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Interactions among COX-2, GPIlla and
P2Y1 variants are associated with aspirin
responsiveness and adverse events in
patients with ischemic stroke

Xingyang Yi, Zhao Han, Qiang Zhou, Jing Lin and Chun Wang

Abstract

Background: The effect of gene variants and their interactions on response to aspirin and
clinical adverse outcomes after an acute ischemic stroke (IS) is not fully understood. The aim
of this study was to investigate the association of aspirin-relevant gene variants and their
interactions with clinical adverse outcomes in IS patients taking aspirin.

Methods: A total of 14 variants from six genes encoding COX enzymes (COX-1, COX-2), platelet
membrane receptors (TXAS1, P2Y1, P2Y12) and glycoprotein receptor (GPllla) were examined
in 850 acute IS patients. Gene-gene interactions were analyzed using generalized multifactor
dimensionality reduction (GMDR) analysis. All patients were followed up for 1 year after
admission. Primary outcome was a composite of recurrent ischemic stroke (RIS), myocardial

infarction (M) and death.

Results: The primary outcome occurred in 112 (13.5%) patients (81 RIS, 16 Ml and 15
deaths). There were no significant differences in the frequencies of the genotypes of the

14 variants between the patients with and without primary outcome using single-locus
analytical approach. However, there was significant gene-gene interaction among rs20417,
rs1371097 and rs2317676. The high-risk interactive genotypes of rs20417, rs1371097 and
rs2317676 were independently associated with primary adverse outcome of RIS, MI, and

death after acute IS.

Conclusion: The three-loci interactions are associated with sensitivity of IS patients to aspirin
and aspirin-induced adverse clinical events. The combinatorial analysis used in this study may
be helpful to elucidate complex genetic risk of aspirin resistance (AR).

Clinical trial registration: The study described here is registered at http://www.chictr.org/

(unique identifier: ChiCTR-OCH-14004724).
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Introduction

Stroke is a significant worldwide health problem
and is one of the leading causes of death among
the elderly [Wang er al. 2007]. Patients with
ischemic stroke (IS) are at a high risk of develop-
ing a recurrent ischemic stroke (RIS) [Zhao ez al.
2008]. Aspirin is highly recommended for these
patients, in order to reduce their risk of clinically
important atherothrombotic events [Kernan
et al. 2014], and has shown beneficial effects on
adverse clinical events [International Stroke

Trial Collaborative Group, 1997; Chen er al.
2000]. However, a proportion of IS patients,
despite taking aspirin, did experience RIS or
other vascular events in the subsequent years
after their first stroke [Eikelboom and Hankey,
2003; Yi er al. 2013a], and this was referred to as
aspirin resistance (AR), that is, poor or no
response to aspirin treatment [Floyd and Ferro,
2015]. Thus, further research on this individual
variability could help us develop more effective
drugs to control or prevent IS in clinic.

Ther Adv Neurol Disord
2017, Vol. 10(3) 161-170

DOI: 10.1177/
1756285616681943

© The Authorl(s), 2016.

Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Correspondence to:
Xingyang Yi, MD
Department of Neurology,
People’s Hospital of
Deyang City, 173 North
Taishan Road, Deyang,
Sichuan 618000, China
1842942576(qqg.com

Co-correspondence to:
Zhao Han,MD
Department of Neurology,
The 2nd affiliated hospital
and Yuying children
hospital of Wenzhou
Medical University,

No 109, Xueyuan West
Road, Wenzhou, Zhejiang
325027, China
wzhanzhaof@aliyun.com

Qiang Zhou, MD

Jing Lin, MD

Department of Neurology,
Third Affiliated Hospital of
Wenzhou Medical College,
Wenzhou, Zhejiang, China

Chun Wang, MSc
Department of Neurology,
People’s Hospital of
Deyang City, Deyang,
Sichuan, China

journals.sagepub.com/home/tan

161


http://www.sagepub.co.uk/journalsPermissions.nav
http://www.sagepub.co.uk/journalsPermissions.nav
http://www.chictr.org/
mailto:1842942576@qq.com
http://doi.org/10.1177/1756285616681943

Therapeutic Advances in Neurological Disorders 10(3)

The mechanisms leading to a poor response to
aspirin have not yet been fully elucidated and are
most likely multifactorial [Schwartz et al. 2005;
Cotter et al. 2004; Frelinger et al. 2006], such as
lack of compliance, reduced absorption, possibly
with increased metabolism of aspirin, and the
biosynthesis of thromboxane A2 (TXA2) via
pathways not inhibited by aspirin as well as alter-
native pathways involved in platelet activation not
blocked by aspirin [e.g. those involving adenosine
5’-diphosphate (ADP), collagen, epinephrine,
and thrombin]. The mechanism of action of aspi-
rin is the inhibition of cyclooxygenase enzymes
(COX), leading to the prevention of TXA2 gen-
eration from arachidonic acid (AA). TXA2 binds
to its glycoprotein-coupled receptor (GPIIb/IIIa)
leading to activation of platelet aggregation
[Nakahata, 2008]. The platelet membranes
receptors (P2Y12, P2Y1) have also played a key
role in platelet aggregation and thrombosis
[Storey, 2006; Dorsam and Kunapuli, 2004].
There is growing evidence showing that aspirin
sensitivity may be influenced by pharmacokinetic
or pharmacogenetic variables, such as activation
and aggregation of platelets, all of which are fur-
ther affected by gene single nucleotide polymor-
phisms (SNPs). For example, some studies
showed that COX-1, COX-2, GPIlla, P2Y1,
P2Y12 polymorphisms may lead to AR [Goodman
et al. 2007, 2008; Sharma ez al. 2013; Halushka
et al. 2003; Li et al. 2007; Grinshtein ez al. 2013].
However, our previous study and some other
studies did not find the association between AR
and these candidate gene variants in patients with
symptomatic vascular disease [Yi er al. 2013b;
Kunicki ez al. 2009; Lev er al. 2007]. These con-
flicting results indicated that the genetic factors
for AR might be very complex. It may be that
genetic variants at individual loci only contribute
to AR by interaction with other gene variants.
Thus, the investigation of multiple gene—gene
interactions is necessary to enable us to under-
stand the genetic etiology of AR in IS patients
using the generalized multifactor dimensionality
reduction (GMDR) approach [Lou ez al. 2007; Yi
et al. 2015b]. However, the potential effects of
gene—gene interactions of relevant genes on clini-
cal outcomes after acute IS in patients receiving
aspirin are unknown.

To address this issue, we hypothesized that inter-
actions among aspirin-relevant genetic variants
may affect aspirin responsiveness and clinical
adverse outcomes in IS patients. This hypothesis
was tested by using the GMDR approach with 14

variants from six genes to explore these gene—
gene interactions, and whether they related to
clinical adverse outcomes during a 1-year follow-
up period after acute IS.

Materials and methods

Study population

A protocol for this prospective study was reviewed
and approved by the Ethics Committees of The
People’s Hospital of Deyang City and The Third
Affiliated Hospital of Wenzhou Medical College.
Each of the participants provided informed con-
sent before participating in this study. The study
was registered at http://www.chictr.org/ with the
unique identifier of ChiCTR-OCH-14004724.

We consecutively enrolled 850 patients who
underwent a first-ever stroke and were admitted
to the above two hospitals within 72 hours of their
index stroke between August 2010 and August
2014. The inclusion criteria were: (1) age = 40
years old; (2) diagnosis of IS, based on both clini-
cal findings and results of brain magnetic reso-
nance imaging; (3) stroke in all cases was due to
atherothrombotic or small artery disease, accord-
ing to the Trial of ORG 10172 in the Acute Stroke
Treatment (TOAST) classification system [Han
et al. 2007]. Exclusion criteria were: (1) allergic to
aspirin; (2) treatment with aspirin plus clopi-
dogrel; (3) cerebral embolism and other deter-
mined or undetermined etiologies of IS; (4)
administration of warfarin, dipyridamole, clopi-
dogrel within 2 weeks prior to admission; (5)
usage of heparin or low-molecular-weight heparin
within 24 hours before enrollment; (6) fever,
hypoxia, alterations in consciousness on admis-
sion; (7) any major surgical procedure within 2
weeks; (8) if the patient had a history of carotid
endoartectomy or carotid stent therapy, or under-
went carotid endoartectomy or carotid stent ther-
apy during the follow-up period. (9) platelet
count < 100 X 10%1 or >450 X 10%1; (10) asthma
or severe cardiovascular, liver, or renal disease.

All enrolled patients received standard therapies
based on guidelines [Kernan ez al. 2014], includ-
ing aspirin (Bayer Healthcare Company Ltd.,
Beijing, China) 200 mg/day for 14 days and 100
mg/day thereafter for at least 1 year. Vascular risk
factors, including body mass index, body weight,
tobacco smoking, diabetes mellitus and hyperten-
sion were recorded; and fasting blood sugar, total
plasma cholesterol (TC), triglycerides (TG),
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low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C)
were measured.

Assessment of clinical outcomes

The primary outcome was a composite of RIS,
myocardial infarction (MI) and death during the
first 1 year after admission. RIS was defined as a
new focal neurologic deficit of vascular origin
lasting for at least 24 hours, which was proved to
be nonhemorrhagic by either computed tomogra-
phy or magnetic resonance imaging scanning. MI
was defined as the presence of at least two of these
criteria: prolonged angina > 30 min; total creati-
nine kinase isoenzyme elevation more than twice
the upper limit of normal; electrocardiographic
evidence of infarction. Death was defined as vas-
cular mortality due to MI, IS, and other vascular
causes.

During the 1-year follow-up period, interviews
were conducted every month by investigators
who were blinded to the results of other data such
as genotyping data. After discharge, scheduled
follow-up telephone calls were made biweekly to
encourage compliance, to answer any queries,
and to record any side effects. Clinical data were
collected from patients’ medical records or wvia
phone interview by the referring physicians.

Genotyping

In the present study, a total of 14 variants from six
genes, including COX-1 (rs1236913, rs3842787),
COX-2 (rs689466, rs20417), TXAS1 (rs194149,
rs2267679,1rs41708), P2Y1 (rs701265,rs1439010,
and rs1371097), P2Y12 (rs16863323, rs9859538),
and GPIllla (rs2317676, rs11871251) were
selected from the NCBI database (http://www.
ncbi.nlm.nih.gov/SNP), based on the following
criteria: (i) SNPs that have been assessed in previ-
ous studies [Goodman ez al. 2007, 2008; Sharma
et al. 2013; Halushka er al. 2003; Li ez al. 2007;
Grinshtein et al. 2013; Yi et al. 2013b; Kunicki
et al. 2009; Lev et al. 2007], (ii)) SNPs with minor
allele frequency > 0.05, (iii) SNPs leading to
amino acid changes.

Whole blood (3 ml) was drawn from an arm vein
into a sterile tube containing ethylenediaminetet-
raacetic acid and stored at —80°C for genotype
analysis. Genotypes of the 14 variants were exam-
ined using a matrix-assisted laser desorption/ioni-
zation time-of-flight mass spectrometry method

according to our previous study [Yi ez al. 2015b].
In brief, each SNP was amplified using two spe-
cific polymerase chain-reaction primers and one
extension primer. Genotype call was performed
in real time with Mass ARRAY RT software ver-
sion 3.0.0.4 and analyzed using Mass ARRAY
Typer software, version 3.4 (Sequenom Inc., San
Diego, CA, USA). Each allele of these SNPs was
classified by its known effect on function. For
each gene, subjects were dichotomized a prior:
into two groups, based on whether or not they
possessed at least one mutant allele.

Platelet aggregation tests

Venous blood (3 ml) was drawn from an antecu-
bital vein prior to the initial dose of aspirin and
at day 7-10 of therapy. Platelet aggregation was
measured by light transmittance aggregometry
(LTA). The procedures and consistency tests
were performed as described in our previous
studies [Yi et al. 2013a, 2013b]. Platelet aggre-
gation was recorded as changes in light transmis-
sion. The results of optical platelet aggregometry
are presented as the amplitude of light transmit-
tance at 5 minutes after addition of the agonist
0.5 mm AA and 10 um ADP with a BioData
PAPS-4  platelet aggregometer (Helena
Laboratories, Beaumont, TX, USA). According
to our previous studies [Yi ez al. 2013a, 2013b],
the measurement of platelet aggregation using
LTA was established to be highly valid and
reproducible.

Statistical analysis

Based on a suggested sample size requirement for
detecting gene-gene interactions [Wang and
Zhao, 2003], we speculated that a sample size of
820 patients would sufficiently provide 80%
power to detect a relative risk increment of 10%
in the percentage of primary outcome in patients
carrying high-risk interactive genotypes, with a
two-sided type I error of 0.05, assuming an event
rate of 12% in patients without carrying high-risk
interactive genotypes.

All statistical analyses were performed using
SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The
%2 test was used to analyze the deviation of
Hardy—Weinberg equilibrium for genotype fre-
quencies and compare genotype frequencies.
Discrete variables were compared using y? test or
Fisher’s exact test. Continuous variables were
compared using Student’s 7 test.
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Gene—gene interaction was assessed using the
GMDR program (beta version 0.7, www.health-
system.virginia.edu/internet/addiction-genomics/
Software) according to our previous reported
[Lou ez al. 2007; Yi et al. 2015b]. The GMDR
computed the maximum likelihood estimates and
the scores of all individuals under the null hypoth-
esis. This model with the minimum prediction
error, the maximum cross-validation consistency
score, and a p value of 0.05 or less (derived auto-
matically from the sign test in the GMDR soft-
ware) was considered as the best model.

Cox proportional hazard regression analysis was
performed after adjusting some risk factors to
assess the independent contribution of gene—gene
interactions for a risk of primary adverse outcome
and reported as values of the hazard ratio (HR)
with 95% CI. All tests were two sided, and the
threshold level of p < 0.05 denoted statistical
significance.

Results

Characteristics of the patients

Among 850 acute IS patients, 829 (97.5%)
patients completed the 1-year follow-up, 9 (1.1%)
patients were lost to follow up, and 12 (1.4%)
patients discontinued the study medication
because of patients’ early quit. The primary out-
come occurred in 112 (13.5%) patients (81 RIS,
16 MI and 15 died). Compared with patients
without primary outcome, the patients with pri-
mary outcome were older, had a higher preva-
lence of diabetes mellitus and higher fasting
plasma glucose levels or LDL-C levels at baseline
(Table 1).

Association of allelic frequencies with primary
outcome. The genotype distributions of the 14
variants examined in this study were in Hardy—
Weinberg equilibrium (p > 0.05). The allelic fre-
quencies of 14 variants did not differ significantly
between the patients with and those without pri-
mary outcome using single-locus analytical
approach (all p > 0.05, Table 2).

Gene-gene interaction and its association with pri-
mary outcome. We then investigated the associa-
tion of the high-order interactions of SNPs with
primary outcome using the GMDR method.
There were significant gene—gene interactions.
The best models for primary outcome were
rs20417, rs1371097, and rs2317676 after

adjusting the covariates, which scored 10 out of
10 for cross-validation consistency and 9 out of
10 for the sign test (p = 0.018,Table 3). The one-
locus model was also computed for each variant.
The prediction accuracies of these one-locus
models by GMDR were 0.5462, 0.6234 and
0.5532 (for rs20417, rs1371097, and rs2317676,
respectively), yielding a minimum p value of
0.9426. The significance of this interaction was
further confirmed by a permutation test (p =
0.023), suggesting that the three genetic variants
together significantly contributed to primary
outcome.

Compared with patients harboring wild-type
genotypes rs20417GG, rs1371097CC, and
rs2317676AA, the three SNP interactions mak-
ing the larger contributions to this model
were those occurring among rs20417CC,
rs1371097TT, and rs2317676GG; rs20417CC,
rs1371097CT, and rs2317676AG; rs20417CC,
rs1371097TT, and rs2317676GG/AG (Table
4). These results indicate that the high-risk
interactions among the three genetic variants
together significantly conferred a higher risk for
adverse events than did any single variant alone.

Analysis of risk factors for primary outcome. Fur-
thermore, the relative risk conferred by the com-
binations of variants in the three genes was
considered as an interactive variable. The combi-
nations of rs20417CC, rs1371097TT, and
rs2317676GG or 1rs20417CC, rsl1371097CT,
and rs2317676AG or rs20417CC, rs1371097TT,
and rs2317676 GG/AG were considered as high-
risk interactive variables, were assigned as one;
and other combinations of rs20417, rs1371097,
and rs2317676 as low-risk interactive variables,
were assigned as zero. Cox regression analysis
revealed that the high-risk interactive genotypes
were independent risk factors for the primary
outcome (adjusted for age, diabetes mellitus,
LDL-C, and fasting blood glucose) (Table 5).

Association of SNPs with platelet aggregation
activity. There were no significant differences in
the activity of platelet aggregation among the 14
variants before treatment. After 7-10 days of
treatment, the percentage of reduced platelet
aggregation, whether AA induced or ADP
induced, presented no significant differences
among the 14 variants. However, the percentage
of reduced platelet aggregation, whether AA
induced or ADP induced, was significantly lower
in patients with high-risk interactive genotypes
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Table 1. Baseline characteristics of the study patients.

Patients with Patients without p value
adverse events adverse events
(n=112) (n=717)
Age (years) 71.8 £ 13.2 68.2 +12.2 <0.01
Men (n, %) 58 (51.8) 372 (51.9) 0.99
Body mass index (kg/m?) 242 35 23932 0.42
Current smoking (n, %) 34 (30.4) 206 (28.7) 0.74
Hypertension (n, %) 81 (72.3) 501 (69.9) 0.62
Diabetes (n, %) 39 (34.8) 130 (18.1) <0.01
Previous Ml (n, %) 3(2.7) 14 (2.0) 0.63
NIHSS score at enrollment 6.1x1.7 59+1.8 0.24
TC (mmol/U) 5.4+ 1.4 52*13 0.16
TG (mmol/l) 1.9 £0.7 1.8+ 0.9 0.14
HDL-C (mmol/l) 1.3+£0.5 1.4+ 0.4 0.047
LDL-C (mmol/l) 3.4+ 1.1 2.9 +0.9 <0.01
Fasting glucose (mmol/l) 7.+22 65*1.9 <0.01
Stroke subtype
Atherothrombotic (n, %) 70 (62.5) 437 (60.9) 0.76
Small artery disease (n, %) 42 (37.5) 280 (39.1) 0.76
Previous treatment (n, %)
Antihypertensive drugs 48 (42.9) 310 (43.2) 0.99
Hypoglycemic drugs 20(17.9) 96 (13.4) 0.22
Statins 16 (14.3) 114 (15.9) 0.77
Aspirin 26 (23.2) 170 (23.7) 0.59
In-hospital treatment (n, %)
Thrombolysis 3(2.7) 21(2.9) 0.87
Antihypertensive drugs 97 (86.6) 622 (86.8] 0.99
Hypoglycemic drugs 40 (35.7) 140 (19.5) <0.01
Statins 109 (97.3) 703 (98.0) 0.99

MI, myocardial infarction; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipopro-
tein cholesterol; TG, triglycerides; NIHSS, National Institutes of Health Stroke Scale.

than in patients without high-risk interactive gen-
otypes (59.6 £ 11.2 versus 81.1 = 13.2, and 31.1
+ 9.8 versus 42.4 + 12.6, respectively, p < 0.01).

Discussion

In this study, we aimed to determine whether pre-
viously identified SNPs known to alter the phar-
macokinetics of aspirin or the ex vivo ability of
platelets to aggregate were associated with clinical
outcomes during the first year after acute IS. Our
data showed that there were no significant asso-
ciations between genotype distributions of the 14
variants and primary adverse outcome using the
single-locus analytical approach. However, the
most noteworthy finding in the present study was
that there were significant gene—gene interactions
among rs20417, rs1371097 and rs2317676 using

GMDR analysis, and the high-risk interactive
genotypes of rs20417, rs1371097 and rs2317676
had an independent impact on clinical adverse
events. Our results indicated that the sensitivity of
IS patients to aspirin and adverse clinical events
may be multifactorial, and is not determined by
single-gene polymorphisms.

Thrombosis and arteriosclerosis are the major
causes of IS, and platelets play a crucial role in
triggering arterial thrombosis [Ruggeri, 2002].
Our previous studies and some other studies have
shown that platelet activation plays a key role in
the pathogenesis of IS and RIS [Marquardt ez al.
2002; Wang er al. 2015; Yi et al. 2015a]. Aspirin
acts by inhibiting COX enzymes, thereby pre-
venting TXA2 generation and thrombosis.
However, the antiplatelet effects of aspirin may
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Table 2. Allelic frequencies of single nucleotide polymorphisms among the study patients.

Patients with Patients without p value
adverse events adverse events
(h=112) (n=717)
COX-1(rs1236913) 0.99
cC 100 (89.3) 647 (90.2)
CT+TT 12 (10.7) 70 (9.8)
COX-1 (rs3842787) 0.57
CE 87 (77.7) 575 (80.2)
CT+TT 25(22.3) 142 (29.8)
COX-2 (rs689466) 0.65
AA 31(27.7) 215 (30.0)
AG + GG 81(72.3) 502 (70.0)
COX-2 (rs20417) 0.13
GG 70 (62.5) 501 (69.9)
GC + CC 42 (37.5) 216 (30.1)
TXAST (rs194149) 0.25
GG 38 (33.9) 216 (30.1)
AG + AA 74 (66.1) 501 (69.9)
TXAST (rs2267679) 0.52
TT 90 (80.4) 594 (82.8)
CC+CT 22 (19.6) 123 (17.2)
TXAST (rs41708) 0.98
GG 68 (60.7) 427 (59.6)
TT + GT 44 (39.3) 290 (40.4)
P2Y1 (rs701265) 0.68
AA 58 (51.8) 387 (54.0)
AG + GG 54 (48.2) 330 (46.0)
P2Y1 (rs1439010) 0.61
AA 57 (50.9) 389 (54.3)
AG + GG 55 (49.1) 328 (45.7)
P2Y1 (rs1371097) 0.38
cc 60 (53.6) 415(57.9)
TT + CT 52 (46.4) 302 (42.1)
P2Y12 (rs16863323) 0.52
CcC 25(22.3) 180 (25.1)
TT + CT 87 (77.7) 537 (74.9)
P2Y12 (rs9859538) 0.56
GG 86 (76.8) 531 (74.1)
AG + AA 26(23.2) 186 (25.9)
GPllla (rs2317676) 0.28
AA 66 (58.9) 459 (64.0)
AG + GG 46 (41.1) 258 (36.0)
GPllla (rs11871251) 0.43
AA 40 (35.7) 229 (31.9)
AG + GG 72 (64.3) 488 (68.1)

SNPs, single nucleotide polymorphisms.

not be equal in all individuals. A proportion of next-generation sequencing and genetic associa-
patients prescribed aspirin suffer recurrent throm- tion analysis, accumulating evidence has sug-
boembolic vascular events. With advances in gested that genetic factors may be associated with
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Table 3. Comparison of the best models, prediction accuracies, cross-validation consistencies, and p values
for primary outcome identified by generalized multifactor dimensionality reduction analysis.

Best model” Training balanced Testing balanced Cross-validation Sign test
accuracy accuracy consistency (p)
1 0.522 0.513 7/10 8 (0.245)
1,2 0.541 0.518 8/10 6(0.213)
1,2,3 0.668 0.632 10/10 9(0.018)
1,2,3,4 0.582 0.601 6/10 7(0.182)
1,2,3,4,5 0.608 0.513 10/10 9(0.532)
1,2,3,4,5,6 0.613 0.496 9/10 5(0.624)
1,2,3,4,5,6,7 0.596 0.521 7/10 3(0.725)
1,2,3,4,56,7,8 0.645 0.532 8/10 5 (0.256)
1,2,3,4,56,7,8,9 0.618 0.515 7/10 6 (0.746)
1,2,3,4,56,7,8,9,10 0.586 0.524 5/10 5(0.857)
1,2,3,4,5,6,7,8,9,10,11 0.645 0.611 6/10 6 (0.359)
1,2,3,4,5,6,7,8,9,10,11,12 0.624 0.607 4/10 7 (0.324)
1,2,3,4,56,7,8,9,10,11,12,13 0.524 0.512 6/10 8(0.425)
1,2,3,4,56,7,8,9,10,11,12,13,14  0.478 0.368 7/10 6 (0.324)

*rs20417, rs1371097, rs2317676, rs1236913, rs3842787, rs689466, rs194149, rs2267679, rs41708, rs701265, rs1439010,
rs16863323, rs9859538, rs11871251 are symbolized as 1-14, respectively.

Table 4. Associations between genotype combinations and primary outcome.

rs20417 GG ccC cc cC GC ccC CC,GC CC,GC

rs1371097 cC T CT T CT TT,CT T 1T, CT

rs2317676 AA GG AG AG, GG AG GG GG GG, AG

OR 1 2.64 2.13 2.01 1.25 1.12 1.04 1.02

95% ClI — 1:21= 1.14- 1.08- 0.96- 0.73- 0.78- 0.66-
7.52 5.68 4.02 .13 2.46 1.96 1.77

p value - 0.003 0.028 0.035 0.088 0.352 0.287 0.662

*The low-risk genotype for each genetic factor was used as the reference OR.

OR, odds ratio; Cl, confidence interval.

Table 5. Cox regression analysis of independent predictors for primary outcome.

Factor HR 95% ClI p value
Age 0.91 0.89-1.59 0.322
Diabetes mellitus 1.92 1.03-4.72 0.016
LDL-C 1.01 0.98-3.64 0.106
Fasting blood glucose 0.83 0.72-1.69 0.368
High-risk interactive variable 2.58 1.62-8.72 <0.001

LDL-C, low-density lipoprotein cholesterol; HR, hazard ratio; Cl, confidence interval.

response to aspirin and its adverse clinical out-
come. COX and platelet receptors or glycopro-
tein receptor are involved in platelet activation
and aggregation, and are inhibited by aspirin.
Polymorphisms in COX-2 rs 20417 and COX-1

C50T, have been reported to be associated with
impaired responses to aspirin [Sharma ez al. 2013;
Halushka ez al. 2003]. However, in our previous
study [Yi ez al. 2013b] and this study, we did not
find these polymorphisms to be associated with
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response to aspirin in acute IS patients. The
GPIlIb/llla receptor is a key regulator of platelet
aggregation. Upon platelet activation, GPllb/llla
binds fibrinogen and cross-links adjacent plate-
lets. Some studies have suggested that GPlb/llla
variants are associated with AR [Goodman et al.
2008; Sirotkina ez al. 2007], whereas other stud-
ies have found no such effect of GPIb/llla poly-
morphisms on platelet activity [Frey ez al. 2003].
P2Y12 and P2Y1 are platelet membrane recep-
tors and play a major role in platelet aggregation,
arterial thrombosis and the pharmacology of anti-
platelet therapy [Storey, 2006]. Grinshtein and
colleagues [Grinshtein ez al. 2013] reported AR to
be associated with P2Y12 and P2Y! polymor-
phisms, but Goodman and colleagues [Goodman
et al. 2008] did not find these polymorphisms to
be associated with AR. Feher and colleagues
[Feher et al. 2009] found the role of SNPs in
COX-1, COX-2, GPIb, GPIlla, P2Y1, P2Y12 in
the context of antiplatelet drug resistance; they
concluded that the results are difficult to replicate
between different research groups. This lack of
consistency in the literature makes it difficult to
define the effects of these gene variants on aspirin
responsiveness. There could be a number of
potential reasons for the conflicting results,
including divergent ethnicity-specific genetic pro-
files, population stratification, inadequate sample
sizes, and the lack of adjustment for confounders
[Niu and Qi, 2012]. These controversial results
may also reflect the complexity of mechanisms by
which genetic factors contribute to aspirin respon-
siveness. Genetic variants at individual loci might
only contribute to AR in the presence of other
gene variants. Therefore, it may be crucial to ana-
lyze the potential effects of gene—gene interac-
tions on aspirin responsiveness.

In this study, the most noteworthy finding was
that there were significant gene—gene interactions
among rs20417, rs1371097 and rs2317676, and
the high-risk interactive genotypes of rs20417,
rs1371097 and rs2317676 were independently
associated with clinical outcomes. The nature of
these interactions is unclear. Our current study
demonstrated that the percentage of reduced
platelet aggregation, whether AA induced or ADP
induced, was significantly lower in patients with
high-risk interactive genotypes than in patients
without high-risk interactive genotypes after 7-10
days of treatment. Thus, one possible explanation
for the three-factor interaction is that the three
genes encode key COX enzymes, platelet mem-
branes receptors and glycoprotein-coupled recep-
tors that participate in the modulation of aspirin

pharmacokinetics and pharmacodynamics, a
principal component of aspirin responsiveness.
However, further studies will be required to
investigate the mechanisms by which these gene—
gene interactions modify aspirin activity.

However, the present study has several potential
limitations. First, due to the limited sample size
and two-center design of our study, our results
may not represent the full spectrum of the Chinese
population study. The findings must be validated
in larger, multi-center studies. Second, although
we genotyped multiple functional variants in
known aspirin-relevant genes, some rare func-
tional variants may have been overlooked; thus,
we are not able to exclude the role of rare func-
tional variants in the aspirin responsiveness.
Third, we only investigated 14 variants from six
aspirin-relevant genes. Several other gene vari-
ants, such as GPla, GPVI and GPIba, may be
associated with aspirin responsiveness [Goodman
et al. 2008]; thus, future studies involving a larger
set of genetic variants must be conducted to elu-
cidate the full extent of gene—gene interaction
effects on aspirin responsiveness and its clinical
outcomes. Fourth, platelet aggregation activity
was only measured using the LTA in the current
study. Some studies showed that vasodilator-
stimulated phosphoprotein and VerifyNow
P2Y12 assay could be a better choice for assess-
ment of platelet aggregation activity [Cuisset ez al.
2010]. Future studies with vasodilator-stimulated
phosphoprotein and VerifyNow P2Y12 assay are
necessary to confirm our current data.

In conclusion, we investigated the contribution
of 14 variants from six genes with aspirin respon-
siveness and its clinical outcomes in acute IS
patients using the GMDR approach. The most
noteworthy finding was that there were signifi-
cant gene—gene interactions among rs20417,
rs1371097 and rs2317676. The high-risk inter-
active genotypes of rs20417, rs1371097 and
rs2317676 were independently associated with
primary outcome of RIS, MI, and death after
acute IS.

Funding

The author(s) disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study was
supported in part by grants from the Deyang City
Science and Technology Research Foundation
(#2014SZ035) and the Scientific Research
Foundation of Chengdu University of Traditional
Chinese Medicine (#YYZX1510).

168

journals.sagepub.com/home/tan



XYi, Z Han et al.

Conflict of interest statement

The author(s) declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

References

Chen, Z., Sandercock, P., Pan, H., Counsell, C.,
Collins, R., Liu, L. ez al. (2000) Indications for early
aspirin use in acute ischemic stroke: a combined
analysis of 40000 randomized patients from the
chinese acute stroke trial and the international stroke
trial. On behalf of the CAST and IST collaborative
groups. Stroke 31: 1240-1249.

Cotter, G., Shemesh, E., Zehavi, M., Dinur, L.,
Rudnick, A., Milo, O. ez al. (2004) Lack of aspirin
effect: aspirin resistance or resistance to taking aspirin?
Am Hearr ¥ 147: 293-300.

Cuisset, T., Frere, C., Poyet, R., Quilici, J., Gaborit,
B., Bali, L. ez al. (2010) Clopidogrel response:
head-to-head comparison of different platelet assays
to identify clopidogrel non responder patients after
coronary stenting. Arch Cardiovasc Dis 103: 39-45.

Dorsam, R. and Kunapuli, S. (2004) Central role of
the P2Y12 receptor in platelet activation. ¥ Clin Invest
113: 340-345.

Eikelboom, J. and Hankey, G. (2003) Aspirin
resistance: a new independent predictor of vascular
events? ¥ Am Coll Cardiol 41: 966—968.

Feher, G., Feher, A., Pusch, G., Lupkovics, G.,
Szapary, L., Papp, E. et al. (2009) The genetics of
antiplatelet drug resistance. Clin Gener 75:1-18.

Floyd, C. and Ferro, A. (2015) Antiplatelet drug
resistance: molecular insights and clinical implications.
Prostaglandins Other Lipid Mediar 120: 21-27.

Frelinger, A., III, Furman, M., Linden, M., Li,

Y., Fox, M., Barnard, M. et al. (2006) Residual
arachidonic acid-induced platelet activation

via an adenosine diphosphate-dependent but
cyclooxygenase-1- and cyclooxygenase-2-independent
pathway: a 700-patient study of aspirin resistance.
Circulation 113: 2888-2896.

Frey, U., Aral, N., Muller, N. and Siffert, W.
(2003) Cooperative effect of GNB3 825C > T and
GPIIIa PI(A) polymorphisms in enhanced platelet
aggregation. Thromb Res 109: 279-286.

Goodman, T., Ferro, A. and Sharma, P. (2008)
Pharmacogenetics of aspirin resistance: a
comprehensive systematic review. Br ¥ Clin Pharmacol
66: 222-232.

Goodman, T., Sharma, P. and Ferro, A. (2007) The
genetics of aspirin resistance. Int ¥ Clin Pract 61:
826-834.

Grinshtein, Y., Kosinova, A. and Grinshtein, I.
(2013) Aspirin resistance candidate genes and their
association with the risk of fatal cardiovascular events.
Ter Arkh 85: 95-100.

Halushka, M., Walker, L.. and Halushka, P. (2003)
Genetic variation in cyclooxygenase 1: effects on
response to aspirin. Clin Pharmacol Ther 73: 122-130.

Han, S., Kim, S., Lee, J., Chu, C., Yang, J., Shin, H.
et al. (2007) A new subtype classification of ischemic
stroke based on treatment and etiologic mechanism.
Eur Neurol 57: 96-102.

International Stroke Trial Collaborative Group.
(1997) The International Stroke Trial (IST): a
randomised trial of aspirin, subcutaneous heparin,
both, or neither among 19435 patients with acute
ischaemic stroke. Lancet 349: 1569-1581.

Kernan, W., Ovbiagele, B., Black, H., Bravata,

D., Chimowitz, M., Ezekowitz, M. er al. (2014)
Guidelines for the prevention of stroke in patients
with stroke and transient ischemic attack: a guideline
for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 45:
2160-2236.

Kunicki, T., Williams, S., Nugent, D., Harrison, P.,
Segal, H., Syed, A. et al. (2009) Lack of association
between aspirin responsiveness and seven candidate
gene haplotypes in patients with symptomatic vascular
disease. Thromb Haemost 101: 123—-133.

Lev, E., Patel, R., Guthikonda, S., Lopez, D., Bray,
P., Kleiman, N. ez al. (2007) Genetic polymorphisms
of the platelet receptors P2Y(12), P2Y(1) and GP Illa
and response to aspirin and clopidogrel. Thromb Res
119: 355-360.

Li, Q., Chen, B., Ozdemir, V., Ji, W., Mao, Y., Wang,
L. et al. (2007) Frequency of genetic polymorphisms
of COX1, GPIIla and P2Y1 in a Chinese population
and association with attenuated response to aspirin.
Pharmacogenomics 8: 577-586.

Lou, X., Chen, G., Yan, L., Ma, J., Zhu, J., Elston,
R. er al. (2007) A generalized combinatorial approach
for detecting gene-by-gene and gene-by-environment
interactions with application to nicotine dependence.
Am F Hum Genet 80: 1125-1137.

Marquardt, L., Ruf, A., Mansmann, U., Winter,
R., Schuler, M., Buggle, F. et al. (2002) Course of
platelet activation markers after ischemic stroke.
Stroke 33: 2570-2574.

Nakahata, N. (2008) Thromboxane A2: physiology/
pathophysiology, cellular signal transduction and
pharmacology. Pharmacol Ther 118: 18-35.

Niu, W. and Qi, Y. (2012) Matrix metalloproteinase
family gene polymorphisms and risk for coronary
artery disease: systematic review and meta-analysis.
Heart 98: 1483-1491.

journals.sagepub.com/home/tan

169



Therapeutic Advances in Neurological Disorders 10(3)

Visit SAGE journals online
journals.sagepub.com/

Ruggeri, Z. (2002) Platelets in atherothrombosis. Nat
Med 8: 1227-1234.

Schwartz, K., Schwartz, D., Ghosheh, K., Reeves, M.,
Barber, K., DeFranco, A. et al. (2005) Compliance

as a critical consideration in patients who appear to

be resistant to aspirin after healing of myocardial
infarction. Am ¥ Cardiol 95: 973-975.

Sharma, V., Kaul, S., Al-Hazzani, A., Alshatwi, A.,
Jyothy, A., Munshi, A. er al. (2013) Association of
COX-2 rs20417 with aspirin resistance. J Thromb
Thrombolysis 35: 95-99.

Sirotkina, O., Khaspekova, S., Zabotina, A.,
Shimanova, Y. and Mazurov, A. (2007) Effects of
platelet glycoprotein IIb-IITa number and glycoprotein
IITa Leu33Pro polymorphism on platelet aggregation
and sensitivity to glycoprotein IIb-IIIa antagonists.
Platelets 18: 506-514.

Storey, R. (2006) Biology and pharmacology of the
platelet P2Y12 receptor. Curr Pharm Des 12: 1255-1259.

Wang, C., Yi, X., Zhang, B., Liao, D., Lin, J., Chi,
L. et al. (2015) Clopidogrel plus aspirin prevents
early neurologic deterioration and improves
6-Month outcome in patients with acute large artery
atherosclerosis stroke. Clin Appl Thromb Hemost 21:
453-461.

Wang, S. and Zhao, H. (2003) Sample size needed

Wang, Y., Wu, D., Liao, X., Zhang, W., Zhao, X.,
Wang, Y. et al. (2007) Burden of stroke in China. Inz
F Stroke 2: 211-213.

Yi, X., Chi, W., Wang, C., Zhang, B. and Lin, ]J.
(2015a) Low-molecular-weight heparin or dual
antiplatelet therapy is more effective than aspirin alone
in preventing early neurological deterioration and
improving the 6-month outcome in ischemic stroke
patients. ¥ Clin Neurol 11:57-65.

Yi, X., Liao, D., Fu, X., Zhang, B. and Wang, C.
(2015b) Interaction among CYP2C8, EPHX2, and
CYP4A11 gene variants significantly increases the
risk for ischemic stroke in Chinese populations. ¥
Atheroscler Thromb 22: 1148-1157.

Yi, X., Zhou, Q., Lin, J. and Chi, L. (2013a) Aspirin
resistance in Chinese stroke patients increased the rate
of recurrent stroke and other vascular events. Inz ¥
Stroke 8: 535-539.

Yi, X., Zhou, Q., Lin, J., Chi, L. and Han, Z. (2013b)
Platelet response to aspirin in Chinese stroke patients
is independent of genetic polymorphisms of COX-1
C50T and COX-2 G765C. J Atheroscler Thromb 20:
65-72.

Zhao, D., Liu, J., Wang, W., Zeng, Z., Cheng, J.,
Liu, J. er al. (2008) Epidemiological transition of
stroke in China: twenty-one-year observational study

home/tan to detect gene-gene interactions using association from the Sino-MONICA-Beijing Project. Stroke 39:
®SAGE journals designs. Am F Epidemiol 158: 899-914. 1668-1674.
170 journals.sagepub.com/home/tan



