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Abstract - Warfarin is one to the most common world-wide prescribed oral anticoagulants with narrow therapeutic index. 
An insufficient dose of warfarin may lead to the failure its antithrombotic effect, while overdose may increase the risk of 
hemorrhage. Genetic variability in two genes CYP2C9 and VKORC1 have a significant effect on the individual's response to 
the warfarin dose. The aim of our study was determine the frequency of selected single nucleotide polymorphisms in genes 
CYP2C9 (CYP2C9*2 and CYP2C9*3) and VKORC1 (VKORC1*2 and VKORC1*3) in Slovak population. 
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I. INTRODUCTION 
 
Warfarin is an antagonist of vitamin K, which is 
essential factor of blood clothing cascade. Warfarin 
belongs among the most common and world-wide 
prescribed oral anticoagulants. It is administered at 
high risk of embolization, cardiac infarction, atrial 
fibrillation, some congenital blood clotting disorders, 
after surgery (e.g. cardiac valve replacement) and as a 
preventive treatment for patients at risk of deep vein 
thrombosis [1]. Commercially used warfarin, 
chemically 4-hydroxycoumarin, is a racemic mixture 
consisting of two enantiomers (S- and R-
enantiomers). These two isoforms differ from each 
other by the rate and effectivity of their metabolism 
in organism. S-enantiomers are metabolized by 
CYP2C9 (CYP2C8) and R-enantiomers are 
metabolized by CYP1A1, CYP1A2 a CYP3A4 
(CYP2C19, CYP2C8) [2, 3]. The actual anticoagulant 
effect of warfarin is induced by the inhibition of 
vitamin K-epoxide reductase (VKOR), thereby 
reducing the synthesis of vitamin K-dependent 
coagulation proteins in the liver [4, 5]. 

 
Fig.1. The role of vitamin K in coagulation process. 

Single nucleotide polymorphisms in genes CYP2C9 
(affecting pharmacokinetics) and VKORC1 (affecting 
pharmacodynamics) among genetic factors which 
influence the warfarin metabolism and activation [6]. 
Polymorphisms in these two genes represent more 
than one third of variance associated with a stable 
therapeutic dose of warfarin [7]. 
CYP2C9 (OMIM * 601130) is localized on the 10th 
chromosome and consists of 9 exons and 8 introns 
[8]. Allelic variants CYP2C9*2 (c.430C>T, 
p.Arg144Cys, rs1799853) a CYP2C9*3 (c.1075A>C, 
p.Ile359Leu, rs1057910) are associated with the 
reduction of metabolic clearance of CYP2C9 
substrates, including warfarin [9]. The CYP2C9*2 
and CYP2C9*3 alleles are found in approximately 
35% of Caucasians. Studies show that the CYP2C9 
genotype is responsible for 12% of inter-individual 
variability in response to warfarin therapy [10]. 
Compared to individuals with a standard genotype 
(CYP2C9*1), the CYP2C9*3 allele in homozygous 
form is functional only at level 5%, whereas the allele 
CYP2C9*2 in homozygous form is active at 12% 
[11]. Individuals with these variants are at risk of 
prolonged bleeding time and increased incidence of 
severe bleeding, especially in the initial phases of 
warfarin therapy, and require lower doses of warfarin 
to achieve the desired anticoagulant effect compared 
to patients with at least one CYP2C9*1 (WT) 
haplotype [12, 13].  
VKORC1 (OMIM * 608547) is localized on the 16th 
chromosome, consists of 3 exons and 2 introns [8]. 
Polymorphisms in the VKORC1 gene affect inter-
individual variability and affecting warfarin dosing 
up to 30%. The most frequent polymorphisms in this 
gene are VKORC1*2 (c.1173C> T, rs9934438 is in a 
strong linkage disequilibrium with c-1639G> A, 
rs9923231) and VKORC1*3 (g3730G> A, rs7294). 
Patients with polymorphism in VKORC1 at position 
1639G> A need a lower dose of warfarin by about 
25% for the genotype GA, and for genotype AA it is 
up to 50% lower compared to the standard GG 
genotype. Polymorphism VKORC1*3 (AA) causes an 
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increase of warfarin dosage up to 30% in compared 
of WT individuals [14]. VKORC1*2 (haplotype A) is 
present in 42% of Europeans and VKORC1*3 
(haplotype B) is present in 38% of Europeans [15]. 
 
II. MATERIAL AND METHOD 
 
Frequency of selected SNPs were detected by allele-
specific Real-Time PCR in control group of 112 
randomly selected healthy individuals (60 men and 
52 women, in the aged 25-40) which were never 
treated by warfarin. We detected the presence of 
polymorphisms in the genes CYP2C9 (CYP2C9*2 
and CYP2C9*3) and VKORC1 (VKORC1*2 and 
VKORC2*3). 
 
III. RESULTS 
 
Percentage of selected polymorphisms in the CYP2C9 
alleles (CYP2C9*2: R144C, Arg144Cys, c.430C> T, 
rs1799853, CYP2C9*3: I359L, Ile359Leu, c1075A> 
C, rs1057910) and VKORC1 (VKORC1*2 1639G> A, 
rs9923231 is in a strong linkage disequilibrium with 
c.1173C> T, rs9934438; VKORC1*3: c.3730G> A, 
rs7294) affecting the pharmacogenetics of warfarin in 
the control group of 112 randomly selected 
individuals (224 alleles) genotypes (Table 1). 
Genotype Wild-type Heterozygote Mutant
CYP2C9*2 91 19 2
(rs1799853) (81.25%) (16.96%) (1.79%)
CYP2C9*3 95 17 0
(rs1057910) (84.82%) (15.18%) 0%
VKORC1*2 41 58 13
(rs9923231) (36.61%) (51.78%) (11.61%)
VKORC1*2 41 58 13
(rs9934438) (36.61%) (51.78%) (11.61%)
VKORC1*3 43 47 22
(rs7294) (38.39%) (41.97%) (19.64%)  

Tab.1. Number of individuals in the selected control group and 
their genotypes 

 
CONCLUSIONS 
 
The observed frequencies of polymorphisms in the 
Slovak population correlate with the frequencies 
described in the other Caucasian populations in 
studies. Based on this study, we predict that 
approximately 25% of the Slovak population requires 
a standard dose of warfarin (5 mg warfarin per day), 
44% ~ 4 mg, 23% ~ 3 mg and 8% ~ 2 mg warfarin 
daily due to a combination of polymorphisms 
CYP2C9 * 2, CYP2C9 * 3, VKORC1 * 2 [16]. 
Knowledge of the patient's genotype will allow 
physicians to properly adjust the dose of the drug. 
The examination is also important for patients whose 
long-term serious side effects are caused by warfarin 
therapy. The FDA (Food and Drug Association) 
recommends genotyping before starting treatment. 
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