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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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PREVALENCE OF CLOPIDOGREL RESISTANCE AND GENETIC PROFILE AMONG A
GROUP OF PCI PATIENTS IN DUHOK CITY

Abdulaziz Mohsin Brifkani.
College of Medicine, University of Duhok, Duhok, Kurdistan Region, Iraq.

Abstract.

Clopidogrel is a second generation thienopyridine that’s used
as a prophylactic anti-platelets following percutaneous coronary
intervention (PCI) for patients with coronary heart disease. Not
all patients who receive this medication show effective response
as literatures have reviewed clopidogrel resistance as an issue on
needs of further follow-up and study. The aim of this article was
to assess clopidogrel resistance among a group of patients who
underwent PCI. This study was conducted as a cross-sectional
study during the period of one year. A total of 106 patients who
underwent Primary PCI and were placed on clopidogrel for at
least 7 days were assessed. Their blood sample was obtained and
asses for platelets aggregation test. The mean age of the patients
with CAD who underwent PCI was 58.5 between 31 and 80
years old. 68.9% of them were males and 31.1% were females.
From the total 106 CAD patients, 70.5% of them responded to
the Clopidogrel positively and 12.4% responded in a suboptimal
way while 19 patients (17.1%) were clopidogrel resistant.
No significant correlation were found between clopidogrel
response and gender or age; P values respectively were 0.2324
and 0.4159. subsequently, genetic report was done for resistant
cases and they showed no significant correlation with age (P =
0.8914) and gender (P = 0.2524). Clopidogrel resistance and
poor response is of a significant value among patients and can
be encountered. There was no correlation of clopidogrel to age
or gender, yet further studies are indicated for the assessment of
the genetic material and response profile.

Key words. Clopidogrel resistance, P2Y'12, coronary heart
disease, acute coronary syndrome, genetic profile.

Introduction.

Coronary heart disease (CHD) is one of the leading causes
of morbidity and mortality world-wide and refers to a group
of disease involving coronary arteries characterized by
atherosclerotic plaque formation and subsequent ischemic
events such as acute coronary syndrome (ACS) [1,2]. Its
treatment depends on the clinical presentation of the patient
and typically include controlling modifiable risk factors such
as diet, hypertension, diabetes, exercise, and tobacco cessation
[3]. Furthermore, it also requires the use of medication with
adequate pain control, anticoagulants and anti-platelets with
aspirin and clopidogrel [2,4].

Clopidogrel is a second generation thienopyridine that's used as
one of the cornerstone medications for treatment of CHD, which
acts by selectively and irreversibly blocking P2Y 12 receptors
on the platelets resulting in inhibition of platelets aggregation
[5-7]. It has been approved that the treatment of cardiovascular
and cerebrovascular accidents like unstable angina, NSTEMI,
STEMI and strokes [8]. The medication is commonly prescribed
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as a dual antiplatelet therapy for patients with Post-ACS [9].
The dual-antiplatelet therapy (DAPT) has shown to decrease
thrombotic events in patients with ACS [10,11]. Despite that
there is a high individual variability in response to clopidogrel
has been reported; poor response to range from 4 to 30% were
reported [12]. Factors associated with clopidogrel resistance
include obesity, diabetes and hyperuricemia [12]. Once the
medication enters the body it undergoes enzymatic activation
from the inactive prodrug, clopidogrel, to active metabolites
[13]. This action takes place via variety of CYP enzymes such
as CYP2C19 and CYP3A4 [14]. Genetic polymorphism plays
a role in the matter of influencing the responses to clopidogrel
most commonly involving CYP2C19 enzyme [15-17].

Clopidogrel in the active form can inhibit platelet aggregation
for Thor lifetime (7 to 10 days), nevertheless, platelet function
returns fully after 5 days from discontinuation of the treatment
due to the turnover [18,19]. For patients undergoing PCI, poor
response to clopidogrel has been regarded as an independent
risk factor for major cardiovascular events [20,21]. This study
aimed at assessing the rate of response to the Clopidogrel in
patients with CAD who received the PCI and rate of mutation
detection among Duhok population.

Patients and Methods.

This study was conducted as a cross-sectional study on a
group of patients diagnosed as Acute Coronary Syndrome and
underwent urgent Primary Percutaneous Coronary Intervention
(PCI). A total number of 106 participants were enrolled (Figure
1). The study was conducted over a duration of one year. The
process started with patients who underwent primary PCI and
are placed on clopidogrel (Piax, Mylan, India) for at least one
week at a dose of 75 mg taken at any time were followed up
after for the process of blood sample collection for platelet
aggregation test

They were categorized accordingly into 2 categories; responsive
and resistance depending on the response to aggregation test. If
the clopidogrel function test was normal, they continued with the
schedule for one year. While those patients who were diagnosed
as non-responders or partial responders for clopidogrel, they
were sent to genetic testing which were further subdivided into
homozygous, heterozygous for CYP2C19 gene mutations and
no mutations.

Inclusion criteria; any patient who has underwent PCI and has
received Clopidogrel for at least one week were included. All
age groups and both genders were included.

Platelet aggregation test: blood samples were withdrawn
from venous blood and platelet-rich plasma separated; the
plasma samples were placed in an aggregometer. As the plasma
samples were blended at room temperature, epinephrine was
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added to enhance platelet activation. The samples become
cloudy indicating platelets aggregation, the light transmission is
recorded by spectrophotometer.

Genetic testing: PGX-CYP2C19 StripAssay (VienalLab
Diagnostics GmbH, Austria) is a sequential in vitro steps that
started with DNA isolated from a blood. The extracted DNA
amplified by a polymerase chain reaction (PCR) for the target
genetic regions using designed primers. The DNA products
after amplification then hybridized to a test strip comprised
immobilized, allele-specific probes for eight polymorphic loci
(*2, *3, *4, *5, *6, *7, *8, and *17). Next, non-specifically
bound DNA removed by washing, the specifically bound
primer sequences were quantified calorimetrically using
streptavidin-phosphatase and chromogenic substrates, forming
in purple-colored bands on the strip. The formed band patterns
correlated to genotype and predicted the phenotype—such as
poor, intermediate, extensive, or ultrarapid metabolizer—to inform
clinical dosing requested for drugs affected by CYP2C19 activity.

Statistical analyses: The general information of the patients
was presented in mean SD) or no (%). The rate of response to
the clopidogrel in patients with CAD who received the PCI
and rate of mutation detection was determined in no (%). The
association of response with the general information of the
patients was examined in one-way ANOVA, independent t-test
or Pearson Chi-squared tests. The significant level of difference
was determined in a p-value of less than 0.05. The statistical
calculations were performed in JMP Pro 14.3.

Results.

The age of CAD patients with underwent PCI was 58.5+£10.2
years (ranged 31- 80). The participants were mainly males

(68.6%). The 106 CAD patients who underwent PCI responds
to clopidogrel variably, 70.5% of them responded to the
clopidogrel positively, 12.4% responded in a suboptimal,
remaining 19 patients (17.1%) responded negatively. Genetic
testing 17.1% non-respondent, revealed that mutations were
reported in 13 (68.4%) of these patients versus 31.6% with
no mutation. The result of the clopidogrel monitoring test was
38.7+21 (ranged 2-105) (Table 1).

The total number of participants was 106 which all underwent
testing for platelet aggregation. The results showed 19 with no
response, 74 with response and 13 with sub-optimal responses
(Table 2). Those with no response underwent genetic testing
and showed no mutations in 6 and 13 with mutations (Table 3).

The study showed that there male and female patients and
the patients with different age groups did not respond with a
significant difference, but patients who did not respond to the
clopidogrel received a higher dose of clopidogrel compared to
those who responded or responded in a suboptimal way (Table
2).

The response to clopidogrel increased with ageing, since low
response reported in young which do increase in older groups
(Figure 2).

Regarding genetic mutation, the results confirmed that a non-
significant differences (p=0.8914) existed between the age of
participants with genetic mutations (55.3+11.1) compared to
those without mutations (56.0+7.1) years. A non-significant
differences (p = 0.2524) existed between non-responders female
to clopidogrel (5 patients, 55.6%) with genetic mutations versus
(4 patients, 44.4%) with no mutations. In male, (8, 80.0%) with
mutations compared (2 patients, 20.0%) without mutations
(Table 3 and Figure 3).

Table 1. General information of the coronary artery disease patients underwent PCI.

Characteristics (n=106) mean+SD
Age, years 58.5+10.2
Female
Gender, no (%) Male
No response
Response Responded
Suboptimal response
Genetic report Detected
No detected
Clopidogrel monitoring test 38.7+21

Table 2. Contingency analysis of response by general characteristics.

Response to clopidogrel

((Illl;all;)ag)terlstlcs n(%) No response
Female, (n=33) 9(27)

Gender, n (%) Male, (n=73) 10 (13.7)

Age, mean (SD) 55.5(9.8)
30-39 1 (25.0)
40-49 2(18.2)

Age group, n (%) 50-59 9(25.0)
60-69 5(13.2)
70-80 2 (11.8)

Range

31-80 years

33(31.1)

73(68.9)

19(17.9)

74(69.8)

13(12.3)

13(68.4)

6(31.6)

2-105
Responded Suboptimal p value
20 (61) 4 (12)
54 (74) 9(12.3) 0.2324b
59.1 (10.8) 59.3 (7.0) 0.3791a
3(75.0) 0(0.0)
8(72.7) 19.1)
23 (63.9) 4 (11.1) 0.4159
25 (65.8) 8(21)
15 (88.2) 0 (0.0)

One-way ANOVA and Pearson, b Chi-squared tests were performed for statistical analyses.

Data expressed as frequency (%) and for each gender group or age ranges
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Table 3. Associated factors with genetic mutations results in patients not respond to clopidogrel.

Factors Detected (n=13) No detected (n=6) p value
Age (years) Mean (SD) 55.3(11.1) 56 (7.1) 0.8914
Female 5(55.6) 4 (44.4)

0,
Gender, n (%) Male 8 (80.0) 2(200) 0.2524

Mean (SD) compared by independent t-test, no (%) compared by Pearson's Chi-squared test

Table 4. Distribution of the sample according to the allele of genetic mutations.
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Figure 1. Flow chart of enrolled patients and their resistance status for clopidogrel.

Genetic mutations \Allele n (%)
Homozygous 0(0.0)
Heterozygous 13(68.4)
CYP2C19-2 7
CYP2C19-8 1
CYP2C19-3 1
CYP2C19-17 4
No mutation 6(31.6)
Total 19(100)
No. (106)
Platelet
aggregation |
test
[ I ]
No Response Response Sub-optimal response
(19) (74) (13)
Mutations
Detected
(13)

Max 80.00
Q3 64.00
ed 53.00
Q1 50.00
Min 37.00

Max 78.00
Q3 68.00
Med 60.00
1 50.75
Min 31.00

Max 69.00
Q3 65.00
Med 60.00
Q1 52.00
Min 48.00

——

L

No response

Responded
Response

Suboptimal response

Figure 2. Comparisons of age in patients with different response to Clopidogrel.




Max 80.00
Q3 63.00
Med 52.00
Q1 50.00
Min 37.00

80 —_—

704

Age 60

504

40-

Max 65.00
Q3 64.25
Med 54.50
Q1 49.50
Min 48.00

Detected

No detected

Genetic results

Figure 3. Comparisons of age in patients with different genetic findings.

The boxplot indicate that the detection of mutation is higher
with more advanced age compare to younger age group,
however, the results were more variable showing variation
between individual (Figure 3).

The genetic results of 19 patients demonstrated that two-third
(68.4%, n=13) were holding heterozygous mutations in the
CYP2C19 gene, and none (0%) were homozygous. Nearly one-
third (31.6%, n=6) of patients demonstrated no genetic mutations
in the studied CYP2C19 alleles. In the heterozygous group of
alleles, CYP2C19-2 and CYP2C19-17 were the commonest
variant, 7 patients and 4 patients, respectively, when compared
to CYP2C19-8 and CYP2C19-3 alleles shown in only 1 patient
(Table 4).

Discussion.

Clopidogrel is approved antiplatelets used for patients
with coronary heart disease, such as, ST-segment elevation
myocardial infarction, and secondary prevention of ischemic
heart diseases and stroke [8]. This medication works by
irreversibly inhibiting platelet P2Y12 adenosine diphosphate
receptor which prevents the downstream activation of the
glycoprotein 1Ib/Illa receptor complex therefore reducing
platelet aggregation [21]. It requires enzymatic activation via
several CYP enzymes including the CYP2C19 and CYP3A4
enzymes [22]. Any loss of function allele will not effectively
metabolize clopidogrel leading to inability of inhibition of
platelet activation [12,23]. It’s recommended in higher doses as
a loading dose, followed by a maintenance of 75 mg once daily
to maintain its impact on platelet aggregation [22]. Around
one third of patients on clopidogrel are characterized as poor
responders to clopidogrel which increases the risk of thrombotic
ischemic events [22]. The most likely factors that determines
the likely response are the polymorphisms within the genes that
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regulate CYP2C19 activity and the related to polymorphisms
of the ABCBI gene [22]. This article is aimed at assessing the
genetic response to clopidogrel among a group of patients.

Clopidogrel poor responders refer to the group of patients who
failed to achieve and maintain an IPA after dosing. The platelet
adenosine 5'-diphosphate (ADP) receptor P2Y12 (P2Y12R)
plays a critical role in platelet aggregation, despite patients with
ACS receive the primary management with PCI, they may still
experience Major cardiovascular events that could be caused
by clopidogrel resistance [24]. In this study, ~ 29.5% of the
participants showed either no-response (17.1%) or Sub-optimal
response (12.4%) indicating no significant benefit from the
treatment. Additionally, among the non-responders, 68.4% of
them revealed presence of genetic mutations in the CYP2C19
gene. A higher resistance rate (49.8%) was noticed by Giantini
et al. [24]. Generally, Clopidogrel resistance among Asian
population is much higher and estimated at 17.2-81.6% (6).
The overall poor responders from the published articles range
between 17-56% [23].

No significant difference was noticed regarding gender and
age compared to the response and the dose of clopidogrel given.
Indicating no difference in the dose and response. Contrary results
were found with Hidayat et al., males were less likely to have
clopidogrel resistance than female [25]. Additionally, females
are more likely found to develop atherothrombotic events after
1-year follow-up of starting the treatment [26]. Additionally,
among the non-responders, there was no difference between
both genders and age regarding genetic report, indicating no
influence of gender and age over the immunogenicity.

In our study we found that 68.4% of those with no response
showed genetic mutations for CYP2C19%*2,8,3 and 17 while
31.4% showed no mutations. Subsequently of them were lost in
follow-up. CYP2C19 gene has been identified as the important



gene for activation of clopidogrel [27]. Clopidogrel resistance
or non-functioning can led to certain negative impact on the
individual, and this can be induced by several factors that
interfere or impact the CYP2C19 gene function or action [23,25].
This can take place inform of mutations whether homozygous
or heterozygous depending on the number of alleles affected or
there will be no mutations but take place due to the impact of
other factors such as other medications [28].

Nilotinib, a selective tyrosine kinases inhibitor used for
treatment of cancer, has been found to competitively inhibit the
metabolism of drugs that that are activated by several enzymes
produced in the liver one of which is related to CYP2C19
[29]. Thus, one of our patients was on nilotinib which had no-
response to clopidogrel and had negative genetic report.

Conclusion.

Clopidogrel is one of the important anti-platelets in DAPT
for patients undergoing PCI. However, some individuals could
present resistance to clopidogrel which are known as poor
responders. This could be related to genetic material of some
individuals yet the resistance was not associated with gender
and age. The gender — gene interaction as well as age-gene
interaction needs further studying and understating as it might
impact clopidogrel drug metabolism inside the body. Further
studies are required to assess the importance and risk factors of
clopidogrel resistance. Any patient placed on clopidogrel, drug-
drug interaction must be reviewed.
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