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[ ABSTRACT] Aim To study the distribution of CYP2C19, ABCBI1, and PONI1 genotypes and their correlation with
clopidogrel resistance in patients with coronary heart disease in Tai’an. Methods A total of 594 patients with coronary
heart disease who were treated with clopidogrel during hospitalization in Tai’an Central Hospital from January 2019 to March
2020 were selected.  Fluorescence in situ hybridization was used to detect CYP2C19 * 2 (rs4244285), CYP2C19 * 3
(1rs4986893) , CYP2C19 * 17 (rs12248560), ABCBI (rs1045642) and PONI (1s662) gene types. Results
CYP2C19 %2, CYP2C19 *3, CYP2C19 * 17 genotypes in patients with coronary heart disease in Tai’an were mainly with
homozygous (GG). The frequencies of CYP2C19 * 2 GG, CYP2C19 *3 GG, CYP2C19 * 17 CC, ABCBI CT and PON1
AG were 48.0% , 89.6% , 97.0% , 46. 8% and 47. 1% respectively. There was no significant difference in CYP2C19
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#2, CYP2C19 #3, CYP2C19 * 17, ABCB1, PONI genotype distribution and allele distribution between male and female

patients ( P>0.05).

types were found in patients with coronary heart disease in Tai’an.

Significant regional differences in the frequency of CYP2C19 alleles and the distribution of metabolic

Among 594 patients included in the study, there were

287 patients with a risk level of clopidogrel resistance = 2 in the composite evaluation of patients, approximately 48. 3% of

the total number of patients.
dose of clopidogrel.
mately 7.7% of the total number of patients.

This indicated that clopidogrel resistance was present in 48.3% of patients on the regular
Of the 287 people with a risk level = 2, 46 had a normal CYP2C19 metabolic type, representing approxi-
Conclusion There were gene polymorphisms observed in CYP2C19 * 2,

CYP2C19 %3, CYP2C19 %17, ABCB1 and PONI distribution in patients with coronary heart disease in Tai’an, and ABCBI

and PON1 gene polymorphisms would had an impact on the outcome of medication guidance in approximately 7. 7% .
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BT LAMENAG;3)CYP2C9 #3 & F b/ N,
GA;4)PONI Z¢ & F 567 #r N : GA;5) ABCB1 3435 2
H WA Er % R TT .CT/CC,

1.6 SitESH

1% Jf| Hardy-Weinberg 3% & - 7 & £ 40 | fir % ¢
R T EABEAREKME; KA SPSS 21. 0 H A4 A
HBBEHRATRIT 0, T E R vxs £, 1K
RO (% ) & 7, AL B R R T AR B, P<0. 05
ErERAEHFIUTFENL,

2 # R

2.1 Hardy-Weinberg i f& 14

X} 594 5] 560 H#F CYP2C19 % 2 (G>A) |
CYP2C19 *3(G>A) .CYP2C19 # 17(C>T) .ABCBI
(3435T>C) ., PONI (A>G) 3K £ & 17 Hardy-
Weinberg 15t f& -5 55, 45 R 38 P>0. 05, 45 &ist
e VAl e 1, 16 I BT B B PR AR AT AR AR R A
2.2 CYP2C19,ABCBl1 X% PON1 EE B fE M E
E 5%

ARWFFEAEET, CYP2C19 * 2 FEH I 32 GG
AR GA A4, J R RV 3 73 5l 8 48. 0% ,44. 1% ;
CYP2C19 = 3 FEPH A F %k GG &, e R 4T %Ry
89. 6% ;CYP2C19 = 17 FERHAI FF Ky CC #Y | FL R A
WK A 97. 0% ; ABCB1 FEFI Y 2y CT A JL[F A
Wik 46. 8% ; PONT LRI FF K GA AU, FL R Y
WRR AT 1% (R 1),

ARFFEANRE T, CYP2C19 2 S5 5L H G 434
HiZ K 70. 0% ,CYP2C19 * 3 2 3L G 43 A i %

H94.6% ,CYP2C19 = 17 ZE(LHE K C 43 i 4 R h
98.5% ,ABCB1 2§ {vi JE [ T 43 A 4 % Ky 39. 7% ,
PON1 45 fii J& A A 40 A Ml R R 37.0% , & W]
ABCB1 PON1 45 fi B H 58 48 e e iy, W ok 1 60%
CYP2CI19 # 2 S5/ HE K ZRAF Ay 30. 0% ; CYP2C19 3 |
CYP2C19 * 17 SEAL B AR, 40 51K 5. 4% |
1.5% (32).

% 1. CYP2C19 ABCB1 % PON1 EFEREREMESIEHS %
Table 1. Distribution of CYP2C19, ABCBI1 and PON1

genotypes between different genders .0V . 5] ( % )
FEH JEVIN B o X P
CYP2C19 *2 0.762 0.683
GG 285(48.0) 186(65.3) 99(34.7)
GA 262(44.1) 162(61.8) 100(38.2)
AA 47(7.9) 29(61.7) 18(38.3)
CYP2C19 *3 0.872 0.350
GG 532(89.6) 341(64.1) 191(35.9)
GA 60(10.1) 34(56.7) 26(43.3)
AA 200.3)  2(100) 0(0)
CYP2C19 * 17 1.152 0.228
CcC 576(97.0) 368(63.9) 208(36.1)
cr 18(3.0)  9(50.0)  9(50.0)
TT 0(0) 0(0) 0(0)
ABCBI 0.345 0.841
T 97(16.3) 64(66.0) 33(34.0)
CT 278(46.8) 176(63.3) 102(36.7)
CC 219(36.9) 137(62.6) 82(37.4)
PON1 1.309 0.520
AA 80(13.5) 55(68.8) 25(31.2)
AG 280(47.1) 173(61.8) 107(38.2)
GG 234(39.4) 149(63.7) 85(36.3)

% 2. CYP2C19,.ABCB1 % PON1 Z i & F 7
AEMERE RS
Table 2. Distribution of CYP2C19, ABCB1 and PON1
A7 (% )

alleles between different genders

FEH SR PERca Lotk X P
CYP2C19 2 0.612 0.434
G 832(70.0) 534(64.2) 298(35.8)
A 356(30.0) 220(61.8) 136(38.2)
CYP2C19 #3 0.489 0.484
G 1124(94.6) 716(63.7) 408(36.3)
A 64(5.4)  38(59.4)  26(40.6)
CYP2C19 # 17 1.430 0.232
C 1170(98.5) 745(63.7) 425(36.3)
T 18(1.5)  9(50.0)  9(50.0)
ABCBI 0.298 0.585
T 472(39.7) 304(64.4) 168(35.6)
C 716(60.3) 450(62.8) 266(37.2)
PONI 0.218 0.641
A 440(37.0) 283(64.3) 157(35.7)
G 748(63.0) 471(63.0) 277(37.0)
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2.3 AE'THHE CYP2C19,ABCBI & PONI & &
BFEMERES
A58 NBEH, CYP2C19 * 2, CYP2C19 * 3
CYP2C19 # 17 ,ABCB1 PON1 A~ [F] 3 Al 75 i1 26 3 B
HITE BV H 5 2otk B b i 401 22 ¢ o g it
B (P>0.05;51 f12),
2.4 ARME CYP2C19 HMrERE K KB ELE
HRAE CYP2C19 R 22 251 vl H 43k pu Fb 4K
A AR (UM, + 1/ % 17 % 17/ % 17) |
IEFACHITY(EM; * 1/ = 1) FRECEAL(IM; * 1/ %2

w1/ %3 %2/ %17 %3/ 17) FEACH A (PM,
#2/ %2 %2/ %3 %3/ %3), TEAAR) 594 8
Hr, CYP2C19 AR 32 20 T H A B A v 1) £
R 300 38.9% (47. 8% ;R HLRIAL 11 ], 24
07 1. 9% ;184 68 i, 2 47 11. 4%

ZR 2L DX TR U HR A CYP2C19 S5 5 PR g %
FARCHRY 3 A 5 2 VHEDR GBI (R & HEDE Ak
WX B B BEMEZE S (P>0.05) 5 HE |
B TR DU M X 22 R A b 25 S (P<
0.05;%3),

®3. TEHEX CYP2C19 HFMEFE R BHILER LR

Table 3. Comparison of CYP2C19 alleles and metabolic phenotypes in different regions 5.1/ . {4 (% )
Etive Sisp ks FRUEE AL} A
WK I P e P
® ] #2 #3 * 17 UM EM M PM

% 594 750(63.1) 356(30.0) 64(5.4) 18(1.5) 11(1.9) 231(38.9) 284(47.8) 68(11.4)
= 978 1182(60.4) 651(33.3) 102(5.2) 21(1.1) 4.618 0.202 11(1.1) 367(37.5) 447(45.7) 153(15.6) 6.558 0.087
ZEIK 501 659(65.8) 289(28.8) 50(5.0) 4(0.4) 7.724 0.520 4(0.8) 221(44.1) 213(42.5) 63(12.6) 5.966 0.113
HE 266 311(58.5) 186(35.0) 34(6.4) 1(0.2) 10.720 0.013 1(0.4) 104(39.1) 105(39.5) 56(21.1) 17.517 0.01
M 688  846(61.5) 443(32.2) 77(5.6) 10(0.7) 4.974 0.174 7(1.0) 260(37.8) 322(46.8) 99(14.4) 3.867 0.276
EH 731 951(65.0) 425(29.1) 64(4.4) 22(1.5) 1.938 0.585 15(2.1) 320(43.8) 303(41.5) 93(12.7) 5.380 0.146
Hrim 1126 1427(63.4) 619(27.5) 109(4.8) 97(4.3) 20.293 0.000 66(5.9) 459(40.8) 476(42.3) 125(11.1) 17.046 0.01
Y5 240 318(66.3) 140(29.2) 19(4.0) 3(0.6) 4.147 0.246  1(0.4) 105(43.8) 109(45.4) 25(10.4) 4.434 0.218
T 284  268(47.2) 190(33.5) 58(10.2) 52(9.2) 87.495 0.000 26(9.2) 68(23.9) 132(46.5) 58(20.4) 47.775 0.000
£k 280 353(63.0) 174(31.1) 28(5.0) 5(0.9) 1.382 0.710 4(1.4) 110(39.3) 130(46.4) 36(12.9) 0.603 0.896
pajif 162  180(55.6) 74(22.8) 49(15.1) 21(6.5) 63.554 0.000 3(1.9) 69(42.6) 57(35.2) 33(20.4) 12.040 0.007
2.5 CYP2C19.ABCB1 % PONl EESHMESR 90 mg, —KMIK) , HAPFE RS =2 1 287 fil+,

A& R UG B ) 47

CYP2C19 ,ABCB1 }2 PON1 413 s 4 fv; L PR 2
705 2 T ORI S P 0 AR | AR A il 0 M 1Y) 22 S T
B H A A TE] W A S A SN AS B PT I /N A
PESZ Z AN SE A, 20 A 53 BT it 1) o 288 1 22 Xof Stk
B B RS, B 1 DA b v O A 5
id%E4 CYP2C19 (ABCB1 J2 PON1 R L85k T
TR IR T S LA T AN B SN & AR e R B
HER e b e 5 A R BB R S A BR A ]
PRAE O TS T HEPT AR BE 43 T 5077k %k
H A B N 53 S KA CPIC 48 R5, CYP2C19
PRI 5 4k B TRITON-TIMI3S BIF5% 45 545
FBE R TS T HRBT A KBS B 20k S AN

TENABIIERY 594 24 B F AR B E A
AR T HEHORBS B =2 BB E A 287 B, &9 5
BB 48.3% . W 48. 3% 1w L IR T
SR B 5 A7 7R ML AS B AT, IS R A AR B
FIGE N A% E A0 P R B 2 (R A F U

A 46 i CYP2C19 fRi R 1E 5 Qi Y, 29 5 i
HREET.T% (F£4) .,
2.6 ARE'TERIE CYP2C19,ABCBI & PON1 & A
SNSRI SRR E 5

TEAM IR 594 2 B FH BB H A 377
B, LRGP I3 R v S A B HRPTXUR E =2
A 178 1, 29 i B3 B 47. 2% , W 47.2%
A S )l ] SO A% T S A AR A R
P, BTN B S AK B R R el
P2l (UK B 35 90 mg, — RFHIK) , FHorbe KU
JE=2 1) 178 B, 47 30 i CYP2C19 R i 270
IEFAREARL, 29 5 B B 8. 0% (R 5) .

GYEREA 217 B, A TEM LR Th i
KR IRBURES B =2 WA 109 ], 29 5 B S5
50.2% . B 50. 2% 1Y 5 5 LR & AR S A%
A AR AR TSP, DL 2 R T 2 3] Stk
B AT FH ) 2 O 4 24 (A AR B 90 mg, — K
PR . Horb 7 KURS BE =2 1Y 109 9l b, A 16 )
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Table 4. Risk analysis of five-site clopidogrel R R 8
. . . IEFACHE  TT AA 4 3
resistance in patients
CYP2C19  ABCBI PON AU JiE IERAURE - C/ce A 18 ]
1 U KBS N
R LI e AR PERHETT AA 6 3 B
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s cT/cc AA ] TE R A SR A 7 A cT/eC GG 15 3 iz
A AR cr/ee GA 13 3 izl
IEEAWATT GG 19 TE 70 S FH G s e ] CT/CC AA 6 4 Wz
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Wi TT GG 10
AR cT/ce GG 101

TEH R AT AR
TE T A P SR A T

0
0

EFAPER c1/ee 66 73 0 IEFHIE AR
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Table 6. Risk analysis of five-site clopidogrel resistance in

i I 4 5 ) A 5
IER AR I GA 12 2 150 mg a male and female patients

N TR S A B 5 CYP2C19  ABCBl PONI .. JRU&JE B
PRI T G2 2 50 g fon s aepm Vg SIS
PECEE CT/CC GA 110 2 iJsﬂ (?C S A 779 ek B BIYUHE cr/eC 66 3 -1 IEEAR A s
o e BUCEE  CT/CC GA 4 0 IERFIRAE R
Jtiﬁj% oA T3 ﬁ*j EHAEE Cr/cC 66 29 0 IEEAREE R
1E u‘ﬂ ﬁJﬁT:J CT/CC  AA 27 3 b1 2] AR T GG 4 1 T 3 30 e e PR S
PR oo B EWABE C/CC GA 25 1 ERRG AR
:'Eﬂ‘@% CIZCC AL 283 R BEAEE T GG 2 1 AR
::zjf; o zi Z z ii BEAHE CT/CC GG 41 1 R
T AT A 2

[ ik S g s 35 ) e 5

T%,ﬁngjgg CT/CC GG 20 3 }ﬁ&gj 1E (i1 ’TJE Pﬁjﬁ I'T GA 4 2 150 mg M -
fBfs crvece GA 28 3 Rz o I G ks T 3 )
BARSE cI/ee AA T 4 PEMCRE T CAIE 25 mg

PR CT/CC GA 44 ?23: R A R 51
x5, BEEERNAEN S SBEERXEE S me

[\

Table 5. Risk analysis of five-site clopidogrel resistance LA AL i A3 3O
. . IERACHA cT/cCc AA 9 3 #Z
in male and female patients
R AR TT AA 4 3 iy
CYP2C19 ABCBI PON1 .. JXUK; . N
e SR S k3 P 25 A cT/cC AA 8 3 hEy
D I T
g A 1B TR 3
BIUHT CT/cC 6A 2 0 EEmEEkE LGl T GA P
pinl) 5G 3
BRI CCC AN 1 0 EACEMAAmEs s CPEC 66 s 3 R
; BAGHE  cT/CcC GA 15 3 g
EFARME CT/CC GG 44 0 IS A
BAGHE  cT/cc AA 1 4 Iy
EFAHE T GG 15 1 IEH Rl S kAs 7
ERWMARPR CcT/cC GA 68 1 IEFFIRTISEMAEE
hECIER T GG 8 1 IEH Al A% 7 3 93t i
RE R cT/cc GG 60 1 IR AMAR ) B
EAEfEE T A s o VN HEMHE R b TUA ARG T4 2 2020) BidfE 7, 2019
- 150 mg AF R [ 3 T B RO B AE TSR ON 121..59/10 T,

g oa 1a o WKREREEES R 13014710 U7, 20122019 AL AR T
- FRE IR, FAR M T H AT
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DR RN 1139 J7H ) GMLAK B I R IA YT
I BH 2 i 1357955 7 R 245 0, LT S R A o
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e WA R 25 2010 4595 H &5 240
B PR & Hh SRS TR HRT I <« PRAE A 5 FE R
P T A Z X SIS T 258 12 AR
ot

NS B 2 H I R e F A — B i /R R
SEI TR, 2 E W3 I MLk W A7 A P 1) — P TR 25 9
AR B WA BN IE M , 2T W, K2 85% 1Y
SN IR SC TR /K A S AN B TS PR R IR A5
PR HE AR SN AU 15% B SRS B 20 0 A0 48 Ak
PR TR AR =1, X LI 1) o T e R 1 4
TR RS L MR SZ IR B A5 G DL B BE I R
JRFFA-FHEE TGP/ la AW H0iE AL, T & 345
Pam /N # i VE . #5812 s, CYP2C19 , ABCBI |
PON1 3 [N £ 25 % 55 G A% 5 76 7R P Wl ARt 7
TE 50 35 Bt | 2 S B S R T A 2
) LR 0B

CYP2C19 B %2 %3 =17 FLH K4
AR 2 CYP2C19 BIG MM AR, 2, + 3 %§
PR 9 A8 2 3 CYP2C19 [l I M 1Y A%, = 17
S LR 28 A8 £ B3 CYP2C19 I 1k T s tie
CYP2C19 J& SR MAS By A A AT it 72 rp 5 OGS A il
CYP2C19 Il P i 242 1k 25 3 B b As B 97 80 A
7], RIS AN R 7 1) R AR R s Ty, #5 i DI Re ke
S0 PR 1 B RO I R SO A R T Tk R )
TG RCR . A HF5E RV, CYP2C19 = 2 DIfighy
S T I 565 bR By ok oA A T £ = A2 1 o — ik 3T S
W2 (OR =2.70,95% Cl:1.15 ~6.34,P=0.023) ,
FERKI CYP2C19 * 3 FEH LM 54 A K
AR S PE D Z I K Logistic [0 19 4 #r & B
CYP2C19 = 17 J&BbJe i g A <7 fE I [ £, 25
AT FIA  HEAE CYP2C19 * 17 B E B F =4
TR T IRIT, I AR A5 %) [R] s o XU RS
SR e T =

AWFFENFEF, CYP2C19 2 JER A GG RIFD
GA U535 48.0% 44. 1% ; CYP2C19 = 3 KL Y
FE R GG M, KLY 89.6% ; CYP2C19 * 17
R FE N cC A, 5 BBRY 97.0% ., CYP2CI19 =2
AT HERI 28738 %50 30. 0% ;CYP2CI9 # 3 CYP2C19 * 17
SR AR, 4N 5. 4% \1.5% , AR5
ZERLI AE I ARE T CYP2CI9 # 2 CYP2C19 * 3
CYP2C19 # 17 45 {7 J& F 58 A8 551 % 43 5l By 28% ~
35% 2% ~T1% 0.5% ~4% , 3% 5 AR W57 45 R I K

BR—E ik — B B B CYP2C19 3
PRI S LR AR R 2 R RG22 3 L, AR
FENFEFB AL EF A | G | 18
RIS 5 1. 9% 38.9% 47.8% 11.4% , HAE
B BET S EF TGRS, TR
FHIZHLIX N B h KA 60% 1 8 H FEFE B R A
MR B HRHT KU, | 2 R0 3 5 2 KU A B 77 i
) 150 mg o 4 25 (40 4% Fi 9% 90 mg, — K
W) PRI AT T 282 X CYP2C19 I £ 4
PE A B AR 2 5 H Al b DX B A 40 A3 (1 B
5L IR CYP2C19 S5 5 PRSI 2R Je A 7 43 A 5
VR BN S Y Ak X A A
W2 TS S B 5 AR 1] b X 2[R
A 2R R CYP2C19 FH L2510
A S AR AL EAE 3 M3l o A1 25 5, 31X 5 Z R i F
FEER—B

SAMLAS TR I 38 () W U 32 ABCB1 3 R 2 5 1)
P-WEEE IR, B9 2 B, e Sk s B iR IT
[ E T, ABCB1 3435T 54 Ik R #4735 5 S kA%
TP BT RO A = 1 A R AR 5
Meta 04 20 BT 587 , C3435T 5875 0] i 35 WA IR
ST A TR EEE 0 /NI 4, 5 S AR H i XU
(%A T ARHEE ARE, ABCB1 3 X &Y
FEHN CT RY 5 BB 46. 8% ; ABCB1 25 K %=
AR, N 60.3% . AWFFEEE SRR LA
(L R AN 34% ~ 63% , ILHIFIT 45 9 5 Hi—
H M e B ABCB1 FE R AL AR
FEH AR 2 F G IR X, AR
ABCB1 BFA: 4 AR (TT)97 41, /5 16. 3% , L FE R Y
S S NS B 6 AR P B IR A, AT 2 X SR LA 5 11
PN TG P 72 A — 2 R, B T LR R
SRS B I PRY T 2L, 308 o 9 1 ML A B 1 39 1ok
R ENE PRI TR

PON1 J2& NS T E A A QI R v (9 G B il 2
—, PON1 Q192R K Z &M Z5% 0 PONT BT 1
(LB, 5 SRS TR BT A S
FER I, PONT Q192R v i 5k M 22 25 M 5 1l /I J
o7 B it 2 R A e A I AR S BT R,
PON1 A S5 FEPRE PCI A S5 B /N s 5 iy
S S R 2 ARG AR, PONT 3 [ 7
FE N GA B, S 47, 1% , PONT 284 KL 8
AR RIS N 63. 0% , AT 25 S 5 SCHRR T8 Y
HE CEE PONT 35 R 78 43 A i g — 800 b —
MR A B PONT KDY S BE N G A8 R 9%
SIRGITEE L, AR AR PONT 8507 2 K %6



CN 43-1262/R 1 [E sh ik fb42ids 2024 4F55 32 555 3 ) 241

ARFAGEL K 63.0% ., PONI1 7E S0 ML AR T 4 9 A8 5t
(R A Pl E AR T, R SR B BT L/ AT
PSR, TR ABE T KA 37% 1 B 1E
JH SRR A T e 2 G T M PR &8, 3 ek 8 1 S
6 T 1 7 A A B RYA T TR

TS G ANBED, 454 % CYP2C19 , ABCB1
K PONT JE R RG50S A% 35 HIR e 1) XU
AR BN KA 51. 7% M B3 A AR AR
DRSS B AR, 30k 5 43 KB A R FH 5 750 o 1) ST A B
AR BNIG RIGITROCR . KA 7. 7% [ i35 ik
WEHZE S BN AL, P REAES &
W 2E5E B R EL B4 R 8. 0% (7. 4% , %%
SIGIF#E X, BT 45 R 2 B ABCBI, PON1
REXF 7. 7% W) EF L H8 FLERA M,

L5 TR 22 X R O AR R A i
Freb a2 0 5 38. 9% (47. 8% 5 R HRAR Y
1161, 45 1. 9% ;18 AR R 68 i, 5 11. 4% , HEHF
FENHEH ABCB1 ,PON1 KZyXT 7. 7% (1) 4 24548
SEERAFAEZ W, AR R, Hrfo 5 B
REFR, SAE—EWRRYE, T-2KTRS
HUDFSE AT 2 RIS A, 3 KA A i, b —
ARG AR AE FH DG 3 PR 22 285 P e G e A B 11
RIS G A TR

[ &% 3]

[1] SRR, XUl # e, S5 SO st e Ll )]
TERbE (R aRbE) |, 2022, 52(2) ¢ 123-137.

WU A D, LIU J K, ZHAO Y, et al. Genetics of coronary
artery disease [ J ]. Sci Sinica ( Vitae), 2022, 52(2):
123-137.

[2] YU L, LI Z, YANG R R, et al. Impaired sensitivity to
thyroid hormones is associated with elevated blood glucose
in coronary heart disease [ J]. Front Endocrinol ( Lau-

sanne) , 2022, 13, 895843.

DING J, WU J, WEIL H R, et al. Exploring the mechanism

of hawthorn leaves against coronary heart disease using net-

—
(O8]
[

work pharmacology and molecular docking[ J]. Front Card-
iovasc Med, 2022, 9. 804801.

F Lo LA A T 5 B i A T AL v [T O A A
SPt 2022 #EE 1], P EJEIHRAE, 2023, 38
(6): 583-612.

China Cardiovascular Health and Disease Report Writing

—
B~
[

Group. Report on cardiovascular health and diseases in
China 2022 ; an updated summary[ J]. Chin Circ J, 2023,
38(6): 583-612.

[5] NEUMANN F J, SOUSA-UVA M, AHLSSON A, et al.
2018 ESC/EACTS guidelines on myocardial revasculariza-

tion. The task force on myocardial revascularization of the
European Society of Cardiology (ESC) and European Asso-
ciation for Cardio-Thoracic Surgery ( EACTS) [J]. G ltal
Cardiol (Rome), 2019, 20(7-8 Suppl 1) : 1S-618.

T B o U o 2, AR I A 2 3 2
Zeiagy. 2tk ST Bt AL.0 ILEEFE 12 Wi FiG 97 46 7
(2019) [J]. Hrde a0 i %8 95 2% =5, 2019, 49 (10) .
766-783.

—
o)}
[

Chinese Society of Cardiology of Chinese Medical Associa-
tion, Editorial Board of Chinese Journal of Cardiology.
2019 Chinese Society of Cardiology ( CSC) guidelines for
the diagnosis and management of patients with ST-segment
elevation myocardial infarction[ J]. Chin J Cardiol, 2019,
49(10) . 766-783.

[7] MUSALLAM A, ORVIN K, PERL L, et al. Effect of modi-

[

fying antiplatelet treatment to ticagrelor in high-risk coronary
patients with low response to clopidogrel (MATTIS)[J]. Can
J Cardiol , 2016, 32(10) ; 1246.

(8] ISHIYAMA H, OKAZAKI S, SAITO K, et al. Rolling
stones sign as hard and fast evidence of calcified cerebral
emboli[ J]. Neurology, 2018, 91(1) ; 41-43.

[9] ZHANG Z W, CHEN M X, ZHANG L, et al. The impact
of cytochrome 450 and paraoxonase polymorphisms on clo-
pidogrel resistance and major adverse cardiac events in cor-
onary heart disease patients after percutaneous coronary in-
tervention[ J ]. BMC Pharmacol Toxicol, 2020, 21(1): 1.

[10] WUHY, QIANJ Y, XU J F, et al. Besides CYP2C19,
PONI genetic variant influences post-clopidogrel platelet
reactivity in Chinese patients[ J]. Int J Cardiol, 2013,
165(1) : 204-206.

[11] JIN H, SONG J F, SHEN X Y, et al. Multiple genetic
mutations increase the risk of thrombosis associated with
clopidogrel after percutaneous coronary intervention [ J].
Pharmacogenomics, 2023, 24(4) ; 227-237.

(12] ZEXm, &2 [, Zhit, . i OS85 A

A T W AR AR DERE ] CYP2C19  ABCBI  PONI
MZ SR HRE[)]. PEZ R, 2021, 32(19):
2388-2393.
YUAN S L, YUAN Y, AN X ], et al. Study on gene pol-
ymorphism distribution of clopidogrel absorption and me-
tabolism related gene CYP2C19, ABCBI and PONI in
patients with coronary heart disease in Xinjiang Uygur au-
tonomous region [ J]. Chin Pharm, 2021, 32 (19):
2388-2393.

[13] HOLMES D R J R, DEHMER G J, KAUL S, et al. AC-
CF/AHA clopidogrel clinical alert; approaches to the
FDA “boxed warning” : a report of the American College
of Cardiology Foundation Task Force on clinical expert

consensus documents and the American Heart Association



242

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 3,2024

[14]

[15]

[16

(-

[17]

—
—_
[ee]

[}

[19]

[20

[

[23]

[24]

endorsed by the Society for cardiovascular angiography and
interventions and the Society of Thoracic Surgeons[J]. J
Am Coll Cardiol, 2010, 56(4) ;: 321-341.

TANAKA T, YAMAGAMI H, IHARA M, et al. Associa-
tion of CYP2C19 polymorphisms with clopidogrel reactivity
and clinical outcomes in chronic ischemic stroke[ J]. Circ
J, 2019, 83(6) . 1385-1393.

W0, AEME, ¥ 8, % CYP2C19 ,ABCBI F1 PONI
e PR 22 25 15 S A T 40 A ot I R B A P AR S

WHE (1], " B B B 25 % 4% &, 2018, 38 (23):
2464-2468.

DONG J, SHI G H, HUANG S, et al. Correlation between
CYP2C19, ABCB1, PONI gene polymorphism and clopi-
dogrel antiplatelet aggregation reactivity[ J]. Chin J Hosp
Pharm, 2018, 38(23) . 2464-2468.

PEREIRA N L, GESKE J B, MAYR M, et al. Pharma-
cogenetics of clopidogrel: an unresolved issue[ J]. Circ
Cardiovasc Genet, 2016, 9(2) . 185-188.

JIN C X, LI Z K, ZHENG X D, et al. Development and
validation of T-ARMS-PCR to detect CYP2C19 * 17 allele
[J]. J Clin Lab Anal, 2020, 34(1): ¢23005.
SPOKOYNY I, BARAZANGI N, JARAMILLO V,

Reduced clopidogrel metabolism in a multiethnic popula-

et al.

tion: prevalence and rates of recurrent cerebrovascular e-
vents [ J]. 2014, 23 (4):
694-698.

ZHANG Y Y, ZHOU X, JI W J,
tween CYP2CI9 * 2/ % 3 polymorphisms and coronary
heart disease[ J]. Curr Med Sci, 2019, 39(1) : 44-51.
SIBBING D, KOCH W, GEBHARD D, et al. Cytochrome

2C19 * 17 allelic variant, platelet aggregation, bleeding e-

J Stroke Cerebrovasc Dis,

et al. Association be-

and stent thrombosis in clopidogrel-ireated patients

2010,

vents,

with coronary stent placement [ J]. Circulation,

121(4) : 512-518.
LIY, TANGH L, HU Y F, et al.
variant allele CYP2C19 * 17

The gain-of-function
a double-edged sword be-
tween thrombosis and bleeding in clopidogrel-treated pa-
tients[ J|. J Thromb Haemost, 2012, 10(2) : 199-206.
BOTTON M R, WHIRL-CARRILLO M, DEL TREDICI A L,
et al. PharmVar GeneFocus; CYP2C19[J]. Clin Phar-
macol Ther, 2021, 109(2) : 352-366.

LIUJ, XUZS, LIY, et al.
sARRAY and pyrosequencing for CYP2C19 and ABCBI

Comparison between Mas-

gene variants of clopidogrel efficiency genotyping[ J]. Mol
Membr Biol, 2019, 35(1): 1-8

HICKS J K, BISHOP J R, SANGKUHL K, et al. Clinical
pharmacogenetics implementation consortium (CPIC) guide-
line for CYP2D6 and CYP2C19 genotypes and dosing of se-
Clin Pharmacol

lective serotonin reuptake inhibitors [ J].

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

(S

Ther, 2015, 98(2) : 127-134.
ZHONG Z X, HOU J Y, LI B,
CYP2CI19 genetic polymorphism in a large ethnic Hakka

et al. Analysis of
population in southern China[ J]. Med Sci Monit, 2017,
23. 6186-6192.

MEGA J L, CLOSE S L, WIVIOTT S D,
variants in ABCB1 and CYP2C19 and cardiovascular out-

et al. Genetic

comes after treatment with clopidogrel and prasugrel in the
TRITON-TIMI 38 trial: a pharmacogenetic analysis[ J].
Lancet, 2010, 376(9749) . 1312-1319.

ZHAL Y J, HE H R, MA X C, et al. Meta-analysis of
effects of ABCB1 polymorphisms on clopidogrel response
among patients with coronary artery disease[J]. Eur J
Clin Pharmacol, 2017, 73(7) . 843-854.
PETRYSZYN P, DUDKOWIAK R, GRUCA A,

C3435T polymorphism of the ABCBI gene in polish patients

et al.

with inflammatory bowel disease: a case-control and meta-
analysis study[J]. Genes (Basel), 2021, 12(9) . 1419.

WELA, PAEAR, TR, 55 SMLARE BES B E] T
MBI RIRT SR S IR A AL B B TS 5 X4
WEHE 1Q192R FER ZAMMARSCHELT]. o EIfG R 253
2R, 2021, 37(12) ; 1487-1490.
XIANG Q C, LUO T F, ZHANG J,

between the prognosis of clopidogrel tablets combined with

et al. Relationship

aspirin enteric-coated tablets in the treatment of acute cor-
onary syndrome and the polymorphism of paraoxonase 1
Q192 R gene [ J]. Chin J Clin Pharmacol, 2021, 37
(12) . 1487-1490.
BISWAS M, KALI S K, SARKER A K, et al. Association
between Q192R PONI1 genetic polymorphism and major
adverse cardiovascular events in patients treated with clo-
pidogrel ; an updated Meta-analysis [ J ].
Drug Saf, 2023, 22(9) . 807-817.
NISHIO R, SHINKE T, OTAKE H, et al. Paraoxonase-1

Expert Opin

activity affects the clopidogrel response in CYP2C19 loss-
of-function carriers [ J]. Thromb Res, 2013, 132(5):

558-564.
fifi Sz ﬂﬂﬁ X/ Mgy, 4. PONI (rs662) JE[H 2245

PEXT TR A AR T 2B /N 5 BNk A S e [T ]
Efﬂli:—‘f&%%‘ﬁé%&j& 2017, 37(14) : 1397-1400, 1417.

LUW Q, ZHOU Y G, LIU X C,
PONI (rs662) gene polymorphism with high platelet reac-
Chin J Hosp Pharm,

et al. Association of
tivity in post-PCI patients [ J ].
2017, 37(14) : 1397-1400, 1417.
CHAN M Y, TAN KR, TAN H C, et al. CYP2C19 and
PON1 polymorphisms regulating clopidogrel bioactivation
in Chinese, Malay and Indian subjects[]].
enomics, 2012, 13(5); 533-542.

SCEH

Pharmacog-



