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Pharmacogenomic analysis of CYP2C19 loss-of-function allele with
clopidogrel antiplatelet reactivity and efficacy in elderly patients with
coronary heart disease after percutaneous coronary intervention
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ZHANG Yu-Xiao, CHEN Yun-Dai, LU Cai-Yi", YIN Tong"
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[ Abstract] Objective To investigate the relationships between the cytochrome 2C19 gene (CYP2C19) loss-of-function (LOF) allele
with clopidogrel platelet reactivity and cardiovascular end point events in the elderly patients with coronary heart disease (CHD) after
percutaneous coronary intervention (PCI). Methods Over-65-year-old consecutive CHD patients who accepted selective PCI in our
department from September 1, 2011 to December 1, 2012 were recruited in this study. They were given clopidogrel loading dose therapy
before PCI, and their peripheral blood samples were collected on the day of PCI to detect platelet aggregation. The candidate genetic
variants, CYP2C19"2 and "3 LOF alleles, were determined by using SNaPshot assay, and the results were recorded in the clinical data.
All patients received maintenance dose of aspirin and clopidogrel during 1 year’s follow-up after PCI, and the major adverse
cardiovascular events were observed in this period. Results A total of 436 elderly CHD patients were recruited. Significant difference
of platelet reactivity was found between CYP2C19°2 carriers and non-carriers (P = 0.001), but not for CYP2C19'3 (P = 0.884). The
patients carrying CYP2C19°2 allele or at least one CYP2C19 LOF allele had significantly higher incidence of cardiovascular end point
events than those non-carriers (P < 0.05). Compared with non-carriers, the risk of rehospitalization for angina was significantly higher in
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the CYP2C19°2 allele carriers [adjusted odds ratio (OR): 1.67, 95% confidence interval (Cl): 1.05-2.65, P = 0.010]. What’s more, the
risk of combined cardiovascular events (adjusted OR: 1.22, 95% CI: 1.03-1.98, P =0.049) and the incidence of rehospitalization for
angina (adjusted OR: 1.67, 95% CI: 1.04—2.68, P =0.032) were significantly higher in the CYP2C19 LOF allele carriers than in
non-carriers. Conclusion CYP2C19 LOF alleles are closely related to the platelet reactivity of clopidorgrel in the elderly CHD patients

after PCI. The genetic variants significantly weakens the effect of antiplatelet therapy of clopidogrel, and thus significantly increases the

risk of cardiovascular end point events after PCI.
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728001 ( 64.2% ) , 156 ( 35.8% ) , 4k 65~
92 (73.0+5.7) %,

# B A 3 £ & Hardy-Weinberg-F#5 & 5

ASHIF 5T K FISNaPshotiZ: 46: 1 24~ SNPs A &5, 435
JECYP2C1972( rs4244285 )FICYP2C19"3( rs4986893 ).,

2.2

F1 BEIGKREFE
Table 1 Characteristics of the study population (n = 436)
Item Value

Age(years, x+s) 73.0 £5.69
Male[n(%)] 280 (64.20)
BMI(kg/m?, X +s) 24.85 (3.34)

Diabetes[n(%)] 150 (34.40)
Hypertension[n(%)] 308 (70.60)
Hypercholesterolemia[n(%)] 152 (34.90)
Current cigarette use[n(%)] 137 (31.40)
Prior PCI[n(%)] 75 (17.20)
Prior AMI[n(%)] 88 (20.20)
ACS[n(%)] 387 (88.80)
Multi-vessel[n(%)] 190 (43.60)
Drug-eluting stent[n(%)] 244 (56.00)
Multi-vessel PCI[n(%)] 164 (37.60)
Total occlusion[n(%)] 95 (21.80)

LVEF(%, % % s)
Platelet count(10%/L, x +s)

51.03 (20.75)
190.60 + 60.87

Total cholesterol(mmol/L, x +5) 4.14 +1.06
Triglycerides(mmol/L, x +s) 1.61+£2.79
LDL-C(mmol/L, x +s) 2.75+5.10
HDL-C(mmol/L, x +s) 1.24 +2.48
Beta-blockers[n(%)] 324 (74.30)
ACEI[n(%)] 248 (56.90)
CCBI[n(%)] 207 (47.50)
Statins[n(%)] 385 (88.30)
Proton pump inhibitor[n(%)] 108 (24.80)
Tirofiban[n(%)] 76 (17.40)

BMI: body mass index; PCI: percutaneous coronary intervention; AMI: acute
myocardial infarction; ACS: acute coronary syndrome; LOF: loss-of-function;
LVEF: left ventricular ejection fraction; LDL-C: low density lipoprotein
cholesterol; HDL-C: high density lipoprotein cholesterol; ACEI:
angiotensin converting enzyme inhibitor; CCB: calcium channel blocker

16436 % H F ., CYP2C1972 4 ff & 4t 215 4
(1 49.30% ) , ¥ CYP2C19"2/"1 #% 4 # 178 %
(40.80% ) ; CYP2C19 3477 % 3£4844 (11.00% ) ,

Z/b14~CYP2C19 LOF ( CYP2C19°23"3 ) #41 & 1k

26345 (160.30% ) . ASBFFE R DAY 24 56 A R 45 5

HapMap%i4i & ( www.hapmap.com ) HH [ SR A

FEAH OGS R TR o0 A B, PR AR S R AU R

Hardy-Weinberg*-fff (P >0.05; 3%2) .
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[FAE, Z/1ANCYP2C19 LOFSE {0 i PR #5717 2 14 i
IR R AR W] i T AR [(45.97 £20.92) % vs
(35.71+18.27) %, P =0.004]. MCYP2C19 34+
HHAEEEZN RN LR ZSR (P=0.884) . 0>
ML S F RN R S &L, CYP2C19 244
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O B0 5 A B [ IE LA Lk (adds ratio,
OR) : 1.67, 95%7] {5 X [] ( confidence interval,
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A>14~CYP2C19 LOF# 47 & iy I & .0 I 4 14
( KZIFOR: 1.22, 95% CI: 1.03~1.98, P = 0.049;
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WHU BN, CYP2C19"3#4 & SR &>
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Table 2 Distribution of single nucleotide polymorphism of candidate genes

(n = 436)

Variantgenoype SR umoer) SO O ey e Paae
CYP2C19"2 (rs4244285) “1/'1 (GG) 219 (50.20) 28.9 26 0.85
“1/°2 (GA) 178 (40.80)
212 (AA) 37 (8.50)
CYP2C19'3 (rs4986893) "1/'1 (GG) 388 (89.00) 5.6 3 0.43
“1/"3 (GA) 47 (10.80)
“3/"3 (AA) 1 (0.20)
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Figure 1 Correlation analysis of polymorphism of candidate 5 B Ay R B A 2 56 25 TR RN A DR 2H 1 0 00F 5 A
genes with clopidogrel antiplatelet reactivity )
The horizontal line in the middle of each box indicates the median; the 7F|1 — ﬁl (12-14] . Ik 9[\ , ZIK ﬁj‘F % Zi B/ , IZ A ﬁi '4:'
top and bottom borders of each box indicate the interquartile range (IQR).

LOF: loss-of-function; ADP: adenosine diphosphate. A: CYP2C19°2 CYP2C19"2Ff1CYP2C19 LOFJ: [H #I 4y #PCIA J5

alleles carriers vs non-carriers; B: CYP2C19 3 alleles carriers vs

non-carriers; C: CYP2C19 LOF alleles carriers vs non-carriers Ziﬁi‘ﬁ‘ é’iﬁﬁ?ﬁﬁ(/\ Igf'lﬁ %ﬂ ﬂjé/ﬁ\'[»‘ ml%%ﬁ: %é@ ‘5\ $
#R3 MHLIECMELRSEHAERRS N SCYP2CLI2E R E#HHEIMCYP2CL LOFEMEREHEZBMXR

Table 3 The risks of cardiovascular events after 1 year follow-up according to CYP2C19°2 allele carriers and CYP2C19 LOF allele carriers
in comparison to non-carriers

. . Univariate analysis Multivariate analysis
Cardiovascular event Patient[n(%)]
OR (95% CI) P value OR (95% CI) P value
CYP2C19°2 allele carriers

Combined cardiovascular events 139 (31.90) 1.26 (0.89—1.79) 0.199 1.21 (0.84—1.75) 0.298
MACE 17 (3.90) 1.53 (1.13—2.99) <0.001 1.39 (0.17—3.38) 0.758
Death for all 15 (3.40) 1.09 (1.01—1.45) 0.197 1.36 (1.03—4.75) 0.438
Rehospitalization for angina reoccurrence 104 (23.90) 1.87 (1.19—2.96) 0.007 1.67 (1.05—2.65) 0.010
Stent thrombosis 1 (0.40) — — — -
Urgent revascularization 2 (0.80) 1.23 (0.22—6.86) 0.811 1.08 (0.13—8.64) 0.944
Bleeding events 36 (8.30) 1.07 (0.53—2.13) 0.860 1.07 (0.52—2.23) 0.839

Major bleeding 3(0.70) - - - -

Minor bleeding 33 (7.60) 1.31 (0.63—2.72) 0.462 1.34 (0.63-2.87) 0.446

CYP2C19 LOF allele carriers

Combined cardiovascular events 145 (33.30) 1.25 (1.07—1.74) 0.047 1.22 (1.03—1.98) 0.049
MACE 18 (4.10) 1.06 (0.39—2.86) 0.900 1.09 (0.31—-3.62) 0.824
Death for all 15 (3.40) 1.15 (1.02—2.41) <0.001 1.26 (1.05—4.67) 0.512
Rehospitalization for angina reoccurrence 110 (25.20) 1.22 (1.21-2.93) <0.001 1.67 (1.04—2.68) 0.032
Stent thrombosis 1 (0.40) - - - -
Urgent revascularization 2 (0.80) 1.51 (0.14—6.75) 0.739 1.17 (0.77—-7.59) 0.912
Bleeding events 36 (8.30) 0.92 (0.46—1.84) 0.819 0.92 (0.45—1.91) 0.832

Major bleeding 3(0.70) - - - -

Minor bleeding 33 (7.60) 1.16 (0.56—2.39) 0.694 1.20 (0.56—2.59) 0.635

Adjusted by gender, age, body mass index, smoking status, drinking status, hypertension, diabetes mellitus, and hyperlipidemia, and
co-medication of proton pump inhibitor, statins, calcium channel blockers and tirofiban. OR: odds ratio; Cl: confidence interval; MACE:
major adverse cardiovascular event, LOF: loss-of-function. Combined cardiovascular events including: MACE, death for all, rehospitalization
for angina reoccurrence, stent thrombosis and urgent revascularization
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