
Investigation of allele and genotype frequencies

of CYP2C9, CYP2C19 and VKORC1 in Iran

Negar Azarpira1, Soha Namazi2, Fatemeh Hendijani2, Maryam Banan2,

Masumeh Darai1

�
���������� �	�	��
� �	��	� �	�����	�� �� ���������

�
�	�����	�� �� ������
���	���� ��
���� �� ������
�

������ ����	����� �� �	��
�� �
�	�
	� ���� ���   !" ������ #���

Correspondence: $	��� %������� 	&����� �	�����������'������
��

Abstract:

Research has shown that there are significant ethnic variations in the frequency of highly functional mutations in genes coding for

metabolic enzymes. However, few studies have examined the frequency distribution of major allelic variations within the population

of Iran. The present study focused on the genotype profile of southern Iranians in order to compare the allelic frequencies of

CYP2C9, CYP2C19, and VKORC1 –1639G>A (all of which have been shown to have significant roles in the metabolism of war-

farin) with those of other populations. Therefore, genotyping was carried out on 150 subjects (50 healthy volunteers and 100 outpa-

tient subjects) by polymerase chain reaction- restriction length polymorphism (PCR-RFLP). Findings indicated both similarities and

differences in the distribution of polymorphic alleles of CYP2C9, CYP2C19 and VKORC1 between southern and northern Iranians.

For example, the frequency of CYP2C9*3 among southern Iranians (9.8%) was found to be similar to the frequency found among

Caucasians (in this case, Italians) (9.7%) but was higher than the frequency found among Africans (1%), Japanese (2.3%), and north-

ern Iranians (0%). These findings confirmed significant inter-ethnic differences in CYP2C9 frequencies between southern and north-

ern Iranians The reported frequency of CYP2C9*2 in our subjects (25.3%) was different from the frequencies seen in Caucasian

(10–13%), African (2%) and Asian (0%) populations. The CYP2C19*2 and CYP2C19*3 allelic frequencies were similar to the Cau-

casian population. For VKORC1, the allelic frequency of –1639A (55.6%) was in accordance with Caucasian, but different from Chi-

nese (96%) and African-American populations (13%).

The findings confirmed some important interethnic differences in the metabolic capacity for drug clearance. Because the population

of Iran consists of several ethnicities, this type of analysis can help explain the genetic diversity between the populations of northern

and southern Iran. In addition, the results of this study will be useful for understanding clinical pharmacokinetics and drug dosage

recommendations for Iranians.

Key words:

CYP2C9, CYP2C19, VKORC1, Iranian, genotype

Introduction

Many have speculated that the ability to define an in-

dividual’s metabolic capacity through genotyping

could become an essential tool for the safe admini-

stration of drugs, especially in the case of drugs with

narrow therapeutic indices [8]. Several well-known

genetic polymorphisms affecting drug metabolism in-

volve oxidation by cytochrome P450 enzymes (CYP).

The CYP2C subfamily consists of several enzymes

encoded by genes that are located together on chro-

mosome 10 [3, 8]. To date, in vitro studies have indi-

cated that changes to the amino acid sequence of these

enzymes can alter both enzymatic activity and sub-

strate specificity [28].
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An abundant CYP2C subcategory is CYP2C9.

These enzymes have an important role in the metabo-

lism of many drugs (such as S-warfarin, nonsteroidal

anti-inflammatory drugs, phenytoin, losartan and diaze-

pam) [18]. Three allelic variants of CYP2C9 (CYP2C9*1,

CYP2C9*2 and CYP2C9*3), each with different cata-

lytic activities, have been identified [17, 19]. CYP2C9*2

and CYP2C9*3 are the most important variants, with

CYP2C9*2/*3 and CYP2C9*3/*3 making up 10–40%

and 5–15% of the population, respectively, and have been

the focus of several studies [2, 5, 7, 11, 12, 14, 20–22,

27]. Results of our studies examining the CYP2C9*2 and

CYP2C9*3 variants are described below.

Among Caucasians, the most common mutant allele

of CYP2C9 is CYP2C9*2. It appears in 10–13% of the

population, while the frequency of the CYP2C9*3 allele

varies from 5–9% (2, 5, 9, 11, 12, 27). Among Asians

and Africans, these two alleles appear at a lower fre-

quency than is seen in Caucasians [14, 20–22]. The

CYP2C9*2 allele has not been detected in Japanese, and

the frequency of the CYP2C9*3 allele is 2.3% [21].

Another major enzyme (which contributes to the

clearance of R-warfarin, S-mephenytoin, proguanil,

citalopram, omeprazole, and many antidepressants) is

CYP2C19. There are three allelic variants of CYP2C19

(CYP2C19*1, CYP2C19*2, CYP2C19*3) with differ-

ent catalytic activities [19]; the last two alleles are re-

sponsible for the poor metabolizer phenotype of S-

mephenytoin [25]. Research on the frequencies of

CYP2C19*2 and CYP2C19*3 indicates that some of

the allelic variation corresponds to ethnic group:

a) CYP2C19*2 has been identified as the most com-

mon mutant allele of CYP2C9 among Caucasians and

Chinese, appearing in 9% to 37% of the population,

respectively [2, 5, 7, 22].

b) CYP2C19*3 has a frequency of 10% among Chi-

nese. However, it is extremely rare in non-Asians and

among African populations [14, 20].

In addition to CYP2C9 and CYP2C19, vitamin K

epoxide reductase complex 1 (VKORC1) is another

gene affecting wafarin metabolism. It encodes the war-

farin target protein [16, 23], and research on a Cauca-

sian population has revealed that the carriers of the

VKORC1 –1639 AA genotype require a significantly

lower daily dose of warfarin than carriers of the GA or

GG genotypes [24]. In addition, this complex recycles

reduced vitamin K, which is necessary for the post-

translational �-carboxylation of vitamin K-dependent

clotting factors such as prothrombin, FVII, FIX, and

FX [22]. Furthermore, the VKORC1 –1639G>A and

1173C>T polymorphisms are in strong linkage dise-

quilibrium [18, 23] and have a significant effect on

the potency of a given dose of coumarin anticoagulant

and on its response [4]. Research on the VKORC1 al-

lelic frequency has indicated that there are variations

between different populations. For instance, research

in the United Kingdom showed that, among the Brit-

ish, the allelic frequencies of –1639G and –1639A are

0.57% and 0.43%, respectively [24]. Another study

(conducted in China) reported allelic frequencies of

–1639G and –1639A as 0.08% and 0.9%, respec-

tively, significantly less than the frequencies reported

among the British [21]. In addition, testing done in an

African American population indicate allelic frequen-

cies of 0.87% (–1639G) and 0.13% (–1639A) [16];

the former is significantly higher than the frequencies

found in both the Chinese and the British populations.

By comparing the data described above, it is evi-

dent that each population has a relatively unique pat-

tern of gene polymorphisms, playing a significant role

in drug metabolism. However, most of the CYP2C

and VKORC1 polymorphism studies in Asian popula-

tions were performed in East Asian populations (i.e.,

Chinese, Japanese and Korean) [16, 21, 22] To ad-

dress this imbalance, this study explored the genetic

polymorphisms of southern Iranians as a Middle East-

ern population, examining CYP2C9, CYP2C19 and

VKORC1 genotype profiles. The resulting profiles

were then compared with the findings reported from

other countries.

Materials and Methods

Participants

To examine the allelic frequencies of CYP2C9,

CYP2C19 and VKORC1, unrelated individuals from

Shiraz (located in the southern part of Iran) were se-

lected randomly. The age of the subjects ranged from

20 to 50 and the group was composed of 66 males and

84 females. The subjects with renal insufficiency, liver

disease, cancer or any other chronic illnesses were ex-

cluded from the study; on the whole, 50 healthy vol-

unteers and 100 outpatients of the Faghihi clinic in

Shiraz (the department of cardiology, surgery and

traumatology, affiliated to Shiraz University of Medi-

cal Sciences) enrolled in this study. The final diagno-

ses of the patients were coronary insufficiency (10),
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cardiomyopathy (5), arrhythmia (5), appendectomy (10),

cholecystectomy (10), and fracture received in a car

accident (60). Among them, 148 were genotyped for

CYP2C9’, 147 for CYP2C19’ and 126 for VKORC1

–1639G>A. The most common ethnicities of the par-

ticipants were Persian and Turkish. Prior to the start

of the experiment, all procedures were approved by

an Ethics Committee and the consent of the partici-

pants was obtained.

Procedures

First, the genomic DNA was extracted from a periph-

eral blood sample using a commercial extraction kit

(DNG plus DNA Extraction Kit, Sinagene Company,

Tehran, Iran) and stored at –20°C until the analysis

was performed.

Polymerase chain reaction (PCR) restriction frag-

ment length polymorphism (RFLP) was used to detect

the CYP2C9*2 and CYP2C9*3 variant alleles using

the procedures described by Adithan et al. [1]. The

CYP2C19*2 and CYP2C19*3 alleles were detected

by employing the methods of Lamba et al. [15], and

the VKORC1 –1639 allele was detected using the pro-

tocols described by Sconce et al. [24]. In addition,

a few samples from each genotype were sequenced

with a Genetic Analyzer (Applied Biosystems, Foster

City, CA) in order to confirm the PCR-RFLP results.

Statistical analysis

First, the gene counting method was used to estimate

allele frequencies. Then, the data were analyzed with

chi-square analysis and Fisher’s exact test. In addi-

tion, the observed genotype frequencies were com-

pared with the expected genotype frequencies accord-

ing to the Hardy-Weinberg equilibrium with Arlequin

software (version 3.1). Differences were considered

significant at p < 0.008 due to a Bonferroni downward

adjustment of the �-level to compensate for the fact

that multiple comparisons were made. SPSS (version

15.0) was used for the analysis of the statistical data.
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Gene Genotype Number (%) Allele Number (%)

CYP2C9 CYP2C9 *1/*1

CYP2C9 *1/*2

CYP2C9 *1/*3

CYP2C9 *2/*3

CYP2C9 *2/*2

CYP2C9 *3/*3

61 (41.21)

56 (37.83)

14 (9.46)

15 (10.13)

2 (1.35)

0

CYP2C9 *1

CYP2C9 *2

CYP2C9 *3

192 (64.88)

75 (25.34)

29 (9.8)

Total number 148

CYP2C19 CYP2C19 *1/*1

CYP2C19 *1/*2

CYP2C19 *1/*3

CYP2C19 *2/*3

CYP2C19 *2/*2

CYP2C19 *3/*3

109 (74.14)

36 (24.49)

1 (0.68)

1 (0.68)

0

0

CYP2C19 *1

CYP2C19 *2

CYP2C19 *3

255 (86.73)

37 (13)

2 (1)

Total number 147

VKORC1 GG

GA

AA

20 (15.87)

72 (57.14)

34 (26.98)

–1639 G

–1639 A

112 (44.44)

140 (55.56)

Total number 126



Results

The collected data were evaluated using chi-square

analysis. The distributions of the CYP2C9, CYP2C19

and VKORC1 alleles as well as genotype frequencies

are summarized in Table 1. With regard to CYP2C9,

17 subjects (11.47%) were carriers of two polymor-

phic alleles, while 70 subjects (47.2%) were heterozy-

gous carriers of one polymorphic allele. Analysis of

CYP2C19 showed that only one individual (0.68%)

was carrying two CYP2C19 polymorphic alleles

(therefore, he was classified as a poor metabolizer)

and that 37 subjects (25.1%) carried one of the poly-

morphic alleles.

To compare the genotype and allele frequency of

CYP2C9 and CYP2C19, chi-square analysis was per-

formed. Results, as well as the reported genotypes and

allele frequencies of CYP2C and CYP2C19 from

other populations, are summarized in Tables 2 and 3.

Table 2 shows that although the CYP2C9*2 variant

is the most common mutant allele among Caucasians

(10–13%), the present study found a much higher fre-

quency (25.3%); this finding is significantly different

(p < 0.008) from reports on other Caucasians (10–13%),

on Japanese (0%), on Africans (2%) and on northern

Iranians (12.7%). For CYP2C9*3, the frequency of

9.8% found in the present study was similar to the re-

ports on other Caucasians (6–9%) but different (p < 0.008)

from the frequency found in Japanese (2.3%), Afri-

cans (1%) and northern Iranians (0%).

As described by Table 3, the frequency of CYP2C19*2

(13%) is consistent (p > 0.05) with the frequency seen in

other Caucasian populations (10–16%) and in northern

Iranians (14%), though different (p < 0.008) from the

results reported on Japanese (31%) and Indians (37%).

Table 3 indicates that CYP2C19*3, (with a frequency

of 1%) is similar (p > 0.05) to the reports on some

Caucasian populations (0.8%). However, it is higher

than the reports on Indians (0%), northern Iranians

(0%) and other Caucasian populations. The frequency

of the poor metabolizer CYP2C19 in the present study

is similar to the frequency found in other Caucasian

populations.

Table 4 illustrates the distribution of the VKORC1

genotype and its alleles as well as reported results

from other populations. The frequency of the –1639A

and –1639G alleles were estimated at 55.6% and 44.4%,

respectively; this result agrees with reports from the

United Kingdom and Europe but is different (p < 0.05)
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Tab. 2. ������/����� �� ������ �	�����	� ��� ���	�	� ����� ����	�	�� 	����
 ������

CYP2C9 Present
study
(%)

Italian
(%)

Greek
(%)

Russian
(%)

Sweden
(%)

Slovenian
(%)

UK
(%)

Egypt
(%)

Japan
(%)

African
(%)

Iran
(%)

*1,*1 41.2 62* 62* 68* 66.7* 86.6* 69.9* 66.3* 95* 93.6* 82*

*1,*2 37.8 17.2* 20* 18.2* 18.6* 19.3* 19* 19* 0* 4.2* 10.5*

*1,*3 9.5 14.5 13.5 11.3 11.6 10.8 0.06 12 4 2.1 0*

*2,*2 10.1 2.7 1.5 0.6 0.4 1.5 0.003 2.4 0 0 7.5*

*2,*3 1.3 2.2* 2.8* 1.2* 1.6* 1.5* 0.006* 0* 0 0 0*

*3,*3 0 1.3 0 0.3 0.6 0 0 0.4 1 0 0

Total 147 360 283 290 430 129 561 247 828 47 200

CYP2C9 Present
study
(%)

Italy
(%)

Greek
(%)

Russian
(%)

Sweden
(%)

Slovenia
(%)

UK
(%)

Egypt
(%)

Japan
(%)

African
(%)

Iran
(%)

*1 64.8 77.7* 79* 82.7* 81.9* 81.7* 84.1* 81.7* 97.6* 9* 87.3*

*2 25.3 12.5* 12.8* 10.5* 10.6* 12* 10.6* 11.8* 0* 2* 12.7*

*3 9.8 9.7* 8.1 6.7 7.4 6.2 5.2 6.2 2.3* 1* 0*

Reference ——- [25] [2] [9] [29] [12] [24] [11] [21] [14] [30]

0 � 1  �  "



from the frequencies seen among Asians (particularly

in Chinese) and in African American populations. Al-

lele and genotype frequencies for all genes did not de-

viate from Hardy-Weinberg equilibrium.

Discussion

It is assumed that in the future, a pharmacogenetic ap-

proach can improve public health by determining for

each patient which kind of drug will work best, how

much to give, and how many times a day to give it.

The human CYP2C is a subfamily of CYP enzymes

that metabolizes many clinically used drugs. Among

these, CYP2C9 and CYP2C19 are two abundant iso-

forms that represent about 18% and 3% of total

hepatic CYP, respectively [2, 10]. VKORC1 is another

related gene that encodes the warfarin target protein

and recycles reduced vitamin K. This complex is neces-

sary for the post-translational-carboxylation of vitamin

K-dependent clotting factors. VKORC1 –1639G>A

polymorphisms have a significant effect on the dos-

age needed of coumarin anticoagulant and on its re-

sponse [18, 23].

The findings regarding CYP2C9*2, CYP2C9*3,

CYP2C19*2, CYP2C19*3, –1639G, and –1639A in-

dicate significant similarities and differences in the

frequency distribution of major allelic variants among

various ethnicities, affecting the metabolic processes
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Tab. 4. ������/����� �� ��	
�� ��� ��� �	�����	� ��� ���	�	�
����� ����	�	�� 	����
 ������

Genotype Present
study

UK European
(French)

Asian
(China)

China African
American

GG 15.9 25 27 0 0.6* 73*

GA 57.1 56 50 8* 15.7* 27*

AA 27 19 23 92* 83.7* 0

Allele

–1639 G 44.4 52.6 52 4* 8.4* 87*

–1639 A 55.6 47.3 48 96* 91.6* 13*

Reference —— [21] [26] [26] [15] [26]

0 �&����	 1  �  "� ��	 ���/	�� ��	 �	����	� �� �	�
	����	� *2.

Tab. 3. ������/����� �� ������� �	�����	� ��� ���	�	� ����� ����	�	�� 	����
 ������

CYP2C19 Present
study
(%)

Italy
(%)

Greek
(%)

Russian
(%)

Slovenia
(%)

Egypt
(%)

China
(%)

India
(%)

Colombia
(%)

Iran
(%)

*1,*1 74 79.4 76 76.6 68.2 78.5 36.7* 35 83.5 75

*1,*2 25 18.8 22 19 30 20 38.2 55* 15.3 22

*1,*3 0.6 1.6 0 0.3 0.7 0.4 5.8 0 0 0

*2,*2 0.6 0 2 1.7 0.7 0.8 5.8 10 1 3

*2,*3 0 0 0 0.3 0 0 11* 0 0 0

*3,*3 0 0 0 0 0 0 1.4 0 0 0

Total 147 360 283 290 129 247 68 20 189 200

Reference ——— [25] [2] [9] [12] [11] [18] [15] [14] [30]

CYP2C19 Present
study
(%)

Italy
(%)

Greek
(%)

Russian
(%)

Slovenia
(%)

India
(%)

Egypt
(%)

Japanese
(%)

Colombia
(%)

Iran
(%)

*1 86 89.7 86.9 88.2 83.7 62.5* 87.8 58.8* 91.2 86

*2 13 9.4 13 11.3 15.9 37.5* 10.9 31* 8.8 14

*3 1 0.8 0 0.3 0.3 0 0.2 10.2* 0 0

Reference ——— [25] [2] [9] [12] [15] [18] [21] [14] [30]

0 � 1  �  "



of the enzymes and the amount of drug required by

each patient. Because Iran is located in the Middle

East, between Asian and European populations, it has

a high amount of ethnic variation due to past inva-

sions and immigration [6, 29, 30]. The population of

Iran includes Persian, Turk, Kurd, Arab, Lur, Turk-

men, and Baloch people. As indicated by the findings

of the present study and by studies done in other

countries, each of these ethnicities has a unique allelic

frequency of CYP2C9, CYP2C19 and VKORC1 that

defines the proper dosage of drugs (particularly war-

farin) for each patient.

Warfarin is the most commonly used anticoagulant

drug for both the prophylaxis and the treatment of

thromboembolic disorders, and there is a high level of

inter-individual variation in the response to this drug

that can partly be explained by genetic factors (i.e.,

variations in CYP2C9, CYP2C19 and VKORC1).

Conclusion

This study confirmed that there are significant in-

terethnic differences in CYP2C9 allelic frequencies

between southern and northern Iranians, suggesting

that these differences might contribute to differences

in warfarin dose requirements. According to our find-

ings, polymorphisms of CYP2C9 and VKORC1 may

contribute to the variability in warfarin response, and

an understanding of this may help clinicians choose

an appropriate strategy for this drug and reduce ad-

verse drug reactions such as bleeding.
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