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Abstract

In the review the authors analyzed the literature data on the state of
knowledge of the problems of genetic polymorphisms CYP2C19 gene
response to clopidogrel in patients with acute coronary syndrome. Despite
on the technological advances and the widespread use of coronary stenting,
restenosis at the site of angioplasty remains the main factor limiting its long-
term effectiveness.

We made the literature review of the state of the study of the genetic
polymorphism of the CYP2C19 gene for a response to clopidogrel in patients
with acute coronary syndrome and percutancous coronary intervention. To
achieve this goal, a systematic search and subsequent analysis of publications
and online resources were carried out. All publications are indexed in the
PubMed, Medline, e-Library, CoogleScholar.
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polymorphism

KOPOHAPJIBIK APTEPUSI CTEHTTEYJIEH KEWTHI'T HAYKACTAPIA ACKBIHYJIAP JAMYBIHBIH TEHETHKAJIBIK
BEMIMILIITT

Tait:kanoBa JI.2K., KatumoeroBa A.B., ToneyoBa A.C., bonay6aii P., Buctepuuuan O.A., Kypmanosa A.T.
Nel Tuixi aypynap kadenpacsl, Kaparanasl menniuna ynusepcuteti, Kaparansl kanacsl, Kaszakcran PecryOmukacst

T¥XbIPbIMOAMA

BepinreH agebu wonyaa aBTopnap keden TaxAik cuHApoMbl Gap HaykacTapgarbl knonuporpen kabbinanay kesiHgeri CYP2C19 renpik
nonuMopduamiHiH Macenenepi Typanbl GiniMiHiH ai-Kyni >xannel agebueTtepre Tangay xacagpbl. TEXHOMNOTUANbIK KETICTIKTepre kapamacTaH,
aHrvonnacTka opHbiHAa PecTeHo3 Aamy y3aK Mep3iMai TMiMAiniriH WekTenTiH Herisri pakTop 6onbin kana 6epeg;.

XKepen Texaik cvHOPOMBI XeHe Tepilink ToxAaik apanacydaH KewiHri HaykacTapga knonugorpenre »ayan 6epy ywiH CYP2C19 reHiHin
reHeTvKanblk NonMMopdur3MiH 3epTTey XafdalbliHa aaebunetTep WonybiH xacaaplk. Ocbl MakcaTka KeTy YLLUIH Xy/ieni i3aey xeHe xapusnaHbimaap
MEH UHTEPHET-pecypcTapra Tangay xyprisingi. bapnbik xxapusinaHsimgap PubMed, Medline, anektpoHapik kitanxaHa, CoogleScholar nHgekcrenrex.

Heri3ri ce3pep: XypekTiH uweMusnbiK aypybl, Tepiwinik Texaik apanacy, CTeHTTey, pecteHos, knonuporpen, CYP2C19, xenmen Taxaik
CUHAPOM, reHaik nonMMmopduami

TEHETHYECKAS ITPEJPACIIOJIO)KEHHOCTD PA3BUTHS OCJTOKHEHUMN Y BOJbHBIX OCJE
CTEHTUPOBAHUA KOPOHAPHBIX APTEPUU

Taiizkanosa JI.2K., KanumoeroBa A.B., TosieyoBa A.C., Bonay6aii P., Bucrepunuan O.A., Kypmanosa A.T.
Kadenpa Buytpennnx 6onesneit Nel, Menuinckuit yausepeuret Kaparannsl, Kaparanna, Pecy6onnka Kaszaxcran

PE3IOME

B 0630pe aBTOpbI NpoaHanNManMpoBany NMTepaTypHble AaHHbIe O COCTOSIHUM 3HaHUIA 0 NpobriemMax reHeTMYeckoro NonMMopdrama oTeeTa reHa
CYP2C19 Ha knonugorpenb y NauneHToB C OCTPbIM KOPOHAPHbIM CUMHAPOMOM. HecMoTpsi Ha TeXHUYECKU Nporpecc M LUMPOKOE UCMOoMb30BaHNe
KOPOHAPHOro CTEHTUPOBAHUSI, PECTEHO3 B MECTE aHTMOMNIACTUKN OCTAETCS OCHOBHbBIM (haKTOPOM, OrpaHN4MBaloLLMM ero JONTOBPEMEHHYI0 adhdek-
TUBHOCTb.

Mbl coenanv 0630p nuTepaTypbl O COCTOSIHUM U3YYeHUsi reHeTudeckoro nonmmopdguama reHa CYP2C19 ans oTBeta Ha knonugorpenb y
NaLMeHTOB C OCTPbIM KOPOHaPHbLIM CUHAPOMOM W YPECKOXHBIM KOPOHAPHBLIM BMeLLaTeNnbCTBOM. [N AOCTWIKEHWS 3TOW Lenun Obin npoBefeH cucte-
MaTUYECKMIN MOUCK 1 MOCneayLWMiA aHanua nybnukaumin u oHnamnH-pecypcoB. Bee nybnukauum nHaekcupytotes B PubMed, Medline, anekTpoHHow
6ubnuoteke, CoogleScholar.

KnioueBble cnoBa: uwemuyeckasi 6onesHb cepaua, YpeckoXXHOe KOPOHapHOe BMeLLaTenbCTBO, CTEHTUPOBaHME, pecteHo3, CYP2C19, knonu-
gorpen, oCTpbli KOPOHAPHbBIN CUHAPOM, FEHETUYECKUIA NONMMOPEN3M
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Introduction

The problem of treatment of coronary heart disease (CHD)
is one of the top priorities of the world and national healthcare,
as it is on the first place among the causes of cardiovascular
mortality [1].

Endovascular interventions have opened a new stage
in cardiology, significantly expanding the possibilities of
CHD treating. According to the intensity of development,
coronary stenting outstripped all previous technologies of
coronary angioplasty [2]. Despite significant initial success,
the widespread introduction of coronary stenting into clinical
practice led to not so optimistic long-term results obtained in the
first randomized trials. Long-term results forced cardiologists
to change their attitude to coronary stenting and approach to
endovascular treatment more differentially [3].

This method has revealed a number of factors limiting its
effectiveness and application, the main one of which remains
restenosis of the coronary arteries, which occurs in 6-12 months
after stent implantation [2].

In general, cardiovascular diseases in Kazakhstan are
responsible for almost one-third of all deaths. In the structure
of mortality from diseases of the circulatory system, 34% are
the patients with coronary heart disease (CHD), of whom more
than 30% are active working age persons (18-65 years) [4].
The prognosis and outcome of the disease is directly influenced
by timely diagnosis, prevention of complications and early
conduction of myocardial revascularization [5].

In large-scale clinical trials [6], it was found that
asymptomatic restenosis occurs in approximately 48-58% of
patients with Percutaneous Coronary Intervention (PCI). P.
Ruygrok et al. (2001) evaluated clinical and angiographic factors
associated with asymptomatic restenosis. Restenosis developed
in 16% from 1 469 stented patients, while in 58% of them it
was asymptomatic. Multivariate analysis of this group showed
that male sex prevails among restenosic patients, and predictors
of asymptomatic restenosis may have a minor degree of lesion
during the first 6 months [6].

Genetic factors associated with

complications while taking clopidogrel

Clopidogrel is a prodrug derived from thienopyridine,
which requires biotransformation in the liver to the active
metabolite. Clopidogrel selectively and irreversibly inhibits the
purinergic receptor P2RY 12 and, thus, leads to the loss of platelet
aggregation ability throughout their life (~ 7-10 days). Only 15%
of the prodrug is converted to the active substance; the remaining
85% are hydrolyzed by esterases to inactive forms. Conversion
of clopidogrel to its active metabolite requires two consecutive
processes of oxidation involving hepatic enzyme cytochrome
P450 (CYP450), e.g., CYP1A2, CYP2B6, CYP2C9, CYP2C19
and CYP3A4/5 [7], preferably CYP2C19 enzyme. Cytochrome
P450 CYP2CI19 gene belongs to the family 2, subfamily C,
polypeptide 19 and located in the cluster of genes cytochrome
P450  (CYP2CI18-centromere-CYP2C19-CYP2C9-CYP2CS-
telomeres) on chromosome 10g23.33. CYP2C19 enzyme
is involved in the metabolism of a large number of clinically
important drugs such as antidepressants [8], benzodiazepine [9],
mephenytoin [10], proton pump inhibitors (PPIs) [11], as well as
prodrugs clopidogrel with antiplate activity [12].

Currently, it is unclear how the changes in platelet
aggregation revealed Exvivo resulting from simultaneous
application of omeprazole and clopidogrel to the clinically
significant outcome difference are unclear [13].

CYP2C19 gene has nine exons and is highly polymorphic,
with more than 25 variants of alleles (they are marked with
asterisks*), currently registered in the Committee for the
Nomenclature of Cytochrome P450 alleles http:/www.
cypalleles.ki.se/CYP2C19.htm.

In addition, information on detailed mapping of CYP2C19
alleles and a list of associated drugs and diseases is available
at http://www.pharmgkb.org/search/annotated Gene/CYP2C19/
variant.jsp.

Clopidogrel resistance (CR) is determined by a decrease
in platelet accumulation rate of less than 10% compared with
the initial level after treatment with clopidogrel [6-9]. CR
is believed to be critically involved in recurrent myocardial
infarction after antiplatelet therapy [20]. A weak response of
clopidogrel predicts a weak antiplatelet effect of treatment in
4-30% of patients, while platelet hypersensitivity is the main
cause of repeated ischemic events and even death of patients
with ACS. A recent study of a healthy population of Hulot et
al. [30] showed that a sharp decrease in platelet accumulation
rate after clopidogrel administration in normal patients with the
wild-type CYP2C19 allele (CYP2C19*1/*1), which was absent
among carriers of the zero allele (CYP2C19*1/*2). CYP2C19
polymorphism is associated with the bioavailability of active
clopidogrel metabolites.

The wild type of CYP2C19*1 allele is associated with a
functional (physiological) metabolism mediated by CYP2C19
enzyme. The most common allele with a decreased function
is CYP2C19%*2, the frequency of this allele is about 12% for
Caucasians, 12% — for African Americans and 29-35% — for
Asians.

According to other sources [14], the prevalence of the
allele with CYP2C19%*2 genotype is about 25-30% in Europeans
and 50-60% in Asians.

Alleles with reduced or absent enzyme activity (for
example, *3 — *8) were also detected. The frequency of
CYP2C19*3 allele in most populations is below 1%; this allele
is most common among Asians (2-9%) [15]. The less common
CYP2C19 alleles associated with the lack or decreased activity
of the enzyme are CYP2C19%4 (rs28399504), *5 (rs56337013),
*6 (rs72552267), *7 (rs72558186), and *8. Frequency of
occurrence of these variants, as a rule, is less than 1% [15, 16]
and their definition is of no clinical significance.

CYP2C19 alleles with functions loss are inherited in an
autosomal-codominant type. Thus, heterozygotes (for example,
or *1/*2 and *1/*3) have a response to clopidogrel, which is
intermediate, between the response of wild-type homozygotes
(eg, *¥1/*1) and the homozygous response of alleles to loss of
function (*2/*2) or complex heterozygotes (¥2/*3) [16].

The first meta-analysis of Russian studies of clopidogrel
pharmacogenetics in 2015 revealed that the presence of
CYP2C19*2 polymorphism significantly increases the risk of
complications such as cardiovascular mortality / myocardial
infarction / stent thrombosis / ischemic stroke / transient ischemic
attack (Chernov A.A., 2015). The data obtained are consistent
with foreign meta-analyzes on relevant topics (T. Bauer, 2011;
Mao L., 2013).

Based on the ability of CYP2C19 substrates to metabolize
people can be classified as enhanced metabolizers (UM),
extensive metabolizers (EM), intermediate metabolizers (IM)
and attenuated metabolizers (AM). Extensive metabolizers are
homozygous for the CYP2C19*1 allele, which are associated
with functional (physiological) metabolism mediated by
CYP2C19. The genotype of the intermediate metabolizers
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consists of one wild type allele and one variant of the allele that
codes for the decrease or absence of the enzyme function (for
example, *1/¥2, *1/*3), which leads to a decrease in the activity
of CYP2C19 [17]. People associated with impaired metabolizers
have two alleles with loss of function (eg, *2/*2, *2/*3, *3/*3),
resulting in a marked decrease or no activity of their CYP2C19
[16].

It should be noted that some researchers use a different
nomenclature, including «homozygous extensive metabolizers»
(for example, *1/*1), sometimes they are called persons
with «fast metabolism»; and also «heterozygous extensive
metabolizers» (for example, *1/*2) and «slow metabolizers»
(for example, *2/*2). Regardless of the nomenclature system
used, the rate of occurrence of slow CYP2C19 metabolizers
is about 2-5% in Caucasians and African Americans and about
15% in Asians [18].

Individuals who have one or two alleles *17 with an
enhanced function (eg, *1/*17, *17/*17) can be referred to
ultrafast metabolizers. The average polyethnic frequency of
occurrence of the allele is ~ 3-21%. Some studies have shown
that this allele leads to an increase in platelet inhibition and
response to clopidogrel [20, 21] and, possibly, an increased risk
of bleeding [22, 23]. However, other studies have not confirmed
this effect of CYP2C19*17 [22- 28].

Contradictory results of studies are possibly associated
with the nonequilibrium cohesion existing between alleles *17
and *2. The phenotypic consequences of the combination of
the allele with loss of functions and the allele *17 that make up
the heterozygous genotype (for example, *2/*17) are currently
unclear, but the manifestations may be in the phenotypes of both
fast and slow metabolizers, and apparently depend on specific
substrate [29].

According to Li Y, Tang H.L. in comparison with
CYP2C19*17 non-carriers, carriers of that gen had a 16%
risk decrease of ACS recurrence in 9428 patients, receiving
clopidogrel during 1 year, but they have observed increased
bleeding risk. As expected, CYP2C19*17 carriers also have a
lower level of residual platelet reactivity than the carriers. The
clinical significance of the CYP2C19*17 variant (-806C> T in
the promoter region of the gene, responsible for its enhanced
function) has not been studied until its presence was associated
with increased efficacy and bleeding risk in patients who
received clopidogrel.
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Although studies show, that CYP2C19*17 carriers have
lower residual platelet activity during clopidogrel treatment
in comparison with non-carriers [15, 16], a 22% reduction in
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(PCI or CABG) in patients with acute myocardial infarction
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of the CYP2C19*17 allele in Chinese population (4%) in
comparison to the Ethiopians and Swedes, who had the same
distribution (18% in both). This broad interethnic variation in
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countries or Europe. The high frequency of the CYP2C19%17
allele in the Iranian population underlines this new allele variant
importance in the metabolism of CYP2C19 substrates [29].

Conclusion

Thus, a review of literature data has shown the need for
a genetic study (CYP2C19 genotyping) responsible for the
metabolism of clopidogrel in patients with ACS/PCA to improve
their clinical outcome.

Despite a large number of studies showing a decrease in
the effectiveness of clopidogrel in patients with ACS/PCA from
different ethnic groups with CYP2C19 genetic polymorphism,
the role of genetic factors in individuals of the Kazakh population
remains unclear. The studies on identification of the status of
metabolizers in individuals with risk of stents thrombosis early
developing are few and contradictory in accessible national
literature.
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