморфізмів генів, що впливають на фармакокінетику варфарину, 
серед жителів Запорізького регіону

М. Ю. Колесник, Я. М. Михайловський

Мета роботи – встановити частоту поширення поліморфізмів генів, що впливають на фармакокінетику варфарину (ВФ), 
серед жителів Запорізького регіону.
Матеріали та методи. Обстежили 150 осіб віком 46 (26; 58) років (62 чоловіки, 88 жінок), які проходили профілактичний 
огляд у Діагностичному центрі «Здоров’я» на базі ННМЦ «Університетська клініка» Запорізького державного медичного уні-
верситету. Поліморфізми генів CYP2C9, CYP4F2, VKORC1 досліджували методом полімеразної ланцюгової реакції в режимі 
реального часу у відділі молекулярно-генетичних досліджень навчального медико-лабораторного центру ЗДМУ. Ампліфікацію 
фрагментів ДНК, що містять поліморфні ділянки, виконали за допомогою полімеразної ланцюгової реакції наборами SNP-екс-
прес-фармакогенетика (ТОВ «НПО ДНК-Технологія») в ампліфікаторі CFХ-96 (BioRad) із флуоресцентною схемою детекції.
Результати. Встановили, що в жителів Запорізької області частота виявлення генотипів за поліморфним варіантом гена 
CYP2C9*2 становить: C/C – 77,3 %, C/T – 22,7 %, T/T – не виявлено; гена CYP2C9*3: A/A – 88,7 %, A/C – 10,7%, 
C/C – 0,6 %; гена CYP4F2: C/C – 56,0 %, C/T – 35,3 %, T/T – 8,7 %; гена VКORC1: G/G – 38,0 %, G/A – 50,0 %, 
A/A – 12,0 %. Cтатистично вірогідних відмінностей за розподілом частот генотипів між чоловіками та жінками, групами 
осіб різних вікових груп не виявили. Зіставили частоту реєстрації поліморфних варіантів генів CYP2C9, CYP4F2, VКORC1 
у популяціях, встановили їхню варіабельність у різних географічних регіонах.
Висновки. У Запорізькому регіоні більш поширені поліморфізми генів CYP4F2 і VКORC1, поширеність поліморфізмів генів 
CYP2C9*2 та CYP2C9*3 суттєво менша. Застосовуючи фармакогенетичне тестування для визначення дози варфарину, 
потрібно враховувати поширеність поліморфізму генів, що впливають на його метаболізм, для кожної окремої популяції.
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государственного медицинского университета. Полиморфизмы генов CYP2C9, CYP4F2, VKORC1 исследовали методом 
полимеразной цепной реакции в режиме реального времени в отделе молекулярно-генетических исследований учебного 
медико-лабораторного центра ЗГМУ. Амплификация фрагментов ДНК, содержащих полиморфные участки, проведена 
с помощью полимеразной цепной реакции наборами SNP экспресс-фармакогенетика (ООО «НПО ДНК-Технология») в 
амплификаторе CFХ-96 (BioRad) с флуоресцентной схемой детекции.
Результаты. Установлено, что у жителей Запорожской области частота выявления генотипов по полиморфному варианту 
гена CYP2C9*2 составляет: C/C – 77,3 %, C/T – 22,7 %, T/T – не обнаружен; гена CYP2C9*3: A/A – 88,7 %, A/C – 10,7 %, 
C/C – 0,6 %; гена CYP4F2: C/C – 56,0 %, C/T – 35,3 %, T/T – 8,7 %; гена VКORC1: G/G – 38,0 %, G/A – 50,0 %, A/A – 
12,0 %. Статистически достоверные различия по распределению частот генотипов между мужчинами и женщинами, раз-
ными возрастными группами не установлены. Сопоставили частоту регистрации полиморфных вариантов генов CYP2C9, 
CYP4F2, VКORC1 в популяциях, установили их вариабельность в различных географических регионах.
Выводы. В Запорожском регионе более распространены полиморфизмы генов CYP4F2 и VКORC1, распространённость 
полиморфизмов генов CYP2C9*2 и CYP2C9*3 значительно меньше. При использовании фармакогенетического тестиро-
вания для определения дозы варфарина нужно учитывать распространённость полиморфизма генов, влияющих на его 
метаболизм, для каждой отдельной популяции.

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 
litera ture 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.

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 μl of pre-centrifuged su-
itable mixture for amplification were added to the test tubes. 
A 20:1 mixture of PCR buffer with Taq-AT polymerase was 
prepared separately and centrifuged for 1–3 seconds. 10 μl 
of a mixture of PCR buffer with Taq-AT polymerase were 
added to the test tubes with the amplification mixture. 1 drop 
of mineral oil was added to each test tube. 5 μl 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)

Genotypes Cases HWE χ2 P
n = 150 n = 150

CYP2C9*1 C/C 116/0.773 118/0.786 2.45 0.29
C/T 34/0.227 30/0.201
T/T 0/0 2/0.013

CYP2C9*2 A/A 133/0.887 133/0.884 0.44 0.80
A/C 16/0.107 16/0.112
C/C 1/0.006 1/0.004

CYP4F2 C/C 84/0.560 81/0.543 1.20 0.55
C/T 53/0.353 58/0.388
T/T 13/0.087 10/0.069

VKORC1 G/G 57/0.380 60/0.397 0.79 0.67
G/A 75/0.500 70/0.467
A/A 18/0.120 20/0.137
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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 χ2. 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 %, A allele – 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 C/T 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-

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

Polymorphism Region Allele frequency P-value
C/T Our study C = 0.887 T = 0.113 –

Ukraine [10] C = 0.915 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 = 0.873 T = 0.127 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 = 0.995 T = 0.005 P < 0.05

A/C Our study A = 0.931 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 = 0.914 C = 0.086 P > 0.05
Central Asia [11] A = 0.933 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

Polymorphism Region Allele frequency P-value
G/A Our study G = 0.630 A = 0.370 –

Ukraine [12] G = 0.610 A = 0.390 P > 0.05
African Americans [13] G = 0.900 A = 0.100 P < 0.05
Europe [14] G = 0.578 A = 0.422 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 = 0.445 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

Polymorphism Region Allele frequency P-value
C/T Our study C = 0.737 T = 0.263 –

Worlwide [19] C = 0.763 T = 0.237 P > 0.05
America [19] C = 0.762 T = 0.268 P > 0.05
East asia [11] C = 0.708 T = 0.292 P > 0.05
South Asia [19] C = 0.587 T = 0.413 P > 0.05
Europe [19] C = 0.710 T = 0.290 P > 0.05
Central Asia [11] C = 0.597 T = 0.403 P < 0.05
Oceania [11] C = 0.387 T = 0.613 P < 0.05
Africa [11] C = 0.930 T = 0.070 P < 0.05
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graphical regions, which determines the feasibility of study 
on the genotypes distribution for each population.

2. CYP4F2 and 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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