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IMPROVE REVIEW EZISEE-1030HH

FU/MREIRT 2N AT ORI ERRIEST, A, EARINHERTR, TRMZENANRNEEEEER, FEIARREK
FEMERTUII/MRATT KRB RAAES . SBHI/NMRAM NMIERNRZE RS, HPREENRRZ ——RIVMRER SR
FE. MmigRNEFEA—MIENMRICNERA, EERMVMREY) SN A ENRRERER RSN O8R5 mied HEEN R
M/ MRZHT RSN T AR, BESIMRERSSERXE.

[Mm4258 0 BN S i/ v EE 2 5 MR KEX

CHMERERAREEREMUSLTRE, BLEORMERMERMERNE. SRR NATHHENTANDBESE
PR ORTIER MR M E R —MEEFER, EBEZHEURRNE. RERERELRR, RIMREAYET MR
MmN EE %, HERFRIEMTNEGTR2EMERIENEM, &#E CURE. CREDO FEZNMAMRIGKRIAWNLER, MR TMH
AR BT/ MRIATT A REZFME O MERIERE ALK, LHEAMFEEETE (Acute coronary syndrome,
ACS) HMEETEITAERERR, BRATEZIFERANMESR, AEEIIENRIMRETT, BOBENSLEME
B, BMIVMREYIRT. HIIVNMRAIRINRAERSZARN, TREELYNEYFRNE, SERNIVMUEL, ZEH
BERSEMUNGYZEREEER. 2P, AMREERSSESIENAYRRGE THRARNIZ2X3E. Mg hERTF
HEgpmlk, R I VROE IS RE RN BEERITH, RNTURE MIHUN/I MR EEE, RibAEIFtiESIn
PRISTTHRIE T S 4%,

1. MVMRTEMARR A B 1EFE W, BIERCEEREFRFH ZHEBRE (Adenosine
diphosphate, ADP) . 5-HRERETMYEKER (WMTE
1. 2) « BENKE. ADP BIRRIKI K &R Mg A2 Ak A £R
BESEYIR, NAEH—SHIERRSYR, RRML/IMREERE
B REED, YU MRERERMRLENRE, BIEEEER
M7, WMRERBAEMIERE, IEF X MEOER
WECERETIRABANESF, WMRRERS, H o FhF
BYE i MR R FRERE SR, (R ERNRRANES, HM
T H© AR RSRRE,

EmiefpdER, MMREEIFEXBNER, MR
EMeF R REREZR 5 MR, BIRM. FIRERE. T
Fo. BMAIZRERE, HEESEANBNT: SmENERAR
B, EMEEMER (VonWillebrand, vW) EFHNE
T, iR REREE M/MREFEEBE 1 (Glycoprotein 1,
GPI) 5MERRBRBNRELEMKM, #M—BXET, I
MRS IR WHANIL £, HERERIF AR, [/
HER TR, HEH—LEXNRIBGRE; R it

©2020 IMPROVE MEDICAL All Rights Reserved XESiE | Article Reading Guidance [ 1



IMPROVE MEDICAL PREEST

B 1. f)VRAGRERS. FORERESE. ERAFR

2. MVIMREEHL R

£ LRSI F, MIMRIREIREIEEER, FIWRE
£, RE. - 6. ADP. B LIRER. BOMMmiEER
A2 (ThromboxaneA2, TXA2) (HTEAIEERF4E) HAIE
HESH, BRMVVMRIRSE, ENEERMI/WR EHERE
SHRBITES, BHIVMBRESES, REERMNIFHE
RE (Cyclic Adenosine monophosphate, cAMP) RE I,
RSB FRE LA, M/NREEEHR (Glycoprotein,
GP) lIb/llla RELTH), HESBEFHERATRBALEAR
TR, MMEESHESI/ MRS EHREREY,

Heh, “HBET (ADP) BRMEETNFER
(Arachidonic acid, AA) BERAEZFEENM/NMREER
2. 12 ADP ®BER, M/MRBEFAIFH ADP BHfE, S5
MRFRE ADP ZALES, SIEEM/IVMRIAERE, ADP ZE
BMIZREE, ERENREAYNIERES, B P2YL.
P2Y12 AR, HA P2Y12 RAENIMOECREEE,
£ AA BEP, AA UBRENERFETARES, Sl
WRESUERN, M/MRAREAHIREASES A2 REIE. 1ERiE
Bs A2 MRILIERT, AA MERIEMBIEFR S BER, AA T
M/ MREVIFEES (Cyclooxygenase, COX) {EBT, 4Rl
HIBR & G2 (ProstaglandinG2 , PGG2) FE1%I R ZE H2
(ProstaglandinH2, PGH2) , HF PGH2 £l EEREEN

2 E XEkSiE | Article Reading Guidance

BWIERT, FRMAE TXA2P, TXA2 fEI/VMRA cAMP 5
A, BRIM/MRERERER, fEBEAM/ME, EEBRRIRE

OR

2. HAiVREY)

BailER £ BRFU/ MR T EFRERE T IR
BEIENZ N, BILHNHI/MREY AT ILEEIDE
F. ADP RAFFEH. M/VMREEED b/llla ZEETF,
LUKARE cAMP Z#1% (SNE 1)



IMPROVE REVIEW EZISEE-1030HH

PGI2 PGE1
{2k
/L, —
IR R AL
RS l - Rl
ATP ——» cAMP —— 5’AMP
l THAE TR
F LR
PGGZl(HZ) Gt e— 4—— Ca**«——C(a
e 3 ey —> \ .
i TR
TXA2 /
/// SFUETE 1B
H 5 MR
2| e i
EEFADP. 5-55(0 ik
— R

3. ImPR L E AT MRESHY)

2.1 S ALESIMAHIF

IS AA BREH, InK LEEBRTULMREY) =M 5 T
o MEIEMERFERNORNDIVNMREY), BRIHIENE
MPETT IR 2R, RN, SRS R. MR LAY
fERNEIRS IV MREVIF A LEs L R RREM LR R EHNFIE
B, ERMMITRAEEEZ R, Ml TXA2
BT, BIERIAL, KEEIEESREIESEME TARa LD
29 25%BORMESY, 2R OFRMMME —RFAPFH %K
TR RBRNAYZ—1, ERNE LURD O I ERRTE
R, FBOAETE. MR mERELRRNAE, TEH
FHFMEIMIFAFHOEN NG ENNETE, THE
APk S G RE BER 1,

2.2 ADP Z{&HEHF
221 SRS

SMIEE R BAIRAR L& E IR — MR I IR 2R
. [AMARER—TEIERZY), HYRSEFRIHFEEE
M. ARENZBEY PAEEQTHRIEERI, BHNKER
EEEEEAY, EhY 8s%rIAYRIT RERASES 5 R
TEMEIRMHEH AN, RTH 15%AYEREFE4amReE
FH1LEE P450 (Cytochrome P450, CYP450) REZIRMIE
WIEFRRNETAESREREEAE~Y, ZEEE~a
BEEEE. RS/ WRERER ADP 2EEE, M
MAEMEI M REENIER. SMEZNORKKZE
ABCB (MDR1) ER4EN P-HEEAREE, BREAHEES

©2020 IMPROVE MEDICAL All Rights Reserved

ZIfh CES1 BERRIEIRARELESEEIIE, |MRNH P450 R
BiE, BEBERANE CYP2C19. CYP3A4. PONI %, &%
PMAMRIEFRINIGIESS, |MREEREBIERE (Acute
coronary syndrome , ACS) N K &R N NBIT
(Percutaneous coronary intervention, PCI) EREFEHERIFH
ITRME SN, EREDBRSHAS M ERBLERE,

EEREET, SMARER CYP 450 EERMELINTES
AT F—IREEIMEEELE 2-E&E-SMEE, Hi
LESEEBIE CYP2C19. CYPIA2 F1 CYP2B6, B 2E
i CYP2C19. CYP3A4, CYP2C9. CYP2B6 SEHE(LIER, 5
E—FREN=YKBERABHBFENMEITEY R-
130964, ERL B, CYP2C19 MIEA DB & 45%F
20%. HRILATLUE R, CYP2C19 HUEMXT RIS ERIHiEHT
BEEEENFM,

222 BRI

BERing MR RN ORRIVIMREY, F 2010 F7F
RIER LT, AEORKRYEEYS, THREIREBREYE
. HBEIEE. PEMERT P2YI12 AT AEINSIM/)
RAEERENHR, SRMKREELL, REESi®E, M7
MESEN—HHOMNR, HEXIEBBERUEERERRE
M MRGEEFIThREN

223 EHIRE

SHEENIMEE—F, LE—MEkaY. cRESE

Xk | Article Reading Guidance [ 3
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BEARRER 450 BERBIAUEEREF, RETEFYE
H, REFEHS P2Y12 ZHRLEEM, AMAREZAEFTRME
BRI EERI CYP2C19 BIEME, MEhAEEEAERRBSN
FERNESRE CYP3A4 M CYP2B6, BEZhISEAEAIEENS
FYNREREMEEES, AILENER, EAEBNRE,
CYP450 EENZ M IR FRIMFFIEH A SR E AR SR
TRPIFLIETT AR,

2.3 M/MVREEFEZE B 1b/ITa SRIEFTHI

BT SRR £ GPIb/lla ZAEE, MES
FRRESALTHRES, RLHII/IVMRES, BT /MR
GPIIb/Illa ZAMALERRES B IVMRBEENNERRZ,
e/ VR GPLIb/Ila S2AFEHTZT B] LAR RS I/ MR E. B
HIEEIEEE FDA TAERN=F/]VR GPIIb/IIla ZHAERLA S
FIRMEE. KB’ BT, HETEMCEST.

24 HEBHIIMREH)

PR P R — MR B AL MRIGYT 254, BRI H B
ER —BEEEIEME, £ cAMP JREIIEIN, MHNHIM/MREVERSE
s, BRItz 5, HEMHMm/MRAYIE SERRZAETH
WHTFER. s-HREBRREERTIIREES.

3. AYENRERZSNE

£ LRSI MRE) S, IFELESHIHIFIF] ADP KD
IRz A FERMUEAT R, HA, MEEMEKSRL
I EWEBMRIET 5 REZERRNE O M ERIEREE AT
7, THEIMBKELSM (Acute coronary syndrome,
ACS) HUMiEIATTBIRERE SR, BT/ MRIETT B9
HET: FELMTISMEEREFRNERMR, ERMAE
UL Ak i 0 I / R AU S A2 R VIR S B R U/ MR
A, SitRENEEENRGEETIR _BEREREADP)NTEH
M/MRIEN. BATIESS, RIAFIEIILAAXY SR S 6 M) ViR
REMNERSZERN, ERMESEANILE T M5 TANEImm/
IRBENER, Hit, MARBHRERERAN, BERHTEE
EEFERAMES, BMEEZMEHRIIMRET, BoE
ENarREmEES, BRIMRAYIRT. B85, X
REIRTBI R T ERER B LA RRRE Lo

3.1 MEMHEHSERSSENXR

BN E] M HUI/ MR ER B EINZINE, BEERA
B LMY E R BEPNAB OMEFHREY, FE
AINETR, SIFMBEERLL, HELEMIARENFET. O
BESE SN E S ARIXL B EIE M, BHFERRAR >, £

4 E XEkSiE | Article Reading Guidance

BEEEZMELMETTHNEETR, £30% ~0%=EREFE
KX, BEOCIERKREBED, FEILMIEI (Aspirin
resistance, AR) KREZFN 5.5% ~ 60%o

BRI, FIRESH AR MEEZEGFEUTANA
@: (1) S5/ MRRENBNESZER, N/MRIESEHA
Zik (GPla 1 GPIba) FIIFEEEE (COX-1) o (2) IGERYR
=" BENKRMNEE, BAFIE. TEREURAYZE89HE
BEHIZy (NIESERMKY, HAIZSMHMES COX-1) A
RERMBCEHIRMNEEZRR, () H4BEXR, 8F:
COX-1 IHIRE, HERIE COX-2 mRNA, A4IFESH
M/MRBIES, HAERSSERINAIZSEEELN AR
WEEREZ—. BRIRERZNE COX-1 BEESEME.
GPIIb/Illa RAE SYNERE ST ME,

31 FEABNERSSE

IREKES (COX) B AA % TXA2 HIXHES, &
FEAUFEMHE TN RET: COX-1 5 COX-2, M&EHA
ERTF AA =4 TXA2, H, COX -1 2LEHMEE, EB4E
BERTEEE, AIESHARMARTRL, TENSEEY
AYIBRELEME AR, AERTI/ RIS EERIEERMT)
BE®S), T COX-2 BIATE, AIEMEBENREAM. Ak
MIVMRPERERZENRE, BF=HRE, EEHERT,
EZHALARRNARE COX-2 B9 mRNA MEBFR, HFEE
FETFRIESML, RERMETVIRELXYRNER, FI5RAE
RE, M/MRAE COX-1 B A% 5] LA a] it 2 B,
MO/ VRERSE, 5 COX-1 AL, FIE]ITAAME]f/ iR
RRIIZSRIAR COX-2 MITERAESS 170 52, COX-2 BEH
N, RIS EESE S MG RNER, Eit/FIEmR
BILARR B UPHE] COX-207, MAELERIET, MMRFRZA
COX-2 WEENTIRE—E, Hib COX-2 MFERIEEREE X
ERE MR — N EERR,

Bal, COX-1 BEFE 20 ZMEREK, RSBEREH
FER, BVFHREXH, HBHER COX-1 FJiEREER
TFHEA®, XF COX-1 EESEM S = LMITHAIX



%, FEMNMTAENMRAII . MAREE EPETHR
COX-1 AMERMNERZ, Bl A-842G, C22T (R8W).
G128A(Q41Q). C644A (G213G) F CT14A (L237M), Xf AA
BRI/ MR M KM= ERIR ML, -842G A
BRI E) LML P ERE B E TR, HEEBE AA IF
SHMREREME, BEEE TXA2 WEMEZ. FHISHR
REA, A-842G B COX MBHFERMEK, HS5ESHERK
CS0TPITLFEEEHMFEHEMR. EBNI, X—HRE
FM Ulrich FWAR—H, Ulrich FEOLME R P17P
(c500) ERBUEHBEERAME LM EEERREN
BIREMELE R ARARI B MR E R/, BT P17P ERBUEHE
REASBA B AVILARM =) LML, BRT BEhFLRAE A-842G
EERERIK C50T(P17L), Agindez ZHPIE—BZARGIR
&, BNZIAERELATHZANEE COX-1 #ELE 153842787
N 15789, IEMZIHNEMNEE COX-1 HRZE 53842789 Al
rs3842792, MHERIREMNEE COX-1 BRZE rs1330344,
151330344 BSARRE, HEMERA-1676C R EMER
0.40,

BRItk 4N, BT COX-2 (rs20417) tHANMA ] LTk
BERAXD, ERHMX—4E, ARERET—BN,
Xingyang Yi ZFEPHAR COX-2 (1s20417) SRS TARAIER
MEX. Hi, BLEXXEIRE COX-2 G765C ST
MEMEX,

3.12  HEXEANZSEY

BFAHYNHEIER, ERIMIXERREE, RS LT
£ GPla. GPIba', P2Y12. P2YIPF] GPIIb/Illa FEFHY
ZHEMEX, ERXTXEERNSEEM AR WEKER, RS
NEHARERBRUILEBEEF BN, N—LHRPIRE
GPIIb/Ila BRAASMAF ARG X, BEEMBEARIH
MR R PIXFRRER, XEFHIUNER R T BERREMRMA
BIMIEMNEINE R, BEHFXRRZ —BENHARLE
R, FEREMESGXEERTF IR E Tk R IR,

©2020 IMPROVE MEDICAL All Rights Reserved
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3.2 AREERNSERSTUENRA

ATFEaEMEERHNERYE, ERAMBSER
(Clopidogrel resistance, CR) [Ei¥2HSIRKEMEIGREIE
AR, FARETR, 4% ~ 0% BEESENTENS
WA EAITE, HI CRP, CR MEMARERE, AR5
FRAENMAERER: IMEAREEEERANSMESEFETR
B. BLEFFEIMSESEMFIRER. BERGKME
E. YEREER QIRTFRIMEIFIRSMEISMEE S5
EE P450 £6) F;, NEIEZEERMEERKAENTE
HAXWERZSE. SWSSERRE P2Y2 NERSS
M CHERRREREUL I R IR BCERM EMRE  (Fhink
MRF. BERE KRR ROBES) F. Hb, BERZE
MEWIAAREIREIGER CR REENEEM,

BENNBNEENSNED, BAARRZHNE
CYP2C19 BEEZEMM CR MIXFR, XZEEHA CYP2C19 HH
257 QMR EEAFREPRARIELEE, TR REHE
YIEIZHE 45%2H CYP2C19 ERRENEARNEN, &
FERRLEERBFYNE2PE 20%2H CYP2C19 HERAYR
BHEARNSHN, i, ZERESMEEERREERES
EETEEMNER. CYP2C19 BEREFESZERZSHEN
%, HERTUAEREZ, BEERXUNEMNERELE 35
Mo CYPCI9 EASZBTUERAAMIHBEERRK,
CYP2C19 By *1. *2. *3 §1 *17 EREMABEPFT SH9LL
Btk EHERS, MIBHEERRIAZRESMERNT
M, HA CYP2C19*1 NFEWEEHEEMNER,
CYP2C19*2 # CYP2C19*3 ARE NHNINRERKEMER

(85(X%) , CYP2C19*17 ATHEEEREUERE, KENMR
R/, EUBEAZD, EEMAMEE P450 BEME TRRE
KENEMUERAERE, —ME CYP2C19*2 B, —fZE
CYP2C19*3 B, XAMHEMERANTRHERKMBEN
TR, SRMEEMHEME-S, 2B DRBIGRR R
CYP2C19 EFREBMT R RHMIAMAE ERIIRRT Y, @i
SMERLZRERMNRERNEERSSZSRENAMIES
EVIRERFYIR BRI, T CYP2C19 ERE SN
BEMERZRZ—,

S—FHE, P2YI2 ZRRI/MREEREFEXEEN
BR, P2YI2 ERSEMMN CR AR HEFE(THRIIR
=. BT rs6785930 C> T # rs6809699 G > T SE M
BRMR—ERREGNREG X, o, EHR P2YI2
ZRENRMASEN ML EERRNRES, HETHEEFEN
R4 R, Fontana REFESNAN, ADP FSHM/MRESE
SRZEE P2Y12 MREEREX, H2 BERMNEHEND

XS | Article Reading Guidance [ 9
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FIM/ MRINEETE XK. T Staritz EERRRRAAEF H2 BEE
MR FMMER. FNUMALL, Zoheir MIRFCILI
152046934 T > C M5 ADP 3R MIMREL R FE NG
KBk, #ER, Ulehlova FI& I rs2046934 T > C F rs6785930
C > THRTRES 75mg SMARFHUM/IMRETHIR M Z 8]
RERENMAEXM. Alt, P2Y12 ERZEMS CR BRI
REFPWN, BEE—PHHR.

PREEZ SN, SMEEREARSHEEEXNER, W
ABCBI. CESl. CYP3A. PON1 %, XLEHERNZEMEDH
DHFENHAR, BRABONARTIEBLERIFN—K
M, MRERNFT—HURISIENT B ERRI TSR
£t

Z FErR, B, *F AR AYEREAZHNHRETR
L, FRANERSSERES ZHAXEFESRIE. MHFINIE
BRE, SEANANERMSE RS EMAREX; St
BEIRMEMEE, IGRARMIEEYISR CYP2C19 551A
58t ERnE %,

4. BEFEKNAMmEENEETHEETHINA

AT IR I MREIRFX — MR BERN, ME
ey R EELEN,. MEERMERNERRE. #E
MECRZ, MBEEHATIVIMRINERN, MMMRXESEE
T/ MREAYIR S IBIEE,

4.1 ERBNEGHLETPHIN A

Bal CYP2C19 EEZEMEZBI D FI2MFIER,
CYP2C19 ERBNMBEFLRET, HEEE ACS/PCI
REBEERSKMAREATE, ALURBILME BRI
SRR, HEZERAHEMTIIMOAT R, A, RE
BT LIHEREE CYP2C19 ThRERRREEAIEM ACS/PCI R
EEASEMEESTHEEEAARROMESHNRG, B1F
BRZ RN IGARIRIGIERS CYP2C19 BEREE T LUR S IR
MR, BATEERFLRT —LROEREGNRAS, WE—L&

6 E XEkSiE | Article Reading Guidance

EFXMRPOBLIBENARBERENAARIGRF, &
BAENRE, XEMEBRENEEAT ACS/PCI EE,
BeinT&EHIELE CYP2C1y EEAMNATHMHANA
IS, B, BRSBEHIESRE cyP2Cly ERAKNA
FILRNEMEERAIES. A, SHERIFRET/LEFR
CYP2C19 REFMEAMNAMEEABWHNEWMEERAT
i

RMETERE#HTEMSELANIGRIEHERSERS
B, BEEA CYP2C19 MERKNMRBEARIET A
REBLZEEE, BEANEEIRE, IBR ESMEETMI
INMRIEAZESREAREM, —F CYP2C1 IMAERASMER
BT IRS(NAEMRRY R%MNRISE AT RN, ik, B
R MMRAYIATT RO TEE SN, igss HEE I/ MR
ThEet M A AZHAR A D,

4.2 Mt AEETEETPINA

Mm##377E (thromboela-stogram, TEG) f—F|AY)
BRI FZENNRREDSTL (SIEFEZANFRE
B, BRRSTERRAREN. #AE) A M/ MRIIEEN
EF A TEG RN TEFNBRRBENSESN, 0
Blet. LR, —HRBREESIIRNASKNRE, @I
BEFREREFARANIED, BEREEHA/NRREE UL
RERHMAEBRBEMNT X, HESRRELEL FAATHIRET
EM TEG Bk, BE S MSEHNHLHITER S, X
MR GRS B IR R R A F R E AT AR TR FI T
BARER, EMmeHHERIES TR VMRZYIAEERE
BEMAEDORBENTREIGE, XRERIERKL

57.58]

migENERER tMeNRTE, ERivMREERFS
BE=Fh, B AA IVMREISFIZ. ADP MVMREXFIZH AA
&ADP M/NMRERHFE. EMNEIRESHEEDFER
(AA) BU/FBEER _EERS (ADP) BUBMIMR, BHRLER
5, TEIRPR_ERT IS 3% F =] MLARHD S AR B S AR I8 AV I
MRIMEIE B U RE D T ALERRIEN, TEG XM MEKR
TERYH RIS BRI/ MR ZSY) i MRS, PR
B M MRAT A EENIRRIES B Xo

TEG AW NEBHS A LA FIRFRAR K RATEN.
—AE, £ TEG ®NEER, BS7 AA Ml ADP NS
JVIRBR ST R M AR B = LR R IE B VR BT LUBE AT 51
2 WIMRREMFIZE = [1 - (MAAA/ADP - MAfibrin) /

(MAthrombin - MAfibrin] x 100%, BIRIE#E8EIM/IMR
Zyyppal ] LR 5 SUMEAS B S AR TR 8 XY I/ MR R E MR



59, ZF 2 pmol/LADP ES, M/MREEZR > 70%, BN
E < 30%, WMRAMEERT; &A | mmol/LAA ES, M
IMREBEER > 70%, BMNFIZE < 50%, NFREEE] LA
@, 5 —7 @, TEG Fii#iic B & K I 18 (Maximum
amplitude , MA) BT LAFUM IGPRBRMEHFHN A E, 0
MAADP > 47 mm 3 FRKEIR M B 4L ERBRIFHTUNN
&, EERTFHEMENSE; T MAADP <31 mm EEFNH
MEHFRFTNNE,

L EFTR, TEG FMXEFMEHTII/MREYTREITH
g, TEAMNIRKRMEGLENNRSE, B—HEFRKIRE
R XA EI RN

5. REERE

BEXWXEHEAED TR, RE CYP2C19 RSN
MAREIRGTE BBAEXE. MYTHERERSSESRET
MR SRR BRI XRRE 2N HBENBES, BEN
MREREEREEFEN. FEXEEFNNHRERIE
TEREATRETHEFEBENRHK. ZHAFNTRE. HRRIT
PP RARZITFIRRUNZ XA R ESEARNE RS,

CYP2C19 ERZEMREMRRL 2%HNIMEEBTR
[z, EHFE CR WHE—REERR, FALETUNESE, 2
AR ERE D A NIEESE M/ MR RSN, BRiZHER
SMREIHERIN . REEXNFIENE OREEHTEMNER
Bl BRHETF CYP2C19 EREEKVATLGRFIOMEEHFX
RIENERE, EILAIFAMBIFREXS Mmie# I E RN
X IEPRAZHITIEE,

M¢3%HERMEBITETUL/MRETT REITIEE, &
BEfNIRRERIME L ENRE, BRIEEABNNXRRER
AR OR B ERITIRARTUMREYIERE, NMEZEK
BENOMERFRENR, miesHERS T MMEGD
IMRETT PR M ERFEENOER REEAEREEE
HIRKREX. H—FHHE, ERHE—FRNAAERSSENR

©2020 IMPROVE MEDICAL All Rights Reserved
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MMRATEIFIXR, MRDAROMERMEAE, HILA
ALMERRNPARENER, ABENMMUaTRMHE

FRIRIR. tIh, ERBRFMALE HERNMIMAREEX
ERENEK SN ARES MAMEBET, UEMEEi
M/ MRATTEAE EEREH. . AT, SVRNFRARE,

MMEFESIRKERNIZSE, BEOMEMSEFNLE
%O
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SERIMREAN MK ERNEEREZ—, Mg NHEFA MR IMRAYTRENTA, EEN
SHFE—ENXEK. UTEE/LHFARNS IVMRER SN R g3 E N AEXKRESE XX,

SEXBEERF

Ni W, He J, Wang H, et al. Association of Platelet
Membrane Glycoprotein HPA-2a/b,GP VI
T13254C, and GP Iba VNTR Polymorphisms with
Risk of Coronary Artery Disease: A Meta-Analysis
[J]. BioMed Research International. 2017, 2017: 1-
8.

HE

BERMEMR: &, XFIVMREEEZEH (HPA-2a/b.
GP-VI-T13254C #1 GP-Iba-VNTR) Z &M 53 0K
(CAD) WX%H, BEFWNEARNIRE, RITHITTX
PRSI, UWE—FIHEIVMIRREASSESE
BRI XIS,

J57%: 1€ Embase. Cochrane EIFE. PubMed MHPESE
MEFXEBIBE (CBM) #1TT RFEMNBFXXEKG
o M Cochrane R4 Review Manager 5.2 # Stata
12.0 R ELHATTIM

HR: BEHNEIE 29 BENXXE, ETHEME
meta 7347, &I HPA-2a/b ZEMS CAD BEEEMEXYE
(SAIERER: KRB = 143, 95%AEK(E = 1.07
~ 191; EMREER: KB = 1.57, 95%EKXIE
=1.08~228) o BWNNVMARRA, TICBTIEREN I
KREEBEMMZEE AR, GP-VI-TI3254C ZEMS
CAD &BMEXM, Itsh, ZHIERAE GP-Iba-VNTR
ZEMEEMBEEDITEEFE CAD X,

£5i0: HPA-2a/b ZEMETOHERMRME. HPA-2b L

©2020 IMPROVE MEDICAL All Rights Reserved

E[E HPA-2ab + HPA-2bb EE T & EF X IREIE IR
CREINM, RBIEHERE GP-VI-T13254C #1 GP-Ibo-
VNTR B9%3&14%5 CAD X,

Liu R, Zhou Z Y, Chen Y B, et al. Associations of
CYP3A4, NR112, CYP2C19 and P2RY12
polymorphisms with clopidogrel resistance in
Chinese patients with ischemic stroke[J]. Acta

Pharmacol Sin. 2016, 37(7): 882-888.
RE

B M/ MRAYEMIEEMZ (CR) N ABEHR
RRERE. BTEaWEER—Hais, RIEEENE
WEBENERZSETEREENEMRR, ~HRES
Rt E R4 ZEFEE CYP3A4. NRIR2.
CYP2C19 HI P2RY12 BEAZHMS CR HX R

FiE: WEE 191 GIEm Rz EE, BEBEI MK
FRITED 5 Ko BHEREANE M/ NMRINEE. X
SNPs NRII2 ( 1513059232 ) . CYP3A4(%IG

SCRRHBE | Article Abstract Collection Y 1
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(rs2242480) . CYP2C19(*)2 (rs4244285) #1 P2RYI2
(rs2046934) FHITER DAL,

R ZABE CR £H 36%. CYP2CI9(*)2 TEE CR
[(%2/(*)2 + wt/(*)2 5 wt/wt BL: 2.366, 95%CI: 1.180 ~
4.741, p = 0.014] WNEKREZR, M CYP3A4(*)IG TR
XF CR [()1/(¥)] 5(*)IG/(*)IG + (%)1/(*)IG TF: 2.360,
95%CI: 1.247 ~ 4.468, p = 0.008] HIRIFIEHR. NRIIR

(rs13059232) Z#&ME CR HEMEX (CC vs. TT +
TC, OR: 0.533, 95%CI: 0.286 ~ 0.991, p =0.046) o
P2RY12 (rs2046934) ARy C FMERFWTMA CR B9
RIFAF (CC+TC vs. TT, OR 0.407, 95%CI: 0.191 ~
0.867, p = 0.018) o LtIh, BMMES CR ZEIFEHEX
% (»p=0.022)

£510: CYP2C19(*)2 FUERNBIMEZETEHMLH
BITTERENERME. CYPIA4MIG FHEMRA.
P2RY12 (152046934 ) C % fii & E M NRIR
(rs13059232) CC EEEFIRERFAMMAZEHEE L
BEIRANFRIFE T, ARMIEX SNPs FIREBBI T
MR E R M4 AN ZA P B U AS T,

Li X, Wang Z, Wang Q, et al. Clopidogrel-
associated genetic variants on inhibition of platelet
activity and clinical outcome for acute coronary
syndrome patients[J]. Basic & Clinical
Pharmacology & Toxicology. 2019, 124(1): 84-93.

mE

SMEREBEGEIE (ACS) BEMANHREERNIETE
RENEERRK. BREm/NRET (S LM
P2YI12 HEHF) ZFA ACS BEZREIREIEKNT NEIT
(pCl) EBEERNERS . SMEER—HF P2YI2
B, s iREE (1PA) PREEEER. A
i, ER—MEBHMER P450 (CYP450) E£MH1L

12 [N Xi#tisE | Article Abstract Collection

HRTEZAY). AMRINENRBEREAREEAXERE
B3 ACS BE MVIMREMEINEIFIGARES REVRIIE, A<
RWET 196 FIKAEREAHER S4B S/
IRTEBMOMESE Y. 49 2 mL BikmEsATFERE
B, B 4 mL WERM/MR R 145 Mg I EL
R, FEIRKESWE X AOMEF TEMEE A MER
TMEETENEE R, RIE PA £R, ATrHhaiviR
RE1% (HPR) WEBHBEER 173%, KEHREE
(82.7%) RS T EBHATI/MRREME (NPR) o
HPR AMEEREK (BMI) BERS, MEEDEE
(AA) BESH IPA WEBIYE (p < 0.05) - #BEH (GP)
b/ Ma 3EFFNATIEM PA (p < 005) . BEE
CYP2C19*2. *3 FMIXIEMBEES 1 (PON1) QI92R (LOF)
ZMERMEE, ADP ESW IPA MWEMK (p <
0.05) o ZAE logistic EADMER, M= CHIEH
(AA BB IPA <50%) BEANLETFBOMEFRR
E1F (MACE) XK (OR = 3.817; 95%CI: 1.672 ~
8.700; p =0.002) o CYP2C19*2LOF H{IEES PCI K
B 1 £R% MACE MENAKEX (OR = 25715
95%Cl: 1.143 ~ 5.780; p = 0.030) o ACS EErh,
CYP2C19*2 FIFt&HsEE 1 (PON1) Q192R (LOF) i
BRI HPR WEERHEE,

Cedillo-Salazar F R, Martinez-Jacobo L, Pérez-
Paramo Y G, et al. Association of CYP2C19*2
polymorphism with clopidogrel resistance among
patients with high cardiovascular risk in
Northeastern Mexico[J]. Archivos de Cardiologia

de México. 2019, 89(4).
BE

BY: ORI/ MR AR IR YA O M E5AKH
BB M MRRIN X, SMEE (CLO) =B
IR IR RN E B, AT, £ CLO R
EHBERYANMEEES, SBATAER, #E#E
—LEBEPENTELAFARRNNNE, BIRE, B
CYP2C19 @—Fh CYP &, BEBCE CLO BYEMEANF
o CYP2C19 BEERFH—LHiZEHRLSESERIANER
E CLO #IEFRNAETNAF. EVE 16 MERS
CYP2C19 EMN T E X,

& EEASRIMX, £F 102 BO00EREFSE
ANBE, §RHERF 75 mg CLO OfR. A VerifyNow P2Y12
EMEMNMRREZE, ENEEBERNETE



CYP2C19*2 B97£7E,

SR RIEESEUERGRZE, BEEDHESKY
& (GG) « wEKHEE (GA) MARRBE
(A/A) o CYP2C19*2 WYREME DRI A 745%
(G/G) « 21.6% (G/A) F13.9% (A/A) « BB AHfI
BERNZHESIM > 235 M P2Y12 REZETTKE, Hit
MNP EARBERRE, CYP2C19* 2 ZHEMEEAETE
EHMEES CLO BRIMEREE X,

£5i6: CYP2C19%2 FMAEEMEFHES CLO MIMM/MRIE
BRInEX (p=0.003) o

Hou X, Han W, Gan Q, et al. CYP2C19 and ABCB1
genetic polymorphisms correlate with the
recurrence of ischemic cardiovascular adverse
events after clopidogrel treatment[J]. Journal of
Clinical Laboratory Analysis. 2018, 32(5): €22369.

mE

B2 KARIRIT CYP2C19 #1 ABCB1 ERSEMESR
WEREATFEVEEERMECMERREGNELZ
BipLEES

Fik: 5t 168 BIERFIREBEN NBT (PCD) HiES
SR ERTNEOREBEEHITRIIME . RAXM
MU/IMRETT 2 8. RAME#EAERNEDNR, AR
AE8EE/RMN (PCR) M CYP2C19 and ABCBI 3435CT
ERZEM, MEE 1 F, BREANAYRRZEEO
ERRBHNREE,

GHR: BIHERET, BIVMRREME (HPR) BEE
PCI RMEMEFBTEOMERREHELERS,

BERALSEMNERRE, CYP2C19*3 £E HPR B0k
HRFATWE, ™ CYP2C19*2 F1 ABCBI 3435CT 5
HPR MYREZEFIAREX M, LTE logistic [EFNHT
RBA, CYP2C19*3 AIEER PCI ARf§ HPR BV FUNIE
Fo It4h, CYP2C19*3 F PCI RfF HPR AI{EALIE

©2020 IMPROVE MEDICAL All Rights Reserved
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T REMHRIRIFTNEF.

#53e: CYP2C19*3 SRR AMAEERATTE HPR
MRMEOMERREHNERTNESE.

Liu X U, Luo Y U, Lai Y, et al. Effect of genetic
and coexisting polymorphisms on platelet response
to clopidogrel in Chinese Han patients with acute
coronary syndromel[J]. Journal of Genetics. 2016,

95(2): 231-237.
BE

CYP2C19 ZAMS /MRS ENRNE X, X
MR ENRIEPEIEABRRENSSENSR
MRS RMAFIE, 2012 F 9 BE 2013 F 6 B, #F
222 ZEZAMERETNERTRIBEN NETHR
SRR STEEE N, A Verify Now P2Y12 &4
WEFEBENFHRRIVMREER, Xt 9 MEREPH 16
NERERERESSEHTTERSE, 81 CYP2CI9.
ABCBl # PONl., EAHM R, CYP2C19*2 #I
CYP2C19*17 RIS R[MRE BTGNS M/ WrEREE
AR/ MREBERRYIERX (p < 0.001) » SIFEFE
Mk, BF CcYP2C19*2 FMERMBETEAT I/
RRMMEESHXERS (BRIE OR, 5434; 95%CI,
1.918 ~ 15399, p=0.01) o CYP2B6*9 (rs8192719) #l
P2Y12  ( rs2046934 ) 4t & Ll & CYP2B6*1B
(rs7254579) F1 P2Y12 (rs2046934) HEEFEHSEME
ERMFAREX, CYP2C19*3 FLFMUSIVIMRRBET
BEXHR. B2, CYP2CI9*2, CYP2C19*17 HEM
CYP2B6* 9 (rs8192719) #0 P2Y12 (rs2046934) #0
CYP2B6*1B (rs7254579) # P2Y12 (rs2046934) #H7F
WINASSMEE &N REI R E R A Xo
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Liu J, Nie X Y, Zhang Y, et al. CYP2C19*2 and
Other Allelic Variants Affecting Platelet Response
to Clopidogrel Tested by Thrombelastography in
Patients with Acute Coronary SyndromeJ. &
FRE: TR 2015(16): 2183-2188.

mE

R MRPERJMERIDASGEE (ACS) BEMNRK
CYP2C19 2RSS M5 Mmies H E MR AR SR R A

Ak WIS ACS WEBEEHRTRIBMERZE, X8
MLkAR B8 A ) ) LM EEH LI MRETT . 3T 116 B #
137 CYP2C19 Thgesk:k (LOF) FTLhAEIESR (GOF)
HREE, e HEZHEBERE (ADP) EEM/MRID
$IZE (PIR) WK 3 MAEELMESREFARRD
MEHRERNITE,

H
oy

offt

£5R: ADP BEMEHIEE XA PIR < 30%M95 00
IMRRFZZE (HTPR) 7 32.76% (38/116) o 1RIEIEE
FAR, CYP2C19*2 #1*3 4 LOF HAERAM*17
GOF FMER, BEEDH 3 MABRE: IZRAEE
(EMs) i 41.38%, AREMLHIE (IMs) & 56.90%,
RAHE (PMs) & 1.72%. NEEBER, *2. *3. *17
SUEREHEDI G 31.47%. 5.17%H 0.43%. FFE
EFAE HTPR REXREREE, EMs. IMs # PMs #Y
HTPR ZEEHFIA 18.75%. 41.54%7H] 100.00%. &I
3B, RE 186 (17.24%) ERMESEH, HTPR A5
BTV MRR AR SEHEEEEER,

it BEM CYP2C19 ZXMESEMBERENRG
FUINMREERTEX, FIEEIEIMN ACS BERMEM

1B [N #tisE | Article Abstract Collection

Sun B, Li J, Dong M, et al. Diversity of platelet
function and genetic polymorphism in clopidogrel-
treated Chinese patients[J]. Genet Mol Res. 2015,
14(1): 1434-1442.

HE

KXFRRTFEARBERESER 118 fliEmEES
B Rk NaTT BARER P50 BBERZSES
SR ERTERNEXE, RBEETREBEA AR
& 6 TENBRINEHNELRER, BEEDNRMEMNF
E%4 (IERG) #3E IERG A (NIERG) . fRIEZER
7 2627%, MmigEHEMNMRERNERER, 5
NIERG #8tk, IERG A ADP iFS RN/ MR I ZRAA E &
{E (31.33 +£24.91% vs. 54.68 £ 26.63%, p <0.05) o #
HREEMERE CYP3AS*3 (41.98 +29.33% vs. 52.89 +
26.49%) . CYP2C19*2 (43.15 + 27.97% vs. 55.89 =+
26.71%) 1 P2Y12*1 (38.74 + 2436% vs. 52.19 +
28.58%) HYEEM/MRINE REFEFHERSUER
MEE, REEMER CYP3AS*3 F CYP2C19*2 M
EROMECSLEARET 6/ EREEE, MTT &
FEEES p2Y12*1 B C EMNERBEZRAEEEE
B, Fit, ZEAREENTRERPEEEEEANR
CYP3A5*3 0 2C19%2 HENZEM, MEA 2
P2Y12*1,

Mansur A D P, Roggerio A, Takada J Y, et al. Gene
mutations of platelet glycoproteins and response to
tirofiban in acute coronary syndromel[J]. Sao

Paulo Medical Journal. 2016, 134(3): 199-204.
BE

EEMEN: EFREERLKENEE ST BASELA
REFE B E 2 R AR BBk NIA ST B fE A HEE B 05
(FE S, KEBLRMEZIFY) . Hd, BTN
HNHREE, BRI BETIENNREATESHEER
BEERTEX, FHIBEHAREZRE XFOEHRRFR
(InCor) RIZEHITo

FiE: 3 50 GIERBREBENNETEE (FREM
DR 17 Bl (34%) FNIE ST EHASELLANESE 33 6l
(66%) B 4 FiEEERTSET IEPINT A I/ MR
BERMNHETOM. A Bom EDFI/IMRESE, D5l
FEDIEUHEERMEERS | /DB, EEREES T
(807C/T) . Ib (ThrMet) « IIb (Ile/Ser) #1 Illa



10.

(PIA) KT

Z£R: MASME. MEESE. BRE. RE. TS

DR RZEREEEEMN. REABEER Ml EEES

Rt/ MREBERRFEFER (D517 41.0% + 22.1%

F55.9% + 20.8%; p=0.035) . RTAWEERN Illa HE

B 5 i/ MRINEIREHPEHERX (r=-031; p=0.030) .

IRAEZIEIE, I/MRIEEH la. b, b # Illa R
R L/ MR B S BIFR ERIFT ISR T3

0 FREBOKBEMNIE ST BRIEEEOIIESREE
MMBE¥EEHA la. Ib. IIb 1 lla WRTAIE T IEVLE
SHMm/MrREBE,

Tang X, Wang J, Zhang J, et al. Effect of the
CYP2C19*2 and *3 genotypes, ABCB1 C3435T
and PON1 Q192R alleles on the
pharmacodynamics and adverse clinical events of
clopidogrel in Chinese people after percutaneous
coronary intervention[J]. European Journal of

Clinical Pharmacology. 2013, 69(5): 1103-1112.
BE

B8 FEAZBEER P450 2C19 (CYP2C19) IhEERR
KEMBEREHEZTAMA. ATP £55 B IRKE
ik 1 (ABCB1) Mst&BiEE 1 (PON1) ERWEKT
KRN NBTT B EEE M/VR R FZEM & EE
TGRS RN iE RIRE, AARHENEMRSR
CYP2C19. ABCBI #1 PON1 ZRHITXLBEMRIM
& B AR AN I PRES RAIF M,

Bk 3t 670 BIEERREBKN AREEEHITEA
Fid, SMAREMTLI/ MR ER AmeE I EEN, A
ERERSAN R MAST CYP2C19. ABCBI #1 PON1 E[F
B, ITGEREZASEOOERT. ERGHEOIE
3. HIESEMERMET R, REIGKRERZ O
RESEL MAAIEIARTT. BEIF 12 A

©2020 IMPROVE MEDICAL All Rights Reserved

IMPROVE REVIEW E348%E-10305%

LR CYP2C19 FUERMRKMERS (573%) - M
& CYP2C19 DIRERRARSMERNHEILM, SHEHE
MEARMEBHEREZNXIEMN, M, £ ABCBI
0 PON1 ERAZAF, [MEENBHNFMIGRERSE
BEZEER,; 7T CYP2C19. ABCBI #l PON1 EHEZAIH
F, HINSEREER

2518 CYP2C19 IhEERR LS E RN KR EHANE
MEaMEHREERTIEMM. ABCBI M PONI
ERZYF BE R MRS TR ERMIGKT
Mo

Mirzaev K B, Samsonova K I, Potapov P P, et al.
Genotyping and phenotyping CYP3A4\CYP3AS:
no association with antiplatelet effect of
clopidogrel[J]. Molecular Biology Reports. 2019,
46(4): 4195-4199.

BE

XMMANWENEHE CYPIA T RKRE LS
(CYP3A4*22 #1 CYP3A5*3 MEMEBRTE) S84
WS T AR NET (PC) MR MEEEE

E1E (ACS) BEMEMEETHNEZM, &
VerifyNow P2Y12 RS L, T 81 IERTE 37 ~ 91
SHITT PCI B ACS BEHITIVIMRNE. CYP3A4/5
BYEMRT AR REERE S ERESRE B AHTH
6p-FRERREIREZ I, B FEARNEAERRER
R TERS B, CYP3AS BRI rs 776746 SRZIIT :
77 (95.1%) -CC, 4 (49%) -CT; CYP3A4 B 1s
35599367 BEREMNZFMERMENT: 78 (963%) -
GG, 3 (3.7%) -AG. B/ T M G FUERASSMIE
BEMAMBREERTRITFEX (OR 3.53; 95%CI
0.46 ~26.94; p=0233 M p=0443) , [MRFIRHA
S5ERMMRRMEAZ BNRGXR (6p-FFRRRE
IRREE) FYKERRFUHFER
32; p= 0947, Ak, ZEEH CYP3A4/5 SEMS M/
IREBEETL X, CYP3A4/CYP3IAS HNERBMRETREE

33 £28 vs. 32 £

SCRRHE | Article Abstract Collection Y 18
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12.

NS ERRMMRIER. FEE ZHRRHRRA
EENBIRREX .

Li Q, Chen B, Ozdemir V, et al. Li Q, Chen B,
Ozdemir V, et al. Frequency of genetic
polymorphisms of COX1, GPIIIa and P2Y1 in a
Chinese population and association with
attenuated response to aspirin[J].

Pharmacogenomics. 2007, 8(6):577-586.
B"E

BR: MEALMELER TG ONEE. FXMOMm
BTN, B, FIREZIEA 45%HAZZIE] LA
M ERNFMm. BRIXFRERZERRAREDWEE
A=A et e g se ik MBITER A Z H D,

Bk EREPEARMEHIERE. THYENRESE
EF (n=323; FlE: 221+£20%) (FHHRERE)
B, HITBETHEAHE 1 (COX1) ZEMMIRE,
(A-842G 1 C50T) , #ZEH lla (GPllla)
(PLAI/A2) FIMBRRBESZ{A P2Y (P2Y1) (C893T #l
A1622G) EE, EEXLEREERESETEIIX M)
IREBF MM CMIEA S R M. M ERKEHAR
BEARIRGIHMIEA P2yl BEREESERESESE (B
# n = 24) FHAERES 100 mg ARFIICHE, 7
Ko BATNE T W) LAKET §IS I/ MREREN T Ko
TERBEH, FREMRETAILIRN 24 URIXEFE 6
Il P2Y1 CT893/AG1622 ERBEREABFTERA
AR (<7%) o

HZR: EREPERMEHERFRMEE COXI A-
842G, C50T #1 GPIlla PLAI/A2 BEEZ &M, P2Y1
893T 1 1622G MYZFIEFESTE SR 3.5%F 30.6%

EAFASHRMEREIR P2Y1 A1622G SEMENREHER
EFAMA. PEAETRE 16226 FMERNIMEE
B MBEILMIETT/E, 5 CC893/GG1622 (68.2) #H
b, P2Y1 CT893/AG1622 EREAREEMGERIETH
MVRERER AR/ VAR EKX (834 + 3.7%, FIEIILAK
HAERBRLDUBZENEDLRE) o £ 135%,

CC893/AG1622 (68.9 + 9.6%) F1 CC893/AA1622 (65.1
=+ 9.1%) EFEBA (9504 p = 0.012. 0.025 F1 0.004;
FITIHRR = 77%) o TE CC893/GG1622, CC893/G1622
N ccs93z/aAle22 BEEZE), FIEIILARBIIL/MRIE
BEBEREER (p>005) o

16 [N it =E | Article Abstract Collection

13.

#5318 COX1 A-842G, CS50T #1 GPIlla PLA1/A2 %7514
TEHPERDL. SURIESMEAFFNMATAEL, X
LEARETHRE B MR K AT RER F E A M 5] LM A 1
BERHME, EENE, TRRNPEEEED, TR
BILAAITHAE, P2Y1 893CC ERBAIHIUNTEF
T/ MRIEFIRSS. XEHIEHRRET AQEIER
TIERAYIEEEMRTPNEE MY, HAE— S KM
RAGOME X ERE TR E MR M P2Y1 &
FERIRMH T £,

Fan L, Cao J, Liu L, et al. Frequency, Risk Factors,
Prognosis, and Genetic Polymorphism of the
Cyclooxygenase-1 Gene for Aspirin Resistance in
Elderly Chinese Patients with Cardiovascular
Disease[J]. Gerontology. 2013, 59(2): 122-131

HE

BR: LMERRK (CVD) BetREFREFRTHNE
BRE, CVD HEIRFEM =LA E,

B BEOMERRERE P RRIE R 5 LA 2%
WIFESE-1 (CoX-1) ERMNME. BREAK. WS
MEE LSS, Bk, FKOFITTXMAR, UFHH
EEfF cVD EES5MACHRAENITESE-1
(COX-1) ERABIXEX,

FiED N 341 BE 1 DPRAASRESMELMKAST
(> 75 mg) WHE CVD EFEE, ERLENKRE
(AA) fERRIEGT, BEENEREE (LTA) FMmigs

NEM/MREE DM (TEG) MEM/MREE, F{ifE

IHEIE)N 1.8 o

LR BHOPRUKIFE, SEWAHBERLL, #%
LTAAA + TEGAA BT MR B LML BENE LS
RPES (23.7 vs. 9.2%, p=0.025) o LkIh, Cox LLAI
ML EIRREIZREA, [l =] AR AR E RS
BARKPTGHEX (AECHIRALH HR = 231,



14.

95%CI 1.11 ~ 4.81, p =0.026) o COX-1 rs1330344 (-
1676 A/G) HLR G FMUEREBEIEIMT LTAAA +
TEGAA EX MM ELMAtZA%EXE (OR = 1.82,

95%CI 1.13 ~2.92, p=0.01) o

#5101 LTAAA + TEGAA FHMERYF B T2 1 S E
ZF CVD BEFRIGKREHXIEIEMERX, COX-1
151330344 LR G HUEES LTAAA + TEGAA EX
B Re] =) CL AR 214 2 BB Ko

Li M, Tang J, Wen Z, et al. Influence of P2Y12
polymorphisms on platelet activity but not ex-vivo
antiplatelet effect of ticagrelor in healthy Chinese
male subjects[J]. Blood Coagulation &
Fibrinolysis. 2015, 26(8): 874-881.

wE

M MRESEES REI—RIIESES, SIERNMmIMIE
AXZENESNESETER, BEHERE—NALEHN
P2Y12 SRR, BERERNTIIMRIER. ZEE
M/MRBERATS, P2Y12 MEENESSF JllnG
EB g3 WE (GNB3) ) HEBEEZSERIAARFTME
ISHS RN MRIER, XINERRAY B R HE P ERER
A& P2Y12 F1 GNB3 ERMEEZSERTRF
BRI SRIARIMAIMRE. SEBET 196 ZRERN
FESM. SREELNE/IMRNESFNS 15 A 50
umol/L BiEIHENEE, BEBEAERELNE ADP i
SHM/)VRERE, EZ PCR EZENFES P2Y12 A9 9
BIZEBRZAME (SNP) 7 GNB3 155443 ZMHTREE
B, HERT P2Y12 BAERS, P2Y12 SNP HENEMER

(rs1907637, 152046934 F1 rs6809699) HI rs6787801 TC
REFHELM/MREEEMN FrE p 39 < 005) o &
BERAFIERS AN SNP WER—, S8IHEE 15
N 50 umol/L HYRE NHEEMK ADP FSHIM/) ViR EE
& (958 p<0.05) o P2Y12 FEEA SNP SE{ZRIERR

©2020 IMPROVE MEDICAL All Rights Reserved

15.

IMPROVE REVIEW EZISE-1030HH

NSRS R M) RS AVEIMDFIER, P2Y12
f GNB3 ZAMXREEHES R HE PERINENE
SN RSB MR B R0E.

Yi X, Wang C, Zhou Q, et al. Interaction among
COX-2, P2Y1 and GPIlla gene variants is
associated with aspirin resistance and early
neurological deterioration in Chinese stroke

patients[J]. BMC Neurology. 2017, 17(1).

BE

BR: BEEETRNAELEMYE (AR) NEMNETS
Mo HANXEEIMROMESRR (IS) BENBRET
£5 AR MR HAIGPREERAIKEK.

Bk HE 850 FISM IS BENH, EREICHET 7
~ 10 RzafzZENEM/WRERE. ERERBENEL
fRIR /BB XITEY B RIEERE T COX-1, COX-2,
GPIb, GPIlla, P2Y1 # P2Y12 #9 14 DEANIFES, F
B XZRERKY%E (GMDR) A FEESERNBEE
B. FBERZENGRE 10 KANRHHERATN
(END) o RELRREANRE 10 RAKNFEE L4
miZxep (ERIS) , OAUESE (MI) MIETHESELE
e

£R: 175 B (206%) B AR BE, 45 i (53%) B
FISICAHEMHZS, 121 51 (142%) BY END R4, 17 4l
(0.2%) BIERIS, 2l (0.2%) BYZETS, 6 B (0.7%)
BB, RERERESTRAN 51371097 5 AR 8%,
#AT, GMDR £47%EE, UT=ZHER-BEEEER
5 AR E ZFE M X  1520417CC/rs1371097TT/
152317676GG ; 1520417CC/rs1371097TT/s2317676GG ;
1s20417CC/rs1371097CT/rs2317676AG. AR = X G E
BEREBEETR END WAEMEES, I, AR ME

EEREREE 55 END X,

g IS BEWME LM END B8R IERTRER SR
E, HESRERASSHRBEEEEXE. a0
AIRER BN T — 7 A% AR RUIE(E XL,

SCRRHHE | Article Abstract Collection [ 17
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16.

17.

Dong P, Yang X, Bian S. Genetic Polymorphism of
CYP2C19 and Inhibitory Effects of Ticagrelor and
Clopidogrel Towards Post-Percutaneous Coronary
Intervention (PCI) Platelet Aggregation in Patients
with Acute Coronary Syndromes[J]. Medical
Science Monitor. 2016, 22: 4929-4936.

mE

BR. AMRNBEMNEMWNE CYP2C19 ERLEMNE
BIHE (Tic) MEAMEE (Clo) WERTREIBKTN
A (PCl) M/NREE (IPA) METEBLOMEHH
(MACE) HINSIERERE MBS EME (ACS)
BEPM,

MBS A M 2013 F£8 BE 2014 £3 B, %% 166
BT PCI B9 ACS EBE, BREMINSA Tic A Clo
H, RABE | A@dmieEHE (TEG) HNE
IPA. CYP2C19 ERMERS B @S ERFEFI NI
RHE. MEIF 1 A, W MACE.

#£8: 5 Tic 4848Lk, Clo AME IPA BARIEM (p <
0.05) o 5 Tic 4889 3 PNIELAABLL, Clo ZHAY 3 ML
IPA BHEZEIEM (p < 005) o Clo M Tic HZEH
MACE &BEZEEE (p > 0.05) o Tic A3 NMIAZ
i8] MACE ZRLHITERX (p > 0.05) o Clo AHIEMR
BT AR MACE BAR ST Clo ARIRIEA T A ZE
RBTLE (p < 0.05) o Clo LAAYIRIEAHHTTLAN A
BWILAZIEN MACE TEEMER (p > 005) « 5
Clo #A{RACEHIZB4BLL, Tic BIRASIIIAERN MACE 8
ERRK (p<0.05) o

510 1EER PCL M ACS BED, BRIHEMATING
M/ VREENER L TRMEE.

Li M, Hu Y, Li H, et al. No Effect of SLCO1B1
and CYP3A4/5 Polymorphisms on the
Pharmacokinetics and Pharmacodynamics of
Ticagrelor in Healthy Chinese Male Subjects[J].
Biol Pharm Bull. 2017, 40(1): 88-96.

mE

BREESE—MERERN P2Y12 2EERA,. BH
CYP3A4 #1 CYP3AS TUEIRUWH BRI A E S
AR-C124910XX, BIRE=TERA{ S (SLCOIBI,
CYP3A4 #1 UGT2B7) ¥MBEIHENARMAIT, &

18 [N XitisE | Article Abstract Collection

18.

AR EERIT SLCOIB1 Fl CYP3A4/5 ERZEMENE
KIS EPERRE HEEREPNANMAHENARF
AIRER I, SIMBERIENAMBEZHRN 18 &
ERBUE[/ENERES SLCOIBI 15113681054,
SLCO1B1*5 (rs4149056) , CYP3A4*1G (rs2242480)
M CYP3A5*3 (1s776746) » FIERAEERBENE
B 180 mg B&IRE/ATT, AR 0 E 48 h SEERYKE
—RYIMRER, ARNREGEIE-RRRIEEVEE R
BEM AR-C124910XX BIMIKIRE, IFEIMRESE
(IPA) HYIDEIVER, FHitH IPA BY (8] 5 #H 4%
(AUEC) THEREABHFESHE, THMERNE
HEZ BAMERHEARDNFLELENRIEEE

Ro BERRERZSMY (SNP) WEREZEHN
AUEC RBEEEER. RINVIBRPERRNFPES
[B& SLCOIBI 1 CYP3A4/5 Y E MIEET AL
S EEIENGR B F AT

E;ur]o

Gurbel P A, Bergmeijer T O, Tantry U S, et al. The
effect of CYP2C19 gene polymorphisms on the
pharmacokinetics and pharmacodynamics of
prasugrel 5-mg, prasugrel 10-mg and clopidogrel
75-mg in patients with coronary artery disease[J].

Thrombosis and haemostasis. 2014, 112(3): 589.
HE

CYP2C19 ERE B ERXT 75 mg HEMEEG M, 8
ZHIEE 10 mg AZEM, EXE, BIVEAREFRM
ERETREBKER (CAD) i TH PK/PD HIRHY
IR T CYP2C19 MK ESNERAEE 5 mg. 10
mg MEMESE 75 mg WARBNFE (PK) MAKFE
(PD) RMHE N, 2% (GENERATIONS #]
FEATHER) . SEMREYRE (L TER, AUC [0-
HABREEZNENEAMNREE
(MPA) , MEY KFIFIMATIEE H /) ViR R RT3
N VerifyNow P2Y12-M/MRRFZE{iI (VN-PRU) A&

tlast]) , &



19.

i cYP2C19 FUMREBITOM (T2%#E [EM; N
= 154], * 2- =8 DNEEHE, FHLHNREE [RM; N =
41], * 2- * § NMEFE/H 17 NIEHEFE) . ZTHRE S
mg (JLEFERY EM/RM EE 1.00, 95%CI: 0.86 ~ 1.17,
p > 099) M 10 mg (EM/RM Lt 0.97, 95%CI: 0.85 ~
1.12, p = 0.71) B AUC (0-tlast) RZAEDIREHIF
m, EBREESEMEE 75 mg B RM ARME (137,
95%CI: 1.14, 1.65, p < 0.001) o CYP2C19 PR
X ERIIEE 5 mg HEHAEE 10 mg B MPA F VN-PRU
/MR R RSB EERM, BXF 75 mg BRLAE
B, mRONRETS, IRRNEEREES B
FEp < 001) o BHIEE 10 mg MRMIMRIERLLSR
Wi&E 75 mg MIMIUMRIEAERF (FIBLLER, p <
0.001) o £ RMs A, ZHIIEE 5 mg M/ MRIERLL
SMEE 75 mg WIMNMRIEAEX (FE p <
0.001) , 7L EMs FFIEHIVIMRIERBEM FiGp >
037) » SEMEERR, SREEEEREY PK
2 CYP2C19 EREHIF M, SRMEE 75 mg #8LL,
EHIEE 10 mg BIMMIMRIERER, SREIRSE
X, MXTF RMs MEZHHEE 5 mg BTV MRIEAE
X, XFF EM NEZ2MIt,

Al-Azzam S 1, Alzoubi K H, Khabour O F, et al.
The contribution of platelet glycoproteins (GPIa
C807T and GPIba C-5T) and cyclooxygenase 2
(COX-2G-765C) polymorphisms to platelet
response in patients treated with aspirin[J]. Gene.
2013, 526(2): 118-121.

BE

B8y WELEME—MRIvMRE, BFERTaTHR
MOIEENFREERE, BF, XTMHELM /)
RINBEMIMFEERN NMEIER EERDHXBIZH. £
XWHARS, HRTHELMETHEEIMRIEER

©2020 IMPROVE MEDICAL All Rights Reserved

20.

IMPROVE REVIEW EZH8EE-1030E S

(GPIa C807T #1 GPIba C-5T) MM E&EEHE 2 (COX-2G-
765C) M SIM/IMR RN 2 EHHEX 4,

HiE: FELMERRIUMRANAERERE (b =
584) BINTZMF. EA MultiplateAnalyzer® AL E
M/ MRRERL, REERN-REMEREKESSSE
M7E# (PCR-RFLP) AFFHREMNZSUENERAS
i

SR £ 158%MNBED R IR CHTE, WA
MRS GPIba C-5T ZBMEEEX (p < 0.05) o

{822, GPla C807T Fl COX-2G-765C &M S EIIT
MMZAETLR (p>0.05) o

it YB AOFBEY—IH AR B LA/ MR
EREMME, XAJEES GPIba C-5T ZEME X,

Guo B, Tan Q, Guo D, et al. Patients carrying
CYP2C19 loss of function alleles have a reduced
response to clopidogrel therapy and a greater risk
of in-stent restenosis after endovascular treatment
of lower extremity peripheral arterial disease[J].

Journal of Vascular Surgery. 2014, 60(4): 993-1001.
BE

B FMRITEAREER P450 (CYP) 2C19 EEE
S5aMEEATHNIIMRERZENXR, HARE
E 5 B RS A TN T B 4 B sh Bk R m I B A
(ET) JERERMEBHHRE,

Bk M2011 1 BE2012 £ 7 B, 1ERiBEMAEIE
EERANT 120 FIELMERRREIRK A E TR BB
E [BATEBAMERERERR (TASCID A-
Clo £ TagMan (Life Technologies, Grand Island,

NY) # CYP2C19 BEZEHMLAMUEMIAMEE R AV
RHERGRZE, BESRELES 75 mg [NAEEM

X#kiEE | Article Abstract Collection [y 19
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21.

100 mg MEEMETELD 5 Ko FEHITT ET, HiE
ET /5 1. 3. 6 ¥ 12 D AMTHEIAITME, SENTES
FEMREIEEIT G, EREAERE, BEEBERE, it
BHMENE S HMFRE M EETITEZRED
o

SR BHEMTT 74 RET FR, NEBEEPER+R

(41.7%) TR THIFRE, HEANDIT. FIIHEH
BrEA 98 =21 NE (1 ~30 MNA) » BEL—F
CYP2C19 Thigiksk (LOF) FHERMEHEWTRME
BRZMEMRDNSS (EMAS LOF HUERMNEBED
B9 51.6 +20.1 F139.8 + 1525 p=0.022) - 5&EF
fal LOF FUEREEMELL, — LOF EUERIE
HRRMBHNEZEIIEIN (55017 59.0%F 20.8%; p
= 0.008) » 58 LOF FUERANWEEMEL, BHH
4 LOF HMUERMBEXMBEBERAE (100% vs.
20.8%FRMEMH; p = 0.0002) o 12 MARMRITRELZE
XA 56.0%, SAZEEFEEEEER (K LOF MF
LOF FMAERAMNBEDINNA 73.1%M 346%; p =
0.006) o CYP2C19 LOF #HERSSETELSREE
ABHERXR (p = 0.007) o RIBANIN _BERREIESH
/VMRERE, BERM/IVMR RN EERERMDEMG
HRKEZSES (p = 0012) o CYP2C19 EFTBH2
RN, 2.688; 95%MBEXI(E, 1.366 ~
5.288; p = 0.004) MRS (GAEMFERLL, 2.430;
95%ME(SXIE], 1.024 ~5.765; p=0.044) FBERMBHF
=g LR e iviFS

2518 CYP2C19 LOF FHUERSSMEE AT B/
IRRERDEX. BEREMEEETHIET CYP2CI9
LOF FERMEBETEEE ET EEMEARE .

Zhang Z, Chen M, Zhang L, et al. The impact of
cytochrome 450 and Paraoxonase polymorphisms
on clopidogrel resistance and major adverse
cardiac events in coronary heart disease patients
after percutaneous coronary intervention|[J]. BMC

Pharmacology and Toxicology. 2020, 21(1).
BE

HR: SMRER LAY, SRAMEER 450
XS EREEE-1 (PON-1) BUBIFEER . RIDXLES
NERSZSESEMAMEENTH. NARNEER
NERWHERIEPBEE/MEK CYP2CI9*2,
CYP2C19*3 #1 PON-1Q192R &AM 5 SMAREIRFN

20 [N itisE | Article Abstract Collection

22.

FEOHEAREHHXR,

Bk ARRERNT 160 BIEEERPKS NETH
BINRES, FEIANER | ., XEBEELRETIENR
300 mg f5, ERTARAMISIILH 100 mg/d FIEMAEE 75
mg/do FAI/MREEEZSNE ADP ESHML/MREER
E, FH Sager WEEEFMBEEELTHRE
CYP2C19*2. CYP2C19*3. PON-1Q192R WERE, #
W T BRhIEPREIE,

£ER: CYP2C19*2. CYP2C19*3 #1 PON-1QI92R #4i&
REERBREEEREEFRERTREE. T

T22fE, @BIIAZE ORs, CYP2CI9*2 [46.65
(95%CI, 1.77 ~ 25.04; p = 0.005) ]. CYP2C19*3
[2.74 (95%CI, 3.11 ~ 166.27; p = 0.002) ] F1 PON-
1Q192R [ 5.69 (95%CI, 1.06 ~ 30.47; p = 0.042) ]
DRIGMT AMRFIRMHNL, £ 12 SENKER
1, CYP2CI9*1/%2, *1/%3, *2/%2 *2/*3 MNEEARR
DIEEH (MACE) NEEXEESTERTHERDY
(5259 18/40 vs. 2/63. 3/9 vs. 2/63« 11/6 vs. 2/63. 7/1
vs. 2/63) o PON-1Q192R RLH(EFS MACE ZJal
TR2EBEXME,

it BINWHARERIRE T PEMIE FEEE AR
B CYP2C19 #] PON-1 EHAZEM, CYP2C19*2 F*3
REFMERIETEERE T IV MR EMEEN R
FZHIZINT MACE ZHEMRPL, #EH PON-1 REKE
B E BZ R T /MR SIS BN R, BTERE
I 1 EEFRREMEENR ROBEEF,

Zhang J, Tang X, Zhang Y, et al. Relationship
Between ABCB1 Polymorphisms,
Thromboelastography and Risk of Bleeding
Events in Clopidogrel-Treated Patients With ST-
Elevation Myocardial Infarction[J]. Thrombosis

Research. 2014, 134(5): 970-975.



BE

Bf: AAREERITEMIEERT ST BEELAE
3t (STEMI) #£EM ABCBl ZaM5Mmie¥AHE
(TEG) 3¢ mX AT E,

FiED MNT 467 BlESEE T RN NETT

(PCI) By STEMI #£#E, BIEEBICURE, £
H%EH ABCBI EEM CYP2C19%2. *3. *17 B9 20 ™MF
TERZEMEEE (SNP) , BT TEG &M/ MR R K2
M, FHPEAEAN 12 A,

ZR: BIRHEREETEMZD N, ADP MFIH
TEG M/MRENE BN HIMF RFREKRE X
(BARC) > 3b MUHMEHEBRETNE, A TE
2 (AUC) 7 0.707 (95%CI 0.662 ~ 0.749, p = 0.009;

IBHRE > 93.4%) o ADP MEHIBA TN AUC H
0.594 (95%CI 0.546 ~ 0.640, p = 0.05; I5FRE>
92.5%) MJHIMEH (BARC > 3) ., HEXERERHIM
BREZE (B#EINEE CYP2C19*17 FMERMIGM. &
e, IR BIhEe) HITRRGE, ZETE logistic
BB SR ADP ] > 92.5% (OR 2.247, 95%CI
1.082 ~ 4.665, p = 0.03) , rs1045642 (OR 2.943,

95%CI 1.195 ~ 7.247, p = 0.019) F1 157779562 (OR
0.453, 95%CI 0.219 ~ 0.936, p = 0.032) MIEFE
BARC > 3 tHIMAYIRIZFUNEFo XEEREXTESE 3t 504
# STEMI BEHISEI T I,

£t 1 PCl EREZEMARE BTN STEMI BEH,
ABCBI 7% SNP 151045642 S EMNH MK AR, M
157779562 SRARVHIMNGHEX, HE TEG 1 ADP
IR B AT E,

©2020 IMPROVE MEDICAL All Rights Reserved
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Janicsek I, Sipeky C, Bene J, et al. Significant
interethnic differencies in functional variants of
PONT1 and P2RY12 genes in Roma and Hungarian
population samples[J]. Molecular Biology Reports.
2015, 42(1): 227-232.

BE

AEERIVNMRETESERBERENNETAE
Zz— R, AFMER, SMEENIRRTHRMNS
MESNMBEPHTREE. BNLIERER T MEEH

8, RHEZHMBERNPIZTRLSME, PONI
(WEEEE 1) EEUEENEYEEPRIFEEF
o ZERNPZERLSESERET NEBIBIEE,
SHEAMEERN AT S, P2RYI2 (RKREEZ A
P2Y, G ZAME, 12) ERRE—MZE, ZZMA(L
FIvR&RE, £ ADP FESHM/IMREEREER.
EXTAZA, il PCR-RFLP AR T MEFHZ
1B AR AURERRIRE AR PONT EEH 2 N ThAEM
BIZEBRZEM (5662 1 rs854560) 1 P2RY12 EEM
3 NEERK (152046934, 156798347, rs6801273) o X
F PON1 TR, RITAWMT /AL R FAUERIE
BEMRFE@FFIA (0249 vs. 0.318; p <0.001) - #8EL
2T, BEANSUERMEAESTAFFIA (0332
vs. 0.290; p < 0.05) o ¥F 3 P2RY 12 TEREK, FA]
HBETE 152046934 HAMEBEER: WFFAN cC &
RESARLLT AT 718 (1.4% vs. 0.2%; p <0.05) o
XERMHMBIBART TEARSBRERE, mEM
ABEEEX S ENIRE,

Kaur H, Corscadden K, Ware J, et al.
Thrombocytopathy leading to impaired in vivo
haemostasis and thrombosis in platelet type von
Willebrand disease[J]. Thrombosis and
haemostasis. 2017, 117(3): 543.
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25.

BE

HRFEREYE GPlbo 5EM/MREFE S S E 4 1k
FBAF (VWF) #8EFRERE, SERERMSHEM
AEmg AR, [/MR/VWE SERRERF L RET AR
FRLEMINAESZIRMING], A2 E EIREN MRS
AHUEZARLEETR. AAREETHEESRMNM
GPIba HY I /MR B R BE Ko 3T R A e 2 Al 2R B9 3=
#o A PT-VWD /INEARE, KB hTgG233V AYM
IMRESTER hTgWT /NERBITHR. ERRIARAIT
i PRI RMERER VIR R, BT
LM/ MREEST ADP. KRR B R MESH R R##1T
Mizte EFBEHR G M R B0 IR EH 16
6B4 HYAMR GPIba MMEIVER, FHITET BrefEiiE, &
MESIESHM/MR P-&FEERN PS #&TE hTegG233V H
5 hTgWT AL 2ERE, SRRBNDLIMRELETE
EBER. 5 hTgWT M/MRAELE, hTgG233V /MRS
BREEAMNKRMIESR, 3 ADP FIERMAESHIRFER.,

5 hTegWT /NEAELE, BOLRBER hTeG233V KA
R E S, REMNE R EINERAZ AL B R E R
&, BERMEEAHE (TEG) ZEMRIEMEASERR
HIRE. GPlbo RIERPHDNEMER T HAIRIZE BRI
B, BE&BRERE. BITBHER, AEeRNK
GPlbe WYL/ MREBERMNNERE, BH T LaiEk
BIME, BT GPlba MZE{=SMERINSIFINETESE
TREEH—THR.

Peace A J, Mangiacapra F, Bailleul E, et al. 02A-
Adrenergic Receptor Polymorphism Potentiates
Platelet Reactivity in Patients With Stable
Coronary Artery Disease Carrying the
Cytochrome P450 2C19*2 Genetic Variant[J].
Arteriosclerosis, Thrombosis, and Vascular

Biology. 2014, 34(6): 1314-1319.
BE

BHY: VMR a2A B ERRFRER AT RBEHERH TN

22 N itisE | Article Abstract Collection

26.

SIVIMRRSE. A SHRERD 6.3-kb TRASEREE
BEE ERFZEFSHNMNMRBEEMERX, 4REER
P450 2C19*2 (CYP2C19*2) IhRERKRZFMEFFM
P2Y12 NEWM/MRINE], NEmEBLNERRSE
HHRER, BN T RE R OAREEE 5 LA
SHEE (WERIVMRIET) F 6.3-kba2A ZHEER
SAENMMRBENZMKRES CYP2C19*2 Tk
KEUERBEER.

ik BT Multiplate Analyzer EREBMPITET 5
MASRENELRENRE (MK 015 2 10
pmol/L) , EERMETREZA], BT P2Y12 REMR
ALNE T VMR R R4, Filid VerifyNow P2Y12 UE
Ti0HIZE, A TaqMan AYHEIRRATER LS.
£ 141 fE S, & 10 umol/L (p=0.077) 4, 7EFRE
BLREFIET, 63-kb #HiEx (52 ) WREXRNETF
FFER (89 ) o 6.3-kba2A ZAEFEHINFIERIE (p
= 0.048) » CYP2C19*2 FHEREHFENMEITDE
BE (p = 0005) , P2YI2 R BUKRE (p =
0.012) o SEFERFPMMRTMELL, £ 6.3-kba2A-AR
TRAM CYP2C19*2 FUEFRMIEFEFNUERIRS
BIP2Y12 RS (p = 0.037) FMBREAUNEIEDLL
(p=0.009)

£518: 6.3-kba2A-AR TERSM/MRYTE ERRRM R4
EINEX, H5 CYP2C19*2 IneEfekFMER—HEXT
RETUOSRE BT MAT BE 8 P2Y12 SR
IR R R = AR A

Tang N, Yin S, Sun Z, et al. The relationship
between on-clopidogrel platelet reactivity,
genotype, and post-percutaneous coronary
intervention outcomes in Chinese patients[J].
Scandinavian Journal of Clinical and Laboratory

Investigation. 2015, 75(3): 223-229.
BE

B SMEEN VMRS R MM R T TR R

WARREN, #5ROE4EX, XTRTFZHER,

BINAOZITE. IGFRSERN CYP2C19 MZEM. B

HITE AP B —LE U SO AS 5 (/MR 2 B2 14 B9 #7 0/ MR

MEE, BENS CcYP2C1y EEREFMERIREEKT
SATT IR4E A M 5 ERA,

73E AREMEMNER SR E MM B LAMIET TR S



27.

WIRFRKERETE (ACS) BE, CYP2CI9 INRETRAER
B, BOAEHBEEANEN _HRIRTASNRAL
IMREEEEZE (MPA ADP) , EidMIigi i #ic RNE
B ADP ESH IR AT HEIREE (MA ADP) ,
/MR R RZIEIEER (PRI BB HKFRIBNEEE
BB (VASP) HITHONE, UKk 178 HIREF 6
MEAEERRLMESRH (MACE) MAEBER#HITT
o

5. MPA ADP > 46.0%. MA ADP > 47 mm F1 PRI >
50.0%E X & M/NR R 2 ERETHREBREDFA
27.0%. 24.2%% 61.2%, #R#E CYP2C19 EFEE, ADP
BERMNE (VASP PRI BFIFE, BB EENERT
8% (PMs > IMs > EMs, p < 0.05) - STESHE
R 6 NHBT MPA ADP > 46.0%%F1 MA ADP > 47 mm &
MACE B3 FlE Fo

#5100 *2 M/m*3 SAERFM CYP2C19 TRk R R E
EHREARPERER, F5RENZRMRR M
H*. MPA ADP 5 MA ADP EMXME AT /MR RN
MIMRETRBEN NETHRETRESEEERE
SMERERATER X FRIE I,

Zhang S, Zhu J, Li H, et al. Study of the
Association of PEARI1, P2Y12, and UGT2A1
Polymorphisms with Platelet Reactivity in
Response to Dual Antiplatelet Therapy in Chinese
Patients[J]. Cardiology. 2018, 140(1): 21-29.

HE

By AMPAABREERASBEMAM/MRINEENEE
MEER, FEBYREBEERATINATT RN
Zixic. HAWHRIAZET PEARL. P2Y12 fl UGT2A1
BERZSURTSPERMBREGSIEERE WEHN/)
WRETT R BRI /R R R AR

Bk AT RIUVIMRESIDE] (IPA) < 30%HEBEWIT
AEMMRR M (HPR) 2B, IPA > 30%MIEBHE S
ERNEFMMRREYE (NPR) H, @i miessHE
(TEG) MU/MRIEEINEZNE ADP iESHYM/)RE
&, A Mass-ARRAY F&3F PEARL. P2Y12
UGT2A1 By 13 DMREZERZEM (SNp) #TEES
B,

R BERETENH, £ SNP 5 ADP FSHIMM/)
IRBEEEMRRX, 1512041331 WEBEMER G.

©2020 IMPROVE MEDICAL All Rights Reserved
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152644592 FURBEMERE G. 1511264580 HIREENL
E&A C 7 rs11249454 BREBEEUERA C 5 HPR EE48
*, T rs57731889 BUREEMIEE T. rs16863356 BIR
BEMERE A f 57634096 FABEEMER T 5 NPR
BEEX, TRNVARP, BEELMEROEANE
EMTY PA EZRTFEEELEHMNEE (p =
0.048) o

2590 AR EKRAE, PEARI. P2Y12 #1 UGT2A1 &
LR REAENEYREY, TRTESEMESE
FBer B CLATE R E B & AV IR PR R F o

Derle E, 6cal R, Kibaroglu S, et al. Aspirin
resistance in cerebrovascular disease and the role
of glycoprotein I1la polymorphism in Turkish
stroke patients[J]. Blood Coagulation &
Fibrinolysis. 2016, 27(2): 169-175.

BE

MELAIRIARETE 5% ~ 45%EREBEER, HRKE
NEIEFEE. AARETHENERMEREERF
AR, FIBIEMFIE, FECHERNEER [
PIAV/A2 ZEMZEMNXR. RIBEEANT 208 B (75
BABEREE, 133 BREREE) EHMELMET
— R RN MERCRREE, RIBZETEE
EAHAERER, ERAH—S DR, FIEEHIE
iEE PFA-100 R4 (RE/SLBRERE) NE, #E
B Illa PIAI/A2 ZEMBIREEHERNNE, FI=0C
MRS BRER 322%. FEALHIRAEENTY
FHASSTERIRNNESE (p = 0.009), FETHE
I7 BB ERF AR B9 B TAME I BB M. &
WEERA 100 mg FAARIFINNAERSRS (39.3%) o 10
I 50 EL A7) 2 R0/ B0 % [ 5k B 7R 57 S 350 e B TSRk M
Tk 36% ~ 60%. BEMERT, EFATNERFREE
CHBBRNEBET, B 14%HAELHRTT. BEES

X#kiEE | Article Abstract Collection [y 23



IMPROVE REVIEW PHEET

29.

MaPIAVA2 &35, a5 shAKRERE I
‘RPN ERETEERX Y, MELEMNIERERE
BiEl. FIEMATASIFINEETRE., BEQ 1
PIAI/A2 7S, [ LARHTAI SBKSRFRE (L Mt 14
FRMREZ BIREX R,

Calderén-Cruz B, Rodriguez-Galvan K, Manzo-
Francisco L A, et al. C3435T polymorphism of the
ABCBI gene is associated with poor clopidogrel

responsiveness in a Mexican population

undergoing percutaneous coronary intervention|[J].

Thrombosis Research. 2015, 136(5): 894-898.
HE

BR. SRER—E4H, HPERIEES ABCBI
BRI P BEANRES, ©@d CcYr ERARIEHN
MAEEER P4s0 BEEITAFAET, FERET P2Y12 VMR
SHIEEREY. BTSN, —LEERIERE
WEMEERNE, SBUIETREF. FARHER
BRMELRTRMENNET (PCI) BERIMIEE
RMARS ABCBI. CYP 1 P2RY12 BERZAMZ(E
%X Fo

FEMER: ZARMANT 276 HliES pCl BE,
F3 10 uMADP £ B /MR M i@ K FREENESR
MAREHRE . RIMHET 70%HI I/ MREESE R FZH
BEWALNTRRNE, BIERE PCR HEES
B, 22.1%HBEWTEMESENRKE, ABCBl &
EBY C3435T MM TT BEFEBMBEERMAIERSD
AESaMEERMEERX (9817 Exp (B) 273, p
=0.009 F1 Exp (B) 3.86, p=0.04) o

2 I[N itisE | Article Abstract Collection

30.

it SMRERNYEES ABCBl EE C3435T %4
% TT EREE X,

Wurtz M, Nissen P H, Grove E L, et al. Genetic
determinants of on-aspirin platelet reactivity:
focus on the influence of PEAR1[J]. PLoS One.
2014, 9(10): e111816.

BE

Hx: WREMETHEN/MRESE B REES AN
FEZRME, FIFERERAY, BEHFBEREES
SHESKEE LRER B LA T MEEY M/ R B
%O

BRY: EEMELAAT SRR f2min/ MR BRI/
REXPZEBRLZEMN (SNP) o Mo, HMRWTIF
AAE-1 EEANMMUEMN T HREEEREE LT
LR RE X AR08,

B BITANT 985 BIRENTREBERNAEE
&, BETREILM 75 2r/RNETATT. FRET
Foff PCR BY755E (TaqMan) 383 RO/ MRAE X EE
R 16 FER SNP #HITEESDE, A Multiplate
Analyzer (EEhF: HENGEBRAMKREEZH) M
VerifyNow Fa] 5] [LARSE S 4 R4 A P4 /MR R £
MEMBMEE B2 UHRIAFISICARBRME, FHigHE
R E&Rs-1 JEEMIRIC, AIAM PIEREHAEL
INRERBITEY. ERRENAFHLR T ARER
B MREBE. FEEE-1 S MWIE K.

#R: MMNMRARRERE 1 (PEARL) EEFAAH
1512041331 SNP i A FUERE S M/ MRE SR/ DRI/
RERIEINE X, B5HAEE-1 FELX, I/RE
ERZFOMHIE M SNP BIRZIH,

£590: EARD (1512041331) FEREETROESY
SR B LKA TT T OIR B E MM/ MR ERE, Hatli
EMFANHIDAELIRIE, BRXMZEENFMATEE
S5i/MRESER X, LI, FrrEiEme = T
FRIIRLHT 14 4 SNP SR E) LAk L9/ MREREE T X0
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Featured

Article

AHIXEEE T EN BN HE SSMREAT OIEFET ABCB1 ERZSMRBMRM 2 BMXR, XIS BT IRIIFSE,
7 PCI RiGEZEMAREATTH STEMI BEH, ABCBI EETH SNP FIREXHIMARN, M TEG #NHAY ADP #MHIZRETFNIE /X
i, LESIRTEIRR EE—EMBEMNE,

SRR FRT ST RIaBEOAESEBEF ABCB1 ERAZSM. Mg
HERNS Him =X Z BB X R

BE

B RNAREERITEMEEATT ST AEROAESE (STEMI) £EM ABCBI £8MSMig¥E (TEG) XX AT
M Es

Jaik: MNT 467 BlIESARTREIBKANET (PCI) B9 STEMI £E, BIEEBONRN, ©NH%EE ABCBI EHEM
CYP2C19%2, *3. *17 920 MFICEZERLZEM (SNP) . @Y TEG G/ MR M, FHEIFEER 12 MNE.

SR BEZIRERERHELE D, ADP IDEIZEM TEG M/MREEEX B FAHARIKEBENX (BARC) > 3b HWHEMEHE
ERENE, ML TER (AUC) A 0.707 (95%CI 0.662 ~ 0.749, p = 0.009; IGSHE > 93.4%) o ADP HIHIZRE] LT
AUC 57 0.594 (95%CI 0.546 ~ 0.640, p = 0.05; IGFE > 92.5%) HHMEH (BARC >3) ., EMNERENLHOERER (B1F
INgE CYP2C19*17 S ERRIGIN. Fie. L. BIhEE) HITREE, ZLETE logistc BJIREER ADP MIFIZFE > 92.5%

(OR 2.247, 95%CI 1.082 ~ 4.665, p = 0.03) , rs1045642 (OR 2.943, 95%CI 1.195 ~ 7.247, p = 0.019) #1 157779562 (OR
0.453, 95%CI 0.219 ~ 0.936, p = 0.032) BYHEHE BARC > 3 AR FNEF. XL XREEES Tt 504 & STEMI & 1S3
I oan

£530: 1 PCI BIES SMAREATFHY STEMI 28EH, ABCBI FRIC SNP 151045642 SEEEBMRBEARR, T 157779562 SHMKAY
HIRKEAERX, HE TEG & ADP #14I= 84 HmmFuNNE.

na

BRE ZBiER (ADP) RMRMEGTIRMREEE BT f, M5 ADP B9 PR BARKIBE R ESIE M MEBHHIX L

ST ERHEELLAESE (STEMI) BEMLMESY, LHRE
BSERTERIENNAETHEEN, RENECEETH
M/ MRZGIRIITIRAE, MERREMERIEE, SMEENR
R SERREANRSGZ— A, EESRGWETH
BEDR, AMEEAVERENNMEEERESEN, ¥
ADP WI/IMRRE% (PR) BHVEEEBRERERMMES

26 [e) szikiEiE | Article Deeply Reading

¥, RENFIHART2EAE, BEREFSEZSEMEER
MHNAEMEX, BERSESHERIMREAHPRIZEEE
A, WEZSMEEATNEENTEEIEERZ M,

SAMEER—MIEERIR, FEHRIK, @I
BE P450 BERAEIERE). RISEMER, HEsM
RERBH CYP2C19 TRk (LOF) FMERWHEALZ



BRI N AT EENSENAMENESROE4HEE
EFEMNE, EFIMETHRK, SRHXBAHYEEE
BEMREETN P-HEER, ZEHHA ABCBl (ATP 483,

WK% B, A 1, ¥R MDR1) EREREY, P-HEELE
—FhkE ATP BUSMER, BT ARIMER MM MEET RS
DF. B LEEMARLE PEEARANIAENIEMEEMERK
MEMINRMASENEYFIAE. ABCBl ERENEMEER
M REMARER N B 50 MEZERLZSME (SNP)

Z1EF ABCB1 EFEMEX, XAIAESHIIEENTY, B
REHAREPEZERDIFE N SNP C 3435T (RS 1045642)

Lo SRIBAREKE, B T FUERSH P-EEAINHE
BI9EREE, MTIRPMERILAS BRI UL,

T NMRZR AT LUBIE IR PREE R AN SR IO = M1/ MRINEEMR
KiTfh, REMAERRPRRMNIERRE T ERRIMEGRY
—MIERKREZENSATE PR X1 ADP WEEM, B24
T PR MBMEBE4HZENBEARFTERY, Flb, EI1EX
BRRMEEAE (TEG) LRMHMEHZEINEBERER.
EAt, XF ABCBI EES5SMIEE R NABXN I THZILE
HFERARE LRA—HMI, MRZH ABCBl EHMSH
ARSI B RERAAARLL, XF ABCBI 2RSS
MEHZERXRIIEERD. FEAUFTAI ABCBI C3435T
MEMEHZEEEEXEK, ATH—PHAAEM ABCBI %
SHSENMBROEFREHXR, RITORTESENES
JAITHMFRE STEMI 2% ABCBlI ERMITIZERERSS
%, HIHETE CYP2C19 RS T ABCB1 HEMHIMEXMY,
LB~ ABCBl ERTR5IRFRERNMIIXR, EXE, &
IEBA T 7E PCl EEZEAMKRERTH STEMI BEF,
ABCBI #Ri2 SNP rs1045642 5 EMHMREEX,
157779562 SEYRAIHIXBEAEX, M TEG H ADP RYHIHIE
B H X RIFTNNE,

5k
MR AR

£ 2011 £ 1 BZE 2012 & 7 BziE, EAVm08EMY:, &
M, SBHROARIEAN 467 & STEMI BE. ANLER: &
% > 18 %, PCIFRIEE. PCI/EAIBES > 1 F. HFNER
FERMREAFAIRE. AR A E Mm% &Rz, O
BRIUEETT. EAMRILENEN IV WIET ASMYR LI
RE. MUVMATRRAE. GG < | FRIECERE
THENETF NN EE, VNMFEERRMETHRAR, H
MEERET BEMNERZES, HREHT TEG NFERE
e, ZMAME (MREEES) PEBRAYRN,

©2020 IMPROVE MEDICAL All Rights Reserved
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gt

FREBEWE PCl AR MBI MM ARETIEN 300 =
RSB BTN, MEAEEFFIEN 100 Z5w/XR9M
BILAA 75 BR/ARBIRMARE, H5 1 &F. PCIEVRERET
EREBERNER, NN NETTBEIRIEL IR AERE
R TR, STERSBURRIRIFEILRE, MRFEMED Ib/llla
RINEIF (GPI) , NERAET IR, e EETEMEISTRIF
WBERRDFEERE (KRIEFER) HEEFRHTHEET.

172 SNP BOEE

FERABXIRIE A%, EEIFARic SPN HTE L N4+
( http:/hapmap.ncbi.nlm.nih.gov/cgi-perl/gbrowse/hapmap27_B36
f4search) M HapMap CHB #X3EZE (HapMap Data Rel 27 Phasell
+ I, Feb09, on NCBI B36 assembly, dbSNP b126) FRIEIEFR
2 SPN, EERIFRIC SNP M _EiF 5000 bp EITiEF 5000 bp B
TRER ABCBl Xif, BIERHEXNRESUERNE
(MAF) KF 005, EBRTE (LD) NE r HEHN 08, 2
#EEH 20 MRIE SPN, EE ABCBlI EELEHIRT 86%H)
SPN., DM ZEI, BHFHRAEBHRS Hardy-Weinberg F7E
EEERE, FHLIHRKRT —1 SNP 152032582 #Rig (p <
0.001) . TEFMEHEMEEICHIRIE SNP HIFRIQMEI LR
%

BRI

TRIEELT 5 2 MINE 2 MA¥ R APIREVEELE DNA. EAE
EERN&RE (LDR) MLl AIRMAES (ABI3130XL
DNA DX ES:; Applied Biosystems, ZE) . WPEHESH
A (n =21) HTEEERPE, HERNFZARRREE
#l. BEFEHH CYP2C19 BERTRSAMIEE&TRENHIE
FREMARERMXE, HITMHT LOF FUER
CYP2C19*2 ( rs4244285 , ¢.681G > A ) F CYP2C19*3

(rs4986893, ¢.636G > A) , WUKRINEEIGEE (GOF) HIEHA
CYP2C19*17 (rs12248560, g.-808C > T) , LIE’R ABCBI %
SHESIRRNX R,

MmN/ MRE DT

LBERAIMEEEZED 6 /Y, EEE 32%ITHER=%
MFEENETERRENR, KESEEH, AB=31
R, UHBRIMETISE2RE, RN TEGHER - MEERIE
EMEER (AA) MTEERERE (ADP) BUEFIRYHI/)VRIE
THR. XMAENFERRETE LSRR, TEG 91X
(Haemonetics Corp, Braintree, MA) FBELOHFIRGATF
MEERER, SMAEEIEIL/ MR E2ETE ADP fI#

ik#EIE | Featured Article [@) 27
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BY /MRS IR A EHRERERIZTER (ADP #DEIZE) © 100 - 100 x
[ (MAxr-MAgsr) / (MAnrovsn-MAgsrn) 1, EH MAxpe
= ADP ASHEHEE (RMEEMLAINE) , MAmr =
BUERIASHEREE (FAERAREMHNE) , MAuroven
BRNEIESHERREBE (RAFREE) , MREARMEX
KFARNEERKRZE ML SR ETEHMEANLER, TE
HIEHRBEHOFARRDEENX (BARC) tREHITE
1, BFEDHTRIZEE 3 f1 5, BARC 3 HIMEE 3a, 3b
3co BARC 3a #ENAEMHIMN FMAEE TS ~ 57/=
FHEEEHEHMAMEREM. BARC 3b #EXNEMEHImMN £
MAEETRE > 5 gdL. QEEE. FBIMIFAEHIED
(FEEF R/ B/ ERERE) BRI ME AT
B, BARC 3c EXAMREM, PG FRIBHES
RBELRITE, FIMEMANERA LM, BARC 5 HIEEX
FEIREk BRI B (Y, AR EBIGHRTRE SR
MEFT. EBFEOHESE. FETREMEER (TVR)
SRR (ST) MEEER. Ml BIRIBERE SCRIEN
W, 12 12 MAMKEAEAR, ETR TVR #EXAER—BIR
Bk ERETIEALE (MEEFER > 75%) RN
BT OMIFRRER) , RETERNEFT#HT, BT
RLEERNZCEEIN, RIBFARARKERNEN, & STE
XAMEN ST, EEMROB4RAOMEILT. FEBHGE
ML %15 TVR #1 ST E &Y. RIMUHNEEEETRRS
XHENKRRERIER TR, HHESMH

Sitoin

EASNTEEETRINZANMR, EPaET5%EF
MARENATT RSN L. SERIMARET 1s1045642 S
A BARC > 3 XM BB EEEXM (p=0.023) .
I, FAMRIE s1045642 FUEREHENHERTEIAS
FHME. SARSETREREBILTHN, LIKE 80%MIHE
SRIER 151045642 FUEREERED BARC > 3 RIBIMAIRE
R, BERASTHRN 10.5%HM 3%, Hib, BHEE 416 BF
Ao ATHMEEMK, BIMBET KLY 450 A (it
f§: PASS 11.NCSS, LLC, EEILMINENETER) -

ESTERTATHME « t0EE (SD) , HESHEE
A t 123, Mann-Whitney U RS EEEAZEDHT (ANOVA)
BT, PRTERTAMENEDLL, H5FRAKRE
(y¥) 3 Fisher FEHMINIAITILIR, HLXEZENEZERE
WAENMCIFEERLS, B Newman-Keuls HIEFT S
bR FHTHEEEIL R, E=MER (XEMH. BHMR
M) T, DWFIEEICH SPN SRRBMHZENXR, Zid&E
IBRERHERZ (ROC) DITATHE STRMEEE MEHHEXAY

28 E} XikFEE | Article Deeply Reading

TEG BEMREEFIKTE (MedCale 3, LEFIRNZETFRR
%) o IEERBEFESE —ROMESHNE—RHRTHEE, X5
PR SARNI R, Y FRIRRBMHNZINE, IRKBEIHTERA
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&, ZTE logistic [Bl)IRELAFHL ABCBI #7i2 SPN 55
BARC > 3 RIIMEHHI ADP IMHIZE > 92.5%B9IHI XEX,
ST RLEZ#ITTIEE: GOF CYP2C19*17 HUERRK
. ER. MR, AEER (BMD . B (WEAED .
BME. SEERME. BRE. REPRNEFINER. 8%
FERNER. WEEESLERBEPNENTERITAH
(OR) FHERZEY 95%BIEXialiThit. FTER SHEsis
S (http://analysis.bio-x.cn/myAnalysis.php) %1 ABCB1 EHX
ERMEHTRARBRON, FIEAITDIIRA 18.0 kA
B9 SPSS 41T, WEMEME <0.05 WIANZZER,

ATHIE TEG MEEXEFFUUNE, TAWE 2012 &F 7
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TR EAER,. R _APEHTIBIELEIEE,

AATEEDTAEARE 452 & STEMI £E B 1) o
FrEREREFENEAR, THERN 9+ 12%, HFS
M 360 B (79.6%) o PCI £BMERZMIFERZER, 151045642
BERBAZ ENELAOSIT. IGRRMFETEE T RIFN
T (R 1) o 152235047, 157779562 F 157802783 EEILA
B ELAHE R,

HE—FERRESS, RET 26 RERMEBEMG (58%) , GF
11 (24%) QMIEFET. 38 (0.7%) IEBFEEOIEE. 7
# (1.5%) TVR A 5#E (1.1%) ST SHEZET 43 # BARC
> 3MMEH (9.5%) , BIE 1% (24%) BARC 3b W
3232 (7.1%) BARC 3a i,
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1. HRAR AR TIZE
STEMI: ST #ASELAUEE; CABG: TPREIBKEFA; PCl: EREFEIREIBK T NIETo

| 1. IRABRIELNNIE

Variables Total ABCBI 151045642 p

(N = 452) CC(n = 157) CT (n = 224) TT (n = 71)
Age, years 59 + 12 60 + 11 58 +£13 59 + 13 0.26
Male, n (%) 360 (79.6) 126 (80.3) 175 (78.1) 59 (83.1) 0.65
BMI, kg/m? 257 + 34 256 + 3.3 257 + 33 26.0 + 3.9 0.62
LVEF 522 £ 7.7 51.8 £ 86 523 £ 68 528 £ 8.0 0.59
WBC,%10*/mm?* 109 + 35 106 + 3.5 11.1 + 35 114 + 3.6 0.18
Hemoglobin, g/dL 1385 + 19.2 138.7 + 17.8 137.9 + 20.2 140.2 + 19.6 0.67
hs-CRP, mg/dL 8.6+ 52 85 + 355 86+ 51 8.7 £ 5.1 0.95
Risk factor, n (%)
DM 138 (30.5) 47(299) 70 (313) 21(29.6) 0.95
Hypertension 269 (59.5) 96 (61.1) 127 (56.7) 46 (64.8) 042
Hypercholesterolemia 421(93.1) 149 (94.9) 208 (92.9) 64 (90.1) 041
Current smoking 300 (66.4) 107 (68.2) 148 (66.1) 45 (63.4) 0.77
Alcohol drinking 119(26.3) 43(274) 60 (26.8) 16 (22.5) 0.73
CHD family history 103 (22.8) 32(204) 55 (24.6) 16 (22.5) 0.63
History, n (%)
Previous MI 78 (17.3) 31(19.7) 43 (192) 7(9.9) 0.15
Previous PCI 47 (10.4) 17 (10.8) 23 (103) 7(9.9) 0.97
Previous CABG 2(0.4) 1(0.6) 1(04) 0(0) 0.80
Infarct-related artery, n (%)
LAD 235 (52.0) 83 (52.9) 116 (51.8) 36 (50.7) 0.95
LCX 89 (19.7) 30(19.1) 48 (214) 11 (15.5) 054
RCA 197 (43.6) 62 (39.5) 102 (45.5) 33 (465) 044
LM 15 (33) 7(4.5) 8(36) 0(0) 021
Concomitant medications, n (%)
Statin 446 (98.7) 155 (98.7) 220 (98.2) 71 (100.0) 042
{3-blocker 390 (86.3) 134 (85.4) 196 (87.5) 60 (84.5) 067
ACEI 339 (75.0) 125 (79.6) 162 (72.3) 52 (73.2) 025
ccB 27 (6.0) 9(5.8) 15 (6.7) 3(42) 073
PPl 331 (734) 121 (77.6) 161 (71.9) 49 (69.0) 031

ABCBI: ATP £&&, TXRK B, A 1; BMI: {AE5%; LVEF: AE§MHE; WBC: H4HHE; hs-CRP: B8 C RNZEH; DM: HERE;
CHD: @ilv&E; ML DAEZE; PCl: LRIRMBKANATT; CABG: TIREIRKIERTA; LAD: ik, LCX: LhEsz; RCA: Gikohfk; LM: &
*; ACEL: MELKKREF; CCB: fHEBE#; PPI: FRFRIMEIF,
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2. HmEE ADP iPHIREZIAE TIRRHERRLE

(A) : BARC > 3b HIMAY ADP #IHIZREI ROC BhLk. AUC: 0.707 (95%CI 0.662 ~ 0.749, p = 0.009) ; EIEE > 93.4%0
b4 ;

(B) BARC > 3 HmAs

ADP {HIZEH ROC L%, AUC: 0.594 (95%CI 0.546 ~ 0.640, p =0.05) ; IGRFME > 92.5%. ROC: FifE TIERHIERLL. AUC: ROC Bh4k FHIE

o

#5712 SPN SlfEKRL =

IR R &ES ABCBI 472 SPN HIXEXFIF S1 #h7ett
KIERo rs1045642. 152235047, 157779562 F 157802783 BY SPN
EREAS5 BARC > 3 MBS EREXM, 51045642 SNP Y
RESMER (T) EHFEEELSHNHEOXK, XFEFY
1s2235047. 157779562 F 17802783 MREIMIER, HFRE

SUERETENHDRD, #ITREESTUREESLD
SPN Z3#frHR 2/R XEBAEERIE-MRIE SPN Z[ERIRE, M
FEWASETATRER (R2) , HPHEER T-A-GC
S5ZENHMXMKMEZEX (OR 1.86, 95%CI 1.16 ~ 2.98, p
= 0.009) , MEMFEE C-C-C-C SBMHHMXPESEEX
(OR 0.46, 95%CI 0.23 ~0.92, p = 0.02) . FARFEEAZ
ENEEHOEHEEEEER.

7 2. ABCB1 EFHIFRIE SNP 5 H B [EAy S S8 B

#7iC SNP S p OR [95%CI]

1s1045642- H 1 el

152235047-

1s7779562-

157802783
T A G C 0.456 0.326 0.009 1.86 [1.16 ~ 2.98]
T A G T 0.014 0.061 0.08 0.21 [0.03 ~ 1.42]
C A G C 0.161 0.145 0.63 1.16 [0.63 ~ 2.16]
C C C C 0.117 0.228 0.02 0.46 [0.23 ~0.92]
C C C T 0.141 0.177 0.46 0.78 [0.41 ~ 1.49]
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2T & logistic [B)IERIRE, 151045642 (OR 2.943,
95%CI 1.195 ~ 7.247, p = 0.019) Frs7779562 (OR 0.453,
95%CI 0.219 ~ 0.936, p = 0.032) & BARC > 3 AV IR
MEF. ADP IIHIZEH TEG & > 92.5% KA FUNE M EHRT
XS (OR 2.247, 95%CI 1.082 ~ 4.665, p=0.03) (&3) o
B8t O « RFRIDHFNEANETFUNFERLS
BARC > 3 MR ZEERX (535059 OR 1.016, 95%CI
1.004 ~1.029, p=0.011; OR0.22, 95%CI 0.064 ~0.752, p =
0.016; OR 2.957, 95%CI 1.368 ~ 6.392, p =0.006) o AEH
T TEZTHRR (R S2) , HEEMRPRE TR
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LR, EEZHMRS, BARC > 3 HmMARIFINEER
151045642 (OR 2.708, 95%CI 1.14 ~ 6.437, p = 0.024) #
157779562 (OR 0.416, 95%CI 0.206 ~ 0.841, p =0.015) A
#, ADP HIHIZE > 925%H) TEG {8 (OR 2.447, 95%CI
1.199 ~ 4995, p = 0.014) , &M (OR 3.226, 95%CI 1.398
~7.445, p = 0.006) , BEIhEE (OR 1.02, 95 %CI 1.008 ~
1.032, p = 0.001) , FEARFRIDEIF (OR 0.186, 95%CI
0.055 ~ 0.633, p = 0.007) FEZIEPIAIEEA (OR 3.87,

95%CI 1.817 ~8.243, p<0.001) o

& 3. %7 Logistic BlYAZ AT TN H i 4

TE %L (OR)

151045642 FERKLIT 2.943
152235047 FERHEE 0.494
157779562 F(IERH T 0.453
157802783 FHMIEFHEIE 0.464
CYP2C19*17 S ERFIT 2973
ADP HIHIZE > 92.5% 2.247
Fie 1.017

Eegks 2.079

REH 0.935
MEANET 1.016
BIE 0.484

= AEE R M 1.506
PEFRIE 1.283

R R FSR AN 0.22
EREZIF 2.957

95%CI p
1.195 ~7.247 0.019
0.243 ~ 1.005 0.052
0.219 ~0.936 0.032
0.211 ~1.023 0.057
0.449 ~ 19.693 0.259
1.082 ~ 4.665 0.03
0.982 ~ 1.053 0.339
0.812 ~5.323 0.127
0.838 ~ 1.043 0.229
1.004 ~ 1.029 0.011
0.227 ~ 1.029 0.059
0.311 ~7.298 0.611
0.601 ~2.74 0.519
0.064 ~0.752 0.016
1.368 ~ 6.392 0.006

e

BERAIFTAD, XZRHE—TET ABCBl EEHAIIRIZE SNP
# TEG 53R 5 STEMI BE L MEHHEXNAR. HITFHARH
FERUZ: (1) EEZEMEESTHEEFR, ADP %]
FE(EAM TEG EAIFN BARC > 3b 1 BARC > 3 FItHID;
(2) ABCB1 2REEAES PCI f5H ME4HEF<AI SNP,

FIRRSE B R E R I/ NMRINAESD R, TEG M/ MRE
SATREEST LE MRS M/ MR INEER T EE DN, ERR
8, BBENDNEWLR, EIRAL, Bliden HPHERT
ADP %2 < 30%B] AFUNIIES SIS EaTHIEE PCl R
ENBERMMEER. XTARFR, ADP MHEIE > 92.5%
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2 BARC > 3 HmAYE 7 FNEF

AT, ERITWARF, RITEEET GOF HUER
CYP2C19*17 SHIMBEERNXEK. ERINVHARAFHH
CYP2C19*17 HYSAZE (1.6%) mIRTFHEAH AR, BEAELE
R —SERSTAIEIERR CYP2C19%17 Z/MME M BN E
ERXM, STRAMANEN, HAsxhEABNRARIR
BT CYP2C19*17 SMEBEMER, ERINBFINHARZ
7, FEURTREMATAIRET ABCBI A rs1045642,
HEZWARZEWER T HMARIE SNPo SNP 151045642

(C3435T) RFSZHARFIREN ABCB1 BERNREEMNIRD
Zz—, ERERBFHREMN13, RE 151045642 BINET
26 A SNP, {BRILEBIFEE mRNA FXKFLITHK
T P-REAMNBENNTRYERES PREERFEENKRE
HINEEREEBE X, PAEERIMERIZEQRAHINAERIPEME
AIREREIMEMARE. HEENEYHIRRALN S RE.
Fitk, rs1045642 MR T EHE AL EERIKAVFRMEBEMX
i, BEREBEMFZ LNEGEYE, BEARENE LXK,
PLATO XJ0HVEIERE, BA CC BREE 151045642 (FER
AEF) NEEROFENAEERSTAE TC H TT £2RE
REEI, PLATO REMX—ERRARTN T FUERE
HEREAEERNSMASFRMAIERR. Simon ALY
£I, BB TTM CT EREH AMI BETE | EEHRMEH
REXSTEE cC HFERHERAM AMI BE (155% vs.
10.7%; ®RIEGRY HR, 1.72; 95%CI 1.20 ~ 2.47 ) - 1BE,
151045642 ZRMHRRHARPER PCl NEELHLEFHIH
IFMEF. fE3RTE TRITON TIMI 38 IR EEZ SMISE
B ACS BEPIELTS TT AESRSEXIRERMN, 4
MARERINVARZEINEROTAEIARTF MK Z B
ABCBI SNP SiXER. HRABNEMESHENER, H
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Relationship Between ABCB1 Polymorphisms, Thromboelastography and

Risk of Bleeding Events in Clopidogrel-Treated Patients With

ST-Elevation Myocardial Infarction
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ARTICLE INFO ABSTRACT

Introduction: This study sought to investigate the relationship of polymorphisms in ABCB1 and the predictive
value of thromboelastography (TEG) on bleeding risk in clopidogrel-treated patients with ST-elevation
myocardial infarction (STEMI).

Methods: 467 consecutive patients with STEMI undergoing percutaneous coronary intervention (PCI) were en-
rolled. Twenty tag single nucleotide polymorphisms (SNPs) selected from ABCB1 gene and CYP2C19*2, *3, *17
were detected by the ligase detection reaction. Platelet reactivity was assessed by TEG. The follow-up period
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cfgggggrel was 12 months.
ABCB1 Results: By receiver operating characteristic curve analysis, the TEG platelet mapping assay value of ADP inhibi-

tion had the best predictive value of bleeding academic research consortium definition (BARC) >3b bleedings,
yielding an area under the curve (AUC) of 0.707 (95% CI 0.662-0.749, p = 0.009; cut-off value >93.4%). ADP
inhibition can also predict BARC > 3 bleedings with an AUC of 0.594 (95% CI 0.546-0.640, p = 0.05; cut-off
value >92.5%). After adjustment for established risk factors of bleeding including the gain of function
CYP2C19*17 allele, age, female gender, renal function, the multivariable logistic regression model demonstrated
that ADP inhibition > 92.5% (OR 2.247, 95%CI 1.082-4.665, P = 0.03), carriage of rs1045642 (OR 2.943, 95%CI
1.195-7.247,P = 0.019) and rs7779562 (OR 0.453, 95%CI 0.219-0.936, P = 0.032) were independent predictors
of BARC > 3 bleedings. These associations were validated in a second cohort of 504 STEMI patients.
Conclusions: In STEMI patients treated with clopidogrel after PCI, the ABCB1 tag SNP rs1045642 is associated with
higher risk of bleedings while rs7779562 is associated with lower bleeding risk, and ADP inhibition in TEG has a
predictive value of bleedings.

Polymorphisms
Thromboelastography
bleeding

© 2014 Elsevier Ltd. All rights reserved.

Introduction

The adenosine diphosphate (ADP) receptor blocker clopidogrel is
routinely administered for the prevention of cardiovascular events in
patients suffering ST-elevation myocardial infarction (STEMI), espe-
cially in those undergoing percutaneous coronary intervention (PCI)
[1,2]. Although new standard of antiplatelet agents such as prasugrel
and ticagrelor are available now, clopidogrel is still one of the most
frequently prescribed drugs in many countries. However, interindi-

Abbreviations: ADP, adenosine diphosphate; STEMI, ST-elevation myocardial infarc-
tion; PCI, percutaneous coronary intervention; PR, platelet reactivity; LOF, loss-of-func-
tion; GOF, gain-of-function; ABCB1, ATP-binding cassette, sub-family B, member 1, also
called MDR1; SNP, single nucleotide polymorphisms; TEG, thromboelastography; LDR, li-
gase detection reaction; BARC, bleeding academic research consortium definition; MI,
myocardial infarction; TVR, target vessel revascularization; ST, stent thrombosis; ROC,
Receiver operator curve; BMI, body mass index; OR, odds ratio; LVEF, left ventricular ejec-
tion fraction; WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein; DM, dia-

betes mellitus; CHD, coronary heart disease; CABG, coronary artery bypass grafting; LAD,
left anterior descending; LCX, left circumflex; RCA, right coronary artery; LM, left main;
ACE], angiotensin converting enzyme inhibitor; CCB, calcium channel blocker; PPI, proton
pump inhibitor.

* Corresponding author. Tel.: +86 13717642782.
** Corresponding author. Tel.: 486 13901064286.
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dr_jingingyuan@163.com (J.-Q. Yuan).
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vidual variability in pharmacodynamics response to clopidogrel is
widespread in patients treated with this medication [3]. Patients
with high platelet reactivity (PR) to ADP are more likely to experi-
ence ischemic events, while low PR to ADP may contribute to
increased risk of bleeding events [4]. Although the mechanisms
have not been fully elucidated, many factors have been reported to
involve in the clopidogrel response variability. Gene polymorphisms
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play a critical role in clopidogrel metabolism, strongly affecting the
prognosis of patients under clopidogrel treatment [5-7].

Clopidogrel is an inactive prodrug that requires intestinal absorp-
tion and subsequent biotransformation to active metabolites by
cytochrome P450 enzymes. We have recently observed that the
CYP2C19 loss-of-function (LOF) alleles responsible for clopidogrel
metabolism had a gene dose effect on the pharmacodynamics and
composite ischemic events of clopidogrel in Chinese people after PCI
[8]. As for clopidogrel absorption, a key drug transporter involved is
the P-glycoprotein at the intestinal barrier, which is encoded by the
ABCB1 (ATP-binding cassette, sub-family B, member 1, also called
MDR1) gene [9]. The P-glycoprotein is an ATP-dependent efflux pump
that transports various molecules across extracellular and intracellular
membranes. The increased expression or function of P-glycoprotein
on intestinal epithelial cells can affect bioavailability of its substrate
drugs, such as clopidogrel. The contribution of the ABCB1 gene to
clopidogrel response continues to be of great interest. More than
50 single nucleotide polymorphisms (SNPs) reside in the coding re-
gion of ABCB1 gene which can possibly cause altered function [10].
Most studies focused on a synonymous SNP C3435T (rs1045642) in
the gene. Previous research has shown that the minor T allele causes
altered function of P-glycoprotein to affect the absorption of
clopidogrel [11].

Antiplatelet effect can be evaluated through clinical outcomes
and laboratory platelet function tests. Although accumulating data
from large studies underscore the importance of high on-treatment
PR to ADP as a prognostic risk factor of ischemic events, the associa-
tion between on-treatment PR and bleeding events is less clear[4].
Thus, we are interested in exploring a potential link between
thromboelastography (TEG) results and bleeding events. Mean-
while, epidemiological evidence on ABCB1 gene-association with
clopidogrel response is largely inconsistent [12-14]. In contrast to
the numerous studies linking ABCB1 polymorphisms to an increased
risk of ischemic events, there is less evidence about the relation of
ABCB1 gene and bleeding events. We previously found a significant
association between ABCB1 C3435T and bleeding events. In order to
further investigate the relation of other ABCB1 polymorphisms on
the risk of bleeding and ischemic events, we analyzed tag SNPs
across the ABCB1 gene in Chinese STEMI patients treated with
clopidogrel, and assessed the association of the ABCB1 polymor-
phisms in the context of CYP2C19 status to reveal an independent
relation of ABCB1 gene variants with clinical outcome. Here, we dem-
onstrated that in STEMI patients treated with clopidogrel after PCI,
the ABCB1 tag SNP rs1045642 is associated with higher risk of
bleedings while rs7779562 is associated with lower bleeding risk,
and ADP inhibition in TEG has predictive value of bleeding risk.

Methods
Study population

Between January 2011 and July 2012, 467 consecutive patients
with STEMI were enrolled in our prospective, randomized, single-
center study. The inclusion criteria were: age of >18 years, had an
uneventful PCI, and could be followed up for >1 year after PCL. The
major exclusion criteria were hemodynamic instability, active bleed-
ing and bleeding diatheses, oral anticoagulation therapy, use of
intensified antiplatelet agents other than standard dual antiplatelet
therapy, contraindication to antiplatelet therapy, non-cardiac
disease with a life expectancy of <1 year, or inability to follow the
protocol. The Institutional Review Board approved the study proto-
col, and the patients were provided written informed consent for
participation and agreed to the TEG testing and genotype determina-
tion. The study conformed to the principles outlined in the Declara-
tion of Helsinki.
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Study design

All patients were pre-treated with aspirin and a loading dose of
300 mg clopidogrel before PCI, followed by a maintenance dose of
100 mg/day aspirin for life and 75 mg/day clopidogrel for 1 year. The
decision for PCI was based on the coronary angiography results, and
all interventions were conducted according to the current standard
guidelines. The stent type was chosen by the operator, and tirofiban
was administered if a glycoprotein IIb/Illa receptor inhibitor (GPI)
was required. Anticoagulation with low-molecular-weight heparin
(enoxaparin) or unfractionated heparin was initiated before angiogra-
phy in all patients.

Selection of tag SNPs

Using the pairwise tagging approach, tag SNPs were selected from
the HapMap CHB databank (HapMap Data Rel 27 Phasell + III, Feb09,
on NCBI B36 assembly, dbSNP b126) with aid of tag SNPs’ online soft-
ware (http://hapmap.ncbi.nlm.nih.gov/cgi-perl/gbrowse/hapmap27_
B36/#search). The selected tag SNPs covered the complete ABCB1 region,
from 5,000 bp upstream to 5,000 bp downstream. Common variants
were defined as those with a minor allele frequency (MAF) greater
than 0.05, with a linkage disequilibrium (LD) measure r? threshold
of 0.8. Twenty tag SNPs were identified to capture 86 percent of SNPs
over the entire ABCB1 gene. Before analysis, one tag SNP rs2032582
was excluded because of significant deviation from Hardy-Weinberg
equilibrium in the study population (p < 0.001). No such deviation was
detected in all other enrolled tag SNPs.

Genetic analysis

Genomic DNA was extracted from peripheral whole blood sam-
ples according to a salting-out protocol. All 20 selected SNPs were
genotyped using the ligase detection reaction (LDR) and a commer-
cially available detection system (ABI3130XL DNA Analyzer System;
Applied Biosystems, USA). Repeat genotyping was performed on
random duplicate samples (n = 21), and sequencing techniques
were used to ensure quality control. Based on the known association
of CYP2C19 genetic variation with pharmacological response and
adverse outcomes in clopidogrel-treated patients, we assessed the
LOF alleles CYP2C19*2 (rs4244285, c. 681G > A) and CYP2C19*3
(rs4986893, c. 636G > A), and the gain of function (GOF) allele
CYP2C19*17 (rs12248560, g. -808C > T) to show the relation of
ABCB1 polymorphisms to clinical adverse outcomes.

Thromboelastograph platelet-mapping assay

Blood was collected at least 6 h after the patient had taken the
clopidogrel dose in a vacutainer tube containing 3.2% trisodium citrate
and lithium heparin. The vacutainer tube was filled to capacity and
inverted three to five times to ensure complete mixing of the anticoag-
ulant. Modified TEG® used four channels to detect effects of antiplatelet
therapy with arachidonic acid (AA) and adenosine diphosphate (ADP)
activators. A detailed description of this method is outlined previously
[15]. The TEG Hemostasis Analyzer (Haemonetics Corp, Braintree, MA)
and automated analytical software were used to measure the physical
properties.

The percentage of platelet inhibition by clopidogrel was computed as
the contribution of ADP-stimulated platelets to maximal clot strength
(ADP inhibition): 100-100 x [(MApp-MAgsrin)/(MAttroMBIN-MAEERIN) |,
where MAapp is the ADP-induced clot strength (measurement of
clopidogrel effect), MAggrin is the activator-induced clot strength
(measurement of fibrin contribution), and MAryrowme is the thrombin-
induced clot strength (maximum clot strength).



Study endpoints and definitions

The primary clinical safety endpoint of the present study was the
incidence of major bleeding events. Major bleeding was quantified
according to bleeding academic research consortium definition
(BARC) criteria, including type 3 and 5 in the analysis. BARC 3 bleedings
include 3a, 3b and 3c. BARC 3a was defined as overt bleeding plus
hemoglobin drop of 3 to <5 g/dL or any transfusion with overt bleeding.
BARC 3b was defined as overt bleeding plus hemoglobin drop >5 g/dL,
cardiac tamponade, bleeding requiring surgical intervention for control
(excluding dental/nasal/skin/hemorrhoid) or bleeding requiring
intravenous vasoactive agents. BARC 3c was defined as intracranial
hemorrhage, subcategories confirmed by autopsy or imaging or lumbar
puncture, or intraocular bleed compromising vision. BARC 5 bleeding
was defined as probable or definite fatal bleeding [16]. The primary
clinical efficacy end point of this study was a composite of cardiovascu-
lar death, nonfatal myocardial infarction (MI), unplanned target vessel
revascularization (TVR), and stent thrombosis (ST). MI was defined
according to the universal definition [1]. Unplanned TVR was defined
as any intervention required (surgical or percutaneous) to treat luminal
stenosis (>75% on angiography) in the same coronary vessel that was
treated at the index procedure, within and beyond the target lesion
limits during the 12-month follow-up period [17]. ST was defined as
definite ST according to the Academic Research Consortium [18]. The
composite ischemic events indicated the composite of cardiovascular
death, nonfatal MI, unplanned TVR, and ST. Two independent physicians
blinded to the laboratory data adjudicated events after reviewing the
source documents.

Statistical analysis

Sample size calculation was based on our previous study, which
included a cohort with the same selection criteria and treatment strategy.
The previous study showed a significant association between the
rs1045642 allele carriage and BARC > 3 bleedings (p = 0.023). There-
fore, we assumed the number of rs1045642 allele carriers was twice
more than that of wild-type homozygotes. The study was designed on
the basis of the superiority principle to achieve 80% power to observe
an incidence of BARC > 3 bleedings in the rs1045642 allele carriers of
10.5% and 3% in wild-type homozygotes. Thus, a total of 416 patients
were needed. To compensate for loss to follow-up, we recruited a
population of about 450 (Statistical software: PASS 11. NCSS, LLC.
Kaysville, Utah, USA).

Continuous variables were presented as the mean + standard
deviation (SD) and compared using the Student’s t test, Mann-Whitney
U test, or one-way analysis of variance (ANOVA) test, as appropriate.
Categorical variables were expressed as frequencies and percentages,
which were compared with a chi-square test (y2) or Fisher exact test.
After significant differences among variables were demonstrated by
the ANOVA test, post hoc comparisons between the groups were
performed with the Student-Newman-Keuls test for multiple compari-
sons. Under three models (codominant, dominant and recessive), the
relationships between all enrolled SNPs and the adverse events were
analyzed. Receiver operator curve (ROC) analysis was performed to
identify the best discriminatory level of the TEG parameters associated
with ischemic or bleeding events (MedCalc software, Mariakerke,
Belgium). Clinical follow-up was censored on the day of the first cardio-
vascular event, which corresponded to the clinical endpoints. For
subjects without a clinical event, clinical follow-up was censored either
at the last clinic visit after 12 months of taking clopidogrel or on the day
of clopidogrel discontinuation. A multivariate logistic regression model
was used to test for an independent association of ABCB1 tag SNPs
carriage and the value of ADP inhibition >92.5% with BARC > 3 bleeding
events. Adjustment was made for the following risk factors: the GOF
CYP2C19*17 allele status, age, sex, body mass index (BMI), renal
function (serum creatinine), hypertension, hypercholesterolemia,
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diabetes mellitus, use of proton pump inhibitors, use of tirofiban. The
odds ratio (OR) and the corresponding 95% CI were estimated for each
variable included in the multivariate model. We used the SHEsis
software platform (http://analysis.bio-x.cn/myAnalysis.php) to perform
a haplotype reconstruction analysis for ABCB1 gene polymorphisms
[19]. All statistical analyses were performed using SPSS ver. 18.0 (SPSS
Chicago, IL), and a two-tailed probability value of <0.05 was considered
to be significant.

To validate the genetic associations and the predictive value of TEG
in the study, we enrolled another cohort of 504 patients with STEMI in
a second study from July 2012 to April 2013, based on the same
inclusion and exclusion criteria. The second study protocol was basically
the same as the first study. The logistic regression model was replicated
in the second cohort.

Results
Study population

Samples available for genetic analysis were available from 452
STEMI patients (Fig. 1). All patients were from the Chinese Han popula-
tion. The average age was 59 4= 12 years, 360 (79.6%) were men. PCls
were all performed with drug-eluting stents. Baseline demographics,
clinical presentations and treatment were well balanced between the
rs1045642 genotype groups (Table 1). Baseline characteristics were
also balanced between the rs2235047, rs7779562 and rs7802783
genotype groups.

During one-year follow-up, 26 ischemic events occurred (5.8%),
including 11 (2.4%) cardiovascular deaths, 3 (0.7%) nonfatal MIs,
7 (1.5%) TVR and 5 (1.1%) ST. A total of 43 BARC > 3 bleeding events
(9.5%) occurred, which included 11 (2.4%) cases of BARC 3b bleedings
and 32 (7.1%) cases of BARC 3a bleedings.

Patients admitted due to STEMI between January 2011

and July 2012 (n=467)
CABG (n=7)

Patients with PCl without serious clinical events (n=460) |

Exclusion criteria (n=4)

Bleeding history, hemodynamic
instability, etc.

Incomplete tests (n=2)
Platelet measures or genotype

Loss from long-term follow-up
(n=2)

Study population (n=452)
Long-term follow-up patients receiving aspirin and
clopidogrel with both platelet measures and genotype

Fig. 1. Title: Flow chart describing the study population. Caption: STEMI: ST-elevation
myocardial infarction; CABG: coronary artery bypass grafting; PCI: percutaneous coronary
intervention.
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Table 1
Baseline Characteristics of the Study Population.

Variables Total ABCB1 151045642 p
(N = 452) CC(n = 157) CT (n = 224) TT (n = 71)
Age, years 59 + 12 60 + 11 58 +£13 59 + 13 0.26
Male, n (%) 360 (79.6) 126 (80.3) 175 (78.1) 59 (83.1) 0.65
BMI, kg/m? 257 + 34 256 4+ 3.5 25.7 £33 26.0 + 3.9 0.62
LVEF 522 4+ 7.7 51.8 + 8.6 523 + 6.8 52.8 + 8.0 0.59
WBC,x10%*/mm?> 109 + 3.5 10.6 + 3.5 11.1 £ 35 114 + 3.6 0.18
Hemoglobin, g/dL 1385 4+ 19.2 138.7 £ 17.8 137.9 £+ 20.2 140.2 £+ 19.6 0.67
hs-CRP, mg/dL 86 + 5.2 85+ 55 8.6 + 5.1 8.7 + 5.1 0.95
Risk factor, n (%)
DM 138 (30.5) 47 (29.9) 70 (31.3) 21(29.6) 0.95
Hypertension 269 (59.5) 96 (61.1) 127 (56.7) 46 (64.8) 0.42
Hypercholesterolemia 421 (93.1) 149 (94.9) 208 (92.9) 64 (90.1) 0.41
Current smoking 300 (66.4) 107 (68.2) 148 (66.1) 45 (63.4) 0.77
Alcohol drinking 119 (26.3) 43 (27.4) 60 (26.8) 16 (22.5) 0.73
CHD family history 103 (22.8) 32 (204) 55 (24.6) 16 (22.5) 0.63
History, n (%)
Previous MI 78 (17.3) 31(19.7) 43 (19.2) 7(9.9) 0.15
Previous PCI 47 (104) 17 (10.8) 23(10.3) 7(9.9) 0.97
Previous CABG 2(0.4) 1(0.6) 1(04) 0(0) 0.80
Infarct-related artery, n (%)
LAD 235 (52.0) 83 (52.9) 116 (51.8) 36 (50.7) 0.95
LCX 89 (19.7) 30(19.1) 48 (21.4) 11 (15.5) 0.54
RCA 197 (43.6) 62 (39.5) 102 (45.5) 33 (46.5) 0.44
LM 15 (3.3) 7 (4.5) 8(3.6) 0(0) 0.21
Concomitant medications, n (%)
Statin 446 (98.7) 155 (98.7) 220 (98.2) 71 (100.0) 0.42
{3-blocker 390 (86.3) 134 (85.4) 196 (87.5) 60 (84.5) 0.67
ACEI 339 (75.0) 125 (79.6) 162 (72.3) 52(73.2) 0.25
CCB 27 (6.0) 9(5.8) 15 (6.7) 3(4.2) 0.73
PPI 331(734) 121 (77.6) 161 (71.9) 49 (69.0) 0.31

ABCBI1, ATP-binding cassette, sub-family B, member 1; BMI, body mass index; LVEF, left ventricular ejection fraction; WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein;
DM, diabetes mellitus; CHD, cardiac heart disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; LAD, left anterior
descending; LCX, left circumflex; RCA, right coronary artery; LM, left main; ACEI, angiotensin antagonist inhibitor; CCB, calcium channel blocker; PPI, proton pump inhibitor.

ROC analysis

The association of TEG parameters and bleeding events was assessed
with ROC analysis. In comparison with MAxpp and MAryromsin, ADP
inhibition had the best predictive value of BARC > 3b bleedings yielding
an area under the curve (AUC) of 0.707 (95% CI 0.662-0.749, p = 0.009;
cut-off value >93.4%). ADP inhibition can also predict BARC > 3
bleedings with an AUC of 0.594 (95% CI 0.546-0.640, p = 0.05; cut-off
value >92.5). (Fig. 2) We also assessed the association of TEG parame-
ters and ischemic events; however, none of the AUC was above 0.5.

ABCB1 tag SNPs and clinical endpoints

The clinical endpoints and their association with ABCB1 tag SNPs
were listed in Supplementary Material Table S1. The SNP genotypes of
151045642, rs2235047, rs7779562 and rs7802783 showed significant
associations with BARC > 3 bleedings. Minor allele (T) carriers at
rs1045642 SNP had more bleedings, which were different from the
situation observed for rs2235047, rs7779562 and rs7802783, in which
there were less bleedings for minor allele carriers. Haplotype analysis
was carried out to examine associations between the four tag SNPs
that showed evidence for association in the single SNP analysis.
The four-marker combination resulted in five haplotypes (Table 2),
of which haplotype T-A-G-C was significantly associated with
higher bleeding risk (OR 1.86, 95%CI 1.16-2.98, P = 0.009) while
haplotype C-C-C-C was significantly with lower bleeding risk (OR 0.46,
95%Cl 0.23-0.92, P = 0.02). There was no significant difference in the
composite ischemic events between any genotype groups.

A multivariable logistic regression model demonstrated that
carriage of rs1045642 (OR 2.943, 95%CI 1.195-7.247, P = 0.019) and
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rs7779562 (OR 0.453, 95%CI 0.219-0.936, P = 0.032) were indepen-
dent predictors of BARC > 3 bleedings. The TEG value of ADP
inhibition > 92.5% also predicted the risk of bleeding events (OR
2.247, 95%Cl 1.082-4.665, P = 0.03) (Table 3). The renal function
(serum creatinine), use of proton pump inhibitors and use of tirofiban
were also significantly associated with the risk of BARC > 3 bleedings
(OR 1.016, 95%CI 1.004-1.029, P = 0.011; OR 0.22, 95%CI 0.064-0.752,
P = 0.016; OR 2.957, 95%CI 1.368-6.392, P = 0.006; respectively). We
then carried out second study (Table S2), and similar results were
obtained in the repeat study. In the second cohort, the independent
predictors of BARC > 3 bleedings were carriage of rs1045642
(OR 2.708, 95%CI 1.14-6.437, P = 0.024) and rs7779562 (OR 0.416,
95%C1 0.206-0.841, P = 0.015), TEG value of ADP inhibition > 92.5%
(OR 2.447, 95%CI 1.199-4.995, P = 0.014), female gender
(OR 3.226, 95%CI 1.398-7.445, P = 0.006), the renal function
(OR 1.02, 95%CI 1.008-1.032, P = 0.001), use of proton pump
inhibitiors (OR 0.186, 95%CI 0.055-0.633, P = 0.007) and use of
tirofiban (OR 3.87, 95%CI 1.817-8.243, P < 0.001).

Discussion

To our knowledge, this is the first study to show an association of tag
SNPs in ABCB1 gene and TEG results with bleeding events in STEMI
patients. Key findings of our study are that, in clopidogrel-treated
patients, (1) TEG value of ADP inhibition predicts BARC > 3b and
BARC > 3 bleedings; (2) ABCB1 genetic locus harbors SNPs associated
with bleeding events after PCI.

Among the platelet function assays used in clinical practice, TEG
platelet mapping assay enables quantitative analysis of hemostatic
status and platelet function [15]. It is reliable with low analytical
variation [20]. Clinically, Bliden et al. [21] demonstrated that
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Fig. 2. Title: Receiver operator curves for ADP inhibition with bleedings. Caption:
(A) ROC curve for ADP inhibition with BARC > 3b bleedings. AUC: 0.707 (95% CI 0.662-
0.749, p = 0.009); cut-off value >93.4%. (B) ROC curve for ADP inhibition with BARC > 3
bleedings. AUC: 0.594 (95% CI 0.546-0.640, p = 0.05); cut-off value >92.5%. ROC: receiver
operator curve; AUC: area under the ROC curve.

ADPinhibition <30% could predict the combined ischemic outcome
in patients receiving clopidogrel after PCI. In this study, ADP
inhibition > 92.5% was shown to have a predictive value for BARC > 3
bleeding events. Kwak et al. [22] reported that ADP inhibition >76.5%
was the only independent predictor of postoperative transfusion
requirements (OR 11.44, 95%Cl 2.77-47.3, P = 0.001) in patients
who received clopidogrel within 5 days of off-pump CABG. This is
concordant with our study.

Accumulating evidence shows genetic polymorphisms are im-
portant determinants of the large inter-individual variability in PR,
aside from environmental and clinical factors [23]. ABCB1 encodes
P-glycoprotein, an efflux transporter, which affects clopidogrel
absorption [11]. Although several studies evaluated the relationship
of ABCB1 polymorphisms with clopidogrel response or clinical
outcomes, the results were inconclusive. In the current study, we
found four tag SNPs were associated with bleeding events by single
SNP and haplotype analysis. The logistic regression model identified
two of them, ABCB1 rs1045642 and rs7779562, were independent
predictors of BARC > 3 bleedings.

Table 2

Haplotype Associations Between Tag SNPs in ABCB1 Gene and Bleeding Events.
Tag SNP Frequencies p OR [95%CI]
rs1045642- bleeding No bleeding
1s2235047-
1s7779562-
rs7802783
T A G C 0.456 0.326 0.009 1.86[1.16-2.98]
T A G T 0.014 0.061 0.08 0.21[0.03-1.42]
C A G C 0.161 0.145 0.63 1.16 [0.63-2.16]
C C C C 0.117 0.228 0.02 0.46 [0.23-0.92]
C C C T 0.141 0.177 0.46 0.78 [0.41-1.49]
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Table 3

Predictors of Bleeding Events by Multivariate Logistic Regression Analysis.
Variable 0dds Ratio 95% CI p
rs1045642 allele carriage 2.943 1.195-7.247 0.019
152235047 allele carriage 0.494 0.243-1.005 0.052
1s7779562 allele carriage 0.453 0.219-0.936 0.032
rs7802783 allele carriage 0.464 0.211-1.023 0.057
CYP2C19*17 allele carriage 2973 0.449-19.693 0.259
ADP inhibition > 92.5% 2.247 1.082-4.665 0.03
Age 1.017 0.982-1.053 0.339
Female 2.079 0.812-5.323 0.127
Body mass index 0.935 0.838-1.043 0.229
Serum creatinine 1.016 1.004-1.029 0.011
Hypertension 0.484 0.227-1.029 0.059
Hypercholesterolemia 1.506 0.311-7.298 0.611
Diabetes mellitus 1.283 0.601-2.74 0.519
Use of proton pump inhibitors 0.22 0.064-0.752 0.016
Use of tirofiban 2.957 1.368-6.392 0.006

However, we didn’t show a significant association between the GOF
allele CYP2C19*17 with bleedings in our study. The frequency of
CYP2C19*17 in our study population (1.6%) is much lower than that in
Western populations [5]. Further studies with larger sample size
might demonstrate a significant association between the CYP2C19*17
polymorphism and bleedings, which was not the aim of this study.
Other studies with Chinese population reported similar results on
CYP2C19*17 frequency [8,24]. Prior to our current study, only
rs1045642 in ABCB1 was reported in other studies before, and this
study also looked at other tag SNPs. The SNP rs1045642 (C3435T) is
one of the most important markers of ABCB1 gene that were reported
in many studies, but the results are inconclusive [13,14,25]. Although
the rs1045642 is a synonymous SNP in exon 26, it was found to be
associated with altered P-glycoprotein activity or reduced functionality
by decreasing levels of mRNA expression [26], or changing the confor-
mation of P-glycoprotein to alter the substrate specificity [27]. The
decreased expression or function of P-glycoprotein efflux transporter
may increase the systemic exposure to clopidogrel, its active metabolite
and the clinical effects. As a result, the mutant T carriers of rs1045642
may have lower risk of ischemic events but higher risk of bleedings
according to the biological plausibility. Data from PLATO trials
showed that patients with the CC genotype of rs1045642 (wild-type
homozygotes) had a higher rate of ischemic events than those with
TC or TT genotype [14]. This result of PLATO trial suggested that the
mutant T allele carriers may have higher clopidogrel absorption and
clinical effect. Simon et al. [28] found that AMI patients with the
TT and CT genotypes had a higher rate of subsequent ischemic events at
1 year than those with a CC wild-type genotype (15.5% vs. 10.7%; adjusted
HR, 1.72; 95%CI 1.20-2.47). However, the rs1045642 polymorphism was
not an independent predictor of the outcome in the subgroup of patients
undergoing PCI in their study. The higher risk associated with the
TT homozygous state was later confirmed in patients with ACS receiving
clopidogrel in the TRITON TIMI 38 trial [13]. Discrepancies between their
studies and our study could attribute to differences in ABCB1 SNP frequen-
cies among ethnic groups, differences in study population and clopidogrel
doses, or confounding by environmental factors. Although our data in-
dicated that the ABCB1 polymorphisms were associated with bleedings
after PCI in patients with STEMI, future prospective randomized clinical
trials will be needed to test specific personalized antiplatelet algorithms
to provide the evidence base necessary for widespread adoption into
clinical practice.

Study limitations
First, because data from other platelet functional tests was not
available in our hospital at that time, our study was limited by the use

of only one method of platelet function test, the TEG platelet mapping
assay. Second, this study was a monocentric rather than a multicenter
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investigation. The sample size should be sufficient to draw a conclusion
that may guide clinical practice but it was still not very large. Further
studies in diverse populations with multiple platelet function tests are
required.

Conclusions

In STEMI patients with clopidogrel administration after PCI, SNPs in
ABCB1 genetic might have influence on bleedings, and ADP inhibition of
TEG is predictive of bleeding risks.
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