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Abstract

Background/Aim: Warfarin is one of the most common orally prescribed anti-
coagulant in patients with deep venous thrombosis, myocardial or cerebral in-
farctions. The main side effects of non-adequate dose of these drugs are pro-
longed peripheral or internal bleeding. VKORC1 1173C>T polymorphism
(rs9934438) is of particular importance, since carriers of non-wild type allele
correlates with the lower dosage of warfarin therapy. Thus, the aim of the re-
search was to determine the distribution of 1173C>T polymorphism in popula-
tion of the Republic of Srpska, Bosnia and Herzegovina (RS) and to compare
results with frequencies in other populations.

Methods: A total of 124 healthy participants of both genders were enrolled in
the study, from all parts of the RS. Molecular genotyping was performed by re-
al-time PCR, using drug metabolism assays according to the manufacturer’s in-
structions.

Results: Of the total number, 22 subjects (17.74 %) were genotyped as CC, 69
subjects (55.65 %) as CT and 33 subjects (26.61 %) as TT. The frequencies of
alleles C and T were 45.18 % and 54.82 %, respectively. No statistical signifi-
cance was found among allele distribution between genders (x* = 0.236; p =
0.627). All observed genotype frequencies were in Hardy-Weinberg equilibri-
um. No statistical significance was observed among the frequency of minor T
allele between presented findings and other European countries, besides Rus-
sia (p = 0.021).

Conclusion: This was the first study analysing the distribution of rs9934438
alleles in population of the RS. These findings will be helpful in better and more
precise drug prescribing in patients who require anticoagulant therapy.
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Introduction

Vitamin K epoxide reductase enzyme is encod-
ed by homonymous VKORCI gene located on the
chromosome 16p.! VKORC1 enzymatic complex
catalyses reduction of vitamin K 2,3 epoxide to
the metabolically active forms of vitamin K in
two steps, first to vitamin K quinone and after-
wards vitamin K hydroquinone.? Thus, vitamin

K hydroquinone acts as a cofactor for the gam-
ma-carboxylation of glutamic acid residues of
vitamin K-dependent proteins (VKDP) which
include coagulation factors II, VII, IX, X, haemo-
static proteins C, S and Z.3 The essential role of
this enzyme complex in the coagulation process
represents the drug target of oral anticoagulants,
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notably warfarin.* Warfarin binds to the VKOR
and lowers the concentration of vitamin K hydro-
quinone, which decreases the amount of biolog-
ically active vitamin K to produce the factors of
coagulation.’ The main issue with prescribing an-
ticoagulant therapy are adverse drug reactions,
such as prolonged gastrointestinal, intracranial,
or peripheral bleeding. For prescribing anticoag-
ulant therapy, genetic variations among VKORC1
and CYP2C9 are of particular importance, since
genotype characteristics among these genes
could explain the individual differences in re-
sponse to warfarin.®

Numerous studies have reported that there is a
firm connection between VKORC1 SNPs and sen-
sitivity to warfarin which varies due to inter-in-
dividual and inter-ethnic differences. According
to data obtained from pharmacogenetic studies,
two SNPs - 1639G>A and 1173C>T, are commonly
genotyped. The 1173C>T rs9934438 is located in
the first intron of VKORC1 gene.” It is in near link-
age disequilibrium with G3673A. The 1173C>T
was the first known SNP to correlate with the
low-dosage warfarin therapy.® This indicates a
lower activity of the coagulation system, which
is partly related to a decreased activity of key
enzyme.’ Accordingly, individuals with CT or TT
genotype require lower warfarin doses in com-
parison to the carriers of the CC genotype.” 1

The unpredictable pharmacodynamics and phar-
macokinetics represent a big challenge in choos-
ing the right dose of a drug.!* Nevertheless, the
patient’s response to the recommended dosage of
warfarin is inter-individual, assigned to genetics
polymorphisms within the genes responsible for
the pharmacokinetics and pharmacodynamics of
warfarin.'

The aim of the research was to investigate the
frequencies and distribution of VKORC1 1173C>T
polymorphism in population of the Republic of
Srpska, Bosnia and Herzegovina, as well as to
compare results with the obtained frequencies in
other populations.

Methods

This study included 124 healthy participants from
the Republic of Srpska, of which 74 (61.29 %) par-
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ticipants were men and 48 (38.71 %) were wom-
en aged between 18 and 86 (median: 59). Partic-
ipants were randomly selected from all parts of
the Republic of Srpska. Exclusion criteria were
mental and physical illness.

The study was conducted in accordance with the
Declaration of Helsinki. Ethical Committee of the
Faculty of Medicine at the University of Banja
Luka approved this study (No 01-19-521-2/20).
Also, all participants signed a statement provid-
ing their written informed consent.

The molecular genetic analysis was performed
at the Laboratory for Molecular Biology and Ge-
netics of the University of Banja Luka, Faculty of
Medicine, Centre for Biomedical Research. To-
tal genomic DNA was isolated using PureLink®
gDNA Blood Kit (Invitrogen, Carlsbad, CA, USA).
The Real-Time PCR instrument 7500 by Applied
Biosystems and TagMan® Drug Metabolism Geno-
typing Assay (C_30204875_10) were used for de-
termination of genotypes for VKORCI (1173C>T,
rs9934438). The real-time polymerase chain re-
action was proceeded according to the manufac-
ture’s protocol.

Statistics

The x* test was used to detect if the gene
distribution accorded with the Hardy-Weinberg
equilibrium and to compare genotype and allele
frequency between different ethnic groups. For
all analyses the Social Science Statistics online
calculator was used (https://www.socscistatis-
tics.com/tests/).3?

Results

The alleles and genotypes distribution of the in-
vestigated gene in the population of the Republic
of Srpska are summarised in Table 1. Observed
genotype frequencies were in Hardy-Weinberg
equilibrium (x? = 1.837; p = 0.175).

For the VKORC1 1173C>T polymorphism, 22 sub-
jects (17.74 %) were genotyped as CC, 69 subjects
(55.65 %) as CT and 33 subjects (26.61 %) as
TT. The frequencies of alleles C and T in VKORC1
1173C>T in a total of 124 subjects were 45.18 %
(113 alleles) and 54.82 %.
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Table 1: Frequencies of the VKORC1 1173C>T genotypes and alleles in a sample of the popula-

tion of the Republic of Srpska

Gene Genotype N % Cl (95 %) Allele N (%)

cce 22 1774  11.47-25.62 C 113 (45.18)
VKORC1

CT 69 55.65 46.45-64.56 T 135 (54.82)
1173C>T

T 33 26.61 19.08 - 35.30

a - referent genotype; Cl - 95 % confidence interval; N — number of participants;

The allele frequencies of VKORC1 gene were com-
pared across several different populations as
shown in Table 2.

Table 2: The prevalence of the VKORCT allelic variants in the population of the Republic of Srpska (this study) compared to other

populations
Gen Allel Alleles frequencies in different populations (%)?
ene ele This study Croatian  French Italian ~ Slovenians German  Arabian  Austrian  Chinese
VKORC1 C 0.409 0.593 0.587 0.602 0.567 0.585 0.573 0.570 0.084
1173C>T T 0.591 0.407 0.413 0.398 0.433 0.415 0.427 0.430 0.916

a— references 1, 13-21;

The data for potential gender differences were
also analysed. However, there were no statisti-
cally significant differences in VKORC1 1173C>T
polymorphisms distribution in relation to gender
in study group (x* = 0.236; p = 0.627).

Discussion

Warfarin inhibits the enzyme VKORCI, which
leads to the reduction of vitamin K and the pro-
duction of hypofunctional coagulation factors.?
It is estimated that the influence of VKORCI ge-
netic variants on warfarin dose determination
is approximately 25 %.? A narrow therapeutic
range of warfarin is known with high inter-in-
dividual sensitivity to the drug. The presence of
VKORC1 gene polymorphism affects the pharma-
codynamics of warfarin. One of the most common
single nucleotide polymorphisms (SNP) VKORC1
is 1173C>T where cytosine is replaced by thy-
mine.? It was estimated that due to the presence
of the T allele, the dose of warfarin should be re-
duced by 20-28 %. Therefore, the carriers of the
VKORC1 CC genotype require a higher daily dose
of warfarin, the heterozygous genotype involves
amedium dose and the carriers of the VKORCI TT
genotype the lowest dose of the drug.?

In authors’ previous research, the prevalence of
pharmacologically most important allelic vari-
ants of the CYP2(C9 in the general population of

the Republic of Srpska was analysed. CYP2C9
metabolises around 15 % of all drug in modern
use, involving oral anticoagulants.?® The two
most common allelic variants are CYP2C9*2 and
CYP2C9*3, where the *2 allele is classified as a
loss-of-function variant and the *3 allele as a
no-function variant.?®?” According to the Clinical
Pharmacogenetics Implementation Consortium
(CPIC) Guideline for Pharmacogenetics-Guided
Warfarin Dosing, individuals with CYP2C9*2 and
CYP2(C9*3 have decreased warfarin maintenance
dose.?® Thus, the prescription of warfarin therapy
depends not only on VKORC1, but also on CYP2C9.

This is the first study performed in the popula-
tion of the Republic of Srpska. Study showed that
the VKORC1 gene polymorphism differs between
ethnicities. The frequency values for polymor-
phic alleles and genotypes corresponded to the
frequencies for other European populations. The
prevalence of VKORC1 1173T allele found in pre-
sented study are similar to the respective ones
reported in other counties such as the French
population (40.7 %; p = 0.55)," Italian (39.8 %;
p = 0.059)," Slovenian (43.3 %; p = 0.134),"> Ger-
man (41.5 %; p = 0.074),'® Arabic (42.7 %; p =
0.13)*” and Austrian (43 %; p = 0.115).18

The VKORC1 1173T frequency was significantly
different in comparison with Russian population
(38.2 %; p=0.021)," Chinese (91.6 %; p < 0.001)%°
and Egyptian (72.3 %; p = 0.001).%

The VKORC1 1173T allele is present in Caucasians
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with a frequency of about 40 % and the rarest in
African-Americans (14 %).” % Following, allele T
is mostly present in the East Asian population (90
%) and this explains the use of significantly lower
doses for Asians compared to Caucasians.®3° In
the rest of the Asian countries (South East, West
and Central Asia) the prevalence of this allele os-
cillated between 14 and 80 %.%!

Conclusion

gene was polymorphic in population of the Re-
public of Srpska, with a similar distribution as
noticed in other European populations (about
40 %). Opposite, there was a statistically sig-
nificant difference in other populations like
Chinese (1 %) where the prevalence of VKORC1
polymorphic allele was lower compared to
studied population or Egyptian (72 %) where
the frequency of T allele was higher than in
this study. The importance of population-ge-
netic studies, such as this one is to have a pre-
cise knowledge of the prevalence of specific
genetic variants in population, thus the pre-
scribing of particular therapy could be as pre-
cise as possible.
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