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Abstract

Clopidogrel is an oral, thienopyridine class anti-platelet agent used to inhibit blood clots and is one of the most widely used in patients
with coronary artery disease, peripheral vascular diseases, and cerebrovascular disease to prevent myocardial infarction and stroke.
However, it has been reported that anti-platelet drugs such as Clopidogrel do not prevent the risk of ischemic events completely leading
to a number of reoccurring ischemic events. This non responsiveness is referred as Clopidogrel resistance wherein less than 30%
inhibition of the platelet aggregation in response to Clopidogrel is considered as low or weak-response, while less than 10% is termed
as Clopidogrel resistance. The variation in response to Clopidogrel from subject to subject has been attributed to several factors such
as non-adherence to treatment, poor bioavailability, accelerated platelet turnover, drug interactions; as well as on certain genetic factors.
Here we review the variations in the genetic components associated with its transport, activation and target of action in Indian population.
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Introduction

Action of drug is dependent on various processes that include
absorption, activation, metabolism and excretion which in turn
are dependent on individual’s metabolic machinery consisting of
enzymes, receptors, transporters etc. And efficacy of later depends on
their corresponding genetic component from which they descend. In
this field of pharmacogenomics which is able to predict variability in
drug response, a highly prescribed anti-platelet agent, Clopidogrel,
has found its place.

Clopidogrel

Clopidogrel alone or combined with aspirin is routinely used
to treat patients with a variety of vascular disorder. It is an oral,
thienopyridine class anti-platelet agent used to inhibit blood clots and
is one of the most widely used in patients with coronary artery disease,

peripheral vascular diseases, and cerebrovascular disease to prevent
MI and stroke [1]. Clopidogrel is a pro-drug which requires hepatic
bio-activation involving 2 steps, which is regulated by cytochrome
CYP4502C19 (CYP2C19). This active metabolite of the drug then
binds irreversibly to the platelet adenosine diphosphate (ADP)
receptor P2Y , which inhibits platelet degranulation, glycoprotein
IIb, IIa (GP IIblIIa) receptor activation and thus platelet aggregation
[2].

Clopidogrel Resistance

“Resistance” or “non-responsiveness” to an anti-platelet drug
is a pharmacodynamic phenomenon where there is no significant
(clinically important) change in platelet function after treatment as
compared to the baseline. The response towards Clopidogrel is mainly
studied by determining the difference in the platelet aggregation by
an agonist adenosine diphosphate (ADP) in vitro before and after
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drug administration by light transmittance aggregometry [3]. The
difference in the platelet aggregation is the degree of inhibition of
platelet activation. A change in maximal aggregation of less than
or equal to 30% from baseline in response to Clopidogrel therapy,
is defined as ‘weak-response’ and less than 10% inhibition of the
platelet aggregation is considered as ‘resistance’ [4]. The response of
platelets to Clopidogrel varies between different individuals as well as
in different ethnic groups. In spite of the significant benefits of dual
antiplatelet treatment proven in various studies, adverse ischemic
events, including stent thrombosis, do occur [5].
Clopidogrel response have been confirmed by many studies wherein
the incidence of non- responsiveness range from 4% to 40% [3].

Variation in

The mechanisms underlying Clopidogrel resistance have been
attributed to non-adherence to treatment, poor bioavailability,
accelerated platelet turnover, drug interactions as well as to certain
genetic factors. Variations of Multidrug Resistance Protein-1
(MDR-1), Cytochrome P450 2C19 (CYP2C19), and P2Y , genes
are proposed which influence the response to Clopidogrel [6,7].
Some polymorphisms may lead to increased expression of the gene
or decreased expression of the gene. Thus, any polymorphism in
these genes causing phenotypic variations will alter the function of
Clopidogrel.

Genes associated with Clopidogrel response

MDR-1: This gene encodes a drug efflux transporter called as
MDR-1 or P - glycoprotein-1 (P-gp) also known as ATP- binding
cassette subfamily B member-1 (ABCB-1) or cluster of differentiation
243 (CD243) which is an ATP-dependent drug efflux pump of the cell
membrane that pumps many foreign substances out of the cell. It is
extensively distributed and expressed in intestinal epithelium where
it pumps xenobiotic back into the intestinal lumen. It has broad
substrate specificity responsible for decreased drug accumulation
in multidrug resistant cells. Variations in its expression may either
accumulate the drug causing drug toxicity or increased excretion may
not allow any pharmacologic response [8].

Cytochrome P450 2C19 (CYP2C19): This gene encodes
CYP2C19 enzyme that acts on 10-15% of drugs in current clinical use
such as proton pump inhibitors, antiepileptic drugs etc. For the anti-
platelet Clopidogrel, CYP2C19 activates it by carrying out 45% of the
first step in biotransformation of its pro-drug [9]. Hence, expression
and function of CYP2C19 gene plays a pivotal role in Clopidogrel
metabolism. Any polymorphism in this gene will modify the activity
of the enzyme leading to reduced or increased concentration of active
metabolite.

P2Y : P2Y  is found mainly but not exclusively on the surface
of blood platelet. It belongs to the Gi class of a group of G protein
coupled (GPCR) purinergic receptor and is a chemoreceptor for ADP
and strongly associated with an increase in ADP-induced platelet
aggregation. It is a potential target for treatment of clotting disorders
[10]. Genetic variations within these receptor may alter the effect of
the treatment.

Polymorphism in MDR-1 gene

The MDR-1 gene is located on the long arm of chromosome 7 and
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consists of a core promoter region and 28 exons. It is polymorphic
with single nucleotide polymorphisms (SNPs) in noncoding
region such as in introns and wobble position [11]. A functional
SNP resulting in transition of C>T at 3435 has been most studied
polymorphism in MDR-1 gene wherein as compared to C3435 allele,
T3435 is associated with decreased expression and has been shown
to hinder with the intestinal absorption of Clopidogrel, thereby
reducing its antiplatelet activity [12].

Table 1 depicts study on prevalence of C3435T genotypes in
Indian population. Balram et al. have demonstrated total 82% of
individuals with carriers of T3435 allele (C3435T or T3435T) and
frequency of the T3435 allele 0.62 in the Indian population residing in
Singapore [13]. In another study from Western India, the frequency
of T3435 allele of MDR-1 has been shown 0.61 with 88% of their
study population with T3435 allele [14]. Near to this in Western
Indian population, our study has reported T3435 allele frequency
0.52 and 73.5% of the population with T3435 allele [15]. Recently,
in a study by Sridharan et al. among healthy subjects from Mumbai,
T3435 allele frequency was calculated to be 0.64 with 85.5% of study
population carriers of T3435 allele [16]. Thus in our population the
carriers of variant allele of MDR-1 (T3435) associated with decreased
Clopidogrel response are more than 70%. Therefore, identification of
these different variants may be useful in optimizing therapy with this
drug and others which are substrate of MDR-1.

Table 1: Studies depicting prevalence of C3435T genotypes of MDR-1.

Genotypes
C3435C |C3435T |T3435T Carriers of T allele
Population (%) (%) (%) (%)
[13] |Indians from Singapore 18 39 43 82
[14] |Western India 12 54 34 88
[15] |Western India 26.4 42.1 31.4 73.5
[16] |Western India 14.5 41.8 43.7 85.5

Polymorphism in CYP2C19 gene

Genetic variations of CYP2C19 are CYP2C19*1 wild type,
CYP2C19*2, [G681A] with splicing defect, and CYP2C19*3 [G636A]
with stop codon. CYP2C19*2 and CYP2C19*3 comprises about
95% of the poor metabolizer type [17-19]. CYP2C19*2 is the most
common among the various reduced function genes studied and is
the prime indicator of Clopidogrel low responsiveness [20]. Other
alleles such as CYP2C19*3, CYP2C19*4, CYP2C19*5, CYP2C19%6,
CYP2C19*7 and CYP2C19*8 may also affect Clopidogrel metabolism
in similar manner as CYP2C19*2, but their frequency in the general
population is negligible as compared to CYP2C19*2 [21]. In studies
conducted by Scott et al. and Price et al. another allelic variant of
CYP2C19 i.e. CYP2C19*%17 (C806T; 50-flanking region of the gene),
which is associated with increased enzyme activity is shown to have
higher platelet inhibition as compared to the wild type variant [22,23].
Several studies conducted proposed the influence of polymorphism
in CYP2C19 on Clopidogrel response [6].

Studies from different ethnic groups from different regions have
been depicted in Table 2 demonstrating distribution of CYP2C19
variants. Among these CYP2C19*2 loss of function allele is very
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Table 2: CYP2C19*2 allele frequency.

Author Region CYP2C19*2 Frequency
[24] North Indians 0.297

[25] Tamilian population 0.379

[26] Asian 0.3-0.35

[15] Western Indians 0.35

[27] Kerala 0.66

common in Indian population as compared to the other worldwide
populations. In north Indians, Lamba et al. have reported frequency
of CYP2C19*2 to be 0.297 [24]. Adithan et al. for the Tamilian
population have reported 0.379 while Mizutani et al. have reported
CYP2C9*2 allele frequency to vary from 0.3-0.35 amongst Asian
populations [25,26]. Similar to this, our study from western region of
India has demonstrated allelic frequency of CYP2C19*2 to be 0.352
[15]. However, in a population from Kerala, Mahadevan et al. have
reported high prevalence of CYP2C19*2 allele; 0.66 which is two
times higher as compared to the frequency in the other regions of the
country [27].

CYP2C19*3 is another variant which is associated with the
poor metabolizer allele. Although it was reported to be 2.2% in
Tamilian population by Adithan et al. other studies by Lamba et al.
and by Shetkar et al. in North region and including ours in Western
region have not reported any prevalence of CYP2C19*3 variant
[5,15,24,25]. Unlike the above variants of CYP2C19, other rare loss
of function alleles such as CYP2C19*4 and CYP2C19*5 have not
been well studied in Indian population and are very rare in other
worldwide populations [22]. In a meta-analysis by Mega et al. it has
been reported that the carriers of either CYP2C19*2 or CYP2C19*3;
reduced function allele have a relative reduction of 32.4% of the active
metabolite of Clopidogrel in their plasma as compared to the non-
carriers [28]. Further they have reported 55-76% increase in relative
cardiovascular death, myocardial infarction or stroke as well as 2.6-
4.0 fold increase in risk of stent thrombosis in patients with decreased
Clopidogrel response due to presence of “Poor Metabolizer” variants
of CYP2C19.

In contrast to the “Poor Metabolizer” variants of CYP2C19,
another variant CYP2C19*17 which is termed as “Rapid Metabolizer”
leading to its increased enzyme function is also reported in certain
studies [29]. This rapid metabolizer variant which leads to increased
enzyme function may increase risk of bleeding in the carriers of
CYP2C19%17 [30]. There is a large disparity among the Indian
population for CYP2C19%17 allele. In the western region population
of India, we have reported CYP2C19*17 frequency to be 10.2% while
in a study on South India Tamilian Population by Anichavezhi et al.
have reported its frequency to be almost double i.e. 19.2% [15,31].
This difference is attributed to different ethnic population with varied
genetic pool among the studied groups [5].

Polymorphism in P2Y , gene

P2Y , has 2 functional haplotypes designated as H and H, tagged
by 4 SNPs in absolute linkage disequilibrium i.e. i-C139T, iT744C,
i-ins 801A, G52T. Where H, haplotype has a ‘C’ in position 139 of

Shalia K

intron 1, a “T” in position 744 of intron 1 and absence of i-ins 801A in
intron 1 and 52 G of exon 2. H, haplotype comprise 139T, 744C as well
as presence of i-ins 801 A in intron 1 and 52 T of exon 2. Out of these
two haplotypes, H, is associated with enhanced platelet reactivity
in response to ADP [32]. However, Malek et al. have reported that
carrier of i-744C allele without variant allele of CYP2C19*2 did
not have significantly decreased platelet response to ADP [33].
From Western Zone of India, our study has reported prevalence of
genotypes H1/H1, H1/H2 and H2/H2 as 85.7%, 11.8% and 2.94%
respectively with frequency of P2Y , (i-744C) allele associated with
enhanced platelet reactivity calculated as 0.088 [15]. In a recent study
conducted by Sridharan et al, the frequency of wild type haplotype
(H1/H1) of P2Y , was reported to be 89.5% while 10.5% were shown
to have (H1/H2) haplotype and in their study none of them showed
the H2/H2 haplotype with allele frequency of i-744C as 0.052 [16]. In
our study 19.2% (5/26) of the subjects with combination of variant
genotypes CYP2C9*2 and P2Y12 (iT744C) demonstrated decreased
platelet inhibition as compared with their wild type genotype which
was also reported by Sridharan et al. and by Satam et al. [15,16,34]. In
their studies nearly 60% and 52% of the study participant respectively
were found to be poor responder to Clopidogrel [16,34].

Conclusion

There are few studies available on our population, but have
demonstrated presence of the variant allele of MDR-1, CYP2C19 and
P2Y , reported to be associated with decreased Clopidogrel response
at a considerable frequency. Need of the hour first is larger studies,
involving many ethnic groups to analyse the prevalence of variants.
Second most important is to analyse other factors in association with
genetic variation influencing resistance to Clopidogrel and then arrive
at algorithm for appropriate dose calculation. It will be worthwhile to
do genetic testing to determine individualised anti-platelet treatment
and to decide adequate dose of Clopidogrel in resistant or moderate
responder in patients undergoing Clopidogrel treatment. Moreover,
this pharmacogenetic testing will be required in near future since the
inclusion of “black box” warning by FDA recommending genetic
testing prior to prescription of Clopidogrel [35].
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