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Abstract

Background The objective of this study was to investigate the relationship between P2Y1 and P2Y12 genotypes
and the risk of acute myocardial infarction (AMI) in the Quanzhou population and to determine associations between
P2Y1 and P2Y12 genotypes and ADP-induced platelet aggregation in this population.

Methods All subjects were screened for P2Y1 (c.1622A>G) and P2Y12 (H1/H2, c.34C>T) polymorphisms by direct
DNA sequencing. The maximal platelet aggregation rate (MAR) in AMI patients (n=61) and healthy control subjects
(n=50) was measured by a PL-12 platelet function analyzer, and adenosine diphosphate (ADP) (5 umol/L) was used
as an agonist.

Results The haploid H2 allele in the P2Y12 gene was more frequent in patients with AMI than in control subjects

(OR 1.887, P=10.005). The P2Y12 H2 haplotype was significantly associated with AMI in the codominant (P=0.008),
dominant (OR 2.103, P=0.003), and overdominant models (OR 2.133, P=10.003). After adjusting for potential con-
founders, H2 haplotype carriers had a 2.132-fold increased risk for AMI (OR 2.132, P=0.012) compared with noncarri-
ers. Moreover, we observed that the ADP-induced MAR in the carriers of the H2 haplotype from the control group was
somewhat higher than that in noncarriers of this group (P=0.020). However, we failed to demonstrate that the P2Y1
H1/H2 polymorphism affected ADP-induced MAR in AMI patients. Additionally, P2Y1 c.1622A >and P2Y12 c.34C>T
polymorphisms were not associated with the risk of AMI or ADP-induced MAR in either group.

Conclusions Therefore, our results suggest that the P2Y12 H2 haplotype was associated with a higher risk of AMI,
while its effect on increased ADP-induced platelet aggregation remains to be investigated. Thus, the P2Y12 H2 haplo-
type may be a potential marker for AMI.
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polymorphisms of P2Y1 and P2Y12, which encode the
P2Y1 and P2Y12 receptors, respectively, were found to
be associated with thromboembolic events and altered
responsiveness to platelet inhibitors [1-4], and they
enhance platelet reactivity [5-8]. P2Y1 and P2Y12 are
membrane receptors that participate in the process of
platelet activation and aggregation via the combination
of adenosine diphosphate (ADP), which is considered
to be critical for the pathophysiology of atherosclero-
sis and its complications (e.g., stroke and myocardial
infarction).

The P2Y1 gene maps to chromosome 3q21-q25 and
consists of a single exon encoding 373 amino acid
residues [6, 9]. Several studies confirmed that the
c.1622A > G polymorphism of the P2Y1 gene was asso-
ciated with enhanced platelet reactivity and the anti-
platelet drug response [2, 6, 10], but these findings were
not confirmed in subsequent studies [7, 11-13]. More-
over, no study has addressed the impact or association
of the c.1622A > G polymorphism in the P2Y1 gene and
the risk of AMI.

The P2Y12 receptor plays an important role in pro-
moting thrombosis and hemostasis to cerebrovascular
events [14]. Deficiency of the P2Y12 receptor impairs
coagulation and results in a tendency toward bleeding
[15]. The P2Y12 gene is located on chromosome 3q21-
q25, and exon 2 encodes the human P2Y12 receptor
consisting of 342 amino acid residues. Initially, Fontana
et al. first found three introns (i-139C>T, i-744 T>C,
i-ins801A) and two exons (¢.52G>T and c.34C>T) in
the P2Y12 gene [5]. Among these gene polymorphisms,
four (i-139C>T, i-744 T>C, i-ins801A, c¢.52G>T)
were shown to be in absolute linkage disequilibrium
and were designated haploid H1 (not carrying all four
polymorphisms) and haploid H2 (carrying all four poly-
morphisms) [5]. Several reports have determined that
the P2Y12 H2 haplotype is associated with increased
platelet aggregation in response to ADP [5, 8] and is
associated with a high risk of CAD, ischemic stroke
(IS), cerebral infarction and peripheral artery disease[1,
3, 16, 17]. However, these associations were not con-
firmed in subsequent studies [18, 19]; thus, its role
remains unclear.

Few studies have described the relationship between
P2Y1 and P2Y12 polymorphisms and AMI. Moreover,
the effect of P2Y1 and P2Y12 polymorphisms on the
extent of ADP-induced platelet activation in the Quan-
zhou population in China remains unknown. Therefore,
the objective of our study was to investigate the associa-
tion between the polymorphisms of P2Y1 (c.1622A >G)
and P2Y12 (c.34C>T and H1/H2 haplotype) and the
risk of AMI and their effect on ADP-induced platelet
aggregation.
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Methods

Study population

Our study recruited patients with AMI (n=189) from
the cardiovascular medicine department of Quanzhou
First Hospital in Fujian Province from September 2020
to June 2021. These individuals included 108 males and
81 females (age range from 30 to 83 years). Patients
with AMI were diagnosed by medical records, physical
examination, electrocardiogram and three-dimensional
echocardiography. Moreover, we enrolled age- and sex-
matched individuals (n=194) without a history of car-
diovascular and cerebrovascular diseases (e.g., stroke,
MI, or CAD) and family history of cardiovascular and
cerebrovascular disease as control subjects. The control
subjects included 105 males and 89 females (age range
from 34 to 81 years). These studies were performed in
accordance with the ethical guidelines under proto-
cols approved by the Ethics Committee of Quanzhou
First Hospital (Approval Number: [2018]221). Informed
consent was obtained from all individual participants
included in the study.

Genotyping

Genomic DNA was extracted using a TIANamp genomic
DNA kit (DP304) (TianGen Biotech Co., Beijing, China)
according to the manufacturer’s instructions. Subse-
quently, PCR was performed in a total volume of 25 pl,
which included 2 pl DNA template, 1.0 ul each primer
(10 pmol/1), 2 ul ANTP mixture, 2.5 pl 10 x ExTaq buffer,
0.1 ul Tag DNA polymerase (5 U/pl) and 16.4 pl distilled
water. PCR parameters consisted of initial denaturation
at 95 °C for 5 min, followed by 35 cycles at 94 °C for 30 s,
60 °C for 30 s, and 72 °C for 60 s, with a final extension
for 7 min at 72 °C. All PCR products were genotyped by
direct DNA sequencing on an ABI 3730XL DNA Ana-
lyzer (Applied Biosystems, Foster City, CA, USA). The
i-744 T >C polymorphism was used as a tag SNP for
the H2 haplotype. The primer sets used were as follows:
forward primer 5-GACCACACAGCAGTAGCAGGA-
3’ and reverse primer 5-TGGTCATGAGTTGGCATT
CCTCA-3' for the P2Y12 i-744 T > C polymorphism; for-
ward primer 5-TCACCTGTTACGACACCACCTCA-
3" and reverse primer 5-CAACTGTTGAGACTTGCT
AGACCTC-3’ for the P2Y1 ¢.1622A > G polymorphism;
and forward primer 5-TAGAGGAGGCTGTGTCCA-3'
and reverse primer 5'- CTCAGTGGTCCTGTTCCCAG
-3’ for the P2Y12 ¢.34C > T polymorphism.

Measurement of ADP-induced platelet aggregation

For the aggregation analysis, we collected venous whole
blood into tubes containing 3.2% sodium citrate from 61
random AMI patients and 50 healthy volunteers. None of
the healthy volunteers smoked, consumed alcohol, took
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any antiplatelet medicines or suffered from diabetes mel-
litus or hypertension. Platelet aggregation was measured
by a PL-12 platelet function analyzer (SINNOWA Medi-
cal Science & Technology Co., Nanjing, China) based on
a new platelet count drop method, as described previ-
ously [20]. In brief, after the citrated sodium blood sam-
ple was placed into the measuring position, the PL-12
counted platelet number prior to and after mixing with
inducer ADP (final concentration: 5 pmol/L). PL-12 was
counted several times until the lowest level was detected.
The maximal platelet aggregation rate (MAR) ratio was
calculated using the following formula: MAR= (base-
line—lowest platelet count) *100%/baseline.

Statistical analysis

The results are presented as the mean £+ SEM unless indi-
cated otherwise. Quantitative data between two groups
were assessed using Student’s t test, and qualitative data
were assessed with a x2 test or Fisher’s exact test. The
deviation of the Hardy—Weinberg equilibrium for all gen-
otype frequencies in the present study was assessed by x2
test. The relationship between the variables and AMI was

Table 1 Characteristics of AMI and controls in this study

Variable Controls (n=194) AMI (n=189) Pvalue
Age (years) 58.14+6.78 5761+£10.89 0569
Men (n, %) 105 (54.1) 108 (57.1) 0.552
BMI (kg/m?2) 21304+1.71 22944266  0.000*
Hypertension (%) 47 (24.2) 98 (51.9) 0.000*
Diabetes mellitus (n, %) 13 (6.7) 58 (30.7) 0.000%
Blood glucose (mmol/L)  5.57£1.01 6914251 0.000
TC (mmol/L) 5.0840.99 5314149 0.076
TG (mmol/L) 1.58+0.83 1.86+0.99 0.004*
HDL-C (mmol/L) 1.19+0.37 1.09+£042 0.012*
LDL-C (mmol/L) 3.52+085 3.614£1.08 0.353
Cigarette smoking (n, %) 19 (9.8) 29 (15.3) 0.101
Alcohol intake (n %) 31(16.0) 40 (22.8) 0.192

AMI acute myocardial infarction, BMI body mass index, TC total cholesterol, TG
triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol

*P<0.05. P<0.05 means a significant difference
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studied using multivariate logistic regression analysis.
Statistical analyses were performed using SPSS software
version 13.0 (SPSS Inc., Chicago, IL, USA). A value of
P<0.05 was considered statistically significant.

Results

Characteristics of the participants

Table 1 demonstrates the demographic and clinical char-
acteristics of the AMI patients and control subjects. Our
study found that the body mass index (BMI), blood glu-
cose levels, and triglyceride (TG) levels in patients with
AMI were significantly higher than those in the control
group, while their high-density lipoprotein cholesterol
(HDL-C) level was lower than that of the control group
(P<0.05). Moreover, other traditional risk factors, such
as hypertension and diabetes mellitus, were more preva-
lent in AMI patients than in control subjects (P<0.05).
However, no significant differences (P>0.05) were found
between the two groups in terms of age, sex, smoking sta-
tus, alcohol intake, low-density lipoprotein cholesterol
(LDL-C) levels, or total cholesterol (TC) levels.

Associations between P2Y1 and P2Y12 polymorphisms
and AMI risk

The genotypic distributions of th 3 variants were in
accordance with Hardy—Weinberg equilibrium (2> 0.05)
(Table 2). The distribution of the P2Y1c.1622A>G,
P2Y12 ¢.34C>T and P2Y12 i-744 T>C genotypes and
alleles in the control and AMI groups are listed in Table 3.

No significant association was observed between the
P2Y1 c.1622A >G polymorphism and the incidence of
AMI in the codominant model (P=0.536), the dominant
model (P=0.895), the recessive model (P=0.318), and
the overdominant model (P=0.469). Moreover, the fre-
quency of the G allele in AMI patients was 26.7%, which
was similar to that in control subjects (G allele occurred
in 27.8%, P=0.792) (Table 3).

For the P2Y12 gene, the H1/H2 haplotype and
¢.34C>T polymorphism were selected for analysis in
our study. The genotypic frequencies of the P2Y12 H1/
H2 haplotype were significantly associated with AMI

Table 2 The genotype distribution of the Hardy-Weinberg equilibrium in the two groups

SNP Controls (n=194) Pvalue AMI(n=189) P value
Genotype (Observed value/Expected value) Genotype (Observed value/Expected value)
P2Y1c.1622A>G AA(106/101.0) AG(68/77.9) GG (20/15.0) 0.0757 AA(102/101.5) AG(73/74.0) GG (14/13.5) 0.8507
P2Y12 c34C>T CC(124/122.2) CT (60/63.5) TT(10/8.2) 0.4421 CC(110/112.0) CT (71/67.0) TT (8/10.0) 0.4089
P2Y12i-744T>C*  TT(163/161.5) TC (28/31.0) CC(3/15) 0.1750 TT(135/1354) TC (50/49.1) CC@4/14) 0.8012

AMI acute myocardial infarction, SNP single nucleotide polymorphism

#i-744T > C genotype was used to tag the H1/H2 haplotype. TT, TC, and TT genotypes referred to H1/H1, H1/H2, and H2/H2 haplotypes, respectively



Su et al. BMC Cardiovascular Disorders (2023) 23:41 Page 4 of 8
Table 3 Genotypic and allelic distribution of the P2YT and P2Y12 gene between AMI and contrast groups
SNP Genetic model Genotype/allele Controls (n=194) AMI (n=189) Odds ratio (95% Cl) P value
P2Y1 c1622A>G  Codominant AAVS. AGvs. GG 106 (54.6%)/68 (35.19%)/20 102 (54.0%)/73 (38.6%)/14 - 0.536
(10.3%) (7.4%)
Allele contrast ~ Avs.G 280 (72.2%)/108 (27.8%) 277 (73.3%)/101 (26.7%) 0.945 (0.688~1 299) 0.729
Dominant AA vs. AG+ GG 106 (54.6%)/88 (45.4%) 102 (54.0%)/87 (45.0%) 1.027 (0.687~1.536) 0.895
Recessive AA4+AG vs.GG 174 (89.7%)/20 (10.3%) 175 (92.6%)/14 (7.4%) 0.696 (0.341~1 422) 0318
Over-dominant  AA+GG vs. AG 126 (64.9)/68 (35.1%) 116 (61.4%)/73 (38.6%) 1.166 (0.770~1.767) 0469
P2Y12i-744T>C* Codominant TTvs. TCvs. CC 163 (84.0%)/28 (14.4%)/3 135 (71.4%)/50 (26.5%)/4 0.008*
(1.5%) (2.1%)
Allele contrast ~ Tvs.C 354 (91.2%)/34 (8.8%) 320 (84.7%)/58 (15.3%) 1.887 (1.204~2958) 0.005*
Dominant TTvs. TC+CC 163 (84.0%)/31 (15.9%) 135 (71.4%)/54 (28.6%) 2.103(1.279~3.457) 0.003*
Recessive TT+TCvs. CC 91 (98.5%)/3 (1.5%) 180 (97.9%)/4 (2.1%) 5(0312~6409 0718
Over-dominant  TT+CCvs. TC 166 (85.5%)/28 (14.4%) 139 (73.5%)/50 (26.5%) 2.133(1.275~3.568) 0.003*
P2Y12 c34C>T Codominant CCvs. CTvs. TT 124 (63.9%)/60 (30.9%)/10 110 (58.2%)/71 (37.6%)/8 - 0.383
(5.2%) (4 2%)
Allele contrast ~ Cvs. T 308 (79.4%)/80 (20.6%) 91 (77.0%)/87 (23.1%) 1.151(0.817~1.622) 0442
Dominant CCvs. CTHTT 124 (63.9%)/70 (36.1%) 110 (58.2%)/79 (41.8%) 1272 (O 843~1920) 0251
Recessive CC+CTvs.TT 184 (94.8%)/10 (5.2%) 81 (95.8%)/8 (4.2%) 3(0.314~2.107) 0670
Over-dominant  CC+TTvs. CT 134 (69.1%)/60 (30.9%) 118 (62.4%)/71 (37.6%) 1.344 (0.880~2.052) 0.171

SNP single nucleotide polymorphism, CI confidence interval, OR odds ratio

#i-744 T > C genotype was used to tag the H1/H2 haplotype. TT, TC, and TT genotypes referred to H1/H1, H1/H2, and H2/H2 haplotypes, respectively

*P<0.05. P<0.05 means a significant difference. *
H2/H2 haplotypes, respectively

risk in the codominant model (P=0.005), the dominant
model (OR 2.103, 95% CI 1.279-3.457, P=0.003), and
the overdominant model (OR 2.133, 95% CI 1.275-3.568,
P=0.003). Moreover, the frequencies of the haploid H2
allele were higher in AMI cases than in controls (15.3%
vs. 8.8%, OR 1.887, 95% CI 1.204—2.958, P=0.005).

The genotypic distribution of ¢.34C>T, the other
P2Y12 polymorphism, was not found to be associated
with the occurrence of AMI in the codominant model
(P=0.383), the dominant model (P=0.251), the reces-
sive model (P=0.670), and the overdominant model
(P=0.171). Moreover, the frequencies of the C and T
alleles in AMI patients were 73.2% and 26.7%, respec-
tively, which were similar to those in control subjects
(C allele occurred in 79.4%, T allele occurred in 20.6%,
P=0.442).

Logistic regression analysis of risk factors for AMI

In the multiple regression analysis, we included the pre-
diction of BMI, hypertension, diabetes, TG level, HDL-C
level and the P2Y12 H1/H2 genotype. Logistic regression
analysis showed that BMI, hypertension, diabetes and
haploid H2 allele carriers were important independent
regulatory factors for AMI (P<0.05) (Table 4). Individu-
als who were haploid H2 allele carriers had an ~2.054-
fold increase in the development of AMI compared with

i-744 T > C genotype was used to tag the H1/H2 haplotype. TT, TC, and TT genotypes referred to H1/H1, H1/H2, and

Table 4 Multivariate logistic regression analysis of the major risk

factors for AMI

Risk factor OR 95%Cl P value
BMI (kg/mz) 1.495 1.314-1.701 0.000%
Hypertension 3616 2.177-6.007 0.000*
Diabetes mellitus 7.885 3.799-16.367 0.000*
TG 1376 0.838-2.259 0.207
HDL-C 0.648 0.406-1.035 0.069
P2Y12 H1/H2 genotype 2.132 1.180-3.854 0.012*

BMI body mass index, TG triglycerides, HDL-C high-density lipoprotein
cholesterol, CI, confidence interval, OR odds ratio

*P<0.05. P<0.05 means a significant difference

noncarriers after adjustment for other covariates (OR
2.132,95% CI 1.180-3.854, P=0.012).

Effect of P2Y1 and P2Y12 polymorphisms on platelet
aggression in response to ADP

We found that individuals carrying the haploid H2 allele
were more likely to have a higher MAR in response to
ADP than noncarriers (48.53+5.35% vs. 44.05+4.99%,
P=0.020) (Table 5). In contrast, ADP-induced MAR
did not differ significantly between AMI patients with
or without the haploid H2 allele (84.21+1.19% vs.
84.02+0.83%, P=0.899) (Table 5). However, we failed
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Table 5 Effect of P2Y7 and P2Y12 genotypes on MAR in response to 5 umol/L ADP among healthy subjects
SNP Genotype Healthy subjects Pvalue AMI P value
No MAR (%) No MAR (%)

P2Y1 c1622A>G AA 28 44.85+5.64 38 83.87+0.87

AG+GG 22 44.8644.95 0.995 23 84.43+£1.09 0.688
P2Y12 H1/H2 H1/H1 41 44.054+4.99 42 84.02+0.83

H1/H2 +H2/H2 9 48534535 0.020* 19 84.21£1.19 0.899
P2Y12 c34C>T CcC 32 44564515 43 83.51+£0.86

CT+TT 18 45384565 0.605 18 85.44£0.96 0.281

SNP single nucleotide polymorphism

*P<0.05. P<0.05 means a significant difference

to find significant differences in ADP-induced MAR
between carriers and noncarriers of the P2Y1 1622G
allele as well as the P2Y12 34 T allele (Table 5).

Discussion

The possible role of genetic variations in the P2Y12
and P2Y1 genes in AMI susceptibility has not yet been
thoroughly investigated. Moreover, their effect on ADP-
induced platelet aggression remains elusive. In this study,
we found that the P2Y12 H2 haplotype was associated
with a higher risk of AMI. Additionally, the P2Y12 H2
haplotype displayed markedly increased ADP-induced
MAR in healthy adults, but their association was not
confirmed in AMI patients.

In our study, the frequency of the 1662G allele was
27.8%, which is consistent (P >0.05) with the findings in
Korea (31%) and in the Hunan Province of China (30.7%)
(Table 6) [7, 20]. In the analysis of Yi et al. [21], the P2Y1
¢.1622A >G polymorphism was not associated with IS

susceptibility. Supported by this finding, our findings
indicated that the P2Y1 ¢.1622A >G polymorphism did
not contribute to the risk of AMI. However, we failed
to demonstrate that the P2Y1 c¢.1622A>G polymor-
phism affected ADP-induced platelet aggregation in both
healthy adults and AMI patients. Simon et al. reported
that P2Y1 c.1622A>G was associated with increased
platelet aggregation in healthy adults from northern
Europe [6], but this result was not confirmed in a Korean
population [7]. Patients with CAD carrying the 1622 G/G
genotype of the P2Y1 gene had significantly higher lev-
els of arachidonic acid-induced platelet aggregation than
noncarriers in Caucasian populations, while another
study showed that P2Y1 1622A > G did not contribute to
clopidogrel resistance in Indian populations [10, 22].

Our results showed that the frequency of the hap-
loid H2 allele was 8.8% in control subjects. This fre-
quency was similar to that in reports on South Indian
(8.4%) and Western Indian (8.8%) populations [1, 21] but

Table 6 Distribution of P2YT and P2Y12 genotypes and alleles among different ethnic groups

SNP Total (n)

Genotype

Allele Author

P2Y1¢.1622A>G

AA/AG/GG

A/G

106 (54.6%)/68 (35.1%)/20 (10.3%)
71 (44.9%)/76 (48.1%)/11 (7.0%)*
155 (48.0%)/138 (42.7%)/30 (9.3%)

163 (84.0%)/28 (14.4%)/3 (1.5%)
185 (83.7%)/35 (15.8%)/1 (0.5%)
87 (85.2%)/12 (11.8%)/3 (2.9%)

39 (97.5%)/1 (2.5%)/0 (0%)*
1(0.9%)/8 (7.1%)/103 (92.0%)*
283 (68.2%)/125 (30.1%)/7 (1.7%)*

124 (63.9%)/60 (30.9%)/10 (5.2%)

Present study 194
Korea 415
Hunan Province of China 323
P2Y12i-744T>C TT/TC/CC
Present study 194
South India 221
Western India 102
Egypt 40
Iran 112
Korea 415
P2Y12 c34C>T cc/cT/T
Present study 194
Korea 415

83 (52.5%)/66 (41.8%)/9 (5.7%)

280 (72.2%)/108 (27.8%)
218 (69.0%)/98 (31.0%)
448 (69.3%)/198 (30.7%)
T/C

354 (91.2%)/34 (8.8%)
405 (91.6%)/37 (8.4%)
186 (91.2)/18 (8.8%)

79 (98.8%)/1 (1.2%)*

10 (4.5%)/214 (95.5%)*
691 (83.3%)/139 (16.7%)*
)

308 (79.4%)/80 (20.6%)
232 (73.4%)/84 (26.6%)

Present
Kim et al. [7]
Li et al. [20]

Present

Priyadharsini et al. [1]
Shalia etal. [21]
Zoheir et al. [8]
Azarpira et al. [23]
Kim et al. 2013 [7]

Present
Kim et al. 2013 [7]

*P<0.05. P<0.05 means a significant difference
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different from that in reports on Egyptian, Iranian, and
Korean populations (Table 6) [7, 8, 23]. In the present
study, the frequency of the haploid H2 allele in the AMI
group was significantly higher than that in the control
group (P=0.005). Moreover, the P2Y12 H2 haplotype
was positively associated with AMI in the codominant,
dominant, and overdominant models (P<0.05). The
association between the P2Y12 H2 haplotype and AMI
susceptibility remained significant after adjustment for
multiple comparisons by multivariate logistic regression
(OR 2.132, 95% CI 1.180-3.854, P=0.012). Therefore,
we conclude that carrying the haploid H2 allele may be
one of the risk factors for AMI, which adds very valuable
information to this field. Therefore, carrying the H2 hap-
lotype in patients may require closer clinical follow-up. A
recent study by Lu et al. [3] showed that carriers with H2
alleles have a higher propensity for cerebral infarction in
Sandong, China, and the higher risk of ischemic events
in association with the i-744 T >C polymorphism was
confirmed in a large meta-analysis summarizing avail-
able data up to 2019 [24]. Additionally, several previous
studies have demonstrated an association between the
P2Y12 H2 haplotype and CA [1, 17]. However, a prospec-
tive analysis performed on initially healthy American
men failed to find a relationship between the P2Y12 H2
haplotype and the risk of MI, IS, and venous thrombo-
embolism [18]. These conflicting results may be due to
allelic heterogeneity, case—control selection criteria, and
different population backgrounds. In addition, the devel-
opment of cardiovascular events may be determined by
multiple genetic factors and environmental factors [25,
26], rather than single-gene polymorphism of P2Y12 [1,
27], with regard to the complexity of atherosclerosis eti-
ology. Therefore, it may be crucial to analyze the effects
of gene—gene interactions and gene-environment inter-
actions on AMI risk in further studies.

Several studies have analyzed the effect of P2Y12
polymorphisms on platelet aggregation with inconsist-
ent results. Prior studies on European and Egyptian
populations have shown that the P2Y12 i744T >C poly-
morphism is associated with enhanced platelet aggrega-
tion in response to ADP [5, 8]. In a smaller study of 26
AMI patients with a 300 mg dose of clopidogrel from
India [21], patients with the P2Y12 H2 haplotype dem-
onstrated a trend toward an impaired response of clopi-
dogrel to inhibit platelet aggregation. Similarly, several
studies performed on different populations from Ger-
many [28], Morocco [29], and the Guangzhou Province
of China [30] suggested that the P2Y12 H2 haplotype
was associated with altered platelet reactivity, thereby
resulting in clopidogrel resistance (CR). However, several
studies in other ethnicities, such as studies from North
India [22], Mexico [19], and Iran [31], have not found any
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association between the P2Y12 H2 haplotype and CR.
The contradictory results in different populations might
be partly attributable to racial differences, selection cri-
teria in the study population and methods used to assess
platelet aggression. In the present study, we observed
that carriers of the P2Y12 H2 haplotype displayed higher
ADP-induced MAR than noncarriers among healthy vol-
unteers in Quanzhou, but their association was not con-
firmed in AMI patients. However, we did not detect the
baseline platelet aggregation rate and failed to assess the
variability of platelet aggregation in patients before and
after AMI development. Additionally, inter individual
variations in the platelet aggregation rate may alter the
results, and this is one of the limitations of our study.
Thus, the effect of the P2Y12 H2 haplotype on platelet
aggression needs to be further investigated.

The frequency of the 34 T allele was 20.6%, which is
consistent (P> 0.05) with the findings in a Korean popula-
tion (26.6%) (Table 6) [7]. Two publications reported that
the P2Y12 ¢.34C>T polymorphism was not associated
with platelet aggregation in response to ADP in northern
European and Korean populations [5, 7]. However, sev-
eral studies have reported that the P2Y12 ¢.34C> T poly-
morphism was associated with a high risk of clopidogrel
resistance in Turkish and Han Chinese populations [32,
33], but this significant association was not found in
a Caucasian population [34]. Our results suggest that
P2Y12 ¢.34C>T polymorphisms do not correlate with
the risk of AMI and ADP-induced platelet aggregation.

This study has some limitations. The major limitation
is the relatively low number of both AMI patients and
control subjects participating in our study. Additionally,
a set of gene variations was found to be associated with
AMI risk, while our study only assessed the influence of
the P2Y1 and P2Y12 genes. Therefore, investigations into
more selective genetic variations of the P2Y12 H2 haplo-
type in large sample sizes must be performed to elucidate
the full extent of gene—gene interaction effects on AMI
pathogenesis. In addition, further studies should assess
the platelet aggregation rate before and after AMI devel-
opment to calculate the variability of platelet aggrega-
tion and investigate its correlation with P2Y1 and P2Y1
polymorphisms.

Conclusion

In this study, we found that the P2Y12 H2 haplotype
was associated with a higher risk of AMI. The P2Y12 H2
haplotype was associated with increased ADP-induced
platelet aggression in healthy adults, but this associa-
tion was not confirmed in AMI patients. Thus, the asso-
ciation between the P2Y12 H2 haplotype and platelet
aggregation requires further investigation. Addition-
ally, neither the P2Y1 ¢.1622A >G nor P2Y12 ¢.34C>T
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polymorphism was found to be associated with AMI sus-
ceptibility and MAR in response to ADP.

Abbreviations

AMI Acute myocardial infarction

MAR Maximal platelet aggregation rate
ADP Adenosine diphosphate

CVDs Cardiovascular diseases

CAD Coronary artery disease

IS Ischemic stroke

BMI Body mass index

TG Triglyceride

HDL-C High-density lipoprotein cholesterol
LDL-C Low-density lipoprotein cholesterol
TC Total cholesterol

Acknowledgements
We would like to thank the doctors and nurses in the associated departments
for the collection of venous whole blood for aggregation analysis in this study.

Author contributions

CW and ZZ conceived the research and performed the overall supervision
of the study. CW, CS, JC and MT performed the experiments. CW, CS and TZ
performed data analysis. CW and CS wrote the manuscript. CW, CS and TZ
contributed to the discussion of results and to the review of the manuscript.
All authors reviewed the manuscript.

Funding

This work was supported by the Quanzhou City Science and Technology Pro-
gram (2018N057S). The funding agency had no role in the study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethical approval and consent to participate

These studies were performed in accordance with the principles of the Decla-
ration of Helsinki (as revised in 2013) and with ethical guidelines under proto-
cols approved by the Ethics Committee of Quanzhou First Hospital (Approval
Number: [2018]221). All adults who participated in the study understood the
study content and signed an informed consent form.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 16 October 2022 Accepted: 17 January 2023
Published online: 21 January 2023

References

1. Priyadharsini R, Umamaheswaran G, Raja TA, Arun Kumar AS, Subraja
K, Dkhar SA, Satheesh S, Adithan C, Shewade DG. Frequency of single
nucleotide platelet receptor gene polymorphism (P2Y12-i744T>C) in
coronary artery disease patients among Tamilian population. J Commun
Genet. 2017;8(2):127-32.

2. Timur AA, Murugesan G, Zhang L, Aung PP, Barnard J, Wang QK, Gaussem
P, Silverstein RL, Bhatt DL, Kottke-Marchant K. P2RY1 and P2RY12 poly-
morphisms and on-aspirin platelet reactivity in patients with coronary
artery disease. Int J Lab Hematol. 2012;34(5):473-83.

20.

AR

Page 7 of 8

Lu SJ, Zhou XS, Zheng Q, Chen HL, Geng YL. Platelet membrane receptor
P2Y12 H1/H2 polymorphism is highly associated with cerebral infarction:
a case-control study. Neuropsychiatr Dis Treat. 2018;14:2225-31.

Yi X, Lin J, Zhou Q Huang R, Chai Z. The TXA2R rs1131882, P2Y1
rs1371097 and GPllla rs2317676 three-loci interactions may increase

the risk of carotid stenosis in patients with ischemic stroke. BMC Neurol.
2019;19(1):44.

Fontana P, Dupont A, Gandrille S, Bachelot-Loza C, Reny JL, Aiach M,
Gaussem P. Adenosine diphosphate-induced platelet aggregation is
associated with P2Y12 gene sequence variations in healthy subjects.
Circulation. 2003;108(8):989-95.

Hetherington SL, Singh RK, Lodwick D, Thompson JR, Goodall AH, Samani
NJ. Dimorphism in the P2Y1 ADP receptor gene is associated with
increased platelet activation response to ADP. Arterioscler Thromb Vasc
Biol. 2005;25(1):252-7.

Kim KA, Song WG, Lee HM, Joo HJ, Park JY. Effect of P2Y1 and P2Y12
genetic polymorphisms on the ADP-induced platelet aggregation in a
Korean population. Thromb Res. 2013;132(2):221-6.

Zoheir N, Abd Elhamid S, Abulata N, El Sobky M, Khafagy D, Mostafa A.
P2Y12 receptor gene polymorphism and antiplatelet effect of clopidogrel
in patients with coronary artery disease after coronary stenting. Blood
Coagul Fibrinolysis Int J Haemostasis Thrombosis. 2013;24(5):525-31.
Léon C, Vial C, Cazenave JP, Gachet C. Cloning and sequencing of

a human cDNA encoding endothelial P2Y1 purinoceptor. Gene.
1996;171(2):295-7.

. Lordkipanidzé M, Diodati JG, Palisaitis DA, Schampaert E, Turgeon J,

Pharand C. Genetic determinants of response to aspirin: appraisal of 4
candidate genes. Thromb Res. 2011;128(1):47-53.

. Sibbing D, von Beckerath O, Schémig A, Kastrati A, von Beckerath N. P2Y1

gene A1622G dimorphism is not associated with adenosine diphos-
phate-induced platelet activation and aggregation after administration
of a single high dose of clopidogrel. J Thrombosis Haemostasis JTH.
2006;4(4):912-4.

. YiX, Lin J,Wang, Zhou J, Zhou Q. Interaction among CYP2C8, GPllla

and P2Y12 variants increase susceptibility to ischemic stroke in Chinese
population. Oncotarget. 2017;8(41):70811-20.

. Gao F,Wang ZX, Men JL, Ren J, Wei MX. Effect of polymorphism and type

Il diabetes on aspirin resistance in patients with unstable coronary artery
disease. Chin Med J. 2011;124(11):1731-4.

. Abbracchio MP, Burnstock G, Boeynaems JM, Barnard EA, Boyer JL, Ken-

nedy C, Knight GE, Fumagalli M, Gachet C, Jacobson KA, et al. Interna-
tional Union of Pharmacology LVIII: update on the P2Y G protein-coupled
nucleotide receptors: from molecular mechanisms and pathophysiology
to therapy. Pharmacol Rev. 2006;58(3):281-341.

. Dorsam RT, Kunapuli SP. Central role of the P2Y12 receptor in platelet

activation. J Clin Investig. 2004;113(3):340-5.

. Ziegler S, Schillinger M, Funk M, Felber K, Exner M, Mlekusch W, Sabeti S,

Amighi J, Minar E, Brunner M, et al. Association of a functional poly-
morphism in the clopidogrel target receptor gene, P2Y12, and the risk
for ischemic cerebrovascular events in patients with peripheral artery
disease. Stroke. 2005;36(7):1394-9.

. Cavallari U, Trabetti E, Malerba G, Biscuola M, Girelli D, Olivieri O, Martinelli

N, Angiolillo DJ, Corrocher R, Pignatti PF. Gene sequence variations of the
platelet P2Y12 receptor are associated with coronary artery disease. BMC
Med Genet. 2007;8:59.

. Zee RY, Michaud SE, Diehl KA, Chasman DI, Emmerich J, Gaussem P,

Aiach M, Ridker PM. Purinergic receptor P2Y, G-protein coupled, 12 gene
variants and risk of incident ischemic stroke, myocardial infarction, and
venous thromboembolism. Atherosclerosis. 2008;197(2):694-9.

. Isordia-Salas I, Olalde-Roman MJ, Santiago-German D, de la Pefia NC,

Valencia-Sanchez JS. The impact of CYP3A5%1/%3, PIA1/A2 and T744C
polymorphisms on clopidogrel and acetylsalicylic acid response variabil-
ity in Mexican population. Thromb Res. 2012;130(3):e67-72.

Li Q Chen BL, OzdemirV, JiW, Mao YM, Wang LC, Lei HP, Fan L, Zhang W,
Liu J, et al. Frequency of genetic polymorphisms of COX1, GPllla and P2Y1
in a Chinese population and association with attenuated response to
aspirin. Pharmacogenomics. 2007;8(6):577-86.

Shalia KK, Shah VK, Pawar P, Divekar SS, Payannavar S. Polymorphisms

of MDR1, CYP2C19 and P2Y12 genes in Indian population: Effects on
clopidogrel response. Indian Heart J. 2013;65(2):158-67.



Su et al. BMC Cardiovascular Disorders

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

(2023) 23:41

Kar R, Meena A, Yadav BK, Yadav R, Kar SS, Saxena R. Clopidogrel resist-
ance in North Indian patients of coronary artery disease and lack of its
association with platelet ADP receptors P2Y1 and P2Y12 gene polymor-
phisms. Platelets. 2013;24(4):297-302.

Azarpira N, Namazi S, Khalili A, Tabesh M. The investigation of allele and
genotype frequencies of CYP3A5 (1*/3%) and P2Y12 (T744Q) in Iran. Mol
Biol Rep. 2010;38(8):4873-7.

Liang X, Zhou Y, Li S. Association of TBXA2R, P2Y12 and ADD1 genes
polymorphisms with ischemic stroke susceptibility: a metaanalysis. Clin
Invest Med. 2020;43(3):E33-43.

Yildiz |, Renctizogullar |, Karabag Y, Karakayali M, Artac |, Gurevin MS.
Predictors of left ventricular ejection function decline in young patients
with ST-segment elevation myocardial infarction. Rev Assoc Med Bras.
2022,68(6):802-7.

Cinar T, Cagdas M, Renclizogullari I, Karakoyun S, Karabag Y, Yesin M,
Sadioglu Cagdas O, Tanboga Hi. Prognostic efficacy of C-reactive protein/
albumin ratio in ST elevation myocardial infarction. Scand Cardiovasc J.
2019;53(2):83-90.

Martinelli N, Trabetti E, Pinotti M, Olivieri O, Sandri M, Friso S, Pizzolo F,
Bozzini C, Caruso PP, Cavallari U, et al. Combined effect of hemostatic
gene polymorphisms and the risk of myocardial infarction in patients
with advanced coronary atherosclerosis. PLoS ONE. 2008;3(2): e1523.
Staritz P, Kurz K, Stoll M, Giannitsis E, Katus HA, Ivandic BT. Platelet reactiv-
ity and clopidogrel resistance are associated with the H2 haplotype of
the P2Y12-ADP receptor gene. Int J Cardiol. 2009;133(3):341-5.

Hassani Idrissi H, Hmimech W, El Khorb N, Akoudad H, Habbal R, Nadifi

S. Does i-T744C P2Y12 polymorphism modulate clopidogrel response
among moroccan acute coronary syndromes patients? Genet Res Int.
2017;2017:9532471.

Liu R, Zhou Z-Y, Chen Y-B, Li J-L, Yu W-B, Chen X-M, Zhao M, Zhao Y-Q, Cai
Y-F, Jin J, et al. Associations of CYP3A4, NR112, CYP2C19 and P2RY12 poly-
morphisms with clopidogrel resistance in Chinese patients with ischemic
stroke. Acta Pharmacol Sin. 2016;37(7):882-8.

Namazi S, Kojuri J, Khalili A, Azarpira N. The impact of genetic polymor-
phisms of P2Y12, CYP3A5 and CYP2C19 on clopidogrel response vari-
ability in Iranian patients. Biochem Pharmacol. 2012;83(7):903-8.

Li M, Wang H, Xuan L, Shi X, Zhou T, Zhang N, Huang Y. Associations
between P2RY12 gene polymorphisms and risks of clopidogrel resist-
ance and adverse cardiovascular events after PCl in patients with acute
coronary syndrome. Medicine. 2017;96(14): e6553.

Sen HM, Silan F, Silan C, Degirmenci Y, Ozisik Kamaran HI. Effects of
CYP2C19 and P2Y12 gene polymorphisms on clinical results of patients
using clopidogrel after acute ischemic cerebrovascular disease. Balkan J
Med Genet. 2014;17(2):37-41.

Zhao K,Yang M, LuY, Sun'S, LiW, Li X, Zhao Z. P2Y12 polymorphisms and
the risk of adverse clinical events in patients treated with clopidogrel: a
meta-analysis. Drug Res. 2019;69(1):23-31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Association between P2Y1 and P2Y12 polymorphisms and acute myocardial infarction and ADP-induced platelet aggregation
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Genotyping
	Measurement of ADP-induced platelet aggregation
	Statistical analysis

	Results
	Characteristics of the participants
	Associations between P2Y1 and P2Y12 polymorphisms and AMI risk
	Logistic regression analysis of risk factors for AMI
	Effect of P2Y1 and P2Y12 polymorphisms on platelet aggression in response to ADP

	Discussion
	Conclusion
	Acknowledgements
	References


