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Spis skrotow uzytych w pracy

ASA - kwas acetylosalicylowy (ang. acetylsalicylic acid)

GoF — wzmocnienie funkcji (ang. gain-of-function)

HPR - wysoka reaktywno$¢ plytek krwi (ang. high platelet reactivity)

HLPC - wysokosprawna chromatografia cieczowa ( ang. high-performance liquid chromatography
LoF - ostabienie funkcji (ang. loss-of-function)

LPR - niska reaktywnos$¢ ptytek krwi (ang. low platelet reactivity)

MBP- 2-bromo-3’- metoksyacetofenon

NSTEMI - zawat serca bez przetrwalego uniesienia odcinka ST (ang. non-ST-elevation myocardial
infarction)

OZW — ostry zespot wiencowy

PCI - przezskérna interwencja wiencowa (ang. percutaneous coronary intervention)

P-GP - glikoproteina P-GP

PPP - osocze ubogoptytkowe (ang. platelet poor plasma)

PRP - osocze bogatoplytkowe (ang. platelet rich plasma)

STEMI - zawat serca z przetrwatym uniesieniem odcinka ST (ang. ST-elevation myocardial

infarction)
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Streszczenie

Najczestsza przyczyna zgondOw w Polsce sa choroby ukladu krazenia. Sposrdéd nich
najczestsza przyczyng bezposrednig jest zawal mig§nia sercowego, a nastgpnie rozwijajaca si¢ w
konsekwencji niewydolno$¢ serca. Ztotym standardem leczenia ostrych zespoléw wiencowych jest
przezskorna interwencja wiencowa, a nastepnie terapia przeciwplytkowa (zazwyczaj przez pierwsze
12 miesigcy podwojna, nastgpnie pojedyncza). Obok od lat stosowanego kwasu
acetylosalicylowego bedacym inhibitorem cyklooksygenazy-1, stosowane s3 3 leki
przeciwptytkowe jak: klopidogrel, prasugrel i tikagrelor, bedace inhibitorami receptora P2Y12.
Pomimo szerokiego stosowania nowszych lekéw przeciwptytkowych (tikagrelor i prasugrel) w
leczeniu ostrych zespolow wiencowych, wcigz wielu pacjentow jest leczonych znanym od lat
klopidogrelem, glownie ze wzgledu na konieczno$¢ stosowania dodatkowej terapii
przeciwkrzepliwej, przy ktorej wymieniowe wczesniej inhibitory receptora P2Y12 s3
przeciwwskazane. Wiele lat doswiadczen w zastosowaniu klopidogrelu obok jego
niezaprzeczalnych korzysci, wykazaty roOwniez jego ograniczenia, wigzace si¢ gtdwnie z forma pro-
leku, ktérym faktycznie jest klopidogrel, a tym samym koniecznos$cig jego metabolizacji do formy
aktywnej w szeregu skomplikowanych przemian biochemicznych przez enzymy cytochromu P450
(m.in. CYP2C19). Ponadto lek po zazyciu podlega w jelicie absorbcji, ktorej skutecznosc
regulowana jest aktywnos$cig p-glikoproteiny (P-GP). Wobec powyzszego, stwierdzane u ludzi
polimorfizmy gendéw kodujacych funkcjonowanie biatka ABCB1 i CYP2C19, moga przyczyniac si¢
do nieadekwatnej odpowiedzi ptytek krwi na dzialanie leku czyli tzw. zwigkszonej reaktywnosci
plytek pomimo leczenia klopidogrelem, co niesie ryzyko istotnych powiklan. W przedstawionej
pracy zbadaliémy dystrybucje polimorfizméw genéw w populacji pacjentéw z Dolnego Slaska
leczonych z powodu ostrego zespolu wiencowego, wykazujac ze czestos¢ wystgpowania
polimorfizmu genu ABCB1 w populacji jest duza, czestos¢ wystepowania polimorfizmu typu
CYPC19*2 w populacji jest wzglednie duza oraz, ze czgstos¢ wystepowania polimorfizmu typu
CYPC19*3 w populacji jest bardzo niska. Potwierdziliémy, ze przyjmowanie form generycznych
klopidogrelu nie ro6znig sie w stosunku do preparatu oryginalnego, zaréwno pod wzglgdem
osiggnigtych stezen aktywnego metabolitu klopidogrelu, ani takze jego dziatania
antyagregacyjnego. Finalnie udowodniliSmy, Ze obecno$¢ badanych polimorfizméw gendow nie
wplywa na stezenie aktywnego metabolitu klopidogrelu we krwi pacjentow z zawalem z- i bez

uniesienia odcinka ST oraz na dziatanie przeciwptytkowe leku.



Summary

Cardiovascular diseases are the leading cause of mortality in Poland. Acute coronary
syndromes (ACS) constitute a common reason for hospital admission. Percutaneous coronary
intervention together with dual antiplatelet therapy can be seen as a gold standard in the treatment
of ACS. Besides acetylsalicylic acid — a well-established cyclooxygenase-1 inhibitor — also P2Y12
platelet receptor antagonists are employed including: prasugrel, ticagrelor and clopidogrel. While
newer antiplatelet agents (namely prasugrel and ticagrelor) are preferred in the therapy of ACS, a
proportion of patients present with significant contraindications to their use such as the need for
parallel antithrombotic treatment. In such cases clopidogrel might be an antiplatelet of choice. Years
of clinical experience with the use of clopidogrel have defined its undisputable advantages but also
pointed at its limitations related to being a pro-drug which requires complex conversion to the
active metabolite. Metabolic changes of clopidogrel take place in liver in several oxidative steps
involving cytochrome P450 and enzymes coded by CYPCI19 gene. Moreover, clopidogel is
absorbed in intestines which is regulated by p-glycoprotein (P-GP) coded by ABCB1 gene. Hence,
genetical polymorphisms within these genes (coding transport proteins of digestive tract and several
oxidative enzymes) might contribute to inadequate platelets inhibition in response to clopidogrel.
This could potentially lead to disastrous complications in patients undergoing percutaneous
coronary interventions. In the current dissertation, the prevalence of gene polymorphisms involved
in clopidogrel absorption and metabolism in the population of patients from Lower Silesia treated
for ACS was analysed. The ABCB1 gene polymorphism was highly prevalent, type CYPC19*2 was
quite prevalent and type CYPC19*3 was very rare. The generic formulations of clopidogrel were as
effective as the original one both in terms of the concentration of active metabolite and the level of
antiplatelet activity. Finally, we showed that the presence of investigated genetic variations does not
influence the serum concentration of active metabolite nor the antiplatelet activity in patients with

myocardial infarction (with and without ST elevation).



1. Wstep

Pomimo dostgpnosci coraz doskonalszych metod leczniczych, wciaz najczestszg przyczyna
zgondw w Polsce ( 46 % ), pozostaja od wielu lat szeroko pojete choroby ukladu krazenia [1].
Zgodnie z rejestrem PL-ACS, czyli Ogdlnopolskiego Rejestru Ostrych Zespolow Wiencowych,
okoto 45 tys. pacjentow rocznie doznaje zawali mig$nia sercowego bez- lub z uniesieniem odcinka
ST (NSTEMI i STEMI). Oba rodzaje zawatu, bedace epizodami ostrego zespolu wiencowego
(OZW), obarczonego sa znaczng S$miertelnoscia w okresie 6-miesigcznym od wystapienia
incydentu, ale stanowig rowniez bezposrednig przyczyne rozwoju niewydolnosci serca.
Najskuteczniejsza metodg leczenia OZW jest przezskorna interwencja wiencowa ( PCI ), po ktorej
konieczne jest czasowe ( zazwyczaj 12 miesieczne ) zablokowanie funkcji endogennych plytek krwi
przy pomocy lekow przeciwptytkowych. Przez ostatnie kilkadziesigt lat koronne miejsce w terapii
przeciwptytkowej zajmowat kwas acetylosalicylowy ( ASA ), bedacy inhibitorem cyklooksygenazy-
1. Kolejne lata rozwoju kardiologii interwencyjnej a w szczegdlnosci zabiegi endowaskularne
polaczone z implantacjg stentow, wykazaty konieczno$¢ zastosowania tzw. podwdjnej terapii
przeciwptytkowej [2], opierajacej na réznych mechanizmach hamowania aktywnosci ptytek krwi.
Przez dhugi czas wytyczne ekspertow dotyczace leczenia pacjentdéw z ostrym zespolem wiencowym
wysoko pozycjonowaly zastosowanie klopidogrelu obok wymienionego wczesniej ASA. Niemniej
jednak, nowsze randomizowane badania kliniczne ( TRITON-TIMI 38 oraz PLATO ), przyniosty
rezultaty faworyzujace uzycie w jego miejsce prasugrelu lub tikagreloru [3-4].
Opisane leczenie nie jest jednak optymalne dla wszystkich grup pacjentow leczonych inwazyjnie.
We wspolczesnej kardiologii duzy odsetek stanowig chorzy ze wspotistniejagcym napadowym lub
przetrwalym migotaniem przedsionkow [5] lub po przebytej zatorowosci ptucnej czy zakrzepicy zyt
glebokich, ktorzy wymagaja leczenia przeciwkrzepliwego. Z racji wyzszego ryzyka powiklan
krwotocznych, potaczenie tego rodzaju terapii z prasugrelem i tikagrelorem nie jest zalecane. Tym,

samym ich miejsce w dalszym ciggu zajmuje znany od lat klopidogrel.

1.1 Klopidorgel

Lek z grupy inhibitorow receptora P2Y12 jako drugi obok ASA, stosowany jest w celu
minimalizacji ryzyka powiklan zatorowo-zakrzepowych, w szczegdInos$ci zakrzepicy w stencie oraz
ponownemu zawalowi serca. Wiele lat doswiadczen w zastosowaniu klopidogrelu ( badanie CURE
i CLARITY TIMI 28 ) obok jego niezaprzeczalnych korzysci wykazaly rowniez jego ograniczenia
[6-7]. Wiaza si¢ one gldwnie z forma pro-leku, ktorym faktycznie jest klopidogrel, a tym samym
koniecznos$cig jego metabolizacji do formy aktywnej w szeregu skomplikowanych przemian
biochemicznych przez enzymy cytochromu P450 ( m.in. CYP2C19 ) [8]. Ponadto lek po zazyciu

podlega w jelicie absorbcji, ktorej skuteczno$¢ regulowana jest aktywnoscig p-glikoproteiny (P-
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GP). Uwaza si¢, ze polimorfizm genéw kodujacych funkcjonowanie biatka ABCBI 1 CYP2CI19
moze przyczynia¢ si¢ do nieadekwatnej odpowiedzi ptytek krwi na dzialanie leku czyli tzw.
zwickszonej reaktywnosci ptytek ( HPR ), pomimo leczenia klopidogrelem, co niesie ryzyko
istotnych powiktan. [8] Miedzy innymi te ograniczenia byly podstawa poszukiwan skuteczniejszej

terapii przeciwptytkowe;.

1.2 Prasugrel i tikagleror

Nowe inhibitory receptora P2Y 12 ( prasugrel i tikagrelor ) przyniosty dodatkowe korzysci w
leczeniu pacjentow z OZW, migdzy innymi poprzez szybsze zablokowanie funkcji ptytek krwi, do
ktorego dazymy u chorych ze $wiezym zawalem serca [9-10].

Prasugrel, podobnie jak klopidogrel, jest prolekiem podlegajacym jednak szybkiemu
wchtanianiu z przewodu pokarmowego, ponadto w odroznieniu od klopidogrelu, jego metabolizm
jest jednoetapowy. Bardziej efektywny proces wchtaniania 1 utleniania prasugrelu, doprowadza do
efektywniejszej 1 wyraznie szybszej inhibicji ptytkowej ( juz po 30 minutach ).

Tikagrelor, kolejny z nowych inhibitorow receptora P2Y12, jest bezposrednim 1
odwracalnym blokerem wymienionego receptora. Lek dla swego dzialanie nie wymaga przemian
metabolicznych i jest aktywny bezposrednio po wchionigciu z przewodu pokarmowego.

Pomimo tego, ze leki te znalazly juz swoje ugruntowane miejsce w zaleceniach
terapeutycznych, przyczynily si¢ rowniez do wigkszej liczby powiktan krwotocznych [11] 1 z tego

wzgledu ich zastosowanie ma w pewnych grupach pacjentdéw istotne ograniczenia.

2. Genetyka

2.1 Wchlanianie klopidogrelu

W pierwszym etapie przemian klopidogrelu, pro-lek musi zosta¢ wchionigty z przewodu
pokarmowego. Ilo$¢ substancji ostatecznie wchionigtej do organizmu, zalezy od aktywnosci
glikoproteiny P-GP obecnej w jelitach. Biatko to, bedace pompa zalezng od ATP, zaliczane do grupy
MDRI1 czyli biatek odpornosci wielolekowej 1, usuwajacego znaczng liczbe ksenobiotykow
dostajacych si¢ do organizmu. Wsrod tych substancji znajduje si¢ klopidogrel.. Podobnie jak dla
enzymOw metabolizujacych klopidogrel, rowniez w przypadku ABCB1 wystepuja polimorfizmy
genowe mogace zmienia¢ jego aktywnos$¢ . Mutacja w locus 3435 C>T prowadzi do wzmozone]
aktywno$¢ P-GP i zmniejszenia absorpcji klopidogrelu z przewodu pokarmowego poprzez jego
zwiekszony wyrzut zwrotny do $wiatla jelita. Takie zjawisko wystepuje zarowno w formie hetero 1

homozygotycznej genu ABCBI.



Zmienno$¢ w obrebie ABCB1 wskazywana byta jako przyczyna HPR oraz zwickszonej
ilodci zawalow serca, udarow czy zgonu wsrdd chorych z OZW [12]. Trzeba jednak zaznaczy¢, ze
obserwacje te nie sg powtarzalne [13-14]. Co wigcej dwie metaanalizy nie wykazaly istotnego

wpltywu polimorfizmu genu ABCB1 na migdzyosobniczag odpowiedz na klopidogrel [15-16].

2.1.1 Allele wlasciwego (GA- ,,good absorbers”) i oslabinego wchlaniania ( PA - poor
absorbers”

Na cele obecnego cyklu przyjeto, ze osobniki bedace homozygotami dzikimi (CC),
pozbawionymi mutacji 3435C>T, ktére cechuje wlasciwe wchtaniania klopidogrelu oznaczane beda
jako GA. Do grupy obnizonego wchtaniania (PA) zaliczono osobniki heterozygotyczne (CT) oraz

homozygoty mutacyjne (TT) genu ABCBI.

2.2 Metabolizm klopidogrelu

W skiad cytochromu P-450 wchodza enzymy, uczestniczace w watrobowych przemianach
metabolicznych wielu stosowanych lekéw: m.in. lekow antydepresyjnych, benzodiazepin,
inhibitorow pompy protonowej czy klopidogrelu. W tej grupie znajduja si¢ monooksygenazy
CYP1A2, CYP2C19 1 CYP2B6, ktore s3 zaangazowane w pierwszym etapie metabolizmu
klopidogrelu. Produktem ich dzialania jest 2-oksyklopidogrel, ktory w drodze docelowej do
transformacji do aktywnego metabolitu musi przejs¢ kolejne utlenianie z uzyciem biatek CYP2C9,
CYP2B6, CYP3A4, CYP3AS i CYP2C19. Wsrod gendow kodujacych palete CYP wystepuja rézne
osobnicze odrebnosci genetyczne, sposrod ktorych najlepiej poznano polimorfizm genow
CYP2C19, CYP3A4/5, CYPIA2. Samego biatka CYP2CI19 zarejestrowano 25 polimorfizmow
[17].
Odmiennos$¢ genetyczna wptywaé¢ moze na indywidualng skuteczno$¢ leczenia klopidogrelem.
Poszczegdlne allele, ktore negatywnie wpltywaja na metabolizm omawianego leku, a co za tym
idzie, na potencjalnie wigcksza reaktywnos$¢ ptytek krwi w wynikach badan laboratoryjnych ( HPR ),
przydzielone zostaly do grupy tzw. LoF ( ang. loss-of-function ). Odwrotnie natomiast, allele, ktore
wzmagaja dzialanie klopidogrelu poprze nasilenie agregacji plytek, zostalty przydzielone do grupy

GoF ( ang. gain-of-function ).

2.2.1 Allele wzmacniajace ( GoF- ,,gain-of-function” ) i oslabiajace funkcj¢ ( LoF - ”loss-of-
function” )

U podloza uposledzenia metabolizmu klopidogrelu lezy blad w transkrypcji materiatu
genetycznego w mechanizmie tzw. przesuniecia ramki odczytu ( ang. frame Shift ),

nieprawidlowym splicingu ( skladaniu genéw ) i mutacji lub zbyt wczesnemu wystepowaniu
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kodonu ,,stop”. Do alleli powodujacych ostabienie metabolizmu klopidogrelu ( LoF ) nalezg allele
CYP2C19 *2-*8. Najczestszym wariantem wystepujacym w Europie jest CYP2C19*2 ( okoto 25 %
populacji ), natomiast wariant *3 identyfikowano $rednio z czgstoscig 1-7%. Allele *4-*8 naleza do
rzadkos$ci, z przynaleznoscig ponizej 1% [17]. Wobec powyzszego w cyklu publikacji skupiliSmy
si¢ na analizie wariantow *2-*3.

Jak wykazaly wcze$niejsze obserwacje, pacjenci posiadajacy jeden z wymienionych
wariantow genetycznych moga by¢ narazeni na gorsze wyniki leczenia w mechanizmie HPR,
poprzez redukcje ilosci aktywnego metabolitu klopdiogrelu w osoczu [18]. U chorych
poddawanych leczeniu z powodu zawatu serca, przy wspotistnieniu wariacji genetycznej, w dalszej
obserwacji stwierdzano istotny wzrost ryzyka wystapienia kolejnego zawatu serca, gtdéwnie poprzez
mechanizm zakrzepicy w stencie, udar mézgu i ostatecznie zgon. [19-20]. Z drugiej jednak strony
indywidualizowana terapia przeciwplytkowa, uwzgledniajaca obecnos¢ polimorfizmoéw
genetycznych nie wptywala na poprawe rokowania wskazujac, na inne mechanizmy HPR 1 $wietle
tych obserwacji rutynowe oznaczenia genetyczne i terapia personalna nie sg zalecane w aktualnych
wytycznych [21].

Obecno$¢ u ludzi jednego z alleli CYP2C19 *17-*21 powoduje wzmozony metabolizm
klopidogrelu ( GoF ) co przektada si¢ wyzsze st¢zenie aktywnej formy leku we krwi i1 niska
reaktywnos$¢ plytek krwi ( LPR ). Najszerzej rozpowszechnionym i najlepiej poznanym jest allel
*17. Czestos¢ jego wystepowania w populacji kaukaskiej jest szacowana na 41% [22]. U pacjentow
posiadajacych ten wariant genetyczny obserwowano silng inhibicje plytek 1 wysokie st¢zenie
aktywnego metabolitu klopidogrelu w osoczu [23]. Niestety obecnos¢ tego allelu nie zabezpieczata
pacjentow przed kolejnymi incydentami niedokrwiennymi, zwigkszajac natomiast wystepowanie

ilosci krwawien. [22]

2.3 Oznaczenia genetyczne

Wszystkie przedstawione w cyklu prace, w ktéorych analizowano  wystepowanie
polimorfizméw genow wplywajacych na metabolizm i wchlanianie klopidogrelu bazowaly na
identycznej metodologii. Jej dokladny opis przedstawiony jest w poszczegodlnych publikacjach.
Badania przeprowadzono w Zakladzie Technik Molekularnych Uniwersytetu Medycznego we
Wroctawiu.

Przyblizajac po krotce sposob oznaczen genetycznych: w celu ich przeprowadzenia
pobierano krew pelng do probowek z EDTA. Materiat genetyczny izolowano z krwi przy uzyciu
zestawu High Pure PCR Template Preparation Kit ( Roche Diagnostics, Warszawa, Polska ). W tym
etapie, celem pozyskania oczyszczonego materiatu genetycznego, przeprowadzano liz¢ i degradacje

biatek komorkowych, wirowanie lizatu na minikolumience zawierajacej membran¢ krzemionkowa,
11



wigzacej DNA oraz finalnie odzyskania oczyszczonego DNA poprzez dodanie buforu elucyjnego.
Nastepnym krokiem postgpowania laboratoryjnego byla amplifikacia DNA metoda PCR (
polymerase chain reaction, PCR ). Reakcje amplifikacji DNA przeprowadzono przy uzyciu 4 par
specyficznych starterow odpowiednio dla: CYP2C19*17 ( -3402C>T ), CYP2C19*3, ABCBI1 (
C3435C>T ), CYP2C19*2 i zestawu Multiplex PCR Kit ( Qiagen ).

Oznaczanie polimorfizmow typu SNP ( single nucleotide polymorphism — polimorfizm
pojedynczego nukleotydu ) genow CYP2C19 (CYPC19*2, *3) i ABCBI1 przeprowadzano z
wykorzystaniem techniki minisekwencjonowania. W tym celu zastosowano zestaw SNaPshot
Multiplex Kit ( AB Applied Biosystems, Thermo Scientific, Gdansk, Polska ) Reakcje
minisekwencjonowania przeprowadzano z udziatem starterow zaprojektowanych w ten sposob, aby
hybrydyzowaty one do matrycy konczac rekacj¢ przed oznaczanym miejscem polimorficznym. W
reakcji braty udzial terminatory znakowane fluorescencyjnie. Po enzymatycznym oczyszczeniu
produktu minisekwencjonowania probke poddawano analizie z detekcja produktow technika
elektroforezy kapilarnej. Z uzyciem sekwenatora 3130 Genetic Analyzer ( Applied Biosystems,
Thermo Scientific, Gdansk, Polska ), znaczniki fluorescencyjne dobudowane do starteréw podczas
reakcji minisekwencjonowania wzbudzane do swiecenia byly przy uzycia $wiatla laserowego.
Wyniki analizowano z wykorzystaniem programu GeneMapper ID v.3.2.

Do oznaczenia polimorfizmu CYP2C19*17 ( locus -3402 C>T ) zastosowano technike
RFLP ( restriction fragment length polymorphism - analiza dtugosci fragmentéw restrykcyjnych ).
W metodzie tej powielony materiat genetyczny poddawano inkubacji z restryktazami, czyli
enzymami specyficznie tngcymi nici DNA. Produkty trawienia materialu genetycznego,
warunkowane wystgpieniem mutacji w zakresie badanego polimorfizmu, identyfikowano metoda

elektroforezy.

3. Oznaczenie agregacji plytek krwi

We wszystkich pracach wlaczonych do cyklu, w ktorych oceniano skuteczno$¢
antyagregacyjng klopidogrelu zastosowano jednolita metodologi¢ uzyskania materiatu
biologicznego i oznaczen aktywnosci ptytek krwi.

Szczegotowy opis metodologii znajduje si¢ w poszczegdlnych pracach. Pokrotce, zylne
probki krwi byly pobierana miedzy 2-4 doba od wystgpienia OZW do dwoéch probowek z
dodatkiem cytrynianu sodu. Krew wirowano w temperaturze pokojowej do uzyskania osocza
bogatoptytkowego ( PRP ). Nastepnie przeprowadzano kolejne wirowanie celem pozyskania osocza
ubogoptytkowego ( PPP ). Wlasciwa ocena reaktywnos$ci plytek byla wykonana do 2 godzin od
czasu pobrania, metodg agregacji optycznej wg Borna przy uzyciu jednokanatlowego agregometru
swietlnego produkcji Chrono Log 560CA ( Chrono-log, Havertown, PA, USA).
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Zasada tej metody jest ciggly pomiar zmian transmisji $wiatla padajacego na stale mieszane
osocze PRP. Jako wzor referencyjny stuzyla probka z PPP o przepuszczalnosci swiatla 100%.
Nastgpnie badane probki z PRP (przepuszczalnos¢ swietlna 0%) byly umieszczane w aparacie i
pobudzane za pomoca roztworu ADP o stezeniu 5 pumol/l oraz10 pmol/l.

Celem tego pomiaru byla ocena zwickszenia przepuszczalnosci swiatta widzialnego, gdyz
pod wplywem wyzej wymienionych agonistow dochodzi do wytworzenia agregatow ptytkowych i
zmiany gestosci optycznej roztwordw. Wynik badania przedstawiono jako odsetek maksymalne;]
agregacji plytek krwi w ciggu 6 minut obserwacji, wyrazajacy skuteczno$¢ farmakologicznej

inhibicji ptytkowe;.

4. Oznaczenie aktywnego metabolitu klopidogrelu

Ocena stezenia aktywnego metabolitu klopidogrelu w krwi pacjentow jest trudna
technicznie ze wzgledu na duzg niestabilnos¢ badanej substancji 1 jej krotki czas péttrwania. Do
chwili obecnej jedynie kilka metod z uzyciem wysokosprawnej chromatografii cieczowej ( ang.
high-performance liquid chromatography — HLPC ) okazalo si¢ wystarczajaco czulych dla
przeprowadzania tego rodzaju analiz [24]. W pracy doktorskiej zastosowalem metode oznaczen
aktywnego metabolitu klopidogrelu Karazniewicz-Lady [25], zmodyfikowang w Katedrze i
Zaktadzie Biochemii Lekarskiej Uniwersytetu Medycznego we Wroctawiu. Jej podstawg jest
polaczenie mozliwosci fizycznego rozdzielania chromatografii cieczowej z mozliwosciami analizy
masowej spektrometrii masowej i okreslana jest skrotem LC-MS/MS.
Wszyscy pacjenci poddani dzialaniu badanego leku, zaro6wno w formie oryginalnej jak i
generycznej otrzymywali preparaty zawierajgce klopidogrel w postaci soli wodorosiarczanu.
Analiza st¢zenia leku przeprowadzona byta w trzecim dniu stosowania w dawce podtrzymujace;.
Kluczowym elementem analizy bylo ustabilizowanie niestabilnego aktywnego metabolitu za
pomoca 2-bromo-3’- metoksyacetofenonu ( MPB ) ze wzgledu na istotne zmniejszenie jego
stezenia obserwowane juz po 10 minutach od uzyskanie probki krwi. Dokladny opis zastosowane;j

metody analitycznej przedstawiony zostat w poszczego6lnych pracach cyklu.

5. Przestanki do prowadzenia badan i cele pracy

Rzeczywisto$¢ pokazuje, ze nadal wielu pacjentow, zarowno w Polsce jak i na Swiecie,
w przypadku OZW i zabiegu angioplastyki z wszczepieniem stentu, leczonych jest z uzyciem
klopidogrelu. Przez lata swojej obecnos$ci na rynku, klopidogrel stat si¢ lekiem powszechnie
dostepnym poprzez produkcje wielu preparatow generycznych.

Istniejace przestanki dotyczace wpltywu polimorfizmu genéw ABCB1 i CYPC19 na

dziatanie klopidogrelu w duzym stopniu dotycza populacji miodych i1 zdrowych [19,26].
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Doniesienia omawiajace powyzsze zagadnienie u pacjentow z ostrym zespolem wiencowym nie sg
spdjne i petne [27,28], co szczegodlnie dotyczy genu ABCB1. Cho¢ negatywny wplyw polimorfizmu
CYPCI19 na przebieg kliniczny pacjentow z OZW zostat stwierdzony w duzych badaniach
randomizowanych, w tym w badaniu TRITON-TIMI 38 ( Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-Thrombolysis in
Myocardial Infarction 38 ), to brakujacym elementem w pelnej ocenie pozostaje w tych
obserwacjach brak analizy réznic w stezeniu aktywnego metabolitu klopidogrelu oraz agregacji

plytek krwi w zaleznosci od profilu genetycznego.

W cyklu prac sktadajacych si¢ na prace doktorska postawione przeze mnie cele dotyczyty:

- Oceny czgstosci wystepowania polimorfizmu gendéw ABCB1 1 CYPC19 w badanej populacji;

- Oceny wptywu polimorfizmu genéw ABCBI1 1 CYPC19 na skutecznos¢ terapii klopidogrelem u
pacjentOw z ostrym zespotem wiencowym

- Okreslenie potencjalnych roznic w stezeniu aktywnej formy klopidogrelu u pacjentdow z réznymi
typami ostrych zespotow wiencowych

- Okreslenie potencjalnych rdéznic stezenia aktywnej formy klopidogrelu po zastosowaniu

preparatéw generycznych klopidogrelu w poréwnaniu z jego forma oryginalng

6. CyKkl prac

W pracy pod tytutem ,,Distribution of polymorphisms in the CYP2C19 and ABCB1
genes among patients with acute coronary syndrome in Lower Silesian population” analizie
poddano dystrybucje polimorfizméw gendow w populacji pacjentow z OZW pochodzacych z terenu
Dolnego Slaska. Do badania wlaczono 199 pacjentéw z ostrym zespotem wiencowym, ktérzy
hospitalizowani byli w Uniwersyteckim Szpitalu Klinicznym we Wroclawiu.

Badanie wykazalo powszechno$¢ wystepowania polimorfizmu genu ABCB1 w
analizowanej grupie, z blisko 58% odsetkiem heterozygot mutacyjnych oraz 26% homozygot
mutacyjnych. Lacznie pacjenci o profilu zaburzonego wchlaniania klopidogrelu stanowili 84% cate;j
grupy badanej. Ponadto u 26% pacjentow stwierdzono nosicielstwo, co najmniej, jednego allelu
mutacyjnego CYPC19*2, a tym samym potencjalnie obnizong zdolno$¢ metabolizmu klopidogrelu.
Biorac pod uwage czgstos¢ wystgpowania allelu CYPC19*17, ktéra oszacowano u okoto 45%
pacjentow, odsetek osob okreslanych jako stabo metabolizujacy klopidogrel réwny byt 18%.
Laczne wystgpowanie profilu genetycznego warunkujace obnizone wchlanianie leku oraz jego

ostabiony metabolizm siggneto 14.6%. Wyniki te pozostaja w zgodzie z rezultatami analiz
14



wykonanych przez innych autoréw u pacjentow rasy kaukaskiej. Istotnym, nowatorskim
elementem przedstawionej pracy jest fakt udowodnienia, po raz pierwszy w populacji polskiej,
bardzo niskiej penetracji polimorfizmu CYPC19*3. Wedlug wiedzy autoréw analizy takiej do tej

pory w Polsce nie przeprowadzono.

Praca ,,Original and generic clopidogrel: A comparison of antiplatelet effects and active
metabolite concentrations in patients without polymorphisms in the ABCB1 gene and the
allele variants CYPC19*2 and *3” zostala zaplanowana jako analiza potencjalnych réznic
pomigdzy stosowanymi powszechnie w Polsce preparatami klopidogrelu. Analizowano r6znice w
stezeniu aktywnego metabolitu klopidogrelu oraz jego dzialania przeciwptytkowego. Badang grupe
stanowilo 22 zdrowych ochotnikéw. Celem eliminacji wptywu polimorfizmu badanych genéw na
wyniki badania wszyscy poddani analizie pozbawieni byli alleli mutacyjnych genow ABCBI1 oraz
CYPC19. Jak wykazato badanie dwa najczgsciej stosowane preparaty generyczne klopidogrelu nie
odbiegaty od jego oryginalnej formy pod wzgledem osiggnigtego we krwi st¢zenia aktywnego
metabolitu (12,7 pg/uL vs 13,0 pg/uL vs 14,4 pg/uL) oraz zdolno$ci hamowania agregacji
plytkowej, analizowanej w oparciu o transmisje Swiatla widzialnego (34,5% vs 35,0% vs 36,6%).
Uzyskane rezultaty wykazaty brak réznic dziatania r6znych preparatow klopidogrelu. Tym samym
zasadng okazala si¢ planowana w kolejnej pracy analiza wpltywu polimorfizmu ABCBI1 oraz
CYPC19 na dziatanie klopidogrelu (stosowanego w postaci roznych preparatow) w wiekszej grupie
pacjentoOw z ostrym zespotem wiencowym

Praca ,,The influence of acute coronary syndrome on levels of clopidogrel active
metabolite and platelet inhibition in patients with and without CYP2C19*2(681 G>A),*3(636
G>A) and ABCB1(C3435C> T) gene polymorphisms” jest zamknieciem cyklu publikacji .
Zaplanowano przeprowadzenie badania wptywu wyszczegdlnionych polimorfizmow genow, na
dziatanie przeciwplytkowe klopidogrelu u pacjentéw z zawatem mig$nia sercowego z uniesieniem
oraz bez uniesienia odcinka ST pozostajacych w klasie Killip I-III . Wykazano, ze dziatanie leku u
pacjentow ze STEMi lub NSTEMI, pozostaje niezmienne w stosunku do grupy kontrolnej ze
stabilng chorobg wieficowa. Obserwacja ta dotyczyta zarbwno grupy pacjentdow pozbawionych
polimorfizméw genéw ABCBI1 oraz CYPC19 jak i grupy z co najmniej jednym allelem
mutacyjnym. Wartos$ci, zarowno stezenia aktywnego metabolitu klopidogrelu jak i agregacji ptytek
krwi, pozostawaty na podobnym poziomie, rOwniez w grupie potencjalnie najbardziej narazonej, w
ktorej obserwowano rownoczesne wystepowanie genetycznego podioza zaburzonego wchlaniania
klopidogrelu i jego metabolizmu.

Opisywane w innych badaniach, przeprowadzonych na populacjach mtodych, zdrowych

ochotnikéw, réznice w dziataniu klopidogrelu, w zaleznosci od wystepowania polimorfizmu gendow
15



ABCBI1 i CYPCI19 tym samym nie potwierdzaty si¢ w populacji starszej z obcigzeniami
wspotistniejacymi. Wydaje si¢, ze oddziatywanie polimorfizmu genetycznego na badane parametry
nie jest addytywny i moze by¢ sttumiony w tej populacji przez wystgpowanie innych czynnikéw
fenotypowych znanych z wplywu na skutecznos$¢ dziatania klopidogrelu ( min. niewydolno$¢ nerek,
palenie tytoniu, cukrzyca, stosowanie innych lekow itp.). Tym samym badane r6znice genetyczne
okazaly si¢ nie by¢ istotnym czynnikiem ingerujacym w efekty leczenia przeciwptytkowego u

chorych z ostrym zespotem wiencowym.
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T. Wojcik, et al. Distribution of CYP2C19/ABCB1 polymorphisms

Introduction

Dual antiplatel therapy (DAPT) with aspirin and clopido-
grel has until recently been the gold standard for the treat-
ment of acute coronary syndrome (ACS) patients. Nev-
ertheless, despite the proven efficacy of this treatment
regimen, thromboembolic complications continue to be
observed in some patients.!> The reason for this phenom-
enon is associated with a so-called sustained increase
in platelets activity, in spite of DAPT. This phenomenon
may be due to an impaired aspirin response, but it is main-
ly associated with an ineffective treatment with clopidogrel.

A number of factors contribute to increased platelet reac-
tivity. The lack of expected effects of DAPT is most likely due
to non-compliance to treatment recommendations. How-
ever, the complexity of genetically conditioned absorption
and activation of clopidogrel is also important. The action
of clopidogrel is conditioned by the efficacy of the pro-drug
conversion into its active form. This process largely depends
on intestinal absorption and complex hepatic metabolism.
The first step of clopidogrel activation takes place in the gas-
trointestinal tract. The ABCBI gene expression product,
P-GP (glycoprotein), plays a key role here. It is a membrane
protein of the gastrointestinal tract, which acts to regulate
xenobiotics concentrations in the human body, includ-
ing clopidogrel. Spot mutations in the ABCBI gene type
C3435C> T, resulting in the emergence of mutation homozy-
gotes (TT) or mutation heterozygotes (CT) in place of proper
homozygotes (CC), imply (TT) increased P-GP activity. This
activity causes an excessive rejection of clopidogrel, hin-
dering its attainment of adequate plasma concentrations.
The polymorphism of this gene has a negative influence
on the clinical effects of clopidogrel treatment and may cause
high platelet resistance (HPR). An even greater association
with individual differences in response to clopidogrel treat-
ment is attributed to cytochrome P450. Its proper function-
ing allows for the final conversion of clopidogrel to its active
metabolite.

Genetic studies are particularly difficult due to the nu-
merous polymorphisms in the genes encoding CYP.
CYP2C19, CYP3A4/5 and CYP1A2 are the most well-stud-
ied genetic variants, CYP2C19 alleles of type *2—*8 are these
that impair the metabolism of clopidogrel. It was observed
that having even 1 allele of CYP2C19*2 was associated
with worse prognosis in a long-term follow-up of myocar-
dial infarction with respect to the incidence of subsequent
myocardial infarction, stroke and death. There have also
been more cases of stent thrombosis in these patients.>*
The effect of the allele *17 in laboratory conditions is ex-
pressed by lower values for maximum platelet aggregation,
better platelet inhibition and higher plasma concentrations
of the active metabolite.” The clinical effect of increased
transcriptional activity of this polymorphism was associated
with more bleeding. There have been no significant benefits
noticed in terms of ischemic events and stent thrombosis.®

In our research work, we evaluated the prevalence
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of polymorphism of major absorption genes (ABCBI) and
clopidogrel metabolism (CYPC19 *2, *3, *17) in patients
treated with coronary angioplasty with stent implantation
due to ACS.

Material and method

A total of 199 patients (133 males and 63 females), mean
age 65.2 £11.9 years, randomized to the prospective study,
were hospitalized for acute myocardial infarction, includ-
ing unstable angina, with non ST-elevation myocardial
infarction (NSTEMI), and ST-elevation myocardial infarc-
tion (ST-elevation MI). All patients engaged in the research
were treated according to European Society of Cardiology
(ESC) recommendations using coronary angioplasty with
stent implantation. The study was approved by the appro-
priate research ethics committee, and all patients included
in the study gave written informed consent. The basic de-

Table 1. Demographics

Study group | 199

Sex, n (%)

male 133 (66.8)

fernale 66 (33.2)
Age [years] 65.2+119
Caucasian race, n (%) 199 (100)
Residents of Lower Silesia, n (%) 183 (91.9)
STE-ACS, n (%) 110 (55.3)
NSTE-ACS/UA, n (%) 89 (44.7)
BMI [kg/m?] 277 +4.0
Diabetes, n (%) 40(20.1)
Hypertension, n (%)

1%t grade 33 (16.6)

27 grade 68 (34.1)

34 grade 37 (18.6)
Serum creatinine concentration [mg/dL] 1.09 +0.26
eGFR [mL/min/m?] 70.69 £18.81
Serum cholesterol [mg/dL] 203.74 £48.76
LDL serum [mg/dL] 128.52 +41.08
Smokers, n (%) 69 (34.6)
PLT [1,000/pL] 238,68 +£56.62
MPV [fL] 11.52 £1.40
Hb [g/dL] 1442 £1.76

STE-ACS - ST-elevation acute coronary syndrome; NSTE-ACS - non
ST-elevation acute coronary syndrome; UA - unstable angina; BMI

- body mass index; eGFR — estimated glomerular filtration; LDL — low-
density lipoprotein; PLT - platelet count; MPV — mean platelet volume;
Hb - hemoglobin level.

mographic data of patients are presented in Table 1.
Genetic research

In order to identify genetic polymorphism identification,
genetic material was extracted from 200 pL of whole blood
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samples of each patient using the High Pure PCR Template
Preparation Kit (Roche Diagnostics, Warszawa, Poland).
Using the ability of the DNA to bind under certain condi-
tions with silica, centrifugation of the lysate was carried
out in a mini column containing the silica membrane,
which was then rinsed twice with washing buffer. Finally,
the membrane was given a mini column elution buffer to re-
cover the purified DNA. Amplified polymerase chain reac-
tion (PCR) was the next step with the use of 4 pairs of spe-
cific primers, respectively for: CYP2C19*17 (-3402C> T),
CYP2C19%3, ABCBI (C3435C> T) and CYP2C19 *2, as well
as Multiplex PCR Kit (Qiagen, Hilden, Germany), accord-
ing to the manufacturer’s instructions. Single-nucleotide
(DNA) polymorphism of the CYP2C19*2, *3 and ABCBI
genes was performed using a mini-sequencing technique,
a PCR modification. The SNaPshot Multiplex Kit (Applied
Biosystems — Thermo Fisher Scientific, Gdansk, Poland)
was used for the analysis according to the manufacturer’s
instructions. Purification of the duplicated genetic materi-
al was carried out with alkaline phosphatase digestion and
exonuclease to eliminate primers and deoxynucleotides
that were not consumed in PCR. The mini-sequencing
reaction was performed with specific primers designed
to hybridize to the template, ending before the desig-
nated polymorphic site. Dideoxynucleotide triphosphates
(ddN'TP), or fluorescent labeled terminators, were involved
in the reaction. Product detection was performed with cap-
illary electrophoresis on a 3130 Genetic Analyzer (Applied
Biosystems — Thermo Fisher Scientific). The results were
analyzed with the use of the GeneMapper 1D v. 3.2 program
(Applied Biosystems, Foster City, USA) against the internal
GeneScan" LIZ 120 standard. To assess the polymorphism
of CYP2C17*17 (locus -3402 C>T), a restriction fragment
length polymorphism (RFLP) technique was used.

Division into absorption
and metabolic phenotypes

The study population was divided into the group
of “good absorbers” (GA), which included the wild-type
homozygote (CC), which lacked the C3435C> T spot mu-
tation in the ABCBI gene, and the “poor absorbers” group
(PA), which included the mutation heterozygotes (CT) and
mutation homozygotes (TT) of the ABCBI gene.

Alleles that negatively affect clopidogrel metabolism
(CYP2C *2, *3), and thus contribute to higher platelet re-
activity in laboratory tests, have been assigned to the so-
called loss-of-function (LoF) group. In contrast, alleles
promoting the effects of clopidogrel (CYP2C *17), thus
decreasing platelet aggregation, were given GoF (gain-of-
function) name. For the purposes of the present work, pa-
tients were eligible for 2 metabolic groups, due to the poly-
morphism and the onset of the LoF or GoF allele:

— poor metabolizers (PM) — *2 or *3 carriers/non-*17
carriers — individuals with at least 1 LoF allele and no
GoF allele;
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— not poor metabolizers (NPM) — without the presence
of any LoF allele (i.e., *2 and *3) and simultaneously having
atleast 1 GoF allele (i.e., *17) or patients without LoF (i.e., *2
and *3) and GoF (i.e., *17) or carriers simultaneously with
both opposing alleles (*2 or *3 and simultaneously *17).

Patients with both PA and PM (PA + PM) phenotype
were also isolated from the study group. The rest of the pa-
tients were referred to as not PA + PM.

Results

The basic demographic data of the study population
is presented in Table 1. The data is typical of the popula-
tion with ischemic heart disease.

Genetic research

The incidence of ABCBI polymorphism in the study
group is shown in Fig. 1. The largest percentage of subjects
were heterozygous (57.9%). The minority of the patients
were identified as wild-type homozygotes (CC). The in-
cidence of CYP2C19 *2 gene polymorphism is shown
in Fig. 2. Most of the variants studied were patients with al-
leles coding for normal protein activity, but 26.1% of them
had at least 1 mutation. No CYP2C19 *3 allele was observed
in the study population to reduce the activity of clopidogrel
metabolism. A relatively high percentage of heterozygotes
and wild-type homozygotes in the CYP2C19*17 allele were
found in the study group (Fig. 3).

T
n=52; 26.1%

cc
n=32; 16.0%

CT
n = 115; 57.9%

Fig. 1. Frequency of polymorphism of the ABCBT gene

CC - wild-type homozygote; CT — mutation heterozygote; TT — mutation
homazygote.

Division into absorption
and metabolic phenotypes
The incidence of clopidogrel GA and PA patients

in the study population is shown in Fig. 4. The major-
ity of the group were PA. Figure 5 shows the percentages
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CYPC19 *2/*2
i n=3;15%

CYPC19 *1/*2
n = 49; 24.6%

CYPC19 “1/"1
n=147;73.8%

Fig. 2. Frequency of CYPC19*2 polymorphism

*1 - allele of normal CYP2C19 protein function; * 2 - CYP2C19 protein
allelic dysfunction; *1/*1 — wild-type homozygote; *1/2 — mutation
heterozygote; *2 — mutation homozygote.

CYPC19 *17/17

CYPC19 *1/17 | 18400
n=81;40.8%

CYPC19 *1/*1
n=110; 65.2%

Fig. 3. Frequency of CYPC19 *17 polymorphism

*1 - allele of the normal function of the CYP2C19 protein, *17 - allele
improving the function of the CYP2C19 protein, *1/*1 — wild-type
homozygote, *17 — mutation heterozygote.

of individual metabolic phenotype in the study population.
The relatively high proportion of patients (18%) was found
to be PM patients. The simutaneous incidence of PA and
PM phenotypes is shown in Fig. 6. As many as 29 patients
in the study group were members of this group.

Discussion

In this work, genetic testing was performed in a ho-
mogeneous ethnic group of patients with ACS. An im-
portant element of the study was the high homogeneity
of the study group. Each of the 199 categorized patients
was Caucasian, and 92% of the study group were residents
of Lower Silesia.

20

GA
n=232;16.0%

PA
n=167; 84.0%

Fig. 4. Division into absorption phenotypes

PA - reduced absorption of clopidogrel; GA - good absorption
of clopidogrel,

PM
n =386; 18.0%

NPM
n = 163; 82.0%

Fig. 5. Division intc metabolic phenotypes

PM — poor metabolizers; NPM — not poor metabolizers.

PA + PM
n=29; 14.6%

not PA + PM
n=170; 85.4%

Fig. 6. Incidence of poor phenotype absorption and poor metabolism

PA + PM - reduced absorption plus poor metabolism.
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The occurrence of ABCBI homozygous mutation polymor-
phism was demonstrated in 26.1% of the subjects (n = 52),
which is comparable to the 27% of the carriers of the modi-
fied gene present within the large TRITON-TIMI 38 study,
based on a population of nearly 3,000 patients.” Analyses
concerning the variability of polymorphisms in various eth-
nic groups have revealed the prevalence of mutation ho-
mozygotes in the indigenous population of South America
(27%), among Caucasians (20%) and Africans (13%).® The dis-
tribution of polymorphisms in ABCBI genes in the present
study (CC 16.0%, CT 57.9%, TT 26.1%) is almost identical
to that observed in large, randomized, multicenter studies.
The obtained data correlates well with the analysis of geno-
types of healthy volunteers in West Pomerania’ and are
slightly different with regards to wild-type homozygotes
and heterozygotes among ACS patients in the population
of Warszawa (CC 28%, CT 51%, TT 21%). However, the ho-
mozygous mutations percentage is very alike in different
groups, as demonstrated in the study by Spiewak et al.'®

The incidence of particular polymorphisms
of the CYP2C19 variant depends on the ethnic group under
consideration. The differences apply to each of the alleles
being analyzed.

One of the dysfunctional alleles, CYP2C19*2, has been
found in the East Asian population in the amount of up
to 55%. Among Africans, this polymorphism was observed
in 40% of the subjects, and in the Caucasian population
in Europe, the prevalence of CYP2C19 *2 was reported
in 30% of the subjects.!! In France, Collet et al. analyzed
259 patients with ACS episode. In their work, the wild-type
homozygotes group of CYP2C19*1/*1 variant embraced
72% of the subjects, heterozygote *1/*2 25%, and mutation
homozygote *2/*2 — only 2%.* Almost identical results were
obtained in German and Portuguese populations, and only
slightly different results — in Hungarian population.!>-*#
As far as we know, the research on the prevalence of this
polymorphism in the Polish population was conducted only
once in a study by Malek et al.’® The authors reported that
wild-type homozygotes appear in 80% of the population,
heterozygotes in 18% and mutation homozygotes in 2%.
Our study has shown 73.9% of wild-type homozygotes,
24,6% of heterozygotes and 1,5% of mutation homozygotes;
therefore, the data confirms the predecessors’ observations.

The CYP2C19 *3 allele frequencies tend to vary across
human populations. Most often this polymorphism is ob-
served in East Asia. The incidence of *1/*3 genotype was
reported by Jeong et al. at the level of 11%.1° In Africa
and Europe, this allele is much less frequent and sporadi-
cally exceeds 1%. In the Italian population, this percent-
age was reported at 1.6%'” and in Russian population
at 0.3%." In our group of 188 patients, there was no single
CYP2C19*3 mutation. To the best of our knowledge, our
study is the first work which investigates the incidence
of the CYP2C1973 allele in the Polish population. The re-
sults confirm poor inspection of the discussed allele in this
part of Europe.

Recently, CYP2C19%17 allele has been the most
frequently reported polymorphism. In Europe, the het-
erozygous form of CYP2C19*17 allelic variant can be
found in 31.7% of the population on average and the mu-
tation homozygous — in 4.2%. Thus, the differences con-
cern populations all over Europe. In Germany, the inci-
dence of at least 1 allele 17 was reported at the frequency
of 41%, in France 20% and in Sweden 18%.>%!! In Poland,
Kurzawski et al. analyzed the distribution of these poly-
morphisms in a group of 125 patients and found allele
*17 in 27.2% of patients.?’ Widespread dissemination
of the allele polymorphism in Africa is rarely reported
in literature, but some reports indicate a frequency simi-
lar to that of the Caucasian population.?* The incidence
of the allele *17 in the Japanese population is estimated
at 1.3%*? and Chinese at 4%.° In our study on CYP2C19%17
polymorphisms, a higher incidence of this allele (40.8%
heterozygous individuals and 4% homozygotes) was found,
compared to the study by Kurzawski et al.” Nevertheless,
when results obtained in this study are compared with
those from a large group of over 1,500 German patients,
one will find them to be very similar.® They also corre-
spond to the results of studies conducted and published
in Poland by Kubica et al.?*

In the study, the prevalence of the phenotype absorp-
tion and metabolism was assessed for the first time
in the Polish population. As many as 14.6% of patients
showed a cumulative occurrence of the polymorphism
of the investigated genes which condition the malabsorp-
tion of clopidogrel and its impaired metabolism. The use
of clopidogrel in this group of patients may pose a particu-
lar risk of achieving an inadequate effect of the drug and,
hence, the risk of thromboembolic complications with all
clinical implications.

The reported variability in polymorphism frequency,
with confirmation of increased platelet reactivity despite
clopidogrel administration, is a serious clinical problem.
The presence of these polymorphisms is an independent
and contributing factor to HPR and thromboembolic com-
plications following ACS. This data, confirming a relatively
high level of penetration in the area of clopidogrel poly-
morphisms, should prompt Polish clinicians to recom-
mend firstly the most recent antiplatelet drugs (ticagrelor
or prasugrel), in spite of significantly higher costs of such
pharmacotherapy for their patients.
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Abstract

Background. Ticagrelor and prasugrel are widely used as antiplatelet therapy after coronary angioplasty.
However, there is a group of patients with indications for clopidogrel treatment. This population includes
patients with chronic or acute coronary syndrome who are treated invasively and have contraindications
to the use of novel antiplatelet drugs due to antithrombotic treatment (particularly with non-vitamin K an-
tagonist oral anticoagulants). A wide range of generic forms of clopidogrel are available on the market.
However, it is unclear whether they are as effective as the originator drug.

Objectives. Inthe current study, we aimed to assess the concentrations of the active metabolite of clopidogrel
and its effect on platelet aggregation inhibition in patients receiving the originator drug in comparison with
those receiving generic dlopidogrel.

Materials and methods. We enrolled 22 healthy individuals without polymorphisms in the ABCBT gene and
the allele variants CYPC19*2 and CYP(79*3. Al participants received a loading dose of clopidogrel (600 mg),
followed by a maintenance dose of 75 mg for the next 3 days. On day 3, blood samples were obtained
1h after drug administration to assess active metabolite concentrations using liquid chromatography with
tandem mass spectrometry. In each participant, platelet aggregation was assessed with light transmission
aggregometry after 5-umol/L and 10-umol/L adenosine diphosphate (ADP) stimulation. Assays were per-
formed for the originator clopidogrel and 2 different generic groups.

Results. The mean + standard deviation (SD) concentrations of active clopidogrel did not differ between
the originator drug and 2 generic products with clopidogrel (1275 pg/uL compared to 13.0 +4 pg/jL
compared to 144 +4pg/uL). Platelet aggregation inhibition after stimulation with 5 pmol/L and 10 ymol/L
ADP was similar for all preparations.

Conclusions. In comparison with original clopidogrel, the use of its generic form does not affect the blood
concentrations of the active metabolite or its antiplatelet effect.

Key words: ABCB1, clopidogrel active metabolite, CYP(19*2, CYPC19*3, clopidogrel bioequivalence
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Introduction

Although ticagrelor and prasugrel are increasingly
widely used as antiplatelet therapy after coronary angio-
plasty, there is a large group of patients with indications for
clopidogrel treatment. This population includes primarily
symptomatic patients with chronic coronary syndrome
and acute coronary syndrome (ACS), who are treated
invasively, and who have contraindications to the use
of novel antiplatelet drugs due to concomitant atrial fi-
brillation and antithrombotic treatment (particularly with
non-vitamin K antagonist oral anticoagulants).”? Several
generic forms of clopidogrel are available on the market.
However, itis unclear whether they are as effective in daily
clinical practice as the originator drug. It has been shown
that agreement between platelet function measurements
is relatively poor in patients receiving original and generic
clopidogrel bisulfate forms.? Thus, physicians may be cau-
tious when routinely introducing generic clopidogrel bi-
sulfate. On the other hand, risks of mortality, bleeding and
drug discontinuation were not different between Plavix
and generics.* The available evidence is therefore limited
and does provide sufficient data on differences in efficacy
or safety between branded and generic products.

Clopidogrel is a prodrug metabolized to its active form
through complex biochemical processes in the liver.>®
Its absorption is regulated by glycoprotein P, a transport
protein encoded by the ABCBI gene. Eight-five percent
of the absorbed drug is transformed by carboxyl esterases
into a major but inactive clopidogrel metabolite — a car-
boxylic acid derivative. Only 15% of the absorbed clopido-
grel is transformed by cytochrome P450 (CYP) isoenzymes
(CYP2B6, CYP2C9, CYP2CI9, and CYP3A4) into a thiol
metabolite, which is responsible for blocking adenosine
diphosphate (ADP) binding to the platelet P2Y, receptor
and ADP-induced platelet aggregation.

Objectives

In the current study, we aimed to assess the concentra-
tions of clopidogrel active metabolite as well as its effect
on platelet aggregation inhibition, in patients receiving
the originator drug in comparison with those receiving
generic clopidogrel. Active metabolite generation following
clopidogrel administration is diminished by limited intes-
tinal absorption (which may be influenced by the ABCBI
gene polymorphism), as well as by functional variability
in the activity of the CYP isoenzymes (which is influenced
by single nucleotide polymorphisms (SNPs) in genes en-
coding the CYP isoenzymes).” Therefore, to exclude ge-
netic variability that might affect drug concentration
and activity, participants were assessed for the presence
of the most common genetic polymorphisms that reduce
the absorption (ABCBI) and activation (CYPC19*2 and
CYPC19*3) of clopidogrel.
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Materials and methods
Study population

We enrolled 22 healthy, non-smoking participants,
who provided written informed consent to be included
in the study. The study protocol was approved by the bio-
ethics committee of Wroclaw Medical University, Poland.
None of the participants were carriers of polymorphisms
in the ABCBI gene or the allele variants CYPC19*2
or CYPCI9*3. The study protocol was approved by the bio-
ethics committee of Wroclaw Medical University, and it
was also in line with the Helsinki Declaration.

Genetic studies

To identify genetic polymorphism, genetic material was
extracted from 200 pL of whole-blood samples of each pa-
tient, using the High Pure PCR Template Preparation Kit
(Roche Diagnostics, Warszawa, Poland). Using the ability
of the DNA to bind with silica under certain conditions,
the lysate was centrifuged in a mini-column containing
the silica membrane, which was then rinsed twice with
a washing buffer. Finally, a mini-column elution buffer
was applied to the membrane to recover the purified
DNA. Next, amplified polymerase chain reaction (PCR)
was carried out with the use of 3 pairs of specific primers
for CYP2C19*3, ABCBI (C3435C> T) and CYP2Ci19%2,
as well as a Multiplex PCR Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s instructions. A single nu-
cleotide polymorphism of CYP2C19*2, CYP2C19*3 and
ABCBI was genotyped using a mini-sequencing technique,
which is a modification of PCR. The SNaPshot Multiplex
Kit (Applied Biosystems, Foster City, USA) was used for
the analysis, according to the manufacturer’s instructions.
The mini-sequencing reaction was performed with specific
primers designed to hybridize to the template, ending be-
fore the designated polymorphic site. Dideoxynucleotide
triphosphates, or fluorescent-labeled terminators, were
involved in the reaction. Product detection was performed
with capillary electrophoresis, using a 3130 Genetic Ana-
lyzer (Applied Biosystems). The results were analyzed with
the use of the GeneMapper ID v. 3.2 program (Applied Bio-
systems) against the internal GeneScan™ LIZ 120 standard.

Clopidogrel administration,
blood collection and plasma preparation

At baseline, all participants received a loading dose
of original clopidogrel (600 mg), followed by a mainte-
nance dose of 75 mg for the next 3 days. On day 3, blood
samples of 7.5 mL were drawn into collection tubes con-
taining ethylenediaminetetraacetic potassium salt, to as-
sess the concentrations of the drug active metabolite
in patients’ plasma. Samples were obtained 1 h after drug
administration (Clh), taking into account the high active
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metabolite concentration reported in previous pharmaco-
kinetic studies.” Due to the irreversible nature of the re-
ceptor modification, subsequent clopidogrel preparations
were analyzed after 1 week, which ensured a natural res-
toration of the platelet pool. In this crossover study, as-
says were performed separately for the originator drug
— Plavix (Sanofi-Aventis, Paris, France) (P) and 2 different
generic forms — Areplex (Adamed, Pieiikéw, Poland) (A)
and Egitromb (Egis Pharmaceuticals, Budapest, Hungary)
(E). Each subject received generic products and the refer-
ence product. All drugs contained clopidogrel bisulfate
as the active substance.

Sample preparation

To stabilize the active clopidogrel metabolite, 2-bromo-3-
methoxyacetophenone (MPB) was added to the blood
sample immediately after collection, in accordance with
the procedure described by Takahashi et al.®

The MPB-derivatized clopidogrel active metabolite hy-
drochloride and [13C6]-clopidogrel carboxylic acid (in-
ternal standard) were purchased from Alsachim (Illkirch-
Graffenstaden, France). Clopidogrel and clopidogrel
carboxylic acid were obtained from the Pharmaceutical
Research Institute (Warszawa, Poland). Liquid chromatog-
raphy mass spectrometry (LC-MS) grade water, methanol,
and acetonitrile were obtained from ].T. Baker (Deventer,
the Netherlands). The formic acid (purity =98%), trichloro-
acetic acid (purity 299.5%) and MPB were purchased from
Sigma-Aldrich (Poznan, Poland), while leucine-enkephalin
was sourced from Waters (Warszawa, Poland).

Plasma concentrations of clopidogrel active metabo-
lite hydrochloride, clopidogrel and clopidogrel carbox-
ylic acid were quantified using stable-isotope dilution
LC-MS, according to a modified method adapted from
Karazniewicz-Lada etal.” Briefly, a volume of 100 uL of ei-
ther plasma sample or internal standard was combined
with 20 pL of internal standard solution (500 pg/uL). Then,
400 pL of acetonitrile was added and vortexed for 5min
at 1100 rpm. After additional centrifugation, the superna-
tant was analyzed using LC with tandem MS (LC-MS/MS).

Liquid chromatography
- tandem mass spectrometry

The LC-MS/MS analysis was conducted using the nano-
ACQUITY UPLC system, combined with a Xevo G2 QT
of mass spectrometer (Waters). The analyzed compounds
were separated in the HSS C18 column with membrane
inline filter (Waters). The column temperature was set
at 45°C. Mobile phase A consisted of 0.1% formic acid in wa-
ter, while mobile phase B consisted of 0.1% formic acid
in acetonitrile with an increasing gradient. The total run
time of the method was 4min, with a flow rate of 45 pL/min.

Mass spectra for the analyzed compounds were ac-
quired in positive ion mode electrospray ionization. Data
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acquisition was performed with MassLynx Software (Wa-
ters), using the characteristic precursor and product ions.
A quantitative analysis was also performed using QuanL-
ynx software (Waters). We considered a range of 80-125%
as an acceptance interval criterion for the clopidogrel mean
concentration ratio for each tested product. For the mea-
surement of clopidogrel active metabolite, a previously
known measurement method was used, which was subject
to detailed validation.”

Platelet aggregation

For each participant, platelet aggregation was assessed
on day 3 of treatment with each preparation. Blood samples
were obtained from a venous cannula into 2 tubes con-
taining 0.109 mol/L of trisodium citrate, and centrifuged
atroom temperature (800 x g for 15 min) to collect platelet-
rich plasma. The sample was re-centrifuged at 2400 x g for
15 min, and platelet-poor plasma was collected. Platelet
reactivity was assessed within 2 h of collection, with light
transmission aggregometry as developed by Born,’ using
a single-channel Chrono Log 560CA lumi-aggregometer
(Chrono-Log, Haverton, USA). A platelet-poor plasma sam-
ple with 100% light transmission was used as a reference.
Next, consecutive platelet-rich plasma samples (light trans-
mission, 0%) were placed in cuvettes and stimulated with
adenosine diphosphate (ADP; 5 pmol/L and 10 pmol/L).
The results were expressed as percentage of the maximum
platelet aggregation (MPA) within 6 min. Calculations and
platelet aggregation curves were performed using the dedi-
cated Agro-Link software (Chrono-Log). All reagents and
laboratory equipment were purchased from Biogenet (Pi-
aseczno, Polska). They were stored and used according
to the manufacturer’s instructions.

Cut-oftf MPA values higher than 46% and 67% were
used to identify the lack of response to stimulation with
5 pmol/L and 10 pmol/L ADP, respectively.

Statistical analysis

The statistical analyses were performed using the STA-
TISTICA v. 9.0 PL program (StatSoft Inc., Tulsa, USA).
The variance homogeneity of each quantitative variable
was determined using Levene's test. To compare the quan-
titative variables between groups, a one-way analysis
of variance (ANOVA) was used. All hypotheses were veri-
fied at the statistical significance level p < 0.05.

Results

Demographic and clinical features of participants are
presented in Table 1. The genetic analysis revealed that
none of the participants were carriers of genetic polymor-
phisms responsible for reduced clopidogrel absorption and
metabolism.
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Table 1. Study population characteristics

Parameter | Study cohort
Age [years] 32 46,5
Sex (F/M) 8/14
Diabetes 0
Hypertension 0
Smoking 0
Hemoglobin [g/dL] 123+13
White blood cells [10%/L] 73404
Creatinine [mg/dL] 0904
Creatinine clearance [mL/min] 106.7 £11.2
Body mass [kg] 62.7+16.3
BMI 246+42

Sl conversion factors: to convert creatinine to pmol/L, multiply by 88.4.
F - female; M — male; BMI — body mass index. Data are presented
as mean = standard deviation (SD).

We did not find any significant differences in the Clh
concentrations of active clopidogrel between differ-
ent preparations, specifically 12.7 £5 pg/pL in group P,
compared to 13.0 +4 pg/uL in group A and 14.4 +4 pg/uL
in group E. This data is presented in Fig. 1.

Mean platelet aggregation inhibition values were similar
for all drugs, without any significant differences, both after
stimulation with 5 pmol/L ADP and 10 pmol/L ADP. Ag-
gregation data are shown in Table 2.

p=0.18

L
| —— |

201
18
164
144
124

o original P
o generic A
o generic E

101

active clopidogrel metabolite
concentration [pg/uL]

o N B O

Fig. 1. Concentrations of clopidogrel active metabolite for original and
generic drug

Table 2. Platelet aggregation values after ADP stimulation

Platelet
aggregation
5-pmol/L ADP 34.5£9 35.0+7 366 £8
10-pumol/L ADP 40.7 +9 40048 3718

Data are presented as mean + standard deviation (SD). ADP - adenosine
diphosphate.

26

Discussion

Multiple lines of evidence suggest that insufficient active
metabolite generation is the primary reason for variability
in clopidogrel response and the lack of response where
a negligible antiplatelet effect of clopidogrel is observed.
High platelet reactivity to clopidogrel has been found to be
associated with a significantly higher incidence of ischemic
recurrence in patients undergoing percutaneous coro-
nary intervention with stent implantation.">° Therefore,
the equal efficacy of generic drugs to that of the originator
remains an important issue.

The cut-off values for defining clopidogrel non-re-
sponsiveness using aggregometry are often arbitrary.'’
The most important studies focusing on platelet activity
used various concentrations of the P2Y, receptor inhibi-
tor. The most common agonist in the largest studies was
5 pmol/L and 20 pmol/L ADP. In a group of 1069 patients
with established chronic coronary syndrome undergoing
percutaneous coronary intervention, Breet et al.'? showed
that an MPA of 42.9% or higher for 5 pmol/L ADP and
of 64.5% or higher for 20 umol/L ADP was associated with
an increased risk of death, myocardial infarction, stent
thrombosis, and ischemic stroke during a one-year follow-
up. Gurbel et al.!" reported a higher risk of cardiovascular
events in a two-years follow-up in patients with an MPA
higher than 46% and 59%, respectively. Cuisset et al.1? re-
vealed an elevated risk of stent thrombosis for an aggrega-
tion cut-off value higher than 67%. In 2010, Bonello et al.*
published a consensus statement in which they proposed
an ADP (5 umol/L)-induced MPA of 46% as a cut-off value
to identify high platelet reactivity. In our study, we accepted
the recommended threshold of 46% for MPA induced
by 5 umol/L ADP, while for 10 pmol/L ADP, the cut-off
value of more than 67% was used to identify an inadequate
response to clopidogrel, as in the study by Cuisset et al.!?

The quantitative assessment of the active form of clop-
idogrel in blood is a complex process, particularly due
to the short half-life of the drug. High-performance liquid
chromatography assays are not sensitive enough to mea-
sure clopidogrel levels in biological fluids after oral ad-
ministration of therapeutic doses. The LC-MS/MS has
been increasingly used because it can analyze test samples
regardless of their purity in biological substances and mea-
sure drug concentrations in blood with high sensitivity and
selectivity."*'® In our study, we used modified methods
that allow for the stabilization of the active metabolite
in blood.® The time of blood sampling, 1 h after drug ad-
ministration, was chosen based on previous clopidogrel
pharmacokinetic studies.” We decided to test each clopi-
dogrel product after 1 week of treatment discontinuation,
as it has been proven that complete recovery of platelet
function can be seen 7 days after the last clopidogrel dose.'®

We showed that the use of generic forms of clopido-
grel does not significantly affect the blood concentra-
tions of the active metabolite in healthy individuals with
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the absence of the most common genetic polymorphisms
(ABCBI, CYPCI19*2 and CYPCI19*3). Moreover, none of our
participants showed a lack of response to antiplatelet treat-
ment, expressed as a low rate of platelet aggregation inhi-
bition. Therefore, the original clopidogrel and the tested
generic forms can be considered equivalent.

Our findings are in line with previous studies that re-
vealed similar efficacy of the original and generic forms
of clopidogrel in patients with ACS and chronic coronary
syndrome.'”!® However, other studies have reported con-
tradictory results.'*? An Italian study evaluated 1579 pa-
tients with ACS and found that a significantly higher
proportion of patients treated with clopidogrel base had
high platelet reactivity when compared with original clopi-
dogrel. However, it is important to note that clopidogrel
base is a generic preparation that differs from original
clopidogrel, which is formulated using clopidogrel bisul-
fate. In contrast, in our study, both generic and original
clopidogrel contained the same salt.

Limitations

Our study has several limitations. First, the study group
was relatively small, and we did not assess the presence
of other polymorphisms and other variables that might
have affected drug concentrations in blood. However, our
results indicate that the generic preparations of clopidogrel
bisulfate tested have similar efficacy to original clopidogrel
and thus may be used in clinical practice.

Conclusions

In comparison with original clopidogrel, the use of its
generic form does not affect the blood concentrations
of the active metabolite or its antiplatelet effect.
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Abstract

Introduction
Although ticagrelor and prasugrel remain the standard of antiplatelet treatment in acute coronary
syndrome (ACS), numerous patients still present with indications for clopidogrel use.

Aim

We aimed to assess the levels of clopidogrel active metabolite and to evaluate the effect of the drug
on platelet inhibition in patients with ACS as compared with those with stable coronary disease.
Patients were assessed for the presence of the most common genetic polymorphisms that reduce
the absorption (ABCB1) and activation (CYP2C19*2 and CYP2C19*3) of clopidogrel to exclude the
effect of genetic variability on drug concentrations and activity.

Material and methods

This single-center, open-label, prospective study included 199 patients hospitalized due to ST-
segment elevation myocardial infarction (STEMI) or non-STEMI (NSTEMI) in Killip class I-1ll, who
underwent percutaneous coronary intervention. The control group included 22 patients with stable
coronary artery disease.

Results

The mean (SD) levels of active clopidogrel were 17.1 (12.3) ng/ml in controls and 16.4 (12.0) ng/ml in
the whole study group (P <0.68). No differences were noted in clopidogrel levels between patients
with STEMI and NSTEMI (mean [SD], 17.6 [2.3] ng/ml and 15.1 [11.5] ng/ml; P <0.45) or between
STEMI and NSTEMI groups and controls (P <0.38 and P <0.61, respectively). No effect of ABCB1
and CYP2C19 polymorphism was observed in the study subgroups.

Conclusions

We showed that ACS does not affect the levels of clopidogrel active metabolite or platelet inhibition
in patients in Killip class I-1ll with or without CYP2C19 or ABCB1 gene polymorphisms.
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The influence of acute coronary syndrome on the levels of clopidogrel active metabolite and
platelet inhibition in patients with and without CYP2C19%2(681 G>A),*3(636 G>A) and

ABCB1(C3435C> T) gene polymorphisms

Short title: Clopidogrel active metabolite in acute coronary syndrome

ABSTRACT

Introduction. Although ticagrelor and prasugrel remain the standard of antiplatelet treatment in
acute coronary syndrome (ACS), numerous patients still present with indications for clopidogrel
use.

Aim. We aimed to assess the levels of clopidogrel active metabolite and to evaluate the effect of
the drug on platelet inhibition in patients with ACS as compared with those with stable coronary
disease. Patients were assessed for the presence of the most common genetic polymorphisms that
reduce the absorption (ABCBI) and activation (CYP2C19*2 and CYP2C19%3) of clopidogrel to
exclude the effect of genetic variability on drug concentrations and activity.

Material and Methods. This single-center, open-label, prospective study included 199 patients
hospitalized due to ST-segment elevation myocardial infarction (STEMI) or non-STEMI
(NSTEMI) in Killip class I-III, who underwent percutaneous coronary intervention. The control
group included 22 patients with stable coronary artery disease.

Results. The mean (SD) levels of active clopidogrel were 17.1 (12.3) ng/ml in controls and 16.4
(12.0) ng/ml in the whole study group (P <0.68). No differences were noted in clopidogrel levels
between patients with STEMI and NSTEMI (mean [SD], 17.6 [2.3] ng/ml and 15.1 [11.5] ng/ml;
P <0.45) or between STEMI and NSTEMI groups and controls (P <0.38 and P <0.61,

respectively). No effect of ABCBI and CYP2C19 polymorphism was observed in the study
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subgroups.
Conclusions. We showed that ACS does not affect the levels of clopidogrel active metabolite or
platelet inhibition in patients in Killip class I-IIT with or without CYP2CI9 or ABCBI gene

polymorphisms.

Authors:
Tomasz Wéjcik', Bozena Karolko', Jerzy Wisniewski’, Andrzej Mysiak', Krzysztof Sciborski',

Grzegorz Onisk', Arleta Lebioda®, Anna Jonkisz®, Marcin Protasiewicz'

' Department of Cardiology, Wroclaw Medical University, Wroctaw, Poland
2 Department of Biochemistry, Wroclaw Medical University, Wroctaw, Poland

3 Department of Molecular Techniques Wroclaw Medical University, Wroctaw, Poland

Correspondence to: Tomasz Wéjcik,
Department of Cardiology, Wroclaw Medical University,
ul. Borowska 213, 50-556 Wroclaw, Poland,

email: t.k.woojcik @gmail.com, ORCID: 0000-0001-9987-4872, phone: +48 71 7364200

Key words

active clopidogrel metabolite, acute coronary syndrome, ABCBI, CYP2C19

X3 Editorial
- System

30

2



M

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

ADVANCES IN INTERVENTIONAL

Manuscript body CARDIOLOGY

Download source file (41.76 kB)

Introduction

Although ticagrelor and prasugrel have become the standard of antiplatelet treatment in acute
coronary syndromes (ACSs), a large group of patients still present with indications for the use of
clopidogrel. In particular, this refers to patients with stable coronary artery disease who are
treated invasively as well as patients with ACS who have contraindications to the use of novel
antiplatelet drugs (eg, due to a high risk of bleeding associated with antithrombotic treatment) [1-
31-

Clopidogrel is a prodrug that is metabolized to its active form by cytochrome p450 via complex
biochemical processes that occur in the liver. The absorption of clopidogrel is regulated by
glycoprotein P [4]. Only the active metabolite of clopidogrel can block the P2Y 12 receptor, thus
leading to inhibition of platelet activation and aggregation. It is believed that the clinical status of
patients may affect clopidogrel metabolism [5,6], which, in turn, may influence the antiplatelet
effect of its active metabolite.

In the current study, we aimed to assess the levels of clopidogrel active metabolite with liquid
chromatography — tandem mass spectrometry (LC-MS/MS) and to evaluate the effect of the drug
on platelet inhibition in patients with ST-segment elevation myocardial infarction (STEMI) and
non-STEMI (NSTEMI). To exclude genetic variability that might have affected the drug
concentration and activity, patients were also assessed for the presence of the most common
genetic polymorphisms that reduce the absorption (ABCB/) and activation (CYP2C19*2 and

CYP2C19%3) of clopidogrel.

Material and Methods
Study population

This single-center, open-label, prospective study included 199 patients hospitalized due to
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NSTEMI (n=91) or STEMI (n=108), who underwent percutaneous coronary intervention (PCI)
with drug-eluting stent implantation. Patients with cardiogenic shock and those with Killip class
IV were excluded. All patients provided written informed consent to participate in the study, and
the study was approved by the local ethics committee.

The control group included 22 patients with stable coronary artery disease treated with PCI. All
participants of the control group were tested to exclude the presence of ABCB/ as well as
CYP2C19%*2 and CYP2C19*3 gene polymorphisms.

All patients provided written informed consent to participate in the study, and the study was

approved by the Wroclaw Medical University Ethics Committee.

Clopidogrel administration, blood collection, and plasma preparation

All participants received a loading dose of clopidogrel containing clopidogrel bisulfate as the
active substance (600 mg), followed by a maintenance dose of 75 mg for the next 3 days. On day
3, blood samples were obtained 1 hour after drug administration to assess the concentrations of

the active metabolite.

Sample preparation

The method used to assess clopidogrel active metabolite was described in our previous study [7].
Briefly, to stabilize the active clopidogrel metabolite, immediately after blood collection 2-
bromo-30-methoxyacetophenone (MPB) was added to the sample. The MPB-derivatized
clopidogrel active metabolite hydrochloride and [13C6]-(+)-clopidogrel carboxylic acid (internal
standard) were purchased from Alsachim (Illkirch-Graffenstaden, France). Clopidogrel and
clopidogrel carboxylic acid were obtained from Pharmaceutical Research Institute (Warsaw,

Poland). Liquid chromatography — mass spectrometry (LC-MS) grade water, methanol, and
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acetonitrile were obtained from J.T. Baker (Deventer, the Netherlands). The formic acid (purity
>98%), trichloroacetic acid (purity >99.5%), and MPB were purchased from Sigma-Aldrich
(Poznan, Poland), while leucine-enkephalin, from Waters (Warsaw, Poland). The serum
concentrations of clopidogrel active metabolite hydrochloride, clopidogrel, and clopidogrel
carboxylic acid were quantified by stable-isotope dilution LC-MS, according to a modified
method adapted from Karazniewicz-ELady et al [4]. After additional centrifugation, the

supernatant was analyzed using LC-MS/MS.

Liquid chromatography — tandem mass spectrometry

The LC-MS/MS analysis was performed using the nanoACQUITY UPLC system combined with
a Xevo G2 QTof mass spectrometer (Waters, Warsaw, Poland). The analyzed compounds were
separated in the HSS C18 column with membrane inline filter (Waters, Milford, Massachusetts,
United States) at 45°C. Mobile phase A consisted of 0.1% formic acid in water, while mobile
phase B consisted of 0.1% formic acid in acetonitrile with an increasing gradient. The total run
time of the method was 4 minutes, with a flow rate of 45 pl/min. Mass spectra for the analyzed
compounds were acquired in positive ion mode electrospray ionization. Data acquisition was
performed by means of the MassLynx Software (Waters, Warsaw, Poland), using the
characteristic precursor and product ions. A quantitative analysis was performed using the

QuanLynx software (Waters, Warsaw, Poland).

Platelet aggregation
Platelet aggregation was assessed on day 3 of clopidogrel treatment. Blood samples were
obtained from a venous cannula into 2 tubes containing 0.109-mol/] trisodium citrate. Then, the

blood was centrifuged at room temperature (800 x g for 15 minutes) to collect platelet-rich
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plasma. The sample was recentrifuged at 2400 x g for 15 minutes, and platelet-poor plasma was
collected. Platelet reactivity was assessed within 2 hours since collection by light transmission
aggregometry developed by Born [6], using a single-channel Chrono Log 560CA lumi
aggregometer (Chrono-log, Haverton, Pennsylvania, United States). A platelet-poor plasma
sample with 100% light transmission was used as a reference. Consecutive platelet-rich plasma
samples (light transmission, 0%) were placed in cuvettes and stimulated with adenosine
diphosphate (ADP; 5 pmol/l and 10 pmol/l). The results were expressed as percentage of the
maximum platelet aggregation (MPA) within 6 minutes. Calculations and platelet aggregation
curves were performed using the dedicated AgroLink software (Chrono-log, Haverton,
Pennsylvania, United States). All reagents and laboratory equipment were purchased from
Biogenet (Piaseczno, Poland). They were stored and used according to the manufacturer’s
instructions. The cutoff MPA values of higher than 46% and 67% were used to identify the high
on-treatment platelet reactivity (HPR) to stimulation with 5-pmol/l and 10-umol/l ADP,

respectively

Genetic studies

To identify ABCB1(rs1045642, ¢.3435C> T), CYP2C19*2 (rs4244285, ¢.681 G>A), and
CYP2C19*3 (rs4986893, ¢.636 G>A) polymorphism, a genetic material was extracted from 200
pl of whole-blood samples of each participant, using the High Pure PCR Template Preparation
Kit (Roche Diagnostics GmbH, Mannheim, Germany). The lysate was centrifuged in a mini-

column containing the silica membrane, which was then rinsed twice with a washing buffer.

Finally, a mini-column elution buffer was applied to the membrane to recover the purified DNA.

Next, polymerase chain reaction (PCR) was carried out with 3 pairs of specific primers for

CYP2C19*3(636 G>A), ABCB1 (C3435C> T), and CYP2C19*2 (681 G>A) with use &
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Multiplex PCR Kit (QIAGEN, Hilden, Germany), according to the manufacturer’s instructions. A
single nucleotide polymorphism of CYP2C19%2, CYP2C19%*3, and ABCBI was genotyped using
a minisequencing technique, which is a modification of PCR. The SNaPshot Multiplex Kit
(Applied Biosystems, Foster City, California, United States) was used for the analysis, according
to the manufacturer’s instructions. The minisequencing reaction was performed with specific
forward and reverse primers designed to hybridize to the template, ending before the designated
polymorphic site. Dideoxynucleotide triphosphates, or fluorescent-labeled terminators, were
involved in the reaction. Product detection was performed with capillary electrophoresis, using a
3130 Genetic Analyzer (Applied Biosystems). The results were analyzed with the GeneMapper
ID v. 3.2 software (Applied Biosystems) against the internal GeneScan™ LIZ 120 standard.
Patients with at least one allele that negatively affects clopidogrel metabolism (CYP2C19%2, *3),
were assigned to the loss-of-function (LoF) group, as opposed to the normal-function group
(NoF), which included patients with CYP2C19*]. The study population was also divided into so
called “good absorbers” (the GA group homozygous for the wild-type allele at position 3435CC)
and “poor absorbers” (the PA group with heterozygous [TC] and homozygous [TT] mutations of

the ABCB1 gene).

Statistical analysis

The statistical analysis was performed using the Statistica 9.0 PL program. The type of variable
distribution was determined by the Shaipro-Wilk test. For the comparison of quantitative
variables between two groups, depending on the distribution of the variable, the U'Mann-Whitney
or T-student test were used. For more than two groups and variables with an abnormal

distribution the ANOV A Rang Kruskal Wallis was used. The chi-square test was used to compare
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the frequency of the occurrence of the qualitative variable between the groups.

Results

There were no significant differences in the demographic data between the study and control
groups (Table 1). The results of exact genotype distributions are briefly summarized in Table 2.
There were no CYPC19*3 allel carriers in the entire population.

The median (IQR) levels of active clopidogrel in 22 controls were 16.7 (9.0-21.1) ng/ml, as
compared with 14.9 (6.9-21.9) ng/ml for the whole study group (P <0.59). A subgroup analysis
revealed no differences in the levels of active clopidogrel between patients with STEMI and
those with NSTEMI (median [IQR], 16.1 [7.8-23.4] ng/ml and 13.6 [9.5-19.1] ng/ml; P <0.32).
No differences were also noted between patients with STEMI and controls or between those with
NSTEMI and controls (P <0.33 and P <0.54, respectively). Moreover, the levels of active
clopidogrel did not differ between the NoF and LoF groups (P <0.47) or between the PA and GA
groups (P <0.71). The simultaneous presence of the ABCB! and CYP2C19%*2 polymorphisms
(PA+LoF) was not associated with lower drug levels in comparison with the GA+NoF group (P =
0.28). There were no significant differences between the individual genetic subgroups in the
whole study population (Figure 1 A) or separately in patients with STEMI and NSTEMI (Figure
IBand1C).

Platelet inhibition, both after stimulation with 5-umol/l and 10-umol/l ADP, was similar in all
study subgroups as well as controls (Figure 2 A, B, C and Figure 3 A, B, C).

High on-treatment platelet reactivity was noted in 26.7% of controls, as compared with 28.1% of
the whole study population (P = 0.89). Moreover, there were no differences in HPR between the

STEMI group [29,6%] and controls (P = 0.76) or between the NSTEMI group [27,1%] and
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controls (P = 0.83).
In a linear regression model including clinical data and genetic analysis, no relationship was

found between these variables and the concentration of clopidogrel active metabolite.

Discussion

A short half-life of active clopidogrel complicates the quantitative assessment of its blood levels.
To date only few high-performance liquid chromatography assays appeared sensitive enough to
measure active clopidogrel levels in human plasma [8]. In our study, we used modified methods
that allowed us to stabilize the clopidogrel active metabolite in blood.[7] To assess its
concentrations, we decided to use LC-MS/MS because it can determine the drug concentrations
in blood with high sensitivity and selectivity [9,10].

The cutoff values for defining clopidogrel nonresponsiveness using aggregometry are often
arbitrary. In 2010, Bonello et al [11] published a consensus statement in which they proposed a
5-pumol/l ADP—induced MPA of 46% as a cutoff value to identify HPR. In our study, we accepted
this recommended threshold for MPA induced by 5-umol/l ADP, while for 10-pmol/l ADP, the
cutoff value of more than 67% was used to identify inadequate response to clopidogrel, similarly
to a study by Cuisset et al.[12]

Multiple data suggest that insufficient active metabolite generation is a significant reason for
variability in clopidogrel response. High on-clopidogrel platelet reactivity has been reported to be
associated with a significantly higher incidence of ischemic adverse effects in patients
undergoing PCI. There is evidence suggesting that the severity of the patient’s clinical status
significantly affects clopidogrel metabolism, which consequently influences the concentrations
and antiplatelet effects of its active metabolite. Among patients admitted to intensive care units,

the number of poorly responding individuals was reported to range from 65% to 80%. [5] The
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generation of clopidogrel active metabolite was markedly reduced when compared with healthy
volunteers or other patient groups.[13-15]. In a study by Sou¢kova et al [6], including patients
undergoing successful cardiopulmonary resuscitation who received clopidogrel because of a PCI,
clopidogrel bioavailability and platelet inhibition were diminished when compared with patients
in a stable clinical condition. [6]

Our findings show that in patients with lower cardiovascular burden (ie, patients with STEMI and
NSTEMI but excluding those with cardiogenic shock and those with Killip class IV), ACS is not
associated with changes in the blood levels of clopidogrel active metabolite or platelet
aggregation in comparison with patients with stable coronary artery disease. No differences in the
analyzed parameters were also shown between patients classified according to the type of ACS
(STEMI vs NSTEMI).

Our data on the incidence of HPR are in line with previous studies, which reported the incidence
of HPR in about 30% of the population [16,17].

Considering the available data on the possible effect of the CYP2C19 and ABCBI polymorphisms
on the bioavailability of clopidogrel and its antiplatelet effects, we decided to assess platelet
aggregation and the levels of clopidogrel active metabolite in combination with genotyping.
Precise data on ABCBI and CYP2C19 genotype distribution observed in our population
(Summarized in Table 2) was published previously [7]. Results were very similar to previous
observations in Caucasian population [18,19] and confirm poor inspection of the CYP2CI9 *3
polymorphism in this part of Europe.

Our study revealed no correlations between ABCBI and CYP2C19*2 polymorphisms and the
drug concentrations or platelet aggregation.Available data on the effect of ABCBI and CYP2C19
polymorphisms on the concentrations of clopidogrel active metabolite and platelet aggregation

are contradictory [20]. The ABCBI C3435T polymorphism has been associated with changes in
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the intestinal efflux of drugs and thus their bioavailability [21]. A clinical study in patients
undergoing PCI reported that peak plasma concentrations and area under the curve of clopidogrel
active metabolite following the administration of a loading dose of clopidogrel were significantly
lower in 3435T/T homozygotes than those in 3435C/T heterozygotes or 3435C/C (wild-type)
homozygotes [22]. However, these results were not confirmed by subsequent studies for the
maintenance clopidogrel doses of 75 mg or 150 mg [23,24]. Our findings are in line with the
results of 2 meta-analyses showing that the ABCBI C3435T polymorphism is unlikely to play a
major role in between-subject variability in response to clopidogrel [25,26].

The available data on the CYP2C19 polymorphism on the blood levels of clopidogrel active
metabolite were mostly derived from studies on young healthy volunteers. A major study on the
effect of genes on the hepatic metabolism of clopidogrel, conducted in a group of healthy
volunteers, demonstrated that the carriers of a mutant allele of the CYP2C19 gene had lower
plasma levels of clopidogrel by 32.4% and higher platelet aggregation by 25% as compared with
noncarriers.[ 18] Similar findings were reported by Kelly et al [27], who studied 90 healthy young
Chinese subjects. We lack big data in older population with high cardiovascular burden, only
Xia-Quin et al showed that the genetic polymorphisms of CYP2C9*2 and ABCB/ affect the
pharmacokinetic and pharmacodynamic responses to clopidogrel in patients with ACS [14]. More
convincing data refer only to the effect of the CYP2C19 polymorphism on the clinical course of
ACS in patients receiving clopidogrel. However, there is no information on how the
polymorphism affects drug concentrations and platelet aggregation. In the TRITON-TIMI 38 trial
(Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with
Prasugrel-Thrombolysis in Myocardial Infarction 38) the carriers of CYP2C19 reduced-function
allele had an increased risk of ischemic adverse events [18]. Similarly, studies reported that

CYP2C19 reduced-function alleles were associated with worse clinical outcomes, including

Editori
System 1

39



256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

279

ADVANCES IN INTERVENTIONAL

Manuscript body CARDIOLOGY

Download source file (41.76 kB)

cardiovascular death, myocardial infarction, and stroke [28-31]. This observation was confirmed
by several meta-analyses [32-34].

Importantly, also in our studies healthy volunteers without CYP2C19*2 and ABCB!
polymorphisms had higher levels of clopidogrel active metabolite (P <0.001) and reduced platelet
aggregation (P <0.05), as compared with ACS patients (in press). This may suggest that the effect
of genetic polymorphism on drug concentrations and platelet aggregation is much more notable
in younger and more homogenous populations, while other factors, such as age, diabetes, renal
insufficiency, and the use of multiple medications, including other cytochrome p450-metabolized
drugs [18], have a significantly greater effect on reduced bioavailability and antiplatelet effects of
clopidogrel in older and more heterogeneous groups, thus masking the possible influence of
genetic variability. This may partially explain why prospective randomized trials have failed to
demonstrate the efficacy of personalized antiplatelet treatment based on platelet function on
reducing the frequency of ischemic events [35-39].

Our study has several limitations. First, we included a relatively small cohort of participants from
a limited geographic region. We have to admit that study's sample was not powered sufficiently
to formulate final conclusions thus our findings need to be proved in more statistically powerful
studies. Second, we did not assess other genetic polymorphisms or other factors (diabetes,
smoking, drug use) that might have affected the drug concentrations. Moreover, considering that
the we did not find any CYP2C19%3 allels carriers and homozygous carriers of the CYP2C19*2
allele constituted only 1.5% of our study population [8] it was difficult to assess the effect of this
genetic variant on the analyzed parameters. Therefore, the relationship between these genotypes
and exposure to the active metabolite of clopidogrel and the corresponding pharmacodynamic
effects should be confirmed in larger cohorts.

Conclusions

Xy Editori
. System 2

40



282

283

284

285

286

287

289

290

291

292

293

294

298

299

300

302

303

ADVANCES IN INTERVENTIONAL

Manuscript body CARDIOLOGY

Download source file (41.76 kB)

In conclusion, our study showed that ACS is not associated with the levels of clopidogrel active
metabolite or platelet inhibition in patients with Killip class I-1II, and this association was not
affected by the presence of ABCBI and CYP2C19*2 gene polymorphisms. This suggests that
clopidogrel may be safely used in this population in the presence of contraindications to prasugrel

or ticagrelor treatment.

Conflict of interest: none declared
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Table 1. Demographic data.

ADVANCES IN INTERVENTIONAL
CARDIOLOGY

Control Study population

(n=22) (n=199) p
Age, years 63.0+8.2 65.5+99 0.64
Male, n (%) 14 (63.6) 121 (60.8) 0.98
Hypertension, n (%) 16 (72.7) 155 (77.8) 0.78
Body mass index, kg/m? 24.7+5.4 272+32 0.55
Smoking, n (%) 6(27.2) 52 (26.1) 0.89
Hyperlipideamia 15 (68.1) 132 (65.8) 0.95
Previous ML, n (%) 5(22.7) 42 (21.1) 0.91
Diabetes, n (%) 8 (36.3) 64 (32.1) 0.87
eGFR, ml/min/m? 46.5+12.6 41.3+10.1 0.63

Abbreviations: eGFR — estimate glomerular filtration rate, MI — myocardial infarction
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Table 2. Genotype distributions in the study population

Genotype frequency
NA CYPC19*2,n (%)
199 NoF LoF
GG GA AA
49 (24.6) 147 (73.9) 3(L5)
199 CYPC19*3,n (%)
NoF LoF
GG GA AA
199 (100) 0 (0) 0(0)
199 ABCB1, n (%)
GA PA
CC TC TT
32(16) 115 (57,9) 52 (26,1)

GA — good absorbers, NA - number of individuals analyzed, NoF — normal function, LoF —
loss of function, PA — poor absorbers
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Figure 2. Maximum platelet aggregation after stimulation with 5-umol/l adenosine
diphosphate in: A — the whole study group and subgroups; B =— patients with ST-segment
elevation myocardial infarction (STEMI) and STEMI subgroups; C — patients with non—ST-
segment elevation myocardial infarction (NSTEMI) and NSTEMI subgroups.

Control — control group

GA - good absorbers

PA- poor absorbers

LoF — loss of function alleles

NoF — normal function alleles
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NSTEMI — non-ST-segment elevation myocardial infarction
STEMI - ST-segment elevation myocardial infarction
Total — whole population
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Figure 3. Maximum platelet aggregation after stimulation with 10-umol/l adenosine
diphosphate: A — the whole study group and subgroups; B ~— patients with ST-segment
elevation myocardial infarction (STEMI) and STEMI subgroups; C — patients with non—-ST-
segment elevation myocardial infarction (NSTEMI) and NSTEMI subgroups.

Control — control group

GA - good absorbers

PA- poor absorbers

LoF — loss of function alleles

NoF — normal function alleles
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NSTEMI — non-ST-segment elevation myocardial infarction
STEMI - ST-segment elevation myocardial infarction
Total — whole population
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Figure 1. Levels of clopidogrel active metabolite in: A — the whole study group and
subgroups; B =— patients with ST-segment elevation myocardial infarction (STEMI) and
STEMI subgroups; C — patients with non—ST-segment elevation myocardial infarction
(NSTEMI) and NSTEMI subgroups.

Control — control group

GA - good absorbers

PA- poor absorbers

LoF — loss of function alleles

NoF — normal function alleles
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Figure 3 ADVANCES IN INTERVENTIONAL
Download source file (28.84 MB) CARDIOLOGY

NSTEMI — non-ST-segment elevation myocardial infarction
STEMI - ST-segment elevation myocardial infarction
Total — whole population
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7. Wnioski

Na podstawie przeprowadzonych badan mozna stwierdzié, ze:

1. Czestos¢ wystepowania polimorfizmu genu ABCB1 w populacji polskiej jest duza

2. Czestos¢ wystepowania polimorfizmu typu CYPC19*2 w populacji polskiej jest wzglednie duza
3. Czgstos¢ wystgpowania polimorfizmu typu CYPC19*3 w populacji polskiej jest bardzo niska

4. Badane formy generyczne klopidogrelu nie r6znig sie w stosunku do preparatu oryginalnego
zarowno pod wzgledem osiggnietych stgzen aktywnego metabolitu klopidogrelu, jak 1 jego
dziatania antyagregacyjnego

5. Wpltyw badanych polimorfizméw gendéw nie wplywa na stezenie aktywnego metabolitu
klopidogrelu we krwi pacjentow z zawalem z- 1 bez uniesienia odcinka ST oraz na dziatanie
przeciwptytkowe leku

6. Roze rodzaje ostrego incydentu wiencowego (STEMI 1 NSTEMI) nie wptywaja na stezenie
aktywnego metabolitu klopidogrelu we krwi pacjentow z OZW oraz na dziatanie przeciwptytkowe

leku.
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