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Clopidogrel is an inhibitor of platelet ADP P2Y12 receptors and currently used for prevention of stent
thrombosis. Despite certain clinical benefit using this drug in patients undergoing percutaneous
coronary intervention (PCI), some patients do not attain adequate antiplatelet effects. In this study, we
investigated the role of three genetic factors (P2Y12, CYP3A5, CYP2C19), demographic characteristics, and
pathologic condition on clopidogrel response variability in Iranian patients after PCL

Patients who were candidate for elective PCI were enrolled in this study. All patients had received
aspirin 80-325 mg daily for >1 week before PCI. Blood samples were taken from patients at baseline, 2 h
after taking a 600-mg loading dose of clopidogrel, 24 h and 30 days after PCI. Platelet aggregation was
measured by turbidimetric aggregation assay with two different concentrations of ADP (5 and 20 wM).
CYP2C19%2(rs4244285), CYP2C19*3(rs4986893), CYP3A5 (A6986G), and P2Y12 (T744C) genotypings were
performed by PCR-RFLP.

One hundred and twelve patients were included in this study. Maximum clopidogrel non-
responsiveness (25.90%) occurred at 2 h after taking 600 mg of the loading dose of clopidogrel. Although
there were no significant associations between clopidogrel responsiveness and polymorphisms of
CYP2C19, CYP3A5, and P2Y12 (P > 0.05), subjects who were CYP3A5 genotype expressor had a greater
inhibition of platelet aggregation. No significant associations were observed between environmental
factors and clopidogrel responsiveness (P > 0.05).

Our results showed that P2Y12, CYP3A5, and CYP2C19 polymorphisms along with non-genetic factors
were not responsible for the interindividual variability in response to clopidogrel in Iranian population.
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1. Introduction

Percutaneous coronary intervention (PCI) has improved acute
coronary syndrome (ACS) outcomes, but thrombosis after stent
placement is a major complication that can affect the outcome and
survival of ACS patients. Although prolonged dual antiplatelet
therapy with aspirin and clopidogrel in such patients has been
associated with better long-term clinical outcomes [1,2], adequate
antiplatelet effects of clopidogrel are not achieved in 4-30% of
patients [3,4]. Individual differences in response to clopidogrel
therapy have been established in many studies. Several drug
(pharmacokinetic and pharmacodynamic) and patient (e.g. diabetes
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mellitus, smoking, obesity, and genetics) related factors have been
investigated that can be responsible for this inappropriate response
to clopidogrel [5,6]. However the true mechanism of inter-individual
variability of clopidogrel responsiveness has remained unknown.
Clopidogrel is a prodrug which is rapidly absorbed following
oral administration. Two sequential oxidative steps by hepatic
cytochrome P450 (CYP) are required to generate a metabolite that
is an active inhibitor of platelet ADP P2Y12 receptors [7]. CYP1A2,
CYP2B6, CYP2C9, CYP2C19, CYP3A4/5, and glycoprotein paraox-
inase-1 [8] are enzymes regulating clopidogrel transformation into
the active metabolite. However, only a small proportion of the
administered clopidogrel is metabolized by CYP450. The majority
of the drug is hydrolyzed by esterases to an inactive carboxylic acid
derivative that accounts for 85% of the clopidogrel-related
compounds circulating in plasma [9,10]. CYP3A5 is expressed
polymorphically and may account for up to 50% of the total hepatic
CYP3A content in one-third of the white and in half-of the black
subjects [11,12]. Several variant alleles have been delineated for
the CYP3A5 gene. Only CYP3A5*3 is at linkage disequilibrium. This
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allele shows inter racial group differences and has functional
relevance. Other variant alleles are either very rare or irrelevant for
enzyme activity (*2,*4,*5%6,*7,*8 and *9) [13,14]. CYP3A5*3/*3 a
non-expressor genotype is strongly correlated with a decreased
CYP3A5 activity, whereas the wild-type CYP3A5*1 allele (an
expressor), present in either homozygous or heterozygous form,
is correlated with a high CYP3AS5 activity. Thus, CYP3A5 expression
may be the most important factor determining the total CYP3A
content of the human liver [15,16].

CYP2C19 isoenzyme is involved in both sequential metabolic
steps and is also the most important indicator of the pharmacoki-
netic and pharmacodynamic responses to clopidogrel [17]. At least
25 single nucleotide polymorphisms (SNPs) in the gene coding for
CYP2C19 have been reported, and the “loss-of-function” allele,
CYP2C19*2 in exon 5, is the most common and the most
investigated polymorphism. Carriers of at least one loss-of-
function allele show a reduced platelet aggregation response to
clopidogrel as compared with non-carriers [18-21], whereas the
presence of CYP2C19*17 is associated with a raised risk of the
adverse effects of clopidogrel such as bleeding [22].

P2Y12 receptor is a purinergic receptor. It has a pivotal role in
platelet aggregation. Activation of the P2Y12 receptor leads to the
activation of the glycoprotein (GP) IIb/Illa receptor, which results
in the enhancement of platelet aggregation, and the stabilization of
the platelet aggregate [23]. P2Y12 gene is expressed polymorphi-
cally. T744C polymorphism is in total linkage disequilibrium with
the other 3 polymorphisms of the P2Y12 receptor gene [24]. Two
functional haplotypes (H1 and H2) were determined by Fontana
et al. The more rare variant is named H2 haplotype, whereas the
wild type is denoted as H1 haplotype [25]. According to Fontana
et al., the H2 haplotype (a C in position 744) is associated with a
higher maximal aggregation in response to ADP [25].

Using data from previous studies showed that polymorphisms
of both of the hepatic CYP450 system (CYP3A5, CYP3A4, CYP2C19) or
within the platelet P2Y12 receptor were more investigated among
genes and may contribute to the variability in antiplatelet activity
of clopidogrel [20,25-30]. These pharmacogenetic studies were
mainly investigated in Caucasians and to a lesser extent in Asians
[30]. We could not find any published research on this subject in
Iran. Iran is a Middle Eastern country with many emigrant ethnic
groups [31]. Multivariate gene polymorphisms and different
phenotypes in enzymatic/receptor activities could be observed
in the Iranian population. Therefore, we conducted this survey to
determine the role of the three mentioned important genetic
factors (CYP3A5, CYP2C19, and P2Y12) in antiplatelet response
variability of clopidogrel in Iranian population undergoing elective
PCI.

2. Methods
2.1. Patients

The patients admitted to Kowsar Hospital in Shiraz and
scheduled for elective PCI between September 2007 and October
2008 were enrolled in this study. PCI was performed for all patients
with drug-eluting stents. All patients gave written informed
consent. This cross-sectional study was approved by the Ethics
Committee of Shiraz University of Medical Sciences. All patients
had received aspirin 80-325 mg daily for >1 week before PCI and
had not received thienopyridine derivatives in the week prior to
enrollment. Patients were over 18 years old. Exclusion criteria
were acute myocardial infarction (AMI) within one week, any
contraindications to aspirin or clopidogrel, thrombocytopenia
(platelet < 100 x 10° cells/mm?), anemia (hemoglobin < 10 g/dL),
or renal failure (serum creatinine >2.5 mg/dL). Demographic
characteristics, lab data, clinical information, diameter and length

of stent, and drug history of the patients were recorded from their
files or face-to-face interview. These factors included: age, sex,
smoking, diabetes mellitus, hypertension (BP > 140/90 mmHg),
hyperlipidemia (LDL-C > 100 mg/dL), body mass index (BMI),
white blood cell (WBC) count, platelet (PLT) count, multi vessel
disease (involving 2 or more coronary arteries), multi vessel
intervention (Intervention involving 2 or more coronary arteries),
and LVEF <45%.

2.2. Medications

All patients received a loading dose (LD) 600 mg clopidogrel
(Plavix®™, Sanofi-Aventis) at least 24 h before PCI, followed by
150 mg/day of clopidogrel for two weeks and 75 mg/day thereafter
for 12 months after PCI. Aspirin was prescribed as 325 mg/day for
one week then 80 mg/day for an indefinite period of time after PCI.
Unfractionated heparin (50-701IU/kg) was administrated as a
bolus to all patients in the catheterization laboratory immediately
before stenting. Subjects receiving other drugs affecting platelet
activity or had a major effect on CYP3A5 and CYP2C19 metabolism
(i.e. abciximab, dipyridamole, warfarin, phenytoin, omeprazole,
and phenobarbital) were excluded [32].

2.3. Blood sampling

Blood samples were collected in tubes containing 3.8% Na-
Citrate. Samples were obtained before coronary intervention from
patients on aspirin alone (baseline sample), 2 h after taking LD
600 mg clopidogrel, 24 h and later 30 days after stenting.

Laboratory procedures (platelet aggregation and hematology
assays) were done within 2-3 h after sampling to minimize
environmental effects.

2.4. Platelet aggregation

Platelet aggregation was evaluated by light transmittance
aggregometry (LTA). The blood-citrate mixture was centrifuged at
800 rpm for 8 min to recover platelet-rich plasma (PRP) and further
subjected to centrifugation at 4000 rpm for 20 min to recover the
platelet-poor plasma (PPP). The PRP and PPP were stored at room
temperature and used in 2 h. Platelets in PRP were stimulated with a
final concentration of either 5 or 20 uM ADP (Helena BioSciences
Europe, Sunderland) using a Helena laboratories PACKS-4. Platelet
aggregation was expressed as the maximal percent change in light
transmittance from baseline, using PPP as a reference.

2.5. Genotyping

Genomic DNA was extracted from buffy coat by DNA extraction
kit according to the manufacture’s instruction (Cinagen, Tehran,
Iran).

2.5.1. P2Y12

Genotyping of the T744C polymorphism in intron 1 of the P2Y12
receptor gene (1s2046934) was performed according to Angiolillo
et al. [24]. Briefly, polymerase chain reaction (PCR) included a hot
start at 94 °C for 5 min, 35 cycles at 94 °C for 30s, 51 °C for 30,
72 °C for 30 s, and a final extension at 72 °C for 5 min, using the
sense primer 5-TCTGGTGAAATAAAAAGATTACGTA-3' and the
anti-sense primer 5'-GTCAGAAATGGCCTGTGTATATATG-3'. After
PCR and restriction digestion with Rsal (Fermentase, Lithuania),
two fragments of 196 and 24 bp for the C allele, and a single
fragment of 220 bp for the T allele were obtained.

The C allele of the T744C polymorphism is a constituent of the
minor genotype of the P2Y12 previously described by Fontana
et al. [25].
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2.5.2. CYP3A5

Genotyping of the A6986G polymorphism in intron 3 of the
CYP3A5 gene (A — CYP3A5*1 and G — CYP3A5*3) (rs776746) was
performed according to Thervet et al. [33]. Amplification involved
35 cycles of 94 °C for 1 min, 60 °C for 1 min, and 70 °C for 1 min
followed by a final extension at 72 °C for 7 min using the sense
primer 5'-CCTGCCTTCAATTTTTCACT-3’ and the anti-sense primer
5'-GGTCCAAACAGGGAAGAGGT-3'. A product of 196 bp was
obtained. After PCR and restriction digestion with Rsal (Fermen-
tase, Lithuania), three fragments of 103, 73 and 20 bp for the
CYP3A5%1/*1 allele, and two fragments of 103, 93 for the CYP3A5*3/
*3 allele and four bonds of 103, 93, 73, and 20 bp for CYP3A5*1/*3
were obtained.

2.5.3. CYP2C19

For the CYP2C19'2(rs4244285), and CYP2C19*3(rs4986893)
alleles, the protocol described by Lamba et al. [34] was used.
The forward primer of 5'-AATTACAACCAGAGCTTGGC-3’ and the
reverse primer of 5-TATCACTTTCCATAAAAGCAAG-3’ were used
for the amplification of the CYP2C19*2 allele. The PCR was
performed with an initial denaturation at 94 °C for 5 min, followed
by 35 cycles of denaturation at 94 °C for 1 min, annealing at 57 °C
for 30 s, elongation at 72 °C for 30 s, and a final extension at 72 °C
for 5 min. The amplified products (169 bp) were digested with
Mspl (Fermentase, Lithuania), restriction enzyme.

For the CYP2C19*3 variant, the forward primer was 5’-
AAATTGTTTCCAACATTTAGCT-3' and the reverse primer was 5'-
ACTTCAGGGCTTGGTCAATA-3'. The reaction conditions were the
same as those for the other alleles, except that annealing was
performed at 55 °C and the 271 bp fragment was digested with
BamHI (Fermentase, Lithuania).

Samples from each genotype (CYP3A5, CYP2C19, and P2Y12)
were selected randomly and submitted for direct DNA sequencing
which confirmed our results.

2.6. Statistical analysis

Continuous variables are presented as mean + SD. Categorical
variables are reported as counts (percentage). The patients were
divided into non-responders, semi-responders and responders on the
basis of the relative platelet inhibition (RI). The Kolmogorov-Smirnov
test was used to assess conformity with a normal distribution.

Comparisons were made between continuous variables and
groups by one way ANOVA. Pearson Chi-Square and Fisher’s exact
tests were utilized for comparisons between categorical variables
and the groups. The t-test was used to compare the degree of platelet
inhibition between the expressor and the non-expressor genotype
groups. The association between length and diameter of stent and
clopidogrel responsiveness was found by Mann-Whitney U test.
Since the patients might have received more than one stent, length
and diameter of stent were indicated as average of maximal stent
length (or diameter), average of minimal stent length (or diameter)
and also average of total stent length (or diameter).

P < 0.05 was considered significant. Analyses were performed
using SPSS version 13 statistical software.

2.7. Definition of clopidogrel responsiveness

Responsiveness was defined as the relative platelet
inhibition (RI) induced by the addition of clopidogrel. RI = [(pre-
treatment aggregation — posttreatment aggregation)/(pretreat-
ment aggregation)] x 100.

For both 5 and 20 wM ADP-induced aggregation, non-respon-
ders were defined as those patients with RI< 10%, semi-
responders as those with Rl =10-30%, and responders as those
with RI > 30% [35,36].

3. Results
3.1. Patient and procedural characteristics

One-hundred and twelve patients were enrolled in this study.
Demographic characteristics, clinical information, lab data, and
procedural information of the patients are shown in Table 1.

According to our results, 25.90% and 28.60% of our patients
obtained the maximum rate of clopidogrel nonresponsiveness at
2 h after taking 600 mg of clopidogrel measured by 5and 20 wM
ADP, respectively. A strong correlation between the two concen-
trations of ADP agonist (P < 0.001, r = 0.88) was observed.

There were no significant differences in patient characteristics
between non-responders, semi responders and responders
(P > 0.05). Ninety-three of our patients had received at least one
drug that could affect clopidogrel metabolism. But the results of
LTA showed that these drugs had no significant effects (P > 0.05)
on clopidogrel responsiveness.

3.2. P2Y12 genetic polymorphism

In the whole population of 112 patients, the genotype
distribution of the T744C polymorphism of the P2Y12 gene was
as follows: 104 patients (92.9%) were CC homozygotes, 8 (7.1%)
were CT heterozygotes and was TT homozygotes. Since, no patient
was a wild type and the number of heterozygote patients was very
few, statistical analysis on this population was impossible.
Therefore, the relation between genetic polymorphism and
clopidogrel responsiveness was not investigated. The allele
frequencies were in Hardy-Weinberg equilibrium.

3.3. CYP3A5 genetic polymorphism

The frequencies of CYP3A5 *1/*1, CYP3A5 *1/*3, and CYP3A5 *3/*3
genotypes were 8.00% (9/112), 37.50% (42/112), and 54.50% (61/
112), respectively. There was no significant difference in CYP3A5
gene polymorphism among clopidogrel non-responders, semi-

Table 1
Demographic, clinical, laboratory and procedural information of the patients
(N=112).

Age (years), mean +SD 58+11
Sex

Male, n (%) 79 (70)
Female, n (%) 33 (29)
Smoking, n (%) 47 (42)
Diabetes mellitus, n (%) 21 (19)
HTN?® (BP >140/90 mmHg), n (%) 57 (51)
Hyper lipidemia (LDL-C > 100 mg/dL), n (%) 76 (68)
BMI® (kg/m?), mean + SD 26.3+5.0
Multi vessel disease, n (%) 34 (30)

LVEF® < 45%, n (%) 10 (9)

WBCT (x1000/pL), mean + SD 72+19
PLT® (x1000/wL), mean +SD 230464
Length of drug-eluting stent (mm), mean + SD
Average of the lengths 21.6+7.2
Average of the smallest lengths 19.2+8.2
Average of the largest lengths 24.0+8.1
Diameter of drug-eluting stent (mm), mean + SD
Average of the diameters 31+13
Average of the smallest diameters 2.94+0.7
Average of the largest diameters 33+27

¢ Hypertension.

> Body mass index.

¢ Involving 2 or more coronary arteries.
dIntervention involving 2 or more coronary arteries.

€ Left ventricular ejection fraction.

T White blood cells.

¢ Platelets.
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Fig. 1. Plot of % platelet aggregation at 20 uM ADP vs. time for the expressor and the
non-expressor groups. There was significant differences at all points compared with
the baseline in both groups (P < 0.001).

responders, and responders (P > 0.05). The allele frequencies were
in Hardy-Weinberg equilibrium.

Since, the CYP3A5 *1/*1 genotype was observed in 9 patients, the
subjects were divided into two genotype groups; those with
expressor alleles (*1/*1 and*1/*3 alleles) and those with non-
expressor alleles (*3/*3 alleles). The two groups did not differ
significantly in terms of age, BMI and sex (P > 0.05). There were also
no significant differences between these groups and clopidogrel

60

u Expressor
50

Non-
40 exXpressor

30

10

Change in platelet aggregation, %
( by ADP 20 pM)

2h 24h 30d
Time of platelet aggregation test after baseline
Fig. 2. The percentage of platelet aggregation inhibition vs. time after taking 600 mg

clopidogrel (ADP concentration =20 wM). There was no significant difference
between the CYP3A5 expressor and the non-expressor groups (P > 0.05).

non-responsiveness (P > 0.05). The inhibition of platelet aggrega-
tion after clopidogrel treatment was evaluated in both the expressor
and the non-expressor groups and was found to be significant at all
points compared with the baseline in the both groups (P < 0.05)
(Fig. 1). Thereafter, the efficacy of clopidogrel in terms of the change
in aggregation from baseline (RI) was compared between these two
groups. Although, there were no significant differences between
them (P > 0.05), CYP3A5 expressor group showed a higher inhibition
of platelet aggregation (Fig. 2).

3.4. CYP2C19 genetic polymorphism

The allele frequencies of CYP2C19*1, CYP2C19*2, and CYP2C19*3
were 88.99%, 10.09%, and 0.91%, respectively. Due to the low
frequency of CYP2C1973, the statistical analysis was based on the
comparison between the patients with the wild type 1*/1* and the
patients with >1 variant allele (CYP2C19X/Y). The significant
difference between the mentioned groups and the clopidogrel
responsiveness was not observed (P > 0.05). The allele frequencies
were in Hardy-Weinberg equilibrium.

4. Discussion

Individual variability in the rate of platelet reactivity obviously
influences normal hemostasis and the pathological outcome of
thrombosis. Such individual variability is largely determined by
environmental and genetic factors [5,6]. A significant association
between environmental factors and anti platelet effect of clopidogrel
was not observed in our patients. This finding was in line with other
studies performed in various populations [36-38].

Besides environmental parameters, genetic factors also con-
tribute to the variability in response to clopidogrel [25-30,39]. The
effects of genetics can be defined by either pharmacokinetic or
pharmacodynamic parameters. In our survey the polymorphism of
P2Y12 receptor gene in the pharmacodynamic site was examined.
Since no patient was a wild type and more than 92% of our patients
had CC genotype for P2Y12 receptor gene, statistical analysis was
impossible. In the case of a larger sample size, we could probably
find more gene variations and could probably find different
statistical results. A study by Angiolillo et al. showed that there
were no significant differences between TT genotype and C allele
carriers (CT and CC) in clopidogrel response in a Spanish
population. In their survey, the genotype distribution was 22/36
(61.1%) TT genotype, and 14/36 (38.9%) C allele carriers [24].
Another study by Alessi et al. in a French population also did not
show any influence of the T744C polymorphism of the P2Y12
receptor gene in response to clopidogrel, whereas in the whole
population of 597 patients, 13 patients (2%) were CC, 125 (21%)
were CT and 459 (77%) were TT [40]. The P2Y12 genotype
distribution in a study by Lee et al. in a Korean population was 258/
385(67%) TT genotype and 127/385 (33%) C allele carriers and they
found no significant association between P2Y12 receptor gene and
clopidogrel responsiveness [30]. In a different study in a French
population, Fontana et al. indicated that carriers of the minor
haplotype (H2 haplotype) had increased ADP-induced platelet
aggregation [41]. However, previous studies on the T744C
polymorphism of the P2Y12 receptor gene, did not report any
relationship between the non-carriers and the carriers of C allele
[24,30,40]. As indicated above, TT genotype of P2Y12 had the
highest frequency among other populations, while this genotype
was not found in our patients. Interestingly, clopidogrel non-
responsiveness was in the range (4-30%) reported by other studies
[3,4], though all our patients carried C allele.

Another genetic factor evaluated in this study was CYP3A5 gene.
In our study, most of the patients had CYP*3/*3 genotype. Due to
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the effect of this genotype in metabolizing clopidogrel to its active
metabolite, it could lead to a poor clopidogrel effect.

There are several studies investigated the influence of CYP3A5
polymorphisms on antiplatelet effect of clopidogrel. Suh et al.,
investigating a Korean population, indicated that atherothrombo-
tic events occurred more frequently among the patients with the
non-expressor genotype. In their study, CYP3A5 expressor group
showed more inhibition of platelet aggregation than CYP3A5 non-
expressors after clopidogrel treatment, though it was not
significant [27]. Kim et al., in a study in South Korea, showed
that the presence of CYP3A5*3 allele was not a factor causing inter-
individual variability in the clopidogrel pharmacokinetics and its
antiplatelet effect [28]. Moreover, the results of Frere et al.’s study
in a French population showed that CYP3A5*3 polymorphism did
not influence the post-treatment platelet reactivity and the
clopidogrel response [42]. In our study, the CYP3A5 expressor
genotype showed a higher inhibition of platelet aggregation,
though it was not significant. Therefore, the lack of association of
CYP3A5 polymorphism in response to clopidogrel in our patients
was consistent with other studies performed in various popula-
tions [27,28,42], whereas CYP3A5 allele frequencies in Iranian
population were different compared to Asians and Caucasians [43].

Pervious studies conducted in different populations including
Japanese [44,45], Chinese [18,46], Korean [47,48], Italian [49],
Germany [50], and French [51], reported that among the healthy
cases and patients treated with clopidogrel, carriers with at least
one variant of CYP2C19 alleles (2% 3*) had a reduced clopidogrel
response due to decreased formation of the active metabolite.
Therefore, this is translated into the higher relative risk of adverse
cardiovascular events by a factor of 1.53-3.69 among the carriers
of the loss-of function alleles as compared with the non-carriers
[19,52-54]. Moreover, these fundamental findings have been
validated by a recent meta analysis of data from nine pharma-
cogenetic investigations of clopidogrel involving 9685 cases who
had an ACS or underwent PCI [55]. On the contrary to these
mentioned studies, our study and other limited surveys demon-
strated that CYP2C19 loss-of function alleles did not have a
significant effect on clopidogrel response. Wallentin et al. in a sub-
study of the PLATO Trial (PLATelet inhibition and patient
Outcomes) demonstrated that the relationship between
CYP2C19*2 polymorphism and clopidogrel effect is time dependent
and the CYP2C19*2 variant had no significant effect on clopidogrel
response in a long-term therapy [56]. In a randomized, double
blind, placebo-controlled trial performed in patients of European
and Latin American ancestry, Pare G et al. reported that CYP2C19
genotype did not have a significant influence on clopidogrel effect
and consequently did not show adverse cardiovascular events [57].
In another study carried out in 79 patients with CAD, CYP2C19*2
loss-of function had no significant impact on clopidogrel anti-
platelet effect [58].

Numerous factors can explain the discrepancies of the results,
including the study design, the participation of ACS patients
undergoing or not undergoing PCI, the method of platelet
aggregation assay, the duration of follow-up, the variation of
clopidogrel maintenance or loading doses, the efficacy outcome,
and finally the population or the race studied. Different distribu-
tions of CYP2C1972 allele frequency have been observed in different
racial groups. The allelic frequency of CYP2C19*2 is significantly
higher in the Asian (~30%) than in Caucasian (~13%) and the
Africo-American (~18%) populations. The CYP2C19*3 variant is also
presented with more frequency in the Asians (~10%) compared
with other racial groups (~<1%) [44-48,59-61]. In our study, the
frequency of CYP2C19*2 allele (10.09%) in patients was lower than
other populations. Therefore, considering that CYP2C19 polymor-
phisms to be only responsible for approximately 12% of the
variability in clopidogrel antiplatelet effect [53] and the low

frequency of the CYP2C19*2 variant in our population, we believed
that this genetic polymorphism does not have a significant impact
on clopidogrel responsiveness in the Iranian population. Moreover,
the results of other studies conducted in Iran, indicated that the
allele frequencies of CYP2C19 were more similar to Caucasians in
spite of Iran location in Asia [62,63].

Our study had some limitations. Firstly, the sample size was
relatively limited. In a larger population, the results would have
been more reliable. Secondly, there was limitation in access to flow
cytometer; and finally, we did not determine the active metabolite
of clopidogrel in patient’s plasma directly, although we used
platelet aggregation test with ADP as an indirect marker of the
active metabolite.

In conclusion, the goal of our study was to find out the effective
and consequently the predictive parameters acting on clopidogrel
responsiveness and thus post stent thrombosis in an Iranian
population. We studied non-genetic factors, which showed no
significant association. We also studied three genetic factors which
were more investigated in other populations and were found to
have no significant association with clopidogrel non-responsive-
ness. Due to the importance of post stent thrombosis, the effect of
other factors such as glycoprotein paraoxinase-1, GPIIb/Illa, and
also gene modulating clopidogrel absorption (ABCB1) should be
investigated.
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