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polymorphic variants within CYP2C9 could affect the 
required dose of warfarin. 

Materials and Methods
Patients and Criteria

In this prospective study conducted between Febru-
ary 2016 and March 2017, 170 consecutive heart valve 
replacement patients, from Seyyedal shohada Hospi-
tal in Urmia, Northwest of Iran who required warfarin 
therapy were enrolled and had their INR checked. The 
targeted INR range for the studied cohort was calculated 
at 2.5-3.5. Their mean daily warfarin dose was 4.23 ± 
2.43 (range 0.28-12.10 mg). Patient characteristics are 
presented in Table 1. The study was approved by the 
Scientific and Ethical Committee of Urmia University of 
Medical Sciences (Ir.umsu.rec. 1394.282 /05.02.2016).

Sampling and DNA extraction
Peripheral blood samples were obtained from each 

patient and transferred to ethylenediamine tetraacetic 
acid (EDTA) containing tubes in order to prevent clot-
ting. Genomic DNA was extracted using a DNA Extrac-
tion mini kit (YTA Company, Tehran, Iran) according to 
the manufacturer’s instructions.  The purity and concen-
tration were checked using gel electrophoresis and Na-
noDrop™ spectrophotometer (NanoDrop Technologies, 
Wilmington, DE, USA).

Variable
Age (years) 54.8 ± 14.0
Weight (kg) 72.67 ± 14.8
Height (cm) 162.83 ± 9.98
Daily warfarin dose (mg) 4.23 (0.28-12.10)
Sex Male 66 (38.8 %)

Female 104 (61.2 %)
Race Turk 152 (89.4 %)

Kurd 16 (9.41 %)

Fars 2 (1.17 %)
Values are presented as means ± standard deviation (age, weigh, height), 
mean and range in brackets (daily dose), BMI: body mass index.

Figure 1: AvaII digestion products. Lane M, 100-bp ladder; 
lanes 1 and 9 two CT heterozygotes with fragments of 420-
bp, 363-bp; lane 5, mutant homozygote AA with fragment of 
420-bp; and lanes 2, 3, 4, 6, 7, and 8, wild homozygote CC 
with fragment of 363-bp.

Figure 2: NsiI digestion products. Lane M, 100-bp ladder; 
lanes 1 and 6 two CA heterozygotes with fragments of 131-
bp and 110-bp; lane 3, mutant homozygote CC with frag-
ment of 131-bp; lanes 2, 4, and 5, wild homozygote with 
fragment of 110-bp.

Genotyping of CYP2C9 allele
Genotyping for the CYP2C9*2 and CYP2C9*3 poly-

morphisms was performed with polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) 
assay using the primers (5’-GGATATGAAGCAGTGAA-
GGAA-3’ and 5’-GGCCTTGGTTTTTCTCAACTC-3) 
to amplify a 420-bp CYP2C9*2 amplicons and  (5’-TG-
CACGAGGTCCAGAGATGC-3’ and 5’- AAACATG-
GAGTTGCAGTGTA-3’) to amplify a 131-bp CYP2C9*3 
amplicons. The PCR reactions were performed as described 
by Daly et al in 20068. Ten microliters of PCR products 
were incubated with one unit of the restriction endonuclease 
AvaII and NsiI (New England Biolabs, Ipswich, MA, USA) 
restriction enzymes for CYP2C9*2 and *3 respectively at 
37 °C overnight. The digestion products were analyzed on 
2 % agarose gel. For CYP2C9*2 a 420 bp DNA fragment 
was amplified by PCR. After RFLP analysis, the presence of 
the mutant allele T was indicated by loss of the single AvaII 
site and a single band at 420 bp while products containing 
C allele were digested to two fragments of 363 bp and 57 bp 
(Figure 1). For CYP2C9*3 a 131 bp DNA fragment was am-
plified. The presence of the CYP2C9*3 allele was indicated 
by the loss of the single NsiI site created by the PCR primer. 
So amplified products containing mutant allele C were visu-
alized as 131 bp bands, whereas those containing the wild 
allele T produced bands of 110 bp and 21 bp (Figure 2).

Statistical analysis
Statistical analysis was performed using the IBM SPSS 

Statistics (IBM SPSS, IBM Corp., Armonk, NY, USA), 
version 23.0. The significant differences in the daily main-
tenance dose of warfarin between the different genotype 
groups were evaluated by ANOVA and Tukey post-hoc 
test. Box plot analysis was performed to graphically dis-
play the dispersion and skewness of genotyping data. The 
statistical level of significance was set at p =0.05. 

Results
The genotype frequencies of the CYP2C9*2 variant 

were 75.9 %, 22.9 %, and 1.2 % for CC, CT, and TT 
genotypes, respectively. The genotype frequencies of the 
CYP2C9*3 variant were 50 %, 48.2 %, and 1.8 % for AA, 
AC, and CC genotypes, respectively. 

Table 1: The demographic characteristics of the 170 patients 
included in the present study.


