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Background: Managing individual-based anti-coagulant therapy with warfarin is an important goal for bleeding prevention in 
personalized medicine.
Objectives: The purpose of the present study was to evaluate the allelic frequency of VKORC1 (C1173T, G1639A) and CYP2C9 (CYP2C9*2 and 
CYP2C9*3) polymorphic genes with SimpleProbe® real-time PCR as a fast, accurate and easy-to-handle method.
Patients and Methods: One hundred unrelated patients under warfarin therapy were recruited as the study population. Real-time PCR 
was performed with SimpleProbe® for single-nucleotide polymorphisms (SNP) detection of CYP2C9 and VKORC1 genes.
Results: The allelic frequencies for VKORC1 C1173T (CC, CT, TT) were 25%, 51% and 24%, respectively and for VKORC1 G1639A (-GG, GA, AA) were 
27%, 51% and 22%, respectively. Despite a significant association between allelic polymorphisms in VKORC1 and warfarin dose (P < 0.001), it 
was not statistically significant for CYP2C9*2 and CYP2C9*3, most probably due to the low rate of CYP2C9*2 and CYP2C9*3 SNPs observed.
Conclusions: SimpleProbe® real-time PCR is a fast and accurate technique qualified to detect VKORC1 and CYP2C9 SNPs. These results 
encourage taking further steps towards using VKORC1 and CYP2C9 allelic screening to prevent clinical complications due to resistance or 
sensitivity to warfarin as well as anti-coagulant dose adjustment.

Keywords: VKORC1; CYP2C9; SNP; Real-Time Polymerase Chain Reaction; Warfarin

Implication for health policy/practice/research/medical education:
Managing individual-based anti-coagulant therapy with warfarin is an important goal for bleeding prevention in personalized medicine. Taking further 
steps towards application of VKORC1 and CYP2C9 allelic screening is necessary to prevent clinical complications due to resistance or sensitivity to war-
farin as well as anti-coagulant dose adjustment.
Copyright © 2014, Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Warfarin (Coumadin) was introduced into clinical 

practice in the 1950s, and has been the most widely pre-
scribed oral anti-coagulant for prevention and treatment 
of thrombotic diseases despite its significant side effects 
(1-3). The small therapeutic window of warfarin necessi-
tates individual dosing for bleeding risks (4, 5).

Several clinical variables are considered for initiating 
the warfarin therapy. Although the inter-individual vari-
ability depends on environmental factors, the effect of 
genetic variations has also been demonstrated, and in-
creasing evidence supports the association of genotype 
and bleeding tendency following warfarin therapy (6).

Vitamin K epoxide reductase complex subunit1 
(VKORC1), a membrane protein located in hepatocytes, 
has an important role in the anabolism of vitamin K 
which is essential for blood coagulation. Coumarin de-
rivatives like warfarin act as vitamin K antagonists (VKA) 

by inhibiting the VKORC1 activity and thus, regeneration 
of reduced vitamin K. Recently reported polymorphisms 
in the VKORC1 gene, justifies up to 30% of the variability 
in the pharmacological responses to VKAs. A VKORC1-1639 
AA genotype carrier requires a significantly lower daily 
dose of warfarin than GA or GG genotype carriers (7-11).

The VKORC1, 1639G > A and 1173C > T polymorphisms 
have strong linkage disequilibrium and show a signifi-
cant effect on the response to a given dose of warfarin.

Termination of the warfarin pharmacological effects de-
pends on hepatic metabolism, catalyzed largely by the cy-
tochrome P450 (CYP) system. This enzyme family consists 
of more than 30 isoenzymes mediating drug metabolism 
like S-warfarin. CYP2C9 is the most abundant enzyme 
among human CYP2C isoforms primarily localized in 
liver accounting for 20% of the total hepatic CYP450 con-
tent. The CYP2C9 genetic polymorphisms are associated 
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with variations in the levels of enzymatic activity. Among 
all allelic variants, CYP2C9*2 and CYP2C9*3 show clini-
cal significance and are associated with decreased abil-
ity to metabolize the substrates in comparison with the 
common wild-type CYP2C9*1. Among the Caucasians, the 
most common mutant allele is CYP2C9*2 (8 - 12%) causing 
30–50% lower turnover of S-warfarin, while the frequency 
of CYP2C9*3 varies from 5 to 9% (7-12) causing a much low-
er intrinsic clearance (approximately 90%), which means 
patients carrying these polymorphisms metabolize war-
farin at a slower rate and may be at a greater risk of bleed-
ing during initiation of traditional warfarin therapy.

Despite numerous worldwide studies, only a few have 
investigated the distribution frequency of major al-
lelic variations and their effects on drug sensitivity and 
metabolism among Iranian population (7, 8, 12-14) us-
ing time-consuming and technically cumbersome ap-
proaches (8, 14, 15). Therefore, more robust SNP detection 
methods with higher accuracy are essential for screening 
purposes. Real-time PCR with SimpleProbe® format for 
SNP genotyping and mutation detection is a fast, reliable, 
sensitive and easy-to-handle technique applied in this in-
vestigation.

Single-labeled (SimpleProbe®) is a sequence specific 
hybridization probe, which fluoresces when bound to a 
single DNA strand. As a result, changes in fluorescence 
are solely based on the hybridization status of the probe. 
By measuring the fluorescence, the instrument can de-
tect melting of the probe-target hybrids by increasing 
the temperature. A mismatch (like SNPs) weakens the sta-
bility of the SimpleProbe® and prompts probe melting 
at a lower temperature compared to perfectly matched 
sequence, leading to detection of the mutation.

2. Objectives
This study was designed to evaluate the allelic frequen-

cy of the VKORC1 (C1173T, G1639A) and CYP2C9 (CYP2C9*2 
and CYP2C9*3) polymorphic genes with SimpleProbe® 
real-time PCR.

3. Patients and Methods

3.1. Patients
One hundred unrelated patients with heart failure his-

tory merely under warfarin therapy were enrolled in 
this study during 2010 - 2012. The subjects were referred 
to the Laboratory of Day General Hospital (Tehran, Iran) 
for routine laboratory tests and then underwent the two 
common laboratory tests used to evaluate coagulation 
disorders including Prothrombin Time (PT) and Partial 
Thromboplastin Time (PTT). The PT and international nor-
malized ratio (INR) are used to monitor the effectiveness 
of warfarin. Each manufacturer assigns an international 
sensitivity index (ISI) value (usually between 1.0 and 2.0) 
for any manufactured tissue factor which indicates how a 

particular batch compares to an international reference 
tissue factor. The INR is the ratio of a patient's prothrom-
bin time to a normal (control) sample, raised to the pow-
er of the ISI value for the analytical system used. Hence, 
INR is calculated as (PT test/PT control) ISI.

The PT and PTT were determined using standard Kits 
(HemosIL TM, Instrumentation Laboratory Company, 
USA) according to the manufacturer’s instruction. All 
procedures were approved by an Ethics Committee, and 
participants' consent was obtained.

3.2. DNA Extraction and SimpleProbe® Real-Time 
PCR

Blood samples were collected in tubes containing EDTA. 
DNA extraction was performed using QIAamp Blood DNA 
Mini Kit (Qiagen, USA) according to the manufacturer’s 
manual, with final elution in 50 µL of nuclease-free water. 
The prepared DNA was assayed immediately or stored at 
-20ºC until being used.

SimpleProbe® real-time PCR assay for CYP2C9*2 and 
CYP2C9*3 was performed using light Mix® Kit human 
CYP2C9*2 and CYP2C9*3 (TIB MOLBIOL GmbH, Berlin, Ger-
many) in 10 µL PCR mixture volume composed of 2 µL Light 
Cycler® Fast Start DNA Master HybProbe® (Roche Diag-
nostics, USA), 2 µL Primer and Probe (TIB MOLBIOL GmbH, 
Berlin, Germany), and 2.5 µL extracted DNA. Amplification 
was performed in the following conditions: activation step 
at 95°C for 10 minutes and 45 cycles of three thermal am-
plification steps: 95°C for 5 seconds, 60°C for 10 seconds, 
and 72°C for 15 seconds. The genotypes were identified by 
running a melting curve with specific Tm of 58.5ºC for the 
wild type and 50.5°C for the mutant human CYP2C9*2 in 
channel 530 (F1) and 48.5°C for the wild type and 58.3°C for 
the mutant human CYP2C9*3 in channel 640 (F2). Ampli-
fication, data acquisition and melting curve analysis were 
performed on Light cycler® 1.5 (Roche, USA).

Real time PCR assay for VKORC1 was performed using 
light Mix® for detection of VKORC1 C1173T and VKORC1 
G1639A (TIB MOLBIOL GmbH, Berlin, Germany) accord-
ing to the manufacturer’s protocol. The wild type VKORC1 
C1173 and G1639 exhibited a Tm of 51.8°C in channel F1 and 
a Tm of 52.6°C in channel F2, respectively. The allele vari-
ants VKORC1 1173T and 1639A exhibited a Tm of 58.1°C in 
channel F1 and a Tm of 61.3°C in channel F2. The assay sen-
sitivity was 1 ng, and measuring range of the assay was 
1 - 100 ng of genomic DNA.

3.3. Statistics
SPSS version 16.0 was used for data analysis. The Kol-

mogorov-Smirnov test was used to determine the normal 
distribution of the values and to indicate whether para-
metric or nonparametric statistical analysis was required 
for analyzing the test results. One-way analysis of vari-
ance (ANOVA) was used to assess group differences for 
continuous variables and χ2 test for categorical variables. 
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Descriptive test was used to obtain the frequencies of all 
parameters in the study population. A P value < 0.05 was 
considered statistically significant.

4. Results
This study was performed on one hundred ward pa-

tients with heart condition, referred to the Laboratory 
of Day General Hospital for PT, PPT and INR assessments. 
These patients were screened to be under warfarin ther-
apy as the single anticoagulant therapy. Mutation de-
tection for VKORC1 and CYP2CP was performed on this 
group regarding the issue that the pharmacodynamic 
mechanism of warfarin resistance relies on the CYP2C9 
or VKORC1 polymorphism.

Previous reports showed that the prevalence of VKORC1 
and CYP2C9 mutations differ between the ethnic groups. 
African-Americans have a higher proportion of the wild-
type genotype for both CYP2C9 and VKORC1 compared to 
Caucasians and Asians. CPY2C9*2 variant is found more 
commonly in Caucasians, while CYP2C9*3 is common in 
Asians (16).

SimpleProbe® real-time PCR assay was used to detect CY-
P2C9*2, CYP2C9*3, VKORC1 G1639A and VKORC1 C1173T alleles 
in the study group as a representative of the Iranian popu-
lation. Schematic results of genotyping by real-time PCR 
are shown in Figure 1. SimpleProbe® real-time PCR had suf-
ficient accuracy to detect wild type, heterozygote and mu-

tant genotypes in the study population based on their Tm.
As demonstrated in genotyping patterns in Figure 2, 

VKORC1 1639-GA was the most abundant genotype of 
VKORC1 1639 allele. The two homozygote -GG and -AA 
genotypes had frequencies of 27% and 22%, respectively. 
In SimpleProbe® real-time PCR of VKORC1 C1173T, hetero-
zygote genotype was more common and accounted for 
51% of the samples. The two homozygote -CC and -TT geno-
types had frequencies of 25% and 24%, respectively. Thus, 
in both VKORC1 (C1173T and G1639A) genes, heterozygote 
genotype was more common in a total of 100 patients. In 
CYP2C9 variant, 21 and 28 subjects carried CYP2C9*1/*2 and 
CYP2C9*1/*3, respectively. Three individuals (3%) had the 
genotype CYP2C9*2/*2, while CYP2C9*3/*3 was not detected 
in any of the samples (Figure 2). Therefore, wild type geno-
type was dominant in both CYP2C9 (*2 or *3) genes.

In the studied population, the average age was 57.15 ± 
17.34 SD ranging from 11 to 84 years old. The mean ± stan-
dard error (SE) of warfarin maintenance dose was 28.25 
± 0.33 mg /week. INR mean ± SE was 2.30 ± 0.56 rang-
ing from 1.0 to 3.7. Test of normality with Kolmogorov-
Smirnov demonstrated that PT, PTT, INR and warfarin 
dose data had normal distribution. One-way ANOVA test 
indicated a significant association between drug dose 
and both VKORC1 C1173T and VKORC1 G1639A. No signifi-
cant association was found between CYP2C9*2, CYP2C9*3 
genotypes and INR or drug dose. 

Figure 1. Schematic Representation of Genotyping Pattern by SimpleProbe® Real-Time PCR
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Figure 2. Allelic Frequencies for VKORC1 C1173T, VKORC1 G1639A, CYP2C9*2, 
and CYP2C9*3 in 100 Patients Enrolled in This Study

5. Discussion
Warfarin and related anticoagulants are widely pre-

scribed drugs to prevent coagulation in cardiovascu-
lar problems. The drug's small therapeutic window 
requires improving the safety of oral anticoagulation 
administration (6, 16-19). Most of the inter-individual 
and interethnic differences in the effects of drugs are 
attributed to genetic differences in their metabolism. 
Although the dosage of warfarin is currently adjusted 
according to the INR, a significant inter-individual vari-
ability exists in the dose-response relationship, leading 
to bleeding and insufficient anticoagulation as adverse 
responses (5, 6, 16).

 The first study on the role of VKORC1 genetic polymor-
phisms in setting of the required warfarin dose was 
published in 2005 by D’Andrea et al. (9). The required 
dose of an antagonist to achieve the target level of an-
ticoagulation in VKA therapy is variable in individuals 
and depends on numerous factors such as age, dietary 
intake, variations in pharmacokinetics as well as inter-
fering pharmacotherapy (20). Each population has a 
unique pattern of gene polymorphism, playing a sig-
nificant role in drug metabolism (6). As demonstrated 
in Table 1, the results of the present study on Iranian 
population represented that patients with one or two 
mutated alleles in VKORC1 C1173T and VKORC1 G1639A re-
quired lower warfarin maintenance doses. In this study, 
the frequency of VKORC1-1639A polymorphism (51%) was 
similar to what previously reported for the Caucasians, 
but it was different from the African-American and Chi-
nese populations (13% and 96%, respectively) (7).

Table 1.  Warfarin Maintenance Doses in Patients With Allelic 
Diversities in VKORC1 C1173T, VKORC1 G1639A, CYP2C9*2 and 
CYP2C9*3 Genes a

Gene SNP Warfarin Dose ± SEM,
mg/wk

P value

VKORC1 1173 CC 7.62 ± 0.81 < 0.001

CT 5.48 ± 0.39

TT 3.9 ± 0.45

VKORC1 1639 GG 7.35 ± 0.77 < 0.001

GA 5.57 ± 0.40

AA 3.67 ± 0.38

CYP2C9*2 *1/*1 5.81 ± 0.37 0.68

*1/*2 5.18 ± 0.79

*2/*2 4.8 ± 0.82

CYP2C9*3 *1/*1 5.84 ± 0.37 0.365

*1/*3 5.17 ± 0.69
a The results showed that patients with one or two mutated alleles in 
VKORC1 C1173T and VKORC1 G1639A needed lower warfarin maintenance 
doses (P < 0.001), while the association between CYP2C9 SNPs and 
warfarin maintenance dose was not statistically significant (P > 0.05).

The frequency of VKORC1-1639 AA in Asians, African-
Americans and Europeans were 92%, 0% and 23%, respec-
tively. But according to the previous reports in the UK, 
France and Iran, the related frequencies were 19%, 23% and 
27% close to the findings of the present study (22%) (21, 22).

Some genetic polymorphisms of CYP2C9 leading to 
changes in amino acid sequence of these enzymes can al-
ter both enzymatic activity and substrate specificity. Hu-
man CYP2C9*2 is the most clinically important allele of 
CYP2C9 in Caucasians (11, 15). Herein, the presence of ge-
netic heterozygosis in CYP 2C9 was demonstrated. Wild 
type genotype (CYP2C91*1) has been reported in about 75% 
of the Iranians (7) which is in accordance with our results 
and slightly different from reports from Egypt (23) and 
India (82%) (24). Three patients with homozygote state 
for CYP2C9*2 allele were found to have warfarin mainte-
nance dose of 24 mg/week which is lower than the aver-
age warfarin prescribed dose (28.25 ± 0.33 mg/week). No 
case of homozygote state for CYP2C93*3 genotype was 
verified in the studied population, which is in accordance 
with previous studies in Iran (15) as well as some other 
reports from Greece (25) and Italy (26). The frequency of 
CYP2C91*3 is very low (< 8%) in most populations such as 
the Italians (26), Swedish (27), Slovenians (28), Egyptians 
(23) Indians (24), and Russians (29).

Real-time PCR using SimpleProbe®, SYBR-Green I (30), 
PCR-RFLP and smart amplification process (31) are excellent 
tools for SNP genotyping and mutation detection. Several 
companies are developing commercial rapid genotyping 
assays for CYP2C9 and VKORC1 based on microchips, bead 
technology or fluoresceinated DNA probes to identify bio-
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tinylated amplicons (2). SimpleProbe® is more accurate 
and facilitates readily identification of wild-type, mutant, 
and heterozygous samples with only a single short probe 
(4, 32-34). The Light Cycler® Instrument recruited in this 
study is capable of monitoring the melting behavior of the 
SimpleProbe®. To this date, few studies have determined 
the frequency of CYP2C9*2, CYP2C9*3 or VKORC1 allelic vari-
ants among the Iranian population (7, 8, 13, 15, 16).

According to previous findings, polymorphisms of 
CYP2C9 and VKORC1 are associated with variability in 
response to warfarin. Identifying these polymorphisms 
in patients prior to starting the therapy may help clini-
cians choose the appropriate strategy to reduce adverse 
drug reactions such as bleeding. The low rate of mutated 
CYP2C9*2 and CYP2C9*3 alleles reported in this study, 
makes it difficult to conclude an accurate association be-
tween allelic variation and warfarin dosage, and should 
be further investigated using larger samples. It may be 
concluded that prospective application of SimpleProbe® 
real-time PCR for VKORC1 and CYP2C9 polymorphism sta-
tus detection as an approach for settling warfarin dosage 
can be accurate, technically feasible and acceptable for 
patients and service providers.

Individualized medicine is becoming a reality in future 
medicine. Clinicians should not ignore the large amount 
of new information pertaining to pharmacogenetic test-
ing and should apply it in the already complex process 
of individual therapeutic decision-making particularly 
when the patients’ safety is a matter of concern. Use of 
genetic polymorphisms for CYP2C9 and VKORC1, environ-
mental and clinical factors to estimate the warfarin dos-
age could potentially minimize the risk of overdose dur-
ing warfarin therapy. Testing for VKORC1 polymorphism 
complemented with testing for CYP2C9 polymorphisms, 
may become one of the necessary standards for all pa-
tients prior to starting warfarin therapy.
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