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CYP2C19 GENE POLYMORPHISMS ON CLOPIDOGREL ANTIPLATELET
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K.B. Mirzaev?, R.E. Kazakov?, V.V. Smirnov3, D.A. Andreev4, D.A. Sychev!

1Russian Medical Academy of Postgraduate Education. Barricadnaya ul. 2/1, Moscow, 123995, Russia

2Research Center for Evaluation of Medical Products. Petrovsky bulv. 8, Moscow, 127051 Russia

3 State Research Center Institute of Immunology, Federal Medical-Biological Agency of Russia.
Kashirskoye shosse, 24-2, Moscow, 115478 Russia

4]1.M. Sechenov First Moscow State Medical University. Trubetskaya ul. 8-2, Moscow, 119991, Russia

Aim. Carriership of CYP2C19*2 allelic variant and reduced CYP3A4 activity can affect the formation of clopidogrel’s active metabolite and, respectively, its antiplatelet effect. We sought to
determine the impact of CYP3A4 isoenzyme activity and CYP2C19 polymorphisms on platelet aggregation.

Material and methods. The study included 81 patients with acute coronary syndrome (ACS) and subsequent percutaneous coronary intervention (PCl): 64 males and 17 females, mean age
63.9%10.9 years. CYP2C19allelic variants were detected by the method of real-time polymerase chain reaction. CYP3A4 isoenzyme activity was estimated by urinary 6-B-hydroxycortisol /free
cortisol ratio (6-OHC/FC) using the method of high-performance liquid chromatography. Platelet functional activity was evaluated by a portative aggregometer - the VerifyNow P2Y, assay.
Results. Logistic regression analysis has demonstrated significantly increased risk of clopidogrel resistance in patients-carriers of the CYP2C19*2 polymorphism (p=0.022). CYP2C19*2 non-car-
riers had significantly higher mean platelet inhibition percentage as compared with the carriers of this allele: 30.7+20.1 inthe CYP2C19*1/*1 group vs 18.2+16.4 in the CYP2C19*1/*2 one (p=0.03).
Clopidogrel laboratory resistance (P2Y, Reaction Units (PRU)>208) was found out to be higher in the CYP2C19*2-carriers as compared with non-carriers: 53.8% in the patients with the CYP2C19*1/*2
genotype and 16.2% in subjects with the CYP2C19*1/*1 genotype (odds ratio [OR]=1.8; 95% confidence interval [95% Cl]: 1.0-3.2; p=0.0067). Linear regression analysis has revealed that
smaller mean diameter of stent slightly reduces the risk of clopidogrel resistance development. No significant distinctions in urinary 6-OHC/FC ratios (the marker of CYP3A4 activity) were observed:
3.4+2.8 inthe PRU>208 group and 3.2+3.0 in the PRU<208 group (p=0.8). Besides, no significant correlation between platelet activity and the 6-OHC/FC ratio was found (p=0.84).
Conclusion. CYP2C19*2-carriership in ACS patients undergoing PCl significantly increases the risk of clopidogrel laboratory resistance. The urinary 6-OHC/FC ratio (as a marker of CYP3A4
isoenzyme activity) does not correlate with platelett functional activity.

Key words: CYP2C19*2; acute coronary syndrome; CYP3A4; pharmacogenetics; clopidogrel; P2Y;,-receptor blockers.
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BnusHne metabonuyeckon aktuBHocTn nsodepmeHta CYP3A4 1 nonumopdHbix Mapkepos reHa CYP2C 19 Ha aHTMarperaHTHbIN 3 dekT knonuaorpena y 605bHbIX € OCTPbIM
KOPOHapHbIM CMHAPOMOM, NMepeHecLInX YpeckoXXHoe KOPpoOHapHOe BMeLaTeNbCTBo

K.B. Mup3aes'*, PE. Kasakos?, B.B. CmupHros3, [I.A. Anagpees4, [1.A. Cbi4es’
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Llenb. HocvtenbcrBo annensHoro Bapuanta CYP2CT9*2 1 cHUXeHWe akTMBHOCTU u3odepMerTa CYP3A4 MOXeET BAUSITL Ha NpoLiecc 0bpa3oBaHis akTMBHOTO MeTabonuTa Knonuaorpena,
1, COOTBETCTBEHHO, Ha €r0 aHTMarperaHTHbIN 3dekT. Lienbio nccnenoBaHs ABNAETCA OLeHKa BAUAHWS akTMBHOCTW 13odepmerTa CYP3A4 1 nonuMopdHbIx Mapkepos reHa CYP2CT9 Ha
(YHKLMOHANbHYIO aKTVBHOCTb TPOMOOLMTOB.

Marepuan u metoapl. B ncciefoBaHue BKOYeH 81 MaLyMeHT C oCTpbiM KopoHapHbiM cnHapomoM (OKC) 1 nociesyiowmm YpeckoxHsIM KOpoHapHbIM BMeLuaTescraom (YKB): 64 mMyx-
YWHbI M1 17 KEHLLWH; CPeaHUI Bo3pacT: 63,9+10,9 ropa. AnnenbHble BapuaHTsl reHa CYP2CT9 onpenensnmcs METOAOM NOAMMepPasHov LENHOW peakLiyv B peanibHOM BpeMeH. AKTUBHOCTb
n3otepmerTa CYP3A4 oLieHVBanach Yepes U3MepeHye OTHOLLEHWS KOHLIEHTPaLMK 6-B-rapokcvkopTvona K koptusony (6-OHC/FC) B yTpeHHei MO4e METOLLOM BbICOKO3(MEKTVBHOM XWA-
KOCTHOW Xpomarorpacii. OyHKLMOHaNbHas aKTMBHOCTb TDOMOOLMTOB OLIEHVBANACh C MCNONb30BaHWEM NOpTaTVBHOrO arperometpa VerifyNow P2Y, assay.

Pe3ynbTatbl. JIOrUCTUYECKUI PErPeCCOHHbIV aHanM3 nokasan [OCTOBEPHOE MOBbILUEHYIE PUCKa Pa3BUTHIS PEVUCTEHTHOCTY K KNIOMMAOTPeNy Y NaLUeHTOB-HOCUTENe MONMMOPGHOro Mapkepa
CYP2C19*2 (p=0,022). CpegH1M NpOLEHT MHMOMPOBaHUA TPOMOOLIMTOB Bbin 3HAYMNTENBHO BbiLLe Y NaumeHTos 6e3 CYP2CT9*2 no cpaBHEHMIO C HoCUTeNsMI AaHHoro annens: 30,7+20,18
rpynne CYP2C19*1/*1 npotvis 18,2£16,4 8 rpynne CYP2C19*1/*2 (p=0,03). labopatopHas pe3ncTeHTHOCTs K knonugorpeny (P2Y; Reaction Units (PRU)>208) oka3zanach Bbllue cpeay Ho-
cuteneit CYP2CT19*2, no cpaBHeHMIo C naumeHTamu 6e3 fiaHHoro annensi: 53,8% cpeau naumeHTos ¢ reHotunom CYP2C19*1/*2116,2% c reHotunom CYP2CT19*1/*1 (oTHOLLEHME LIaHCoB
[OLL]=1,8; 95% nosepuTensHbIn uHTepBan [95% [M]: 1,0-3,2; p=0,0067). JIMHEMHbIN PErPECCHOHHBIV aHau3 NOKa3an, YTO MeHbLUee 3Ha4eHVe CPeHEro AMaMeTpa CTeHTa He3HauMTeNb-
HO CHWXKAET PUCK Pa3BUTUS PEUCTEHTHOCTY K KIOMMAOTPENY. 3HaUMMbIX PasanIi No nokasatenio 6-OHC/FC B yTpeHHer Move (Mapkep akTviBHoCT CYP3A4) He 0BHapyskeHo: 3,4+2,8 B rpyn-
ne PRU>208 1 3,2+3,0 8 rpynne PRU<208 (p=0,8). Kpome Toro, He oTMe4anocs CraTncTnieckin 3HauvMom KOPPENALWM MeXY akTMBHOCTbIO TPOMOOLMTOB v oTHoeHreM 6-OHC/FC (p=0,84).
3akntoueHue. Hocvtensctso CYP2C19*2 y nauvenTos ¢ OKC, nogseprHyTbix YKB, LOCTOBEPHO MOBLILIAET PUCK Pa3BUTUA NabOPATOPHOM PE3UCTEHTHOCTY K Knonugorpeny. OTHoLeHne
6-OHC/FC B yTpeHHeit Moe, Kak Mapkep akTUBHOCTY n3odepmenTa CYP3A4, He KoppennpyeT ¢ hyHKLMOHaNBHOM aKTUBHOCTBIO TPOMOOLMTOB.

KntoueBble cnoBa: CYP2C19*2, ocTpbit KOPOHapHBbIn crHapoM, CYP3A4, hbapmakoreHeTyka, Knonuaorpen, bnokatopsl P2Y,-peLentopos.
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Influence of the CYP3A4 and the CYP2C19 gene on platelet activity
Brnunsiune CYP3A4 n reHa CYP2C19 Ha akTMBHOCTb TPDOMOOLINTOB

Platelets activation plays a key role in the devel-
opment of thrombotic complications at a place of
atheroma lesion [1]. Acute coronary syndrome
(ACS), ischemic stroke and peripheral arteries throm-
botic occlusion are the clinical consequences of such
complications [1]. Dual antiplatelet therapy (DAT) com-
prised of acetylsalicylic acid (ASA) and one of
P2Y,-receptor blockers is the standard of ACS pa-
tients’ treatment regardless of treatment strategy [2-
4]. Non-responsiveness to antiplatelet agents is one
of the key problems in the prevention of thrombot-
ic events in cardiovascular diseases. So, clopidogrel
non-responsiveness may reach 30% [5]. Intrinsic ASA
non-responsiveness is rather rare, that is why non-
responsiveness to clopidogrel (the most frequently
used P2Y,-receptor blocker) deserves more atten-
tion. A lot of factors (genetic, clinical, demograph-
ic, laboratory and other) influence clopidogrel phar-
macodynamics, clinical efficacy and safety [6,7]
(Table 1), that is why the response to clopidogrel varies
significantly [8,9]. Two-step bioactivation involving
enzymes of cytochrome P450 system is necessary to
realize the antiplatelet effect of clopidogrel [10]. At
that cytochrome P450 enzyme 2C19 plays a key role
in the formation of active metabolite R- 130964, while
other P450 isoenzymes, such as 2B6, 1A2, 3A4, 3A5
and 2C9 are less important [11]. The most prevalent
polymorphisms of CYP2C19 gene are CYP2C19%2,
CYP2C19*3, which are responsible for the synthe-
sis of isoenzyme with reduced function and insuffi-
cient clopidogrel antiplatelet effect, and CYP2C19%17,
which is related to the synthesis of isoenzyme with
high activity and excessive platelets’ inactivation
[12]. The CYP3A4 isoenzyme can also play an im-
portant role in changes of clopidogrel antiplatelet ef-
fect. Several studies have demonstrated significant in-
terindividual variability of this isoenzyme’s activity due
to it's induction or inhibition by endo- or exogenous
substrates, in particular, by drugs. At that CYP3A4 gene
polymorphism was noted as less significant factor de-
termining CYP3A4 activity [13]. So, phenotypic
methods of CYP3A4 enzyme activity estimation
overweigh genotypic ones. These methods are as fol-
lows: erythromycin breath test, midazolam test, uri-
nary 6-p-hydrocortizol to free cortizol ratio
(6-OHC/FC) assessment and others. Evaluation of
6-B-hydrocortizol to free cortizol ratio in morning urine
is the most simple and safe method of CYP3A4
activity estimation [14].

The aim of our study was to evaluate the influence
of CYP3A4 isoenzyme metabolic activity, CYP2C19
polymorphisms and different clinical, demograph-
ic, laboratory and instrumental factors on platelets’
functional activity.

AKTVBaLMS TPOMOOLMTOB UIPaeT BEAYLLYIO POSib B Pa3BUTUM
TPOMOOTUYECKIMX OCIOXHEHWIA Ha MEeCTe NMOBPEXAEHWS aTepo-
cknepoTideckon onawkm [1]. KnuHnyeckumm nocneacrBusMm
NOOOOHBIX OCNOXHEHN ABSETCA PA3BUTNE OCTPOIO KOPOHap-
Horo cnHapoma (OKC), a Tak »e NLLIEMUYECKOTO WHCYIBTa 1 TPOM-
DoTmdeckom okkno3um nepudepudecknx aptepui [1]. CtaH-
JlapTOM JieHeHMs 0omnbHbIX ¢ OKC, HE3aBMCMMO OT CTpaTerim eye-
HWSA, ABNSAETCS IBOVHAs aHTUTpoMOoUMTapHas Tepanms (LJAT),
B COCTaB KOTOPOW BXOAMUT auetmncanmumnosas kucnota (ACK)
1 ofVH 13 Bnokatopos P2Y,-peuentopos [2-4]. OgHon 13
KNtodeBbIX NpobneM B NpodunakTike TPOMOOTUHECKIX OCTOX-
HEeHUM cepaeYHO-COCYAMCTbIX 3a00neBaHNn ABNAeTCA Npobie-
Ma PE3UNCTEHTHOCTU K aHTVArperaHTHbIM Npenapatam. Tak, 4actota
PEe3UCTEHTHOCTM K KITONO0rpesy MoxeT oxoamts 0o 30% [5].
NcTrHHas pesncreHTHOCTb K ACK BCTpeyaeTcs JOCTaTouHO pef-
KO, 11 MO3TOMY DOMbLLIErO BHUMAHWS 3aC/Ty>KMBAET PE3UCTEHTHOCT
K Hamnbonee Yacto NprMeHsieMomMy BnokaTopy P2Y ;5 -peLenTo-
poB — knonvgorpeny. Ha apmakognHaMNYeck OTBET, KIn-
HUYeckylo 3hdeKTMBHOCTL M Oe30MacHOCTb Knonuaorpena
BNIMSAET MHOXECTBO (PaKTOPOB: MEeHETUYECKNX, KIUMHUYECKUX,
JemMorpadunyeckmnx, nabopatopHbix 1 ap. [6,7] (Tabn. 1), B cBsi-
31 C YeM OTBET Ha KJIOMMAOrPen OTIMYAeTCsH 3HaYUTENBHOW Ba-
puabenbHocTbio [8,9]. [Ans peanmsaumm aHTUarperaHTHoro -
ekTa TpebyeTcs AByXCTyneH4aTas OMOaKTMBaLMS KIOMUOO-
rpena B OpraH13mMe 4enoBeka npwm y4actnm epMeHTOB CUCTEMBI
umToxpoma P450 [10], Npu 3TOM MMaBeHCTBYIOLLAS POJTb B 00-
pa3oBaHUM akTMBHOIO MeTabonuTta R- 130964 urpaet nsodep-
MeHT P450 2C19, B MeHbLUEW CTENEHN Y4aCTBYIOT Apyrme 13o-
epmeHTbl P450: 2B6, 1A2, 3A4, 3A5 1 2C9 [11]. Hanbonee
PaCnpOCTPaHEHHBLIMM MONMMMOPMHLIMM Mapkepamin reHa CYP2C19
asnaTca CYP2C19*2, CYP2C19%*3, KoTopble NPUBOAAT K CUH-
Tesy 1M30(epMeHTa C HU3KOW (PepMEHTATMBHOM aKTUBHOCTBIO M
HeLOCTaTO4HbIM aHTVarperaHTHbIM 3hdekToM Knonmaorpena, a
Tak ke CYP2C19*1 7, cBSI3aHHbIN C CUHTE30M M30(hePMEHTa C Bbl-
COKOW (hepMEHTATUBHOW akTUBHOCTU U Ype3MepHbIM NMoaaBne-
HVEeM YHKLMOHANbHOWM akTUBHOCTM TpoMboumTOoB [12]. Bax-
HYIO POSib B MI3MEHEHWW aHT/arperaHTHoro s dekTa Knonmao-
rpena Moxert urpatb 1 n3odepmeHT CYP3A4. B HeCcKonbKMX UC-
CnefoBaHMsAX Oblna NPOAEMOHCTPMPOBAHA BbIPaXKeHHAA MEX-
NHAMBUIYaNbHas BaprabenbHOCTb akTUBHOCTI 3TOro M3odep-
MeHTa BCIIeLICTBME UHAYKLNN MU MHTMOWPOBAHNS akTUBHOCTA
n30QepMeHTa SHAO- U IK30reHHbIMU CyOCTPaTaMm U, B HaCTHO-
CTW, NeKapCTBEHHbIMM NpernapataMu, Mpm 3TOM ObINo OTMEYEeHO,
410 NonnMopdm3mM reHa CYP3A4 — MeHee 3Ha4YMMbIN haKTop,
onpenensioLmin akTMBHOCTb M3odepmeHTa CYP3A4 [13]. Taknm
0bpazom, PeHOTUNNYECKME METObI OLLEHKM aKTUBHOCTU 130-
epmerTa CYP3A4 nmeloT Gonbliiee 3Ha4YeHne, Yem reHoTUMNn-
yeckme. K TakM MeTofiaM OTHOCSTCS SPUTPOMULIMHOBBIVE Abl-
XaTenbHbIM TeCT, MMO03aNaMOBbIV TECT, ONpefeneHmne OTHoLLe-
HUSI KOHLIEHTPaLUMKU 6-B-rMAPOKCMKOPTA30M1a K CBOOOLHOMY
kopT3ony (6-OHC/FC) B Mmode v Ap. Hanbornee yaobHbIM 1 Oe3-
OMnacHbIM METOLOM OLEeHKM akTuBHoCTM CYP3A4 aBnsetca Me-
TOA, onpefeneHns OTHOLLEHNS KOHLLEHTPaLUMK 6-B-rapoKcu-
KopTM3ona K cBOO0AHOMY KOPTM30MY B yTPeHHeM Mode [14].
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Table 1. Factors associated with alteration of pharmacological response to clopidogrel
Tabnuua 1. ®akTopbl, aCCOLMNPOBaHHbIE C HapyLLeHeM hapMaKonorMyeckoro oTBeTa Ha KNonuaorpen

Nongenetic / HereHeTnyeckue

Genetic / lfeHeTUYeckme

I. Clinical and demographic / Knutuko-gemorpacmyeckme:
1. Age / Bospact
2. Renal failure / MoyeyHas He#OCTaTo4HOCTD
3. Gender / Mon
4. Body mass index / MiHgekc Maccel Tena
5. Diabetes mellitus / CaxapHbi auaber
6. Systemic inflammation / CvictemHoe BocnaneHue
7. Hematocrit / [ematokput
8. Platelet count / Konnyectso TpomboLimTos
9. Fibrinogen level / YposeHb ubpuHoreHa
10. Acute coronary syndrome / OCTpbIVt KOPOHaPHbIY CUHAPOM
11. Low ejection fraction / Hvi3kast dppakuus Beibpoca
12. Smoking / KypeHue
13. Inadequate dose / HeapexsarHas fo3a

I. Gene polymorphysms / MonuMopdu3mbl reHoB:
1.CYP2C19
2.CYP2C9
3. CYP3A4
4. CYP3A5
5. AB(CB1
6. ABCC3
7. ITGB3
8. IRS-1
9.P2Y12
10. PON-1
11. CYP4F2
12. CES1

II. Interaction with medications and herbs / B3aumopelicTaie C lekapcTBeHHbIMM COEACTBAMM 11 TPABaMK:

1. Proton pump inhibitors / VIHrMGutopel npoTOHHOM MOMMbI

2. Calcium-channel blockers / brokatopbl kanbLieBbIx KaHanos
3. Statins / CTaTuHbl

4. Coumarin derivatives / Mpon3BOAHbIE KyMapyHa

5. Ketoconazole / KetokoHo3on

6. Morphine / MopduH

7. Rifampicine / PucbamnuuyH

8. Hypericum perforatum / 38epobov npoabIpsiBNeHHbIA

III. Low treatment adherence / Hu3Kkas npuBepXEeHHOCTb NleYeHuio

Material and methods

Population. The clinical part of the study (in-
cluding estimation of platelets’ functional activity) was
conducted in Moscow city clinical hospital N2 1 and
Ne7. Genotyping for CYP2C19and phenotyping for
CYP3A4 were performed in “Research Center for Eval-
uation of Medical Products” of the Ministry of
Health of the Russian Federation. The research pro-
tocol was approved by a local Ethics Committee.

The inclusion criteria were as follows: ACS with
subsequent percutaneous coronary intervention
(PCl); ASA intake in the loading dose of 300 mg and
in the maintaining one of 100 mg, clopidogrel intake
in the loading dose of 300 mg and in the maintain-
ing one — 75 mg (11 patients were receiving 600 mg
as the loading dose and 2 patients — 150 mg as the
maintaining one); patient’s written consent for par-
ticipation in the study.

Exclusion criteria were as follows: individual
ASA or clopidogrel intolerance, active bleeding,
major trauma or surgical interventions during the last
month, severe renal and liver failure.

Atotal of 81 patients with ACS and subsequent
PCl (64 males) were enrolled into the study. All the
patients were prescribed DAT: ASA in the loading dose
of 300 mg and maintaining dose of 100 mg, clopi-
dogrel in the loading dose of 300 mg and in the main-
taining one — 75 mg (11 patients received 600 mg

Llenbto HaLLero nccnenoBaHms ABMNAETCA OLIEHKA BIVIAHUSA Me-
Tabonmyeckom akTMBHOCTK M3odepmeHTa CYP3A4, nonu-
MOPMHbIX MapkepoB reHa CYP2CT9, a Takxke pa3nnYHbIX KIn-
HUKO-LeMOorpadruyeckmx 1 1abopaTopHO-MHCTPYMEHTASTbHbIX
(hakTopOB Ha HYHKLMOHAMBHYIO aKTMBHOCTb TPOMOOLIUTOB.

MaTepman n metToabl

Monynayums. KnuHudeckas 4acTb NCCnefoBaHWs (BKoYas
OLIEHKY (hYHKLIMOHANTbHOW aKTUBHOCTM TPOMOOLIMTOB) MPOBO-
avnacbk Ha 6aze KB Ne1 1 TKB Ne7 ropoga MockBbl. [eHOTM-
nuposaHue no CYP2CT19n deHotunmposaHme no CYP3A4 npo-
BOAMNMCH Ha Ba3e PIBY «HayuHbIN LieHTp 3KCrnepTun3bl CpeacTs
MeOMUMHCKOro npumeHeHna» MuHsgpasa Poccun. poTo-
KON nccnenoBaHus Obin ogobpeH NnokanbHbIM STUYECKM KO-
MUTETOM.

Koutepum BkmodeHys: OKC ¢ nocneayowymM YpecKoXHbIM
KOpOHapHbIM BMeLlaTenbcrsomM (YKB); nprem ACK B no3e 300
MI — HarpysodHasa 1 100 Mr — nofaaep>XXmBatoLLLas; KNonuaoo-
rpen B fo3e 300 Mr — Harpyso4Has, 75 Mr — nogaepxuBato-
was (11 naumeHToB Nony4any Harpy3o4Hyto fo3y — 600 Mr u
2 nauMeHTa NogaepKmBatoLLyio o3y — 150 Mr); TcbMeHHoe
corflacme nalmeHTa Ha y4actme B UCCIIefOBaHUN.

Kpurepum vckmiodeH s HAVBUOYaIbHas HEMepeHOCIMOCTb
ACK m1nv knonuaorpena, akTuBHOe KpOBOTEYEHME, ODLLIMPHbIe
TPaBMbl 1 ONepaLuK 3a NOCNeHMUIA MecsLL, TAXXeNasa noyeyHas
M NeYeHo4YHasd He[OCTaTOHHOCTb.

B nccnemoBaHume BkmodeH 81 naumeHT (64 My>XinHbl 1 17
XeHWwwmH) ¢ OKC v nocnegytoumm YKB. Bcem 6onbHbIM Obina
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as the loading dose and 2 patients — 150 mg as the
maintaining one). ACS with ST-segment elevation was
diagnosed in 50 patients and ACS with no ST-seg-
ment elevation — in 31 patients.

Patient selection and biological material sampling
were performed 2-5 days after the intervention. In
patients receiving Ilb-llla glycoprotein inhibitors
platelet aggregation was evaluated no sooner than
5-6 days after cessation of intravenous administra-
tion of the drug. 77 patients had undergone coro-
nary artery stenting, to 30 of them (38.9%) drug-
eluting stents were implanted; mean number of stents
for one patient was 1.13.

Estimation of platelet aggregation. \/enous
blood samples obtained no sooner than 24 hours af-
ter the PClin 2 mlvacutainer tubes with 3.2 % sodi-
um citrate were used to estimate platelet function-
al activity.

The assessment of platelet on-treatment reactivity
was carried out using a test-system for bed-side test
of platelet activity — the VerifyNow P2Y, («Accu-
metrics», the USA). Platelets are activated due to ADP
influence and interact with fibrinogen on micropar-
ticles in the solution. The more agglutination is ex-
pressed, the less an optical dense of the solution is.
The blockade of the P2Y ¢, receptors results in the ab-
sence of platelet activation and, consequently, of ag-
glutination on microparticles. The level of platelet ag-
gregation is expressed in units of the PRU reaction
and in platelet inhibition percentage. The assessment
was performed within one hour after venous blood
collection.

Identification of CYP2C19 gene polymor-
phisms. \/enous blood samples obtained on 2-5 day
after the PCl in the VACUETTE® vacutainer tubes
(Greiner Bio-One, Austria) with ethylenediaminete-
traacetic acid (EDTA) were used for genotyping. Car-
riership of CYP2C19 polymorphisms was revealed by
the method of polymerase chain reaction in real time
(the Real-Time PCR) on the Applied Biosystems
StepOne™ device (Life Technologies, the USA). The
PCR sets “Clopidogrel 1" and “Clopidogrel 2 (“Litech”,
Russia) were used for genotyping.

Measurement of CYP3A4 isoenzyme meta-
bolic activity. 5 ml of patient’s morning urine sam-
ples collected on 2-5 day in tubes without preserv-
ing additives were used as a material for the assay.
6-B-hydroxycortizol and cortizol levels were meas-
ured by the chromatography-mass spectrometry
analysis on a high-performance liquid chromatograph
—the Agilent G1978B Multimode Sourse for 6410
Triple Quade LC/MS (Agilent Technologies, Inc., USA).
Metabolic activity of the CYP3A4 was estimated by
urinary 6-OHC/FC ratio.

Ha3HadeHa JAT: ACK B fo3e 300 Mr — Harpy3odHasa 1 100 mr
— noppepxwuBatollasn; knonugorpen B fose 300 Mr — Harpy-
304Has, 75 Mr— nogaepxkmeatoLas (11 nauyeHToB nosyyanm
Harpy3o4Hyto o3y — 600 Mr 1 2 nauyeHTa NoAaepXXMBAIOLLYIO
no3y — 150 mr). Y 50 naumenTos Habmomanca OKC ¢ nogbe-
MoM cermMenTa ST, ny 31 — OKC 6e3 nogbemMa cermeHTa ST.

OT0O0pP NaLVeHToB 1 Habop BronorM4eckoro Matepuana ocy-
LLLeCTBNANCA Ha 2-5 AeHb Nocsie BMeLLaTeNbCTBa. Y NaumneHToB,
nonyYaBLUVX MHIMOUTOPLI rkonpoTtenHa llb-1lla, arperaums
OLeHMBanach He paHee 5-6 AHen Nocne OKOHYaHUSA BHYTPU-
BEHHOIo BBeeHWA npenapata. CTeHTMPOBaHME KOPOHAPHbIX
apTepuit ObiNo BbinonHeHo 77 naumertam: 30 (38,9%) c ne-
KapCTBEHHbIM MOKPbLITMEM; CpefHee KONMYeCTBO CTEHTOB Ha Ma-
umenta — 1,13.

OueHKa arperayny TpoM6oLMUTOB. [1Na OLEHKN (yHK-
LUMOHANbHOW aKTUBHOCTM TPOMOOUMTOB MCMOMb30Banu Be-
HO3HYI0 KPOBb, HabpaHHYIo He paHee 24 Yacos nocne YKB B Ba-
KYYMHble Npobunpki 06beMom 2 Mn ¢ 3,2 % LUTPaTOM HaTpus.
I3MepeHMe OCTaTOYHOW PeakTUBHOCTU TPOMOOLIMTOB OCY-
LLeCTBNANOCh Ha TecT-cucteMe ANS MPUKPOBATHOM OLEHKM
akTMBHoCTM TpoMboumToB — VerifyNow P2Y 5 («Accumetrics»,
CLUA). TpoMbouuTbl nof, BnvisiHneM ALD akTMBUPYIOTCS 1 B3au-
MOJENCTBYIOT C PUOPUHOrEHOM Ha MUKPOYACTMLAX B PacTBO-
pe. Yem Oosble BbipaxkeHa arrmioTUHaLUMs, TeM HUXe OnTu-
Yeckas NIoTHOCTb pacTeopa. Mpu bnokage P2Y 5 peLenTopos
aKTVBaLLMM TPOMOOLLMTOB U, CNIelOBATENLHO, arrMoTUHALLN Ha
MUKPOYaCTNLAX, He Nponcxodut. CTeneHb arperaumm TPOM-
DoLWTOB BblpaXkaeTcs B eAMHMLax peakumm PRU (P2Y1 5> Reaction
Units) 1 npoueHTax MHrMbupoBaHus. iccnenoBaHme NpoBo-
IMNOChk B Te4eHe 1 4aca nocsie B3sTns obpasua LenbHom Be-
HO3HOW KPOBW.

OnpepaeneHuve nonmopgursmos reHa CYP2C19. [1ns re-
HOTUMMPOBAHWNSA MCMONb30BaNM BEHO3HYIO KPOBb, CODpPaH-
Hyto Ha 2-5 cyTkn nocne YKB B BakyyMHble npoburpkmn VAC-
UETTE® (Greiner Bio-One, ABTpW1a) C 3TUNEHONAMNHTETPAA-
uetatoM (3[TA). HoCUTENbCTBO MONMMOPMHBLIX Mapkepos
reHa CYP2C19 BbISIBNSINOCh METOAOM MONMMEPA3HO-LIENHOW pe-
aKkumm B peanbHom Bpemeri (Real-Time PCR) Ha nprbope Ap-
plied Biosystems StepOne™ (Life Technologies, USA). Mpu npo-
BEAEHWN FeHOTUMUPOBHaUSA ObIM MCNONb30BaHbl HAbOoPBI
ans MNUP peakumm: «Knonugorpen 1» 1 «Knonugorpen 2» (000
HM® «JTntex», Poccns).

UzmepeHne metabonnyecko akTUBHOCTU U3oghep-
meHTa CYP3A4. Matepvan Ang UCCNefoBaHUA: 5 M yTpeH-
Her MoYM NaumeHTa, cobpaHHble Ha 2-5 AeHb B Npobupkm be3
KOHCepBaHTa. ConepxxaHue 6-B-rmapoKCMKopTU3oNa 1 Kop-
TW30Ma ONpeLenanocs METOLOM XPOMAaTO-MacC-CNekTPOMeT-
PU4ECKOro aHasmM3a Ha BbICOKO3MMEKTVBHOM XMOKOCTHOM XPO-
matorpace Agilent G1978B Multimode Sourse for 6410 Triple
Quade LC/MS (Agilent Technologies, Inc., USA). MeTabonu-
yeckaa aktmBHocTb CYP3A4 oueHMBanacb No OTHOLUEHWIO
6-OHC/FC B yTpeHHeln mMoye.

Cratucrnyeckasi obpabortka pe3ysnbraTtoB. CTaTUcTHecKas
obpaboTka pe3ynsratoB NpoBoaunack B SPSS Statistics 20.0.
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Statistical processing of the results. Statistical
processing of the results was performed using the Sta-
tistics 20.0 SPSS. Mean values are presented as
M=£SD, where M - Mean and SD - Standard Devia-
tion. To estimate significance of differences be-
tween quantitative variables the one-way analysis of
variance (ANOVA) was used. The influence of quan-
titative factors on platelet activity was estimated by
the linear regression analysis. To determine distinc-
tions in categorical variables the Pearson’s chi-
squared (x2) test was used. The influence of
CYP2C19genotypes on platelet aggregation was as-
sessed by the logistic regression method. Variables
which revealed tendency to statistical significance of
differences in groups of aggregation in variance analy-
sis (heart rhythm disturbances, calcium channel block-
ers intake) were also included in a number of co-
variates. To check on compliance with the Hardy—
Weinberg equilibrium the Fisher’s exact test was ap-
plied. Differences with p<0.05 were regarded as sig-
nificant.

Results

Characteristics of the patients enrolled into the
study are shown in Tables 2-4.

Linear regression analysis revealed that a small-
er mean stent diameter slightly decreased the risk of
high on-treatment platelet reactivity (HPR) (Table 5).
Other quantitative clinical, demographic and labo-
ratory parameters did not influence the risk of HPR
occurrence (Table 2-4). Logistic regression analysis
revealed significant increase in HPR risk in patients-
carriers of CYP2C19*2 polymorphism (Table 5). The
tendency of increasing HPR risk was also shown in
those who were receiving calcium channel blockers
or had different heart rhythm disturbances.

Influence of CYP2C19 gene polymorphism on
platelet activity. CYP2C19 genotypes were dis-
tributed as follows: 68 (84.0%) patients had nor-
mal genotype (CYP2C19*1/%1) and 13 (16.0%)
were the carriers of the allele associated with reduced
metabolism (CYP2C19%*1/%2) (Fig.1).
CYP2C19*2/*2 genotype and CYP2C19*3 allelic vari-
ant were not revealed. Distribution of alleles and geno-
types was in line with Hardy—Weinberg law (x2=0.61;
p=0.43). Patients non-responsive to clopidogrel
(PRU>208) were significantly more often the
CYP2C19*2 carriers: 36.8% vs 9.7% (p=0.01)
(Fig.2). The mean platelet inhibition percentage was
significantly higher in patients with no CYP2C19%*2
as compared to the carriers of this allele: 30.7+20.1
in the group of the CYP2C19*1/*1vs 18.2+£16.4
in the group of the CYP2C19*1/*2 (p=0.03)
(Fig.3). A share of patients with laboratory non-re-

CpefHue nokasatenu npefcrasneHbl kak M=SD, roe M —
cpepHee, SD — ctaHpapTHOE OTKNOHeHWe. [119 OLeHKM [oCTo-
BEPHOCTM Pa3NNYMM KONUYECTBEHHbIX NOKasaTtenen Obin npu-
MeHeH OOHOMaKTOPHbIN AMCNepPCMOHHbIM aHann3 ANOVA.
OnpepeneHve BAUAHUA KOIMYECTBEHHbIX (PAKTOPOB Ha akK-
TMBHOCTb TPOMOOLIMTOB MPOBOAMNACH MPY MOMOLLI IMHENHOTO
PEerpeccoOHHOro aHanmsa. [ng ycraHoBneHns pasivdmm Ka-
TeropuanbHbIX NMokasaTtenen Obln NPYUMEHEH KPUTEPUI XN-KBaL-
pat MupcoHa x2. BnnsHns reHotmnos CYP2CT 9 Ha arperaumio
TPOMOOLMTOB OLIEHMBANOCL METOAOM NOrUCTUYECKOM pe-
rpPeccum; B YACIIO KOBapUAT DbV TakKe BKITIOYEHbI NepemeH-
Hble, MMeloLLME TEHAEHUMIO K 3HAYUMOCTY Pasnnimm Mexay
rpynnamu arperaumm B Bap1aLMoHHOM aHanmnse (HapyLleHue
pUTMa, Nprem 610KaToPOB MeNIeHHbIX KanbLMEBbIX KAHANIOB).
[lns npoBepkn cobniofieHns paBHoBecust Xapamn-BarHbepra
NPVIMEHANCA TOYHbIN KpuTepnin Duiepa. Pasnnyma cHmtanmce
3Ha4MMbIMK npn p<0,05.

Pe3ynbTaThl

XapaKTepmncTka NaLmMeHToB, BKIIOYEHHbIX B NCCIef0BaHMe,
npencraBneHa B 1adn. 2-4.

JIVHeMHbIV perpeccroHHbIN aHanW3 NoKasan, YTo MeHblUee
3HaYeHKe CpeHero AMaMeTpa CTeHTa He3HAYUTENbHO CHMXKA-
eT PUCK PA3BUTUNS BbICOKOW OCTaTOYHOW PeakTUBHOCTU TPOM-
Boumtos (BOPT) (tabn. 5). OctanbHble KoUYeCTBeHHbIe K-
HUYeckue, aeMorpaduryeckie 1 nabopaTopHble NOKa3aTenm He
BNVSANW Ha pUcK pa3BuTus BOPT (1abn. 2-4). B pe3ynbrate no-
MMCTUYECKOrO PErpeccMOHHOro aHanm3a ObiNo BbISBEHO
3Ha4YMMOe MoBbleHMe pucka pa3suTtig BOPT y naumeHToB-
HocuTenen nonnmopdHoro Mapkepa CYP2C19*2 (1abn.5), a
TakKe Habrloaanacs TeHAeHUMS K MoBbileHmio pucka BOPT cpe-
[V NaLMeHTOB, NPUHMMaIOLLMX GroKaTopbl MeAneHHbIX Kallb-
LMeBbIX KaHANOB, 1 UMEIOLLMX pa3fNnyHble BUObl HApyLUeHNs
pUTMa cepaLa.

BnusiHne nonumopgusma reHa CYP2C19 Ha akTUBHOCTb
TpombouuToB. Pacripenenerue reHotunos CYP2C19: 68
(84,0%) nauveHTOB WMENM HOPManbHbIA reHoTUN
(CYP2C19*1/*1) n 13 (16,0%) ABNANMCL HOCUTENSMM annens,
CBSA3aHHOTO CO CHMXEHHbIM MeTabonunamom (CYP2CT19%*1/*2)
(puc. 1). TeHotun CYP2C19*2/*2 v annenbHbIi BapuaHT
CYP2C19*3 obHapyeHbl He Obinv. PacnpeneneHue annenem
N FTeHOTMMOB COOTBETCTBOBANIO 3aKOHYy Xapau-BamHbepra
(x2=0,61; p=0,43). HocutenbctBo CYP2CT19*2 3Ha4NMO
Yalle BCTPeYanoch B rpynne pe3ncTeHTHbIX K KNonuaorpeny
(PRU>208):36,8% (n=7) npotnB 9,7% (n=6; p=0,01) (puc.
2). CpeaHnn NPOLEHT MHMMOUPOBaHUa TPOMOOLMTOB Obif
3HaAYMTENbHO BbILLe Yy NaLmeHToB 6e3 CYP2CT19*2 no cpaBHe-
HUIO C HOoCUTenamMK gaHHoro annens: 30,7%+20,1 B rpynne
CYP2CT19*1/*1 npotns 18,2+16,4 B rpynne CYP2CT19*1/*2
(p=0,03) (pwc. 3). Jons naumeHToB C NabopaTopHON pesu-
CTeHTHOCTbIO K Kronvaorpeny (PRU>208) okasanach Bbille cpe-
Ov HocuTenen CYP2C19*2 no cpaBHeHMIO C NaumeHTamm oes
haHHoro annenda: 53,8% cpeon MauWeHTOB C MeHOTUMOM
CYP2C19*1/*%2 1 16,2% c reHotunom CYP2C19*1/*1 (ot-
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Table 2. Clinical and demographic data
Tabnuua 2. KnuHuko-geMorpaduyeckme gaHHble

Parameters All patients Patients with PRU<208  Patients with PRU<208
MapameTpbl Bce naumeHTbl  MaumeHTbl ¢ PRU<208 MaumeHTbl c PRU>208 p
Age, years / Bo3pacr, rog 63.9+£10.9 63.2+£11.0 66.2+£10.4 0.265
Men / Yucno MyxdnH, n (%) 64 (79.0) 50 (80.6) 14(73.7) 0.360
BMI, kg/m2 / UIMT, kr/m2 27.843.1 28.0+3.2 27.843.1 0.361
Diagnosis / [inarHos

Unstable angina pectoris / HecrabunbHast creHokapans, n (%) 10(12.3) 9(14.5) 1(5.3)
Q-wave myocardial infarction
Q-ob6pasyoLLi MHGapKT Mrokapaa, n (%) 50(61.7) 35 (56.5) 15(78.9)
Non-Q-wave myocardial infarction 0.290
He-Q-06pasyiolLi MHGapkT Muokapaa, n (%) 17(21.0) 14(22.6) 3(15.8)
Unspecified myocardial infarction
HhapkT M1OKapaa HeyToYHeHHbIA, n (%) 4(4.9) 4(6.5) 0(0.0)

Risk factors / ®akTopb! pucka
Type 2 diabetes mellitus / CaxapHbiit Anadet 2 vn, n (%) 16(19.8) 12(19.4) 4(21.1) 0.552
Arterial hypertension / ApTepuanbHas runeptoHus, n (%) 75(92.5) 58 (95.1) 17 (89.5) 0.340
Anemia / Anemns, n (%) 4(4.9) 4(6.5) 0(0.0) 0.335
Active smoking / AkTvigHoe kypeHue, n (%) 7(21.5) 20(0.0) 5(26.3) 0.385
Myocardial infarction / WHdapkT mviokapaa, n (%) 4(17.2) 8(12.9) 6(31.5) 0.497
Ischemic stroke / Viwemudeckuit nHcynst, n (%) 5(6.2) 4(6.5) 1(5.6) 0.686
FC II-III CHF / XCH II-l DK, n (%) 3(3.7) 1(1.6) 2(10.5) 0.136
Heart rhythm disturbances, n (%) / HapyiweHus putMa, n (%) 8(9.9) 4(6.5) 4(21.1) 0.083
Previous PCI / BbinonHeHHoe YKB, n (%) 12(14.8) 8(12.9) 4(21.1) 0.295

PRU - P2Y, Reaction Units; FC - functional class; CHF ~ chronic heart failure; PCl - percutaneous coronary intervention; BMI - body mass index

PRU - envHmubl peakuym TpombouuTos (P2Y+;, Reaction Units); ®K — dyHKuMOHanbHbIN knacc; XCH — XpoHn4eckas cepaedHas HeloCTaTo4HOCTb;
YKB - YpeckoxHoe kopoHapHoe BMeLLaTenserBo; MT — uHgeke Maccs Tena

sponsiveness to clopidogrel was higher among the
CYP2C19*2 carriers as compared to non-carriers:
53.8% among the CYP2C19%*1/*2 patients and
16.2% - in those with the CYP2C19*1/*1 genotype
(odds ratio [OR]=1.8; 95% confidence interval
[95% ClI]: 1.0-3.2; p=0.0067). Carriership of
CYP2C19%2 responsible for hypometabolism irre-
spectively increased the HPR risk (OR=4.3; 95% ClI:
1.3-17.6; p=0.022).

Estimation of CYP3A4 metabolic activity in-
fluence on platelet activity. According to linear re-
gression analysis results the levels of 6- -hydrocor-
tizol, cortizol and their ratio did not significantly in-
fluence the HPR. No significant distinctions with re-
spect to urinary 6-OHC/FC ratio (the marker of
CYP3A4 activity) were found: 3.4£2.8 in the gro-
up of PRU>208 and 3.2£3.0 in the group of
PRU<208 (p=0.8) (Fig.4). Moreover, we revealed
no significant correlation between platelet activity and
6-OHC/FC ratio (p=0,849).

Discussion
Previous studies have proved the association of
HPR with ischemic complications in patients with is-

HoweHe waHcoB [OLU]=1,8; 95% noBepuTeNbHbIV UHTEPBAN
[95% [OW]: 1,0-3,2; p=0,0067). HocuTenbCTBO annens, oT-
BETCTBEHHOIO 33 CHUXEHHbIN MeTabonuam CYP2CT19*2, He-
3aBMCMMO MOBbILLIANO PUCK pa3suTa BOPT (OLLI=4,3; 95% O
1,3-17,6, p=0,022).

OueHKa BAUSIHUA MeTabonM4yeckom akKTUBHOCTU
CYP3A4 Ha aKTUBHOCTb TPOMOOLMTOB. [0 pe3synsratam
JINHENHOTO PErpecCrOHHOIO aHan3a, JOCTOBEPHOIO BAVSHNA
YPOBHS 6-f-rMAPOKCUKOPTN30NA, KOPTMU30S1a, a TakxKe MX COo-
OTHoLLIeHVst Ha BOPT He obHapy»xeHo. He Habntoganoch 1 3Haum-
MbIX pa3nuynin no nokasareno 6-OHC/FC B yTpeHHen Moye
(Mapkep aktmBHocTM CYP3A4): 3,4+2,8 B rpynne PRU>208
n3,2+3,0 B rpynne PRU<208 (p=0,8) (puc. 4). Kpome Toro,
He ObINO OTMEYEHO CTAaTUCTUYECKM 3HAYMMOWM KOppPensumum
MeX Ay aKTUBHOCTbIO TPOMBOUMTOB 1 OTHOLWEeHUeM 6-OHC/FC
(p=0,849).

OOcyxpaeHue

B npoBeaeHHbIX paHee 1NccrefoBaHNsX Obina oka3aHa ac-
coupauma BOPT ¢ pa3BUTUEM MLLEMNYECKMX OCIOXHEHWN Y
DorbHbIX MieMuydeckorn bonesHbio cepaua (MBC) [15-17]. Tak,
B MHoroueHTpoBoM pernctpe ADAPT-DES (Assessment of
Dual AntiPlatelet Therapy with Drug Eluting Stents) [18] c yua-
ctvem 8583 naumenTtos ¢ MBC, nogseprHyTbix YKB (50% ¢
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Table 3. Angiographic data
Tabnuua 3. AHrnorpacduyeckme fjaHHble

Parameters All patients Patients with PRU<208  Patients with PRU>208
MapameTpbl Bce naumeHTbl  MauwmeHtbl c PRU<208 MaumeHTbl c PRU>208 p
Single-vessel disease / Mopaxe 1 cocya, n (%) 70(86.4) 53 (85.5) 17 (89.5)

Two-vessel disease / MopaxeHo 2 cocyaa, n (%) 7(8.6) 5(8.1) 2(10.5) 0,508
Three-vessel disease / MopaxeHo 3 cocyaa, n (%) 4(4.9) 4(6.5) 0(0.0)

Left main coronary artery / CTBon neBoit kopoHapHoi apTepiu, n (%) 4(4.9) 4(6.5) 0(0.0) 0.335
Circumflex artery / Orubaiowas aptepus, n (%) 27 (34.2) 22 (36.7) 5(26.3) 0.295
Right coronary artery / MpaBas KopoHapHas aptepus, n (%) 23(28.3) 15(24.6) 8(42.1) 0.115
Obtuse marginal artery / Aptepus Tynoro kpas, n (%) 4(4.9) 3(4.8) 1(5.3) 0.665
Anterior descending artery / MepenHss Hucxoagwas aprepus, n (%) 39 (49.4) 32(53.3) 7(36.8) 0.161
Stent thrombosis / Tpomb03 cTeTa, n (%) 2(2.5) 1(1.7) 1(5.3) 0.416
Drug-eluting stents / CTeHTbl € lekapcTBeHHbIM MOKpbITYEM, N (%) 30(38.9) 25 (43.1) 5(26.3) 0.331
Stent mean diameter, mm / CpefiHWi A1aMeTp CTeHTa, MM 2.7516.8 2.6£0.8 3.0£0.3 0.049
Mean overall stent length for a patient, mm

CpenHss CyMMapHas AnvHa CTEHTOB Ha MaLleHTa, MM 25.5%5.1 26.3(10.9) 22.7 (6.4) 0.178
1 stent deployment / YcranoBnen 1 crent, n (%) 67(82.7) 50(86.2) 17 (89.4) 0.489
2 stents deployment / YcraHosneHo 2 crerTa, n (%) 10(12.3) 8(13.7) 2(10.5)

PRU - P2Y, Reaction Units
PRU - envHmubl peakuym TpomboumTos (P2Y1, Reaction Units)

Table 4. Laboratory and instrumental parameters and medical co-therapy 2-5 days after PCI

Tabnuua 4. TabopaTopHO-UHCTPYMeHTaslbHble NMoKa3aTeNn U CoONyTCTBYOLLAs MeaMKaMeHTO3Has Tepanus yepes 2-5 aHen

nocne YKB
Parameters All patients  Patients with PRU<208  Patients with PRU>208
MapameTpbl Bce naumeHTbl  MaumeHTbl ¢ PRU<208 MaumenTtbl c PRU>208 p
Left ventricle ejection fraction
®pakuys Bblbpoca neBoro xenyaouka, % 48.8+8.8 48.8+9.1 49.0+8.2 0.922
Left ventricle aneurism / AHeBp13Ma neBoro xenyao4ka, n (%) 8(10.0) 7(11.3) 1(5.3) 0.396
White blood count, 109 cell/I / Nevikouutsl, 109 knetok /n 8.9+2.5 8.8+2.7 9.5+1.6 0.275
Platelet count, 109 cell/I / TpomBouwTl, 109 knetok /n 229.2459.5 228.4+55.9 219+£20.3 0.614
Hemoglobin, /! / femornobuH, r/n 142.1£17.4 143.4%18.1 137£14.6 0.233
Total cholesterol, mmol/I / ObLuwit xonectepH, Mvonb /1t 5.1%1.1 5.2%1.2 4.9+1.1 0.415
LDL-C, mmol/I / NNHM, Mmonb/n 2.8%1.2 2.88+1.1 2.8£1.0 0.810
Triglycerides, mmol/I / Tournuuepumap!, MMonb/n 1.6+0.6 1.7£0.7 1.6£0.5 0.729
Creatinine, mcmol/I / KpeatvHuH, MkMonb/n 105.1£20.3 104.9%21.2 105.8+17.9 0.862
Glucose, mmol/I' / Mioko3a, MMonb/ 1 6.1£1.7 6.9+2.4 6.2£2.0 0.657
Hematocrit / fematokpuT, % 43+3.4 41.947.5 42.14£3.6 0.689
Calcium channel blockers / Bnokatopl KanbLiveBbix kaHanos, n (%) 5(6.2) 2(3.2) 3(15.8) 0.081
Diuretics / Quypetnki, n (%) 22(27.2) 17 (27.4) 5(26.3) 0.588
Proton pump inhibitors / VHr6uTops! NpoToHHO nommsl, n (%) 80(98.8) 62 (100) 18(94.7) 0.235
Beta-adrenoblockers / beta-anperobnokatopsl, n (%) 71(89.9) 54(90.0) 17 (89.5) 0.621
ACE-inhibitors / NHrnGutopsl AND, n (%) 62 (76.5) 49(79.0) 13 (68.4) 0.254

LDL-C - low-density lipoprotein cholesterol; ACE-inhibitors - angiotensin-converting-enzyme inhibitors
JINHN - avnonpotenabl H3KOM NAOTHOCTY; MHMMOMTOPBI ATID ~ MHIMOUTOPbI BHTMOTEH3MHMPEBPALLAIOLLErO hepMeHTa

chemic heart disease (IHD) [15-17]. So, the multi-
center ADAPT-DES register of 8583 IHD patients un-
dergoing PCl (50% with ACS) has shown that HPR
development on clopidogrel treatment (PRU>208;
method: VerifyNow) was irrespectively associated

OKC), 6bIN10 BbIBNEHO, YTO pa3BMTMe BOPT Ha Tepanuu Kno-
nuporpenomM (PRU>208; meton; VerifyNow) He3aB1cMMo ac-
COLLMMPOBAHO C TPEXKPATHbIM MNOBbILLIEHMEM PUCKa BEPOATHO-
ro/onpefeneHHoro TpoM003a CTeHTa Kak B nepsble 30 AHen
(OLL: 3,00; 95% [11: 1,39-6,49; p=0,005), TaKk 1 nHdapK-
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Table 5. High on-treatment platelet reactivity predictors

Tabnuua 5. MpeanKTopbl BbICOKOW OCTaTOMHOW PeakTUBHOCTU TPOMOOLMTOB
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B allel*1/annens 1 (HopmanbHas) W allel*2/ annens 2 (myTauns)

Factors / ®akTopb! 0Odds ratio 95% confidence interval
OTHOLUEHMe LIaHCOB 95% [loBepuTenbHbIli MHTEpBan p
CYP2C19%2 4.365 1.248-17.673 0.022
Mean stent diameter / CpenHuiA iMameTp cTeHTa 0.219 0.002-0.229 0.049
ﬁﬁ:encmauocrb Amplification Plot
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W cyP2c19*1/%1 W cyP2c19%1/%2

PRU - P2Y 5 Reaction Units
PRU — eanHuLbl peakumn TpomboumToB (P2Y 1, Reaction Units)

Figure 1. The Real-Time PCR results of the patient D.M. with
the CYP2C19*1/%2 genotype
PucyHok 1. PesynbTat MNLUP B peanbHoM BpeMeHU nauueHTa
O.M. creHotunom CYP2C19*1/%2

Figure 2. CYP2C19%2 carriership influence on the absolute
platelet reactivity
PucyHok 2. BnusiHne HocutenbctBa CYP2C19*2 Ha abcontoT-
HYIO PeaKTUBHOCTb TPOMOOLIMTOB

6-OHC/FC p=0,038
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%PI - Platelet Inhibition Percentage
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3,32

3,301

3,28+

3,26
M 6-OHC/FC
3,24

87225

3,204
3,18

3,16

3,14

PRU < 208 PRU > 208

PRU - P2Y, Reaction Units; 6-OHC/FC - 6-B-hydroxycortisol/cortisol

PRU - eauHu1Lpl peakumm TpombouuTos (P2Y 4, Reaction Units);
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Figure 3. CYP2C19%2 carriership influence on mean platelet
inhibition percentage
PucyHok 3. BnusHue HocntenbctBa CYP2C19%*2 Ha cpepgHUN
NPOLEHT MHIMOUPOBaHKs TpomMboLTOB

Figure 4. Influence of the index of CYP3A4 metabolic activity
on platelet aggregation
PucyHoK 4. BnivsiHue nokasatens MeTabonmyeckor akTMBHO-
ctn CYP3A4 Ha aKTUBHOCTb TPOMOOLNTOB
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with three-fold increase both in the risk of proba-
ble /definite stent thrombosis in the first 30 days (OR:
3.00; 95% ClI: 1.39-6.49; p=0.005) and of my-
ocardial infarction (M) and stent thrombosis a year
after the intervention: (OR: 2.49; 95% Cl: 1.43—
4.31;p=0.001) and (OR: 1.42; 95% Cl: 1.09-1.86;
p=0.01) respectively. Independent meta-analyses
have also confirmed significant increase in the risks
of M, stent thrombosis and cardiovascular death
[19,20]. According to the guidelines of the European
Society of Cardiology the assessment of platelet func-
tional activity is indicated for ACS patients at a high
risk for stent thrombosis: left main coronary artery
(LMCA) lesion, history of stent thrombosis, throm-
bosis of an only patent artery, multivascular lesion
[21]. So, itis important to additive determine different
clinical, demographic, laboratory and genetic factors
influencing platelet activity to detect predictors of
clopidogrel non-responsiveness. Our study revealed
no significant impact of any clinical, demographic,
laboratory and instrumental factors on the risk of clopi-
dogrel non-resposiveness development. Insufficient
sample size is a possible reason for this result. Mean
stent diameter was the only angiographic index which
significantly influenced HPR risk (p=0.049). At
that carriership of the CYP2C19*2 allele significantly
several times increased the risk of HPR development
(p=0.022). This is in line with the literature data. For
example, Mega et al. in a well-known meta-analy-
sis of 9685 patients (PCl —91%, ACS —55%) [22]
demonstrated significant increase in the risk of
composite endpoint (cardiovascular death, my-
ocardial infarction or stroke) in carriers of CYP2C19
alleles encoding enzyme with reduced function
(OR=1.76; 95% ClI: 1.24-2.50; p=0.002). Ac-
cording to guidelines of the International Pharma-
cogenetics Implementation Consortium in patients
with revealed CYP2C19 gene alleles P2Y,-recep-
tors blockers, that are not metabolized by P4502C19
(ticagrelor, prasugrel), should be recommended, [23],
atthat genotyping for P2Y 5 -receptors blockers se-
lection is not indicated for everyone, but first of all,
for patients at a high risk for stent thrombosis
(grade of recommendation 1IB [4,24,25]): inter-
ventions on unprotected left main coronary artery
(LMCA), stenosis of LMCA bifurcation, stenosis of
the only patent coronary artery, repeated PCl. The in-
fluence of new genetic markers on platelet functional
activity is being extensively studied. So, V. Tatarunas
et al. studied the effect of CYP4F2 gene polymor-
phisms on the platelet activity in 89 IHD patients re-
ceiving clopidogrel as a part of DAT: patients with GA
genotype for polymorphic marker CYP4F2 G1347A
had significantly higher platelet aggregation level as

Ta Mmokapga (VM) 1 Tpombo3a cTeHTa Yepes rof nocsie BMe-
watenbcrea (OLL: 2,49; 95% OW: 1,43-4,31; p=0,001) u
(Ol: 1,42;95% OW: 1,09-1,86; p=0,01) COOTBETCTBEHHO.
[loctoBepHoe noBbilleHMe pucka MM, Tpombo3a cTeHTa U1
CMEepPTY OT CepAeYHO-COCYANCTbIX MPUHMH TakoKe NOATBEPXKAEHO
pe3ynsrataMmn He3aBUCVIMbIX MeTa-aHann3os [ 19, 20]. CornacHo
pekoMeHOaUMsaM dKcnepToB EBponenckoro obulectBa Kap-
[MONOroB OLeHKa PYHKLMOHANBHOW akTMBHOCTW TPOMOOLLM-
TOB NOKa3aHa npexpae Bcero nauyeHtam ¢ OKC, nmetoLLm Bbl-
COKUV pUCK TPOMDO3a CTeHTa: NOpakeHme CTBOJA NeBOn KO-
POHAPHOW apTepuK, TPOMOO3 CTEHTa B aHaMHe3e, TPOMOO3 efmH-
CTBEHHOW NPOXOAMMOW apTePUM, MHOTOCOCYAMCTOE MopaXxe-
Hve [21]. TakiM 0O6pa3oM, Ype3BbIHaHO BaXkKHO YCTaHOBUTb Pa3-
NNYHbIEe KMMHWKO-AeMorpaduyeckmne, nabopatopHble 1 reHe-
Tn4eckme hakTopbl, BINAKOLLME Ha aKTUBHOCTb TPOMOOLMTOB,
C LEenblo BbISIBNEHNS NPeAVKTOPOB Pe3NCTEHTHOCTM K KIONK-
porpeny. B npoBefeHHOM HaMW UCCNeA0BaHWM JOCTOBEPHO-
O BAUSHUS PA3NNYHbIX KITMHMKO-Aemorpaduyeckmx 1 nabo-
PaTOPHO-UHCTPYMEHTaNbHbIX (PakTOPOB Ha PUCK Pa3BUTUA
PE3NCTEHTHOCTM K KNonugorpeny obHapykeHo He Obino. Bos-
MOXHOW MPUYMHOM TaKoro pe3ynbrata ABNAETCA HeLoCTaToY -
HbIl 0O6beM BbIOOPKN. EAWMHCTBEHHBIM aHrMOrpauUiecknm
nokasaTtefiemM, AOCTOBEPHO BAMSIOWLMM Ha PUCK Pa3BUTAS
BOPT, okasancs cpeaHunin amameTp creHTa (p=0,049). BmecTe
C TeM, HocuTenbCTBo annens CYP2C19*2 [octoBepHO MOBbI-
LLIANO B HECKOSBbKO Pa3 PUCK Pa3BUTUA BbICOKOW OCTaTO4HOW pe-
aKTMBHOCTI TpomboumToB (p=0,022). B 3TOM Halu pe3ynb-
TaTbl COrNAcyoTCa C NUTePaTypPHbIMK AaHHbIMK. Hanpumep, B
113BeCTHOM MeTa-aHasnm3e Mega 1 CoaBT. [22] C BKIIlOYEeHMEM
9685 naunerTos (YKB — 91%, OKC — 55% ) npoaeMOoHCTpu-
POBAHO 3Ha4YUTENIbHOE MOBbILLIEHNE PUCKa KOMOUHNPOBAHHON
KOHEYHOW TOYKM B BUAE CEPLAEYHO-COCYANCTON CMEPTU, NH-
hapkTa MVOKapAa WM WHCYNbTa y HOCUTenew anneneu
CYP2C19, koampytowmx GePMEHT CO CHUXEHHOW DYHKUMO-
HanbHOW aktmeHocTblo (OLL=1,76; 95% OW: 1,24-2,50;
p=0,002). CornacHo pekoMeHaaUMaM MeXyHapOAHOrO KOH-
copLMyMa Mo BHeAPEeHMIO PapMakoreHeTVKY NPy BbISIBIIEHNN
y naumeHTa anneu reHa CYP2C 19 pekoMeHAyeTCs Ha3HayYeHne
brnokatopa P2Y,-peLentopos, He MeTabonm3mpyioLLerocs
nsoepmerHToM P4502C19 (Trkarpenop, npacyrpen) [23], npn
3TOM reHOTUMKMpOBaHWe Ans Bblbopa Gnokatopa P2Y,-pe-
LLenToOpOB MOKa3aHO He BCeM MalMeHTaM, a, Npexae BCero,
NMeEIOLLIM BbICOKUIA PUCK TPOMDO03a CTeHTa (Knacc pekomeH-
Jauni 1B [4, 24, 25]): BMeLLaTeNbCTBa Ha He3aLLMLLIEHHOM CTBO-
e NeBov KopoHapHow aptepun (JTKA), O1typKaUMOHHbIN CTe-
Ho3 ctBona JIKA, cTeHo3 egMHCTBEHHOW MPOXOAMMOW KOPO-
HapHOW apTepumn, noBTopHble YKB. AKTUMBHO UK3y4aeTca u
BIIMAHME HOBbIX FEHETUYECKMX MaPKEPOB Ha (PYHKLIMOHANBHYIO
aKTVMBHOCTb TPOMOOUMTOB. Tak, B nccieqoBaHum V. Tatarunas
1 coaBT. cpeam 89 bornbHbIx MBC, nonyvatoumx Knonuaorpen
B cocTaBe [1AT, ObIfo M3y4eHO BNMsHWE NonMopdr3mMa reHa
CYP4F2 Ha aKTUBHOCTb TPOMOOLLMTOB: MaLMEHTbI C FEHOTUMOM
GA no nonumopdHomy Mmapkepy CYP4F2 G134 7A nmenn fo-
CTOBepHO boree BbICOKUI YPOBEHb arperauun TpoMooLmToB
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compared with the carriers of GG (p=0.04) or AA
(p=0.01) genotypes [26].

Russian studies experience. \While discussing
the issue of clopidogrel resistance it is necessary to
mention one of the first full-value studies on this
problem conducted by V.A. Sulimov et al in Russian
Federation [27]. The study included 100 patients (74
males) with angina pectoris of functional class Il-1V
and mean age 61 (40-79) years. The main results
of this research related to the aspects studied in our
trial are listed below: 1) incidence rate of clopido-
grel in standard dose non-responsiveness was
56%; 2) such factors as diabetes mellitus, obesity,
omeprazol intake and angina pectoris functional class
significantly influenced the development of non-re-
sponsiveness. Unlike V.A. Sulimov’s et al research our
study included patients with ACS, and the primary
goal was to estimate the influence of CYP3A4
metabolic activity and CYP2C719 polymorphisms on
platelet functional activity. Contribution of genet-
ic factors to clinical and laboratory clopidogrel non-
responsiveness was studied in some other more re-
cent studies that revealed similar data with some lim-
itations (A.L. Komarov, 2012 [28]; E.Z. Goluhova,
2014 [29]; A.V. Mazurov, 2014 [30]). The study of
Komarov A.L. et al demonstrated that male sex, low
ejection fraction, multivascular lesion of coronary ar-
teries, the ABCB1 C3435T polymorphism and pro-
ton pump inhibitors intake significantly increase the
risk of clopidogrel non-responsiveness. Carrier-
ship of CYP2C19*2 allelic variant in homozygous
state 2.4-times increased the risk of thrombotic car-
diovascular complications (95% Cl=1.2-4.9;
p=0.01) [28].

Our study was the first to assess the influence of
CYP3A4 isoenzyme metabolic activity on platelet
functional activity in ACS patient undergoing PCl on
dual antiplatelet therapy. According to the study data
there was no significant association between the
CYP3A4 isoenzyme activity and platelet on-treatment
reactivity. This may be a result (1) of inadequacy of
the method for CYP3A4 metabolic activity estima-
tion [31] due to significant variability of cortizol and
its metabolites levels in urine as well as (2) of rela-
tively small sample size.

Conclusion

CYP2C19*2 carriership in ACS patients subject-
ed to PCl significantly increases the risk of clopido-
grel resistance (high on-treatment platelet reactiv-
ity). Urinary 6-OHC/FC ratio used as a marker of
CYP3A4 isoenzyme activity does not correlate with
platelet functional activity.

M0 CPaBHEHMIO C HoCUTensMu reHoTuna GG (p=0,04) unn AA
(p=0,01) [26].

OnbIT POCCUICKUX MCCIIER0BaHMNMN. PacKpbiBas Pa3nyHble
acnekTbl Npobnembl Pe3nCTEHTHOCTI K Kronuaorpeny, Heobxo-
OVMO YNOMSIHYTb OAHO U3 NMePBbIX MOMHOLLEHHbIX MCCNIEA0BAHNN
no AaHHow npobneme B Poccuinckon Denepalym, npoBeaeHHoe
B.A. CynmoBbIM 11 coaBT. [27]. MNpriBefemM OCHOBHbIe pe3yfisTa-
Tbl A@HHOTO nccnenoBaHns (100 NaLMeHTOB CO CTEHOKapAMEN Ha-
nps>xeHns 11-1V pyHKLMOHaNLHOO Knacca, 74 My>XX4KHbI, cpef-
HU Bo3pacT 61 (40-79) neT), MMeloLLIVE OTHOLLIEHE K aCnekTaMm,
13y4aeMbIM B MPOBEIeHHOM HaMK UCCeloBaHMM: 1) YacToTa pe-
3UCTEHTHOCTW K KITONUAOTPENy B CTaHAaPTHOW 1o3e CoCTaBmna 56
%), 2) Ha pa3BUTME PE3NCTEHTHOCTM 3HAYMMO BIVSIM TakMe dak-
TOpbI, KaK CaxapHbIn AMabeT, oxXmpeHne, NpreM oMenpasona u
(DYHKLMOHaMbHbIV KNacc CTeHOKapann. B otnndme ot pabotsl B.A.
CynmMMOBa 1 COaBT., B HaLLleM UCCe0BaHNM y4acTBOBaM OOmb-
Hble ¢ OKC, 1 OCHOBHOW LIENbIO SBMSIACh OLEHKA BAUSIHUS Me-
Tabonnyeckon akTMBHOCTM mM3odepmeHta CYP3A4 1 nonu-
MOPMHbIX MapkepoB reHa CYPZ2CT9 Ha dyHKLMOHANbHYIO aK-
TMBHOCTb TPOMOOLMTOB. Bkag, reHeTn4eckx hakTopos B pas-
BUTUM NaBOPATOPHOM U KIIMHUHECKOW PE3UCTEHTHOCTM K KNOMK-
Jlorpeny 13y4arncs B pse opyrvx, bonee No3AHNX NCCNefoBaHNMA,
rZe NonyYeHbl CXOXMe AaHHbIE, C HEKOTOPbIMM OrPaHNYeHUAMMN
(A.J1. Komapos, 2012 [28]; E.3. TonyxoBa, 2014 [29]; A.B. Ma-
3ypos, 2014 [30]). B uccnenosaHmmn Komaposa A.J1., 1 COaBT. bbIno
NPOLEMOHCTPYPOBAHO, YTO MY>XXCKOW NON, HI3Kas PpaKLms Bbl-
Opoca, MHOrOCOCYANCTOE MOPaXKeHNe KOPOHAPHOro pycna, No-
nnmopdmam ABCB T C3435T v npriem MHMMOUTOPOB MPOTOHHO-
ro HacoCa JOCTOBEPHO MOBBILLAIOT PUCK Pa3BUTUA PE3NCTEHTHO-
CTV K knonugorpeny. HocutenbCTBO annenbHoro BapyiaHTa
CYP2C19%*2 B rOMO3UIOTHOM COCTOSIHWW MOBbILLIAET PUCK TPOM-
DOTNYECKMX OCNIOXKHEHWI CepAEeYHO-COCYANCTON CACTEMBI B 2,4
pa3za (95% ON=1,2-4,9; p=0,01) [28].

B Hallem nccnenoBaHMm BNepBble M3y4anoch BAVIAHME Me-
Tabonnyeckon akTMBHOCTM M3odepmerHTa CYP3A4 Ha dyHK-
LMOHaIIbHYI0 aKTUBHOCTb TPOMOOUMTOB Ha hoHe AT Tepanuuny
naupenTos ¢ OKC, nepeHecumnx YKB. o pesynsratam nccneqo-
BaHWA CTATUCTYECKM 3H3YMMOM acCcoLMaumm Mexay akTuB-
HocTbto 13othepmeHTa CYP3A4 1 0CTaTOMHOM PeaKTUBHOCTLIO TPOM-
OoumMTOB He 0BHapykeHO. MPUUYMHOM STOrO MOXET MNOCYXNTb
(1) HecoBepLLIEHCTBO METOAA OLIEHKIM METADOMMHECKOM aKTUBHOCTU
CYP3A4 [31] n3-3a 3Ha4MTENIbHON BapUaberbHOCTL YPOBHS
KOPTI305a 1 ero MetabonmToB B MOYe, a Takxke (2) oTHOCUTENb-
HO HeDOIbLLOE YCIO NALMEHTOB, BKITIOYEHHbIX B UCCeOBAHME.

3aknovyeHune

Hocutenbscteo CYP2CT19*2 y naumentoB ¢ OKC, noasepr-
HyTbIX YKB, 3Ha4MMO NOBBILLAET PUCK PA3BUTUS PE3NCTEHTHO-
CT1 (BbICOKOW OCTAaTOYHOW PEakTMBHOCTM TPOMOOUMTOB) K
knonupgorpeny. OtTHowweHne 6-OHC/FC B yTpeHHel MoYe, 1C-
nonb3yemMoe B Ka4ecTBe Mapkepa akTUBHOCTU M30(hepMeHTa
CYP3A4, He koppenmpyeT C DYHKLMOHANbHOW aKTUBHOCTHIO
TpoMOOLMTOB.
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