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Polymorphism of platelet collagen receptor glycoprotein
VI is associated with aspirin response in patients with
unstable angina

Hui Rao?, Jianzhong Zhao?, Zhishan Li*, Chunrong Huang?, Jianlin Qiao®*°

Departments of *Clinical Laboratory Sciences, 2Medical Records, The Affiliated Hospital of Hubei University

of Arts and Science, Xiangyang 441021, China; 3Department of Hematology, The Affiliated Hospital of Xuzhou
Medical College, “Key Laboratory of Bone Marrow Stem Cells, Jiangsu Province, China; °Blood Diseases Institute,
Xuzhou Medical College, Xuzhou 221002, China

Received October 18, 2015; Accepted November 28, 2015; Epub January 1, 2016; Published January 15, 2016

Abstract: Background: Polymorphisms of the major platelet collagen receptor, glycoprotein (GP) VI have been re-
ported to affect signal transduction upon engagement of GPVI ligands. The aim of study is to evaluate the effect of
GPVI polymorphisms (A22630T and C22644A) on aspirin or clopidogrel response in patients with unstable angina
(UA). Methods: 84 consecutive patients with UA were enrolled in this study and took antiplatelet medications, in-
cluding 75 mg/d clopidogrel and 100 mg/d aspirin for consecutive 7 days. Arachidonic acid (AA) or ADP-induced
platelet aggregation was performed to assess the response of aspirin or clopidogrel. PCR amplification was used for
GPVI sequencing. Results: Our results showed the maximum platelet aggregation induced by AA or ADP was 17.73 +
10.40% or 61.46 + 14.90%, respectively. Of 84 UA patients, percentage of resistance of aspirin and clopidogrel was
21.4% (18/84) and 22.6% (19/84). In addition to known haplotypes, three novel haplotypes of GPVI were found,
including a new ‘broken haplotype’ due to non-linked inheritance of different combinations at positions 22630 and
22644. Multivariate logistic regression analysis showed T carriers of GPVI A22630T (P = 0.022) and hyperlipidemia
(P =0.028) were associated with responders to aspirin but not to clopidogrel. Due to lower prevalence, analysis of
C22644A polymorphism was not evaluated. Conclusion: T carriers of GPVI A22630T were associated with aspirin
responsiveness in UA patients. If these findings are confirmed in large cohort clinical studies, they could ultimately
enable evaluation of aspirin response in UA patients.
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Introduction

Platelets play an important role in thrombosis
and homeostasis. Following vascular injury,
platelets roll, adhere and firmly attach to sub-
endothelial matrix via membrane receptors
such as glycoprotein (GP) VI, that binds colla-
gen and GPIb-IX-V which binds von Willebrand
factor (VWF), leading to platelet aggregation [1,
2]. As a major platelet collagen receptor, GPVI
is a member of immunoglobulin (Ig) superfami-
ly, and contains two extracellular Ig domains, a
transmembrane domain and a cytoplasmic tail.
It forms a non-covalent complex with Fc recep-
torg y chain (Far) which is required for GPVI sur-
face expression [3, 4]. In response to ligand
binding, phosphorylation ofthe Immunoreceptor

Tyrosine Activation Motif (ITAM) within FCRy by
Lyn leads to recruitment and assembly of Syk,
and activation of adaptor proteins, such as SLP-
76 and LAT, ultimately resulting in the activation
of phospholipase Cy2 (PLCy2). PLCy2 causes
elevation of cytosolic Ca?* leading to activation
of the integrin allbB3, which binds fibrinogen
and mediates platelet aggregation and activa-
tion [5].

Three common haplotypes of GPVI: GPVla (aa
allele), GPVIb (bb allele) and GPVIab (ab allele)
are identified [6-8]. These alleles involve 10
base substitutions, 5 resulting in amino acid
changes which are T13254C (S219P), A19871G
(K237E), A21908G (T249A), A22630T (Q317L)
and C22644A (H322N) with homozygotes of
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Table 1. Clinical and demographic character-
istics of patients

Parameters Numbers (%)
Age 61+12
Female (%) 33(39.3)
Hypertension (%) 57 (67.9)
Diabetes (%) 15 (17.9)
Hyperlipidemia (%) 30 (35.7)
History of thrombosis (%) 19 (22.6)
Overweight (%) 30 (35.7)
Smoking (%) 34 (40.5)
Clopidogrel non-response (%) 19 (22.6)
Aspirin non-response (%) 18 (21.4)
GPVI22630 (AT+TT, %) 25 (29.8)
GPVI22644 AC (%) 3(3.6)

the former sequences being GPVIa, latter being
GPVIb and heterozygotes for GPVlab. For GPVla
and GPVIb, there is no significant difference
in surface expression and ligand-binding affini-
ty, but significant differences in the binding
affinity for the intracellular binding partners,
Lyn and calmodulin (CaM) [9]. Likely due
to these functional differences, polymorphisms
of GPVI were shown to be associated with myo-
cardial infarction [10], coronary thrombosis
[11], sticky platelet syndrome [12] or possibly
ischemic stroke [13]. In addition, the GPVI poly-
morphism (T13254C) was reported to be asso-
ciated with aspirin non-responsiveness in
patients with coronary artery disease [14]. As
the only known functional differences between
the GPVI polymorphisms being the cytoplasmic
binding affinity towards Lyn and CaM, whether
these two SNP sites (A22630T and C22644A)
located proximally to binding regions of Lyn and
CaM could influence aspirin responsiveness in
patients with unstable angina (UA) remains
poorly understood. The aim of this study was to
evaluate the effect of GPVI polymorphisms
(A22630T and C22644A) on aspirin and clopi-
dogrel responses in UA patients treated with
dual antiplatelet agents.

Materials and methods
Patients
84 patients with unstable angina (UA) from the

department of cardiology were consecutively
enrolled in the study, which was diagnosed

276

based on the guidelines [15, 16]. Briefly, unsta-
ble angina was defined as chest pain typical of
angina occurring at rest with duration of at
least 20 min and requiring hospitalization in
patients with known coronary artery disease
based on coronary angiogram or a positive
stress test. No active ulcer, myelodysplastic
syndrome and smocyte dyscrasias were
observed in the patients. In addition, none of
the patients was administered any antiplatelet
agents prior to this study. Antiplatelet therapy
included 75 mg/d clopidogrel and 100 mg/d
aspirin for consecutive 7 days. Experiments
were carried out with the approval of Xiangyang
City Central Hospital (Hubei, China) Standing
Committee on Ethics in Research involving
humans and informed consent was obtained
from all participants in accordance with the
Declaration of Helsinki.

Blood collection and platelet aggregation

On day 8 post administration of aspirin and
clopidogrel, blood was drawn from patients
after receiving antiplatelet drugs into 3.2%
(w/v) tri-sodium citrate. Platelet-rich plasma
(PRP) was obtained by centrifuging blood for 10
min at 200xg. Platelet-poor plasma (PPP) was
obtained by centrifuging PRP at 3000xg for 15
min. Platelet concentration in PRP was adjust-
ed to 250x10%/1 by using PPP. Platelet aggrega-
tion in citrated PRP was carried out in a Helena
Aggram (Helena Laboratories, Beaumont, USA).
Arachidonic acid (AA, 0.5 mM) and ADP (10
mM), purchased from Helena Laboratories,
Beaumont, USA, was used as platelet agonist
to evaluate aspirin and clopidogrel response.
Aspirin or clopidogrel resistance was defined as
maximum platelet aggregation being more than
20% or 70%, respectively.

Genomic DNA extraction and PCR amplifica-
tion

Venous whole blood was collected into a tube
with EDTA as anti-coagulant. Genomic DNA was
extracted from whole blood with High Pure PCR
Template Preparation Kit (Roche, Germany),
according to manufacturer’s instructions. The
quality and quantity of extracted DNA was
determined by agarose gel electrophoresis and
spectrophotometry (Model DU80O, Beckman
Coulter, Brea, CA, USA).
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Table 2. Distributions of GPVI allele (A22630T and C22644A) and

polymorphisms frequency in patients

Results

Characteristic of UA

A

patients
GPVI Genotype Allele frequency X2 P
A22630T AA: 70.2% (59/84) A: 83.3% (140/168)  0.274 0.600 Of the included 84 UA
AT+TT: 29.8% (25/84) T 16.7% (28/168) patients, there were 51
C22644A  CC:96.4% (81/84)  C:98.2% (165/168) 0.028 0.868 ”;ag's (61%)§”fd 33 fgg‘aslg
AC: 3.6% (3) A: 1.80% (3/168) fNith"z)a’ riizianrgge oL
B Further details regarding
GPVI haplotype GPVI genotype UA (n = 84) the background and other
Q317L H322N  A22630T C22644A  No. % characteristic of UA pati-
GPVla QQ HH AA cC 59 70.2 ents are summarized in
GPViab QL HN AT CA 1 1.2 Table 1.
GPVIb LL NN m AA 0 0 Prevalence of GPVI poly-
Broken QL HH AT CcC 21 25.0 morphism
Broken LL HN T CA 2 2.4
Broken LL HH T cc 1 1.2 The frequency of Aand T

PCR amplification for GPVI sequencing was per-
formed as previously described [17]. Briefly, the
paired primer for PCR was designed as follows:
5 GTC CTG CCC GCC AGT ACT ACA CC 3
(Forward); 5 TGA GTC GCC TCC CAT GCC ATG
ATC 3’ (Reverse). PCR amplification was per-
formed by using Taq polymerase with condi-
tions being 95°C for 3 min, 30 cycles of 95°C
for 30 sec; 62°C for 30 sec (annealing) and
72°C for 30 sec, 72°C for 10 min (final exten-
sion). The PCR product was analyzed on a 1.5%
agarose gel and visualized with SYBR Gold
(Molecular Probes-Invitrogen). Purified PCR
product was sequenced by using BigDye
Terminator v3.1 cycle kit (Applied Biosystems,
CA, USA).

Statistical analysis

Data was represented as Mean + SD. Student t
test and Chi square test was used for the analy-
sis of continuous and categorical variables
respectively. Hardy-Weinberg equation was
used to estimate the frequency of GPVI alleles.
By using SPSS 13.0 software, Chi square test
was used to analyze the correlation of response
of aspirin or clopidogrel with gender, hyperten-
sion, diabetes, hyperlipidemia, history of throm-
bosis, overweight (weight index > 25 kg/m?),
and smoking, GPVI A22630T or C22644A. In
addition, other variables with P < 0.10 from Chi
square test were included for multivariate logis-
tic regression analysis. P < 0.05 was consid-
ered to be significantly different.

277

alleles were 83.3% and
16.7% in patients (Table
2A). Regarding the distribution of T carriers
(AT+TT) of GPVI A22630T, it was 29.8% (25/84)
(Table 2A). In terms of the prevalence of
C22644A, a lower proportion of A carriers was
found in UA patients (1.8%).

The three most common haplotypes of GPVI as
previously reported were GPVla, GPVIb and
GPVlab. The 5 different amino acids responsi-
ble for these haplotypes on each chromosome
were thought to be linked inheritance. As shown
in Table 2B, the frequency of GPVla and GPVlab
was 70.2% and 1.2%. However, GPVIb was not
found in patients, consistent with previous
studies showing GPVla and GPVIb being the
major and minor haplotypes [8, 9]. Interestingly,
we found three novel haplotypes, named as a
broken haplotype, due to non-linked inheri-
tance, with either homozygotes or heterozy-
gotes at amino acid position 317 (Q/L) com-
bined with homozygotes or heterozygotes at
position 322 (H/H), corresponding to 22630
(A/T) and 22644 (C/C) on gene sequences.
More precisely, these three novel haplotypes
were Q317L/H322N, L317L/H322N and
L317L/H322H. Q317L/H322H seemed to be a
prevalence haplotype with a higher frequency
observed in patients (25.0%).

GPVI polymorphism and aspirin or clopidogrel
response

AA (0.5 mM) or ADP (10 mM) were used as
platelet agonists to evaluate platelet respon-

Int J Clin Exp Pathol 2016;9(1):275-281
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Table 3. Comparative analysis of aspirin response

Aspirin response (%)

Parameters - OR (95% CI)
Resistance (n = 18) Responders (n = 66)
Age 61+ 13 61+12 0.785
Female 5 (27.8) 8 (42.4) 0.259 0.522 (0.167-1.634)
Hypertension 15 (83.3) 42 (63.6) 0.113 2.857 (0.750-10.881)
Diabetes 4 (22.2) 1(16.7) 0.843 1.429 (0.395-5.169)
Hyperlipidemia 11 (61.1) 19 (28.8) 0.011 3.887 (1.311-11.529)
History of thrombosis 5(27.8) 14 (21.2) 0.785 1.429 (0.435-4.688)
Overweight 8 (44.4) 22 (33.3) 0.383 1.600 (0.554-4.3624)
Smoking 9 (50.0) 5(37.9) 0.353 1.640 (0.574-4.683)
GPVI22630 (AT+TT) 1(5.6) (36 4) 0.011 0.103 (0.013-0.823)
GPVI22644 AC 0 (0) 3(4.5) N/A

Table 4. Comparative analysis of clopidogrel response

Clopidogrel response (%)

the association of hyper-
lipidemia with an enhance
platelet thrombus forma-

Parameters Resistance Responders P OR (95% CI) . "

_ _ tion on an injured artery
(n=19) (n=65) ) )

Age 61+8 62+13 0912 Ieadl_ng to increased pro-
Femal 9(47.4 36.9) 0.412 1.538(0.548-4.315 pensity for acute throm-
emale @rd - 24369 0. 538(0.548-4.315) 46 [19]. Meanwhile, T
Hypertension 11 (57.9) 46(70.8) 0.291 0.568 (0.198-1.633) carriers of GPVI 22630
Diabetes 4(21.1) 1(16.9) 0.942 1.309 (0.364-4.705) (AT+TT) was also found to
Hyperlipidemia 7 (36.8) 3(35.4) 0.907 1.065 (0.368-3.080) affect aspirin response
History of thrombosis 5 (26.3) 4(21.5) 0.900 1.301(0.400-4.234) and was associated with
Overweight 4(21.1) 6(40.0) 0.129 0.400(0.119-1.341) aspirin responders (P =
Smoking 6 (31.6) 8(43 1) 0.369 0.610 (0.206-1.805) 0.011). Due to lower prev-
GPVI22630 (AT+TT)  7(36.8)  18(27.7) 0.443 1.523(0.5184.480)  alence of GPVI C22644A
GPVI22644 AC 1(53)  2(30) 0666  1.750 (0.150- polymorphism, the statis-
20.421) tical analysis was not

siveness to aspirin or clopidogrel, respectively.
The maximum platelet aggregation induced by
AA or ADP was 17.73 + 10.40% or 61.46 +
14.90%. Among patients, percentage of resis-
tance of aspirin and clopidogrel was 21.4%
(18/84) and 22.6% (19/84), respectively, con-
sistent with previous study showing that 20.4%
(129/634) aspirin resistance was observed in
Chinese stroke patients receiving antiplatelet
medications [18].

The Chi square test was used to analyze the
correlation of variables with the response of
aspirin or clopidogrel. As seen in Table 3, age,
gender, hypertension, diabetes, history of
thrombosis, overweight, and smoking did not
affect aspirin response (P > 0.05). Whereas,
hyperlipidemia was associated with aspirin
non-response (P=0.011), suggesting increased
platelet reactivity in patients with hyperlipid-
emia, consistent with previous study showing
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applicable (N/A). In terms
of clopidogrel response
(Table 4), none of the selected parameters
were found to be associated with clopidogrel
response (P > 0.05), even for T carriers of GPVI
22630, which was associated with aspirin
responders.

Apart from the univariate analysis of the asso-
ciation of each variable with aspirin response,
variables with P < 0.1 from Table 3 (hyperlipid-
emia and T carriers of GPVI 22630) were cho-
sen for multivariate logistic regression analysis.
Consistent with univariate analysis, T carriers
of GPVI 22630 (95% Cl = 0.008-0.686, P =
0.022) and hyperlipidemia (95% Cl = 1.165-
13.817, P =0.028) were found to be associated
with aspirin response (Table 5).

Discussion

The platelet receptor GPVI plays a crucial role in
collagen-induced platelet aggregation and acti-

Int J Clin Exp Pathol 2016;9(1):275-281
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Table 5. Multivariate logistic regression analysis of aspirin response

study demonstrating the

95% CI association of hyperlipid-

Parameters B S.E. P . . L .
GPVI 22630 AT+TT  -2.633 1451  0.022 0.008-0.686 fm'a with aslpt'”” rels'i
Hyperlipidemia 1390 0631 0.028 1.165-13.817 ance n renai transpian

vation. There are three common haplotypes of
GPVI, named GPVla, GPVIb and GPVlab.
Previous studies demonstrated that GPVI could
be a novel indicator for UA [20] and its polymor-
phism (T13254C) was associated with aspirin
resistance in UA patients [14]. Although the
functional differences of GPVI polymorphisms
may be related to the different binding affinity
towards Lyn and CaM within the cytoplasmic
tail of GPVI [9], whether these two SNP sites
(A22630T and C22644A) located proximally to
these regions could influence aspirin response
remains unclear. In this study, we found three
novel forms of GPVI haplotype without linkage
inheritance, named broken haplotypes, with
homozygotes or heterozygotes at 22630 (A/T)
combined with homozygotes or heterozygotes
at 22644 (CC). In addition, T carriers of GPVI
22630 were found to be correlated with aspirin
responders in UA patients treated with dual
antiplatelet agents.

Hyperlipidemia, meaning high blood cholester-
ol, has been demonstrated to be associated
with chronic kidney disease [21], deep vein
thrombosis [22], ischemic heart disease [19]
and other cardiovascular diseases [23]
Lowering blood cholesterol levels reduces the
incidence of coronary events in individuals with
or without coronary disease [24, 25].
Meanwhile, lowering cholesterol level has been
demonstrated its capability to slow the pro-
gression of coronary atherosclerosis and even
induce regression [26]. Previous studies
showed that platelets become hyperactive in
the presence of hypercholesterolemia. In addi-
tion, low density lipoprotein is revealed to be
able to activate platelet and increase the pro-
duction of thromboxane B2 in vitro [27]. In this
study, we found a higher percentage of hyper-
lipidemia in patients with unstable angina,
which could possible contribute to the throm-
botic events in these patients. Furthermore,
after multivariate logistic regression analysis,
hyperlipidemia was found to be associated with
aspirin resistance, possible due to the associa-
tion of increased thromboxane production
with hyperlipidemia, consistent with a previous
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recipients [28].

Due to the existence of GPVI different function-
al haplotypes, polymorphism of GPVI was dem-
onstrated to be associated with many diseas-
es, such as myocardial infarction [10], and
thrombosis [11]. Meanwhile, GPVI polymor-
phism (T13254C) was reported to be associat-
ed with aspirin non-responsiveness as evaluat-
ed by PFA-100 in patients with coronary artery
disease [14]. In this study, apart from previous-
ly reported GPVI haplotypes, we found three
novel haplotypes of GPVI, named a “broken”
haplotype, due to unlinked inherence, which is
homozygotes or heterozygotes at amino acid
position 317 (Q/L) combined with homozygotes
or heterozygotes at position 322 (H/H), corre-
sponding to 22630 (A/T) and 22644 (C/C) on
gene sequences. In addition, our study also
revealed that T carriers of GPVI 22630 (AT+TT)
were associated with aspirin responders. The
possible reason for that could be the lower sig-
naling transduction of GPVI resulting from T
carriers of GPVI 22630, which was belonged to
GPVI b allele, with a decreased binding affinity
to Lyn, leading to attenuated Syk phosphoryla-
tion in response to ligand binding compared to
GPVI an allele. However, the exact mechanism
by how GPVI haplotypes affect aspirin response
was not investigated and requires further
studies.

In conclusion, novel haplotypes of GPVI were
found, named broken haplotypes, with homozy-
gocity or heterozygocity at 22630 (A/T) com-
bined with either homozygous or heterozygous
22644 (C/A). T carriers of GPVI A22630T
appeared to be associated with responsive-
ness to aspirin. However, due to the limited
number of patients enrolled in this study, large
cohort clinical studies are required to confirm
these findings.

Acknowledgements

This research was supported by National
Natural Science Foundation of China (Grant No.
81400082), Natural Science Foundation of
Jiangsu province (Grant No. BK20140219),
China Postdoctoral Science Foundation funded

Int J Clin Exp Pathol 2016;9(1):275-281



GPVI polymorphism and aspirin response

project (project no. 2015M570479), Natural
Science Foundation of Hubei Province (Grant
No. 2008CDZz067) and Science and Technology
Guiding Project of Xiangyang City (Hubei
Province) (Grant No. 200812).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Jianlin Qiao, Depart-
ment of Hematology, The Affiliated Hospital of
Xuzhou Medical College, 99 West Huaihai Rd,
Quanshan District, Xuzhou 221002, Jiangsu, China.
Tel: 86-516-8580-2382; Fax: 86-516-8580-1527;
E-mail: jianlin.giao@gmail.com

References

[1] Qiao JL, Shen Y, Gardiner EE and Andrews RK.
Proteolysis of platelet receptors in humans
and other species. Biol Chem 2010; 391: 893-
900.

[2] Andrews RK and Berndt MC. Platelet physiolo-
gy and thrombosis. Thromb Res 2004; 114:
447-453.

[3] Clemetson JM, Polgar J, Magnenat E, Wells TN
and Clemetson KJ. The platelet collagen recep-
tor glycoprotein VI is a member of the immuno-
globulin superfamily closely related to Fcal-
phaR and the natural killer receptors. J Biol
Chem 1999; 274: 29019-29024.

[4] Jandrot-Perrus M, Busfield S, Lagrue AH, Xiong
X, Debili N, Chickering T, Le Couedic JP, Goo-
dearl A, Dussault B, Fraser C, Vainchenker W
and Villeval JL. Cloning, characterization, and
functional studies of human and mouse glyco-
protein VI: a platelet-specific collagen receptor
from the immunoglobulin superfamily. Blood
2000; 96: 1798-1807.

[5] Nieswandt B and Watson SP. Platelet-collagen
interaction: is GPVI the central receptor? Blood
2003; 102: 449-461.

[6] EzumiY, Uchiyama T and Takayama H. Molecu-
lar cloning, genomic structure, chromosomal
localization, and alternative splice forms of the
platelet collagen receptor glycoprotein VI. Bio-
chem Biophys Res Commun 2000; 277: 27-
36.

[7] Furihata K and Kunicki TJ. Characterization of
human glycoprotein VI gene 5’ regulatory and
promoter regions. Arterioscler Thromb Vasc
Biol 2002; 22: 1733-1739.

[8] Joutsi-Korhonen L, Smethurst PA, Rankin A,
Gray E, M 1J, Onley CM, Watkins NA, Williamson
LM, Goodall AH, de Groot PG, Farndale RW and
Ouwehand WH. The low-frequency allele of the
platelet collagen signaling receptor glycopro-
tein VI is associated with reduced functional

280

(9]

(10]

(11]

[12]

[13]

(14]

[15]

[16]

responses and expression. Blood 2003; 101:
4372-4379.

Trifiro E, Williams SA, Cheli Y, Furihata K, Pulci-
nelli FM, Nugent DJ and Kunicki TJ. The low-
frequency isoform of platelet glycoprotein Vib
attenuates ligand-mediated signal transduc-
tion but not receptor expression or ligand bind-
ing. Blood 2009; 114: 1893-1899.

Takagi S, Iwai N, Baba S, Mannami T, Ono K,
Tanaka C, Miyata T, Miyazaki S, Nonogi H and
Goto Y. A GPVI polymorphism is a risk factor for
myocardial infarction in Japanese. Atheroscle-
rosis 2002; 165: 397-398.

Ollikainen E, Mikkelsson J, Perola M, Penttila A
and Karhunen PJ. Platelet membrane collagen
receptor glycoprotein VI polymorphism is asso-
ciated with coronary thrombosis and fatal myo-
cardial infarction in middle-aged men. Athero-
sclerosis 2004; 176: 95-99.

Kotulicova D, Chudy P, Skerenova M, Ivankova
J, Dobrotova M and Kubisz P. Variability of GP6
gene in patients with sticky platelet syndrome
and deep venous thrombosis and/or pulmo-
nary embolism. Blood Coagul Fibrinolysis
2012; 23: 543-547.

Cole VJ, Staton JM, Eikelboom JW, Hankey GJ,
Yi Q, Shen Y, Berndt MC and Baker RI. Collagen
platelet receptor polymorphisms integrin al-
pha2betal C807T and GPVI Q317L and risk of
ischemic stroke. J Thromb Haemost 2003; 1:
963-970.

Lepantalo A, Mikkelsson J, Resendiz JC, Viiri L,
Backman JT, Kankuri E, Karhunen PJ and Las-
sila R. Polymorphisms of COX-1 and GPVI as-
sociate with the antiplatelet effect of aspirin in
coronary artery disease patients. Thromb Hae-
most 2006; 95: 253-259.

Wright RS, Anderson JL, Adams CD, Bridges
CR, Casey DE Jr, Ettinger SM, Fesmire FM, Ga-
niats TG, Jneid H, Lincoff AM, Peterson ED,
Philippides GJ, Theroux P, Wenger NK, Zidar JP,
Antman EM, Califf RM, Chavey WE 2nd, Hoch-
man JS and Levin TN. 2011 ACCF/AHA focused
update of the Guidelines for the Management
of Patients with Unstable Angina/Non-ST-Ele-
vation Mpyocardial Infarction (updating the
2007 guideline): a report of the American Col-
lege of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines
developed in collaboration with the American
College of Emergency Physicians, Society for
Cardiovascular Angiography and Interventions,
and Society of Thoracic Surgeons. J Am Coll
Cardiol 2011; 57: 1920-1959.

Hamm CW, Bassand JP, Agewall S, Bax J,
Boersma E, Bueno H, Caso P, Dudek D, Gielen
S, Huber K, Ohman M, Petrie MC, Sonntag F,
Uva MS, Storey RF, Wijns W and Zahger D. ESC
Guidelines for the management of acute coro-

Int J Clin Exp Pathol 2016;9(1):275-281


mailto:jianlin.qiao@gmail.com

[17]

(18]

(19]

[20]

[21]

[22]

281

GPVI polymorphism and aspirin response

nary syndromes in patients presenting without
persistent ST-segment elevation: The Task
Force for the management of acute coronary
syndromes (ACS) in patients presenting with-
out persistent ST-segment elevation of the Eu-
ropean Society of Cardiology (ESC). Eur Heart J
2011; 32: 2999-3054.

Qiao J, Arthur JF, Collecutt M, Shen Y, Mu FT,
Berndt MC, Davis AK, Andrews RK and Gardin-
er EE. An acquired defect associated with ab-
normal signaling of the platelet collagen recep-
tor glycoprotein VI. Acta Haematol 2012; 128:
233-241.

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

Lacoste L, Lam JY, Hung J, Letchacovski G,
Solymoss CB and Waters D. Hyperlipidemia
and coronary disease. Correction of the in-
creased thrombogenic potential with choles-
terol reduction. Circulation 1995; 92: 3172-
3177.

Bigalke B, Langer H, Geisler T, Lindemann S
and Gawaz M. Platelet glycoprotein VI: a novel
marker for acute coronary syndrome. Semin
Thromb Hemost 2007; 33: 179-184.
Stephany BR, Alao B, Budev M, Boumitri M and
Poggio ED. Hyperlipidemia is associated with
accelerated chronic kidney disease progres-
sion after lung transplantation. Am J Trans-
plant 2007; 7: 2553-2560.

Kawasaki T, Kambayashi J, Ariyoshi H, Sakon
M, Suehisa E and Monden M. Hypercholester-
olemia as a risk factor for deep-vein thrombo-
sis. Thromb Res 1997; 88: 67-73.

(23]

[24]

[25]

[26]

[27]

(28]

Nelson RH. Hyperlipidemia as a risk factor for
cardiovascular disease. Prim Care 2013; 40:
195-211.

Haskell WL, Alderman EL, Fair JM, Maron DJ,
Mackey SF, Superko HR, Williams PT, John-
stone IM, Champagne MA, Krauss RM and et
al. Effects of intensive multiple risk factor re-
duction on coronary atherosclerosis and clini-
cal cardiac events in men and women with
coronary artery disease. The Stanford Coro-
nary Risk Intervention Project (SCRIP). Circula-
tion 1994; 89: 975-990.

Law MR, Wald NJ and Thompson SG. By how
much and how quickly does reduction in se-
rum cholesterol concentration lower risk of
ischaemic heart disease? BMJ 1994; 308:
367-372.

Waters D, Higginson L, Gladstone P, Kimball B,
Le May M, Boccuzzi SJ and Lesperance J. Ef-
fects of monotherapy with an HMG-CoA reduc-
tase inhibitor on the progression of coronary
atherosclerosis as assessed by serial quantita-
tive arteriography. The Canadian Coronary Ath-
erosclerosis Intervention Trial. Circulation
1994; 89: 959-968.

Stuart MJ, Gerrard JM and White JG. Effect of
cholesterol on production of thromboxane b2
by platelets in vitro. N Engl J Med 1980; 302:
6-10.

Acikel S, Yildirir A, Aydinalp A, Demirtas K, Bal
U, Kaynar G, Ozin B, Karakayali H, Muderriso-
glu H and Haberal M. Incidence of aspirin re-
sistance and its relationship with cardiovascu-
lar risk factors and graft function in renal
transplant recipients. Transplant Proc 2008;
40: 3485-3488.

Int J Clin Exp Pathol 2016;9(1):275-281



