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1 | INTRODUCTION

| Wenzheng Han | Qian Gan | Yuan Liu | Weiyi Fang

Background: This study was aimed to investigate the correlation between CYP2C19
and ABCB1 polymorphisms and the recurrence of ischemic cardiovascular adverse
events in patients with coronary artery disease treated with clopidogrel.

Methods: A total of 168 patients with coronary heart disease who underwent PCI
operation and received clopidogrel treatment were enrolled. Dual antiplatelet therapy
was applied to the treatment of patients for 2 years. Thromboelastography was used
to test the efficiency of blood coagulation. Polymerase chain reaction (PCR) was used
to detect CYP2C19 and ABCB1 3435CT polymorphisms. One-year follow-up visit was
carried out to record the incidence of cardiovascular adverse events after drug-eluting
stent implantation was inset.

Results: Follow-up visit results suggested that the patients with high on-treatment
platelet reactivity (HPR) had a higher recurrence rate of cardiovascular adverse events
after PCI operation and clopidogrel treatment. Gene polymorphism testing results in-
dicated that patients with CYP2C19*3 had a significantly higher incidence of HPR,
whereas CYP2C19*2 and ABCB1 3435CT were not significantly correlated with HPR.
Multivariable logistic regression analysis showed that CYP2C19*3 might be an inde-
pendent predictive factor of post-PCI HPR. In addition, CYP2C19*3 as well as post-PClI
HPR could function as independent predictive factors of cardiovascular adverse
events.

Conclusion: CYP2C19*3 polymorphism could be an important predictive factor of

HPR and ischemic cardiovascular adverse events after clopidogrel treatment.
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events in those under 75 years old.® Percutaneous coronary inter-

vention (PCI) is one of the most prevalent therapeutic interventions

Coronary artery disease (CAD) is a leading disease incurred death

worldwide."? CAD is of high recurrence rate of cardiovascular adverse

Abbreviations: ADP, adenosine diphosphate; ANOVA, analysis of variance; CAD, coronary
artery disease; DAPT, dual antiplatelet therapy; DES, drug-eluting stent implantation; DES,
drug-eluting stents; GOF, gain-of-function; HLP, hyperlipemia; HPR, high on-treatment plate-
let reactivity; KS test, Kolmogorov-Smirnov test; LOF, loss-of-function; MA, maximum ampli-
tude; PCI, percutaneous coronary intervention; PCR, polymerase chain reaction.

in practice,* and stent implantation has become the standard care
for myocardial revascularization, especially in unstable CAD cases.”
However, the successful implementation of PCI therapy requires in-
duction of dual antiplatelet therapy (DAPT).® The advantages and
disadvantages of DAPT continuing treatment after PCl had been
accurately predicted by large DAPT trial’'s prediction rule during in-

dividualized therapy duration.® A previous study showed that DAPT
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treatment for more than 1 year reduced late stent thrombosis and
ischemic events after drug-eluting stents (DES), but increased the risk
of bleeding.7

Dual antiplatelet therapy, together with aspirin and a P2Y12 inhibi-
tor (clopidogrel, prasugrel, or ticagrelor), is a standard follow-up therapy
for CAD patients after PCI treatment.” As the most serious complica-
tion associated with ischemic events after DES, stent thrombosis often
leads to myocardial infarction.'® Compared with aspirin treatment, the
combined treatment of aspirin with clopidogrel can reduce the risk of
cardiovascular death.!* Rudolph et al*? revealed that use of clopidogrel
for stable CAD patients with long-term aspirin treatment might lead to
short-term increase in endothelial function. Besides of that, about 40%
of clopidogrel-treated patients displayed a high on-treatment platelet
reactivity (HPR).*® Platelet activation and aggregation were the patho-
physiological basis of various atherosclerotic thrombosis and coronary
stent thrombosis,'* which might induce the recurrence of ischemic car-
diovascular adverse events. Numerous clinical trials found that DAPT
could reduce the higher risk of major adverse cardiovascular events in
CAD patients. However, there are still some CAD patients suffering
from thrombotic events, which might be related to HPR.1415

The function of CYP2C19 polymorphisms was inconsistent
with different types of diseases. The CYP2C19*17 gain-of-function
(GOF) variant was found to be related to ultrarapid enzymatic ac-
tivity. Patients with CYP2C19*17 gene had considerably lower ad-
enosine diphosphate-induced platelet aggregation and higher risk
of bleedings.®® However, in CHANCE trial (clopidogrel in high-risk
patients with acute nondisabling cerebrovascular events, a genetic
study), reduced stroke recurrence could not be found in patients
with clopidogrel-aspirin with CYP2C19 loss-of-function (LOF) allele
(*2 and *3),*¢ indicating that CYP2C19 LOF negatively influenced
the effect of clopidogrel on CAD patients. To get an in-depth insight
into the influence of CYP2C19 on clopidogrel treatment of CAD,
further studies were needed to explore more specific properties of
CYP2C19 polymorphisms. Previous studies have indicated that the
ABCB1 gene could affect clopidogrel absorption and encode an in-
testinal efflux pump.t”*8 In addition, patients with ABCB1 3435CT
(rs1045642) genotype had an increased propensity for ischemic out-
comes after acute coronary syndrome when treated with PCl and
cIopidogreI.19 Therefore, we speculated that ABCB1 exerted an in-
fluence on the recurrence of ischemic cardiovascular adverse events.

We have long paid attention to CYP2C19 and ABCB1 because
of their close association with coagulation and clopidogrel absorp-
tion. Thus, in this study, we intended to investigate the influence of
CYP2C19 and ABCB1 polymorphisms on the recurrence of ischemic
cardiovascular adverse events in patients with coronary artery disease

treated with clopidogrel.

2 | MATERIALS AND METHODS

2.1 | Study population and design

A total of 168 patients undergoing PCl operation and clopidogrel
treatment from August 2012 to May 2013 at Shanghai Chest

Hospital (Shanghai, China) were enrolled in this study. A 1-year
follow-up visit was conducted for all participants. The general in-
formation of patients (age, gender, height, weight, and body mass
index) and their CAD risk factors (smoking, drinking, high blood
pressure, hyperlipemia [HLP], and diabetic history) were recorded
in this study. Written informed consents were obtained from all
participants.

All patients were given 100-300 mg/d aspirin (Bayer China,
Shanghai, China) according to their body conditions. Three hundred
milligram of loading clopidogrel (Sanofi China, Shanghai, China) was
taken at a dosage of 75 mg/d since the second day. Follow-up visits
were carried out within 24 months after PCl operation. Cardiovascular
adverse events were observed and documented. Common adverse
events included cardiovascular ischemic events (cardiac death, recur-
rent thrombosis in stent confirmed by coronary angiography, recurrent
unstable angina, and recurrent acute myocardial infarction) and cardio-
vascular bleeding events (hemorrhagic apoplexy, secondary anemia,
and hemorrhage of digestive tract).

2.2 | Platelet agglutination function testing

Venous blood was extracted from patients on an empty stomach in
the morning 3 days after PCl operation. Extracted venous blood was
placed in blood collection tube with 31.3% sodium citrate, and then
activator adenosine diphosphate (ADP) was added. The blood sam-
ples were detected by Thromboelastography 5000 coagulometer
(Haemoscope, Niles, lllinois, USA) within 2 hours after extraction. The
maximum amplitude (MA) of thromboelastography test was depicted
in gram, indicating the maximum strength or hardness of forming
blood clots, which were affected mainly by platelet and fibrinogen.
According to the activator added, MA was constituted of MA;
(fibrinogen and thrombin), MA,,;, (fibrinogen and platelet uninhibited
by ADP inhibitor), and MA,, ., (fibrinogen only). Platelet inhibition
ratio (PIR%) = (MA ,pp = MA )/ (MA MAirin) X 100%.
Patients with PIR 230% were in normal group. Patients with PIR <30%

hrombin

hrombin —

were in HPR group.

2.3 | CYP2C19 and ABCB1 genotyping

Two millilitre venous blood of every patient was extracted and col-
lected into an EDTA anticoagulant tube (Biotend, Shanghai, China).
The samples were preserved at 20°C before detection. Blood
genomic DNA isolation kit (DP318, TIANGEN Biotech, Beijing,
China) was used to extract DNA samples. Q3000 ultraviolet spec-
trophotometer (Quawell, San Jose, CA, USA) was employed to
detect the concentration of DNA. Extracted DNA was amplified
by qRT-PCR and crossbred. Primer sequences were indicated in
Table 1. CYP2C19*2 (rs4244285), CYP2C19*3 (rs4986893), and
ABCB1 3435CT (rs1045642) were mainly examined. The polymor-
phism of all patients was categorized into CYP2C19*2 (rs4244285),
CYP2C19*3 (rs4986893) and ABCB1 3435CT (rs1045642). CYP2C19
was subgrouped into three genotypes: wild type (G/G), heterozy-
gous mutant type (G/A), and homozygous mutant type (A/A).
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TABLE 1 The primers for conduction of

. . Gene Forward primer 5'-3’ Reverse primer 5’-3'
qRT-polymerase chain reaction

CYP2C19*2 CATGTACAATAAAAATTTCCCCATC AAGTCCCGAGGGTTGTTGAT
CYP2C19*3 CTAGACAGCCATGGGGTGAAT ACTCCAAAGTGCCTGGATGT
ABCB1 3435CT CTGAAGTTGATCTGTGAACTCTTG CTTACATTAGGCAGTGACTCGAT
B-actin AGAGCTACGAGCTGCCTGAC AGCACTGTGTTGGCGTACAG

(A).

il I\ M AR Wy I N AR,

t t

CYP2C19*2 G/G

CYP2C19*2 G/A

m\_n,aﬂnrmmwmmw;wmmwmmwm

CYP2C19*2 A/A

FIGURE 1 Gene sequencing map.
Sequencing map of the following
genotypes was shown: (A) wild type (G/G),
heterozygous type (G/A), and homozygous
type (A/A) of CYP2C19*2 (rs4244285); (B)
wild type (G/G) and heterozygous type
(G/A) of CYP2C19*3 (rs4986893); (C) wild
type (C/C), heterozygous type (T/C), and
homozygous type (T/T) of ABCB1 3435CT
(rs1045642)

ABCB1 was divided into three genotypes: wild type (C/C), heterozy-
gous mutant type (T/C), and homozygous mutant type (T/T). The
representative results of sequence-based typing were depicted in
Figure 1.

2.4 | Statistical analysis

Clinical statistical analyses were carried out using SPSS 20.0 software
(SPSS, Chicago, IL, USA). All variables were tested for normal distri-
bution using Kolmogorov-Smirnov test (KS test). Measurement data
were analyzed using t test, and enumeration data were analyzed using
chi-square test. One-way analysis of variance (ANOVA) was applied to
intergroup comparisons. Multivariable logistic regression analysis was
employed to analyze the correlation between genetic polymorphisms
and HPR as well as that between genetic polymorphisms, HPR, and
cardiovascular adverse events. P value <.01 denoted a statistically sig-

nificant difference.

ABCB1C/C

ABCB1 T/C

3 | RESULTS

3.1 | The general information and platelet function
of patients

A total of 168 CAD patients after clopidogrel treatment were fol-
lowed up, and clinical data were recorded. The number of patients
in HPR group was 50 in total (50/168). The other 118 patients were
assigned to the normal group. As shown in Table 2, there was no sig-
nificant difference between the general demographic features (age,
gender, height, weight, and body mass index) and HPR. Also, no dif-
ference was seen between CAD risk factors (smoking, drinking, high
blood pressure, HLP, and diabetes) and HPR.

3.2 | Incidence of cardiovascular adverse events

All patients were follow-up visited within 24 months after PCI

operation. The incidence of cardiovascular ischemic events and



HOU ET AL

“7 | WiLEY

TABLE 2 Characteristics of patients in the study

Characteristics Normal (n = 118) HPR (n = 50) P value

Gender (male) 87 (73.73%) 35 (70.00%) 706
Age (y) 65.94 65.88 .920
Height (cm) 166.25 162.00 653
Weight (kg) 63.21 59.25 .588
BMI 22.87 22.58 476
Smoking 38 (32.20%) 14 (28.00%) 716
Drinking 78 (66.10%) 31 (62.00%) 724
High blood 101 (85.59%) 42 (84.00%) .815
pressure
HLP 79 (66.95%) 35 (70.00%) 722
Diabetes 35 (29.66%) 10 (20.00%) .254

BMI, body mass index; HLP, hyperlipemia.

cardiovascular bleeding events was documented. In normal group
(n =118), there were 46 patients (38.98%) with ischemic events,
including 1 case of cardiac death, 3 cases of myocardial infarction,
29 cases of angina recurrence, and 13 cases of stent thrombosis.
Seventeen patients (14.41%) were found to have bleeding events,
including 2 cases of hemorrhagic apoplexy, 9 cases of secondary

anemia, and 6 cases of hemorrhage of digestive tract. In HPR group
(n =50), 47 patients showed ischemic events (94.00%), including 3
cases of cardiac death, 4 cases of myocardial infarction, 17 cases of
angina recurrence, and 23 cases of stent thrombosis. However, no
bleeding events were found in HPR group. All the above results indi-
cated that patients in HPR group had a significantly higher incidence
of cardiovascular ischemic events (Table 3). Therefore, HPR might be
an independent predictive factor of cardiovascular ischemic adverse

events.

3.3 | CYP2C19 and ABCB1 genotypes distribution

The specific distribution of CYP2C19 and ABCB1 genotypes was
shown in Table 4. CYP2C19*2 G/G was found in 74 patients with
44.05% mutation incidence. CYP2C19 *2 G/A was detected in 70
patients with 41.67% mutation frequency. CYP2C19 *2 A/A was ex-
amined in 24 patients with 14.28% mutation frequency. In addition,
135 patients were found to have CYP2C19*3 G/G genotype with
80.36% mutation frequency. Thirty-three patients were examined
to have CYP2C19*3 G/A genotype with 19.64% mutation frequency.
However, CYP2C19*3 A/A was not found in any patients. In terms
of ABCB1 genotype, ABCB1 C/C was detected in 59 patients with
35.12% mutation frequency. ABCB1 T/C was found in 83 patients with

TABLE 3 Incidence of cardiovascular
Events Overall (n = 168) Normal (n = 118) HPR (n = 50) P value
adverse events
Cardiovascular adverse 110 (65.48%) 63 (53.39%) 47 (94.00%) <.001*
events
Ischemic events 93 (55.36%) 46 (38.98%) 47 (94.00%) <.001*
Cardiac death 4 (2.38%) 1(0.85%) 3 (6.00%) .079
Myocardial infarction 7 (4.17%) 3 (1.79%) 4 (8.00%) .198
Angina recurrence 46 (27.38%) 29 (24.58%) 17 (34.00%) 257
Stent thrombosis 36 (21.43%) 13 (11.02%) 23 (46.00%) <.001*
Bleeding events 17 (10.12%) 17 (14.41%) 0 (0%) <.001*
Hemorrhagic 2 (1.19%) 2 (1.69%) 0 (0%) 1.000
apoplexy
Secondary anemia 9 (5.36%) 9 (7.63%) 0 (0%) .059
Hemorrhage of 6 (3.57%) 6 (5.08%) 0 (0%) .107
digestive tract
) TABLE 4 Distribution of genotypes
Gene SNP ID Genotype Number Incidence (%)
CYP2C19*2 rs4244285 G/G 74 44,05
G/A 70 41.67
A/A 24 14.28
CYP2C19*3 rs4986893 G/G 135 80.36
G/A 33 19.64
A/A 0 0.00
ABCB1 3435CT rs1045642 Cc/C 59 35.12
T/C 83 49.40
/T 26 15.48
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TABLE 5 Gene mutation distribution

among the patients

100 *k%k

Overall
Gene (n=168) Normal (n = 118) HPR (n = 50) P value
CYP2C19*2 94 70 (74.47%) 24 (24.74%) 234
CYP2C19*3 S8 6(18.18%) 27 (81.82%) <.001
ABCB1 3435CT 109 81 (74.31%) 28 (25.69%) 157

CYP2C19: cytochrome P450 family 2 subfamily C member 19; CYP2C19*2: rs4244285; CYP2C19*3:
rs4986893; ABCB1: ATP binding cassette subfamily B member 1; ABCB1 3435CT: rs1045642. Bold
value <.001 indicates that the gene mutation rate of patients with CYP2C19*3 was significantly higher
than that in normal group.

=

Hodedke **

[=2]
o
1
*
*

CYP2C19*2

CYP2C19*3 ABCB1 3435CT

404

204

Average Platelet inhibiton rate (%)

CYP2C19*2 CYP2C19*3 ABCB1 3435CT

FIGURE 2 Correlation between genotype and platelet inhibition ratio (PIR) and high on-treatment platelet reactivity (HPR). (A) HPR rate
of patients with CYP2C19*3 was significantly higher than that of patients with CYP2C19*2 and ABCB1 3435CT. (B) Average PIR of patients
with CYP2C19*3 was significantly lower than that of patients with CYP2C19*2 and ABCB1 3435CT. PIR: platelet inhibition ratio; HPR: high
on-treatment platelet reactivity. **P < .01, ***P < .001, compared with CYP2C19*3 group. CYP2C19: cytochrome P450 family 2 subfamily

C member 19; CYP2C19*2: rs4244285; CYP2C19*3: rs4986893; ABCB1: ATP binding cassette subfamily B member 1; ABCB1 3435CT:

rs1045642

TABLE 6
for HPR

Logistic regression analysis

TABLE 7 Logistic regression analysis
for ischemic cardiovascular adverse events

95% Cl for OR

(Exp[B])
Variables B (SE) Sig. OR (Exp[B]) Lower Upper
CYP2C19*2 -0.658 (0.419) 0.116 0.518 0.228 1.178
CYP2C19*3 3.314 (0.519) <0.001 22.970 8.309 63.502
ABCB1 3435CT -0.559 (0.425) 0.188 0.572 0.249 1.314

CYP2C19: cytochrome P450 family 2 subfamily C member 19; CYP2C19*2: rs4244285; CYP2C19*3:
rs4986893; ABCB1: ATP binding cassette subfamily B member 1; ABCB1 3435CT: rs1045642. Bold
value Sig. <0.001 stands for a P value smaller than 0.001, indicating CYP2C19*3 might serve as an in-
dependent predictive factor of post-PCl HPR.

95% Cl for OR

(Exp[B])
Variables B (SE) Sig. OR (Exp[B]) Lower Upper
CYP2C19*2 0.094 (0.368) 0.798 1.099 0.534 2.262
CYP2C19*3 2.147 (1.078) 0.046 8.562 1.035 70.823
ABCB1 3435CT -0.677 (0.396) 0.087 0.508 0.234 1.103
HPR 1.977 (0.659) 0.003 7.220 1.983 26.293

CYP2C19: cytochrome P450 family 2 subfamily C member 19; CYP2C19*2: rs4244285; CYP2C19*3:
rs4986893; ABCB1: ATP binding cassette subfamily B member 1; ABCB1 3435CT: rs1045642. Bold
values Sig. 0.046 and 0.003 mean that CYP2C19*3 as well as post-PCI HPR could function as inde-
pendent predictive factors of ischemic cardiovascular adverse events.
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49.40% mutation frequency. ABCB1 T/T was observed in 26 patients
with 15.48% mutation frequency.

The gene mutation rate of patients with CYP2C19*3 in HRP group
(81.82%) was significantly higher than that in normal group (18.18%).
Average PIR of patients with CYP2C19* was also significantly higher
than that of other patients (Table 5, Figure 2). All the above results
demonstrated that CYP2C19*3 mutation could be considered as an
independent predictive factor of post-PClI HPR and cardiovascular ad-
verse events, whereas CYP2C19*2 and ABCB1 genetic mutation was

not significantly correlated with HPR.

3.4 | Multivariate logistic regression analysis

Multivariable logistic regression analysis showed that CYP2C19*3
might serve as an independent predictive factor of post-PClI HPR
(OR: 22.97,95% Cl: 8.309-63.502, P < .001, Table 6), and CYP2C19*3
as well as post-PCl HPR could be independent predictive factors of
ischemic cardiovascular adverse events (OR: 8.562, 95% Cl: 1.035-
70.823, P =.046; OR: 7.220, 95% ClI: 1.983-26.293, P = .003, respec-
tively, Table 7).

4 | DISCUSSION

Patients with HPR had a higher recurrence rate of cardiovascular ad-
verse events after PCl operation and clopidogrel treatment. Besides
of that, patients with CYP2C19*3 mutation had a significantly higher
incidence of HPR, whereas CYP2C19*2 and ABCB1 mutation was
not significantly correlated with HPR incidence. CYP2C19*3 might
act as an independent predictive factor of post-PCl HPR. In addition,
CYP2C19*3 as well as post-PCI HPR could function as independent
predictive factors of cardiovascular adverse events.

Genetic factors contribute to an increase in CAD occurrence and
incur major complications such as HPR-related stent thrombosis, which
is commonly presented as myocardial infarction.?° Although the com-
bined therapeutic strategy of DAPT with aspirin and clopidogrel has
been widely applied to the treatment of CAD, the efficacy of clopido-
grel can be influenced by CYP2C19*3 LOF allele.?! In our study, higher
incidence of cardiovascular ischemic adverse events was found in HPR
group. Therefore, we speculated that HPR might function as an inde-
pendent predictive factor of cardiovascular ischemic adverse events.
Among the mutated genotypes of CYP2C19 and ABCB1, CYP2C19*3
LOF was highly correlated with HPR occurrence and PIR, whereas
CYP2C19*2 and ABCB1 3435CT had no significant relationship with
HPR and PIR. Taken together, CYP2C19*3 LOF could be an independent
predictive factor of HPR and ischemic cardiovascular adverse events.

In the current study, 168 CAD patients were follow-up visited
within 24 months after PCl operation and clopidogrel treatment, with
all clinical data recorded. Collected data indicated that patients in HPR
group had significantly higher recurrence rate of cardiovascular isch-
emic events. Several previous study results were also consistent with

|22

the current findings. For instance, Bagai et al““ reported that a high

residual platelet reactivity on clopidogrel treatment was found in their

study, in which 40% of patients had HPR. Zhang et al?® revealed that
the occurrence of HPR could be regarded as an independent predic-
tor of 2-year stent thrombosis following DES implantation in patients
treated with both aspirin and clopidogrel.

The correlation of mutated CYP2C19 and ABCB1 with HPR was
explored in our study. The results demonstrated that CYP2C19*3 ge-
netic polymorphism might function as an independent predictive fac-
tor of post-PCl HPR and ischemic cardiovascular adverse events, while
CYP2C19*2 and ABCB1 polymorphisms were found less correlated with
the occurrence of HPR. Similarly, Kim et al and Zhang et al reported that
ABCB1 polymorphism was not significantly associated with the increased
risk of HPR, whereas CYP2C19 polymorphisms influenced antiplate-
let response after clopidogrel treatment.?#?> In addition, patients with
CYP2C19 LOF polymorphisms might have increased the risk of adverse
cardiovascular events after PCI.2® CYP2C19*2 mutation was considered
to increase the risk of major adverse cardiovascular events in patients z
and induce stent thrombosis.?® We found specifically that CYP2C19*3
polymorphism was closely correlated with HPR. Although CYP2C19*2
was indicated to have higher gene mutation rate in patients with HPR,
while CYP2C19*3 had lower mutation rate in patients with HPR.?
CYP2C19*3 genetic polymorphism has higher predictive value for HPR.
In addition, in our study, there was a remarkably higher gene mutation
rate of CYP2C19*3 in CAD patients with HRP, and these patients with
HPR presented a significantly higher incidence of ischemic cardiovascu-
lar adverse events. Therefore, we concluded that CYP2C19*3 genetic
polymorphism could function as an independent predictive factor of
ischemic cardiovascular events. These study results contributed to not
only the understanding of correlation of CYP2C19 and ABCB1 genetic
polymorphisms with ischemic cardiovascular adverse events, but also
the development of effective therapeutic approach of adverse cardio-
vascular events after clopidogrel treatment of CAD patients.

However, there were still some limitations in the present study.
For one thing, a limited number of study objects might not be
sufficient to completely substantiate the conclusion. The results
would be more convincing when a larger cohort was employed in
the future. In addition, stronger evidence for the risk factor analy-
sis of incidence of cardiovascular adverse effects should be further
investigated.

In conclusion, CYP2C19*3 might function as an independent pre-
dictive factor for HPR and ischemic cardiovascular adverse events,
whereas CYP2C19*2 and ABCB1 mutant genes could not predict HPR
and ischemic cardiovascular adverse events. Therefore, it should be
tested before clopidogrel treatment for CAD patients, which could

help make individualized treatment plans for patients.
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