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ABSTRACT

Article history Background and Aims: Warfarin is an anticoagulant agent used for many
Received: 17 Aug 2020 years in treating various clinical conditions such as thromboembolisms in
Accepted: 20 Sep 2020 cardiovascular disease. Some patients require different doses of warfarin to
Available online: 30 Nov 2020 reach the therapeutic international normalized ratio ratio. These patients have
specific demographic characteristics. Genetic polymorphisms in specific
Keywords genes have been reported to be an essential factor in response to warfarin.
Cardiovascular disease The present study investigated the effect of these polymorphisms of genes on
Sc?lr;/%%e;hism warfarin dose necessities in pediatric of VCORC1 gene in patients.
VKORC1 Material and Methods: Ninety-five patients with cardiovascular disease,
Warfarin who were receiving warfarin for at least three months, enrolled in the present

cross-sectional study. Their genomic DNA was extracted from their
peripheral blood, and the VKORC1 (rs9923231) polymorphism was
evaluated by polymerase chain reaction and sequencing.

Results: Among the study population, 48 patients (50.5%) had TC genotype
and, 21 (22.1%) and 9 (9.5%) patients have TT and CC genotype,
respectively. There was no significant relation between Warfarin dose and
VCORCI1 genotype in our population (p<0.05).

Conclusions: The VKORC1 polymorphism (rs9923231) did not significantly
affect the warfarin required for cardiovascular disease patients. Further
studies evaluating other genes such as CYP2C9 polymorphisms in our
population are warranted.
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Introduction

Cardiovascular disease is responsible for more
than 30% of annual deaths, leading to 17.7
million deaths annually [1]. According to the
latest world health organization report, the
prevalence of cardiovascular disease in lIran
IS 46%. A notable portion of cardiovascular
diseases such as chronic heart failure and
atrial fibrillation require long term anticoagulant
therapy to reduce the mortality rate [2]. Warfarin
is a commonly used anticoagulant agent that is a
coumarin derivate [3]. This drug will inhibit the
synthesis of coagulate factors related to vitamin
K, including Il, VII, IX, and X factors in the
pathway, and C and S proteins in the intrinsic
pathway [4]. Alongside the beneficial effects of
warfarin, this drug is well known because of its
narrow therapeutic window. This property
causes the prescription and monitoring of
the anticoagulant effects of warfarin more
complicated. Prescribing the same dose of
warfarin in different patients may provide
various effects and require careful international
normalized ratio (INR) monitoring. Despite
careful dosage according to INR status, still in
many cases the therapeutic goal couldn’t be
achieved [5]. Some individual factors such as
age, gender, bleeding history, drug interaction,
and genetic factors are considered to be
important in adjusting the warfarin dose
according to INR status. Among genetic factors,
CYP29 is one of the first genes which has been
associated with warfarin sensitivity [6-10].
VKORC1 gene is located on the short arm of 16
chromosomes and code a membrane protein

consisted of 163 amino acids. VKOR complex

converts inactive Vitamin K 2, 3-epoxide to
activated vitamin K. Vitamin K is a cofactor for
carboxylation of residual glutamic acid from
gamma carboxylase of coagulating enzyme’s.
Allelic variations in VKORC1 will result in
different responses to warfarin therapy [11, 12].
A single nucleotide polymorphism (SNP) in the
VKORC1 gene (rs9923231 (1639 G—A). This
SNP will result in lesser enzyme products and
is mostly seen in the Asian and European
populations. The lower amount of enzyme could
lead to increased sensitivity to warfarin. Patients
carrying this SNP can tolerate a higher risk of
warfarin toxicity and bleed while using the same
dose as the rest of the population [13]. Recently,
the international warfarin pharmacokinetics
consortium has proposed the effect of VKORC1
polymorphism in their guidelines and stated that
some studies had suggested their guidelines for
their specific populations [14]. Such reports
emphasize the importance of  genetic
polymorphisms in response to different drug
therapies. In the present study, the prevalence of
a VKORC1 polymorphism in an Iranian

population using warfarin was investigated.
Materials and Methods

Study design

This cross-sectional study was performed in
Mashhad, Iran. The Nishaboor Azad medical
university ethic committee has approved the
present research, and all the participants have
filled an informed consent form. The study
population was selected from patients referred to

Mashhad’s Javad Al-Aeme hospital in 2 years,
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starting from 2015 to 2017. The sample size of
the presented study was calculated as 78 patients
(power and confidence: 90 and 95, respectively).
The cardiovascular patients receiving warfarin
for at least three months enrolled in the present
study. None of the patients had taken the drugs
which have primary interaction with warfarin
(Amiodarone, statins, omeprazole or non-steroid
anti-inflammatory drugs), history of hematologic
disease, peptic ulcer, thyroid, liver or kidney
dysfunction, autoimmune or infectious disease,
malignancies, non-compensated heart failure and
smoking more than ten cigarettes per day. The
patient’s medical and demographic data and
maintenance warfarin dose were documented
[15].

DNA extraction and polymerase chain
reaction (PCR) method

To determine the patient’s genotype for the
desired polymorphism, 5ml of the whole blood
sample was collected in Ethylenediamine-
tetraacetic acid tubes. The tubes were stored at
-20°C, and the DNA was extracted using a
QlAamp DNA Mini Kit (Yekta Tajhiz Teb,
Iran). Two pairs of primers were designed in
Table 1. PCR and sequencing were used to
detect the desired polymorphisms: 1 ul of
DNA was added to 10 pl of PCR master mix,
and 0.75 pl of each forward and reverse
primers (Dena Zist, Iran) were added to the
mixture. The final volume was diluted to 25
pl. The denaturing temperature was considered
as 94°C for 1 minute, 59°C, and 62°C for
annealing of primer sets for 30 seconds,
respectively, and 70°C for 25 minutes were
considered as extension cycle. Five microliters

of the PCR product were loaded on agarose,

and the presence of the specific band was
checked by gel electrophoresis for 60 minutes
(50V DC). The PCR product was sent for
sequencing, and the results were interpreted
[16].

Statistical analysis

Mean values and standard deviation were used
for describing the study variables. Chi-square
and Fisher’s exact test and regression tests
were used to define the nominal variables and
describe the relationship between genotypes.
The SPSS software version 22 was used for
data analysis, and P values less than 0.05 were
considered statistically significant.

Results

Among the study population, the mean and
standard deviation (SD) age was 54.3(19.6),
and most of the participants were female (49
patients, 51.6%). The mean (SD) of height
and weight of the patients was 162.2 (15.9)
and 69.3 (17.2), respectively (Table 2). The
mean (SD) of warfarin dose was 31.4 (13.1)
mg with maximum and minimum values of 8.8
mg and 75 mg, respectively. Cardiac valve
replacement surgery, heart failure, and vein
thrombosis were the indications for receiving
warfarin according to their prevalence among
our population. Most of the patients were not
receiving Amiodarone (68 patients, 71.6%). Fifty-
five (57.9%) patients experienced hemorrhagic
events. Patient characteristics are presented
in Table 3.

Frequencies of VCORC1 alleles and
genotypes

The frequencies of the VCORC1 (rs9923231)

alleles and genotypes are listed in table 4.
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Among the study population, only warfarin patient’s genotype was not significantly

dose and gender were significant. The related to warfarin dose (p=0.801).

Table 1. SNP, primer sequences

SNP name Primer sequences
VCORC1 F=5" CTCCAGGGTTCAAGTGGTTC 3’
(rs9923231) R=5"> ACAGACGCCAGAGGAAGAGA 3’
Table 2. Characteristics of study populations

Variables Number 95 (%)

Sex

Male 46 (48.4%)

Female 49 (51.6%)

Age (year)

Minimum 5

Maximum 80

Average 54.3

Weight (kg)

Minimum 18

Maximum 105

Average 69.3

Height (cm)

Maximum 190

Minimum 100

Average 162.2

Disease distribution (month)

Maximum 420

Minimum 3

Average 70.9

Table 3. Distribution of study variables and their relation with warfarin dose (mg)
Warfarin dose (mg)

Study variables - : T p
Minimum Maximum Average Standard deviation

Younger than 30 125 61.3 35.3 17.6
30-50 175 75.0 41.0 16.9

Age(Year) o) 24 8.8 525 203 101 0.062
Older than 70 8.8 35.0 25.8 9.4
Male 8.8 75.0 35.1 155

Gender Lo male 8.8 50.0 277 9.0 0.012
Lower than 50 8.8 52.5 26.5 15.6
. 50-70 10.9 61.3 31.6 10.6

Weight (ko) 2) g9 8.8 525 30.9 11.0 0.538
More than 90 8.8 75.0 38.1 25.1
Shorter than 160 8.8 52.5 28.7 12.0

Height (cm) 160-170 175 61.3 29.9 10.0 0.179
Higher than 170 8.8 75.0 36.1 17.0

Table 4. Distribution of genotypic characteristics of study participants for VKORC1 polymorphism

GENE SNP Genotype Frequency number (%)
Unknown 17 (17.9)
TT 21 (22.10)

VKORC1 rs9923231 TC 48 (50.52)
CC 9 (9.5)
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Discussion

As an inexpensive anticoagulant for managing
many cardiovascular diseases, warfarin has
become a common drug of choice in many
countries [17]. However, the narrow therapeutic
window of this drug is the main challenge for
physicians yet. Careful dosing of this drug will
reduce the risk of further complications, such
as bleeding [18]. In the present study, the
possible effect of genetic polymorphism in
warfarin response was evaluated. VKORC1
gene is an essential factor in warfarin
metabolism. According to the results, a
VKORC1 polymorphism (rs9923231) is
prevalent in Iran's northeast, even though this
SNP is not related to warfarin dose. In the
population, 9.5% of patients had wild type
homozygote genotype, and 50.5% were
heterozygote. In a similar study with a slightly
greater sample size from Shiraz and Brigand
cities, most of the patients had a heterozygous
genotype (57.1% and 45.9%, respectively).
However, our population had a 9.5% wild type
homozygote genotype as the least prevalent
genotype, while the study from Birjand
indicated that the non-wild type homozygote
genotype is the least pervasive [19]. A possible
reason for this different finding could be
related to the study population. In Razavi et al.
study, they have chosen their sample size
among the patients referred for checking their
prothrombin time and partial thromboplastin
time while we have chosen our patients among
those with cardiovascular diseases [20].
Another study conducted on 29 patients who

were receiving warfarin in the north of China

has shown that the TT genotype was the most
common (89.7%) [21]. While our study fails
to establish a statistical correlation between
warfarin  dose and different VKORC1
genotypes, the T allele required a lesser
warfarin dose to achieve the stable INR.
McKinney et al. study has shown that the C
allele requires higher doses of warfarin [22].
Yuan et al. have reported that the wild-type
homozygote patients will require higher doses
of warfarin while the TT and CT genotype did
not show any difference in terms of the
necessary warfarin dose [23]. A study on the
Ashkenazi population has demonstrated that
the heterozygote genotype will require more
warfarin  [24]. Also, the non-wild type
homozygote patients face a reduced amount of
coagulate factors related to Vitamin K. While
putting the possible effects of the same SNP in
different populations aside, the next leading
probable cause of varying response to warfarin
could be explained because of other genes.
A Japanese study has shown that the VKORC1
is not related to warfarin response and
demonstrated that CYP2C9 and CYP4F2 genes
are related to warfarin response in their
population [25]. There are some other genes
that are responsible for warfarin response that
can be seen in other studies as well. For
example, in an lIranian patient who was
resistant to great doses of warfarin (more than
100mg warfarin per day), the plasma dose of
warfarin was higher than the therapeutic limit
(22.8 mg/lit) [26]. The authors didn’t find any
mutation in VKORC1 gene and proposed that
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the genetic effect may be in other genes

responsible for response.
Conclusion

The present study could not find a significant
relation between warfarin dosing and VKORC1
polymorphism in an Iranian population. While
the response to warfarin has been reported to be
related to other genetic polymorphisms, the
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