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Abstract

Thrombotic events are mainly caused by defects in circulating plasma proteins and platelets. Normally,
the formers include hereditary clotting defects [e.g. deficiencies in protein-S (PS), in protein-C (PC), in anti-
thrombin (AT) genes, or factor V Leiden, and Prothrombin (PT) G20210A substitution] and autoimmune diseases
[(anti-phospholipid-antibodies syndrome (APA)]. Although these conditions are well-described in literature,
prothrombotic platelet disorders are less well understood. The sticky platelet syndrome (SPS) is a congenital,
autosomal dominant disorder, associated with both arterial and venous thromboembolic events. In pregnant
women, complications such as fetal growth retardation and fetal loss have been reported. It is characterized by
in vitro platelets hyperaggregability (platelet-rich plasma; PRP) triggered by different agonists responsible for its
subclassifcation: adenosine diphosphate (ADP) plus epinephrine (type ), epinephrine alone (type Il, the most
frequent), or ADP alone (type lll). Clinically, patients may present with acute myocardial infarction (AMI), transient
cerebral ischemic attacks (TIA), angina pectoris, stroke, peripheral arterial thrombosis, retinal thrombosis,
and venous thrombosis (VT) even during oral anticoagulant therapy. Conversely, low-dose aspirin treatment
ameliorates the clinical symptoms and normalizes hyperaggregability. Clinical symptoms, especially arterial,
often present following emotional stress. Combinations of SPS with other congenital prothrombotic defects have
been described. Currently, a precise and definite etiology of this defect is not recognized, but receptors on the
platelet surface are considered strongly involved candidates. Normal levels of platelet factor 4 (PF4) and beta-
thromboglobulin (BTG) in plasma suggest that the platelets are not activated at all times; accordingly they appear
to become hyperactive upon ADP or adrenaline release. In vivo clumping could temporarily or permanently
occlude a vessel, leading to the described clinical manifestations. The syndrome appears to be prominent
particularly in patients with unexplained arterial vascular occlusions. Despite studies investigating the role of
platelet glycoprotein in SPS have been conducted, the precise defect(s) responsible for the syndrome remains
unknown.

This review discusses on the SPS and about the main receptors on the platelet surface, including some
polymorphisms that appear to be involved in the pathology.

Nowadays SPS, in which hyperaggregable platelets can lead to
transient or permanent vascular occlusions, has been established as
a factor with a definite role in AMI, TIA and strokes, ischemic optic
neuropathy and VT [5,6,13]. Muhlfed et al. [14] and El -Amm et al. [15]
ascribed to the syndrome a possible role for thrombotic complications
and impaired functions of the graft in kidney transplantation
respectively. Also, two recent family studies providing evidence for
the familiar occurrence and the possible genetic background of the
syndrome were reported [16,17]. During past years, several studies
focused on etiology and pathogenesis of the SPS, but they failed to fully
reveal the genetic basis underlying this syndrome [18-24].
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Introduction

Platelets are essential for primary haemostasis but they also play a
key role in atherogenesis and thrombus formation [1].

Thrombosis, especially arterial, develops by mediation of platelets,
adhering to collagen fibers at areas of endothelial cell damage. At
this phase, platelet activation leads them to secrete factors [ADP,
Fibrinogen, von Willebrand Factor (vWEF), Fibronectin, Factor XIII]
capable of promoting cell aggregation/adhesion and coagulation,
inducing vasoconstriction (thromboxane A2) and acting as mitogens
[Platelet-Derived Growth Factor (PDGF)]. Together with Tissue Factor,
they activate the coagulation system that starts secondary haemostasis,
and potentially, the temporary or permanent vascular occlusion [2,3].
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AT) to the more frequent factor V Leiden and PT G20210A gene
variation to the APA syndrome. As far as platelet defects are concerned,
wide knowledge is available on the hemorrhagic side [4], conversely less
data are present in the scientific literature on their role to predispose
arterial or venous thrombosis [5,6].

The role of the demonstrated platelet hyperaggregability as a possible
risk factor for venous thromboembolism is not well defined [1-3,7,8]. Some
authors described an enhanced maximal platelet aggregation by platelet
aggregometry as a contributing factor for arterial and venous thrombosis;
naming this observation “Sticky-Platelet Syndrome” (SPS) [5,6,9-12].
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Sticky platelet syndrome

Firstly described in 1983 by Holiday et al. at The Ninth International
Joint Conference on Stroke and Cerebral Circulation in Arizona
[25], it has been for a long time primarily just a theoretical concept
with little practical basis. Although the overall clinical picture of SPS,
with its transient or permanent vascular occlusions, is well known,
the pathophysiological mechanism of the syndrome remains unclear
[10,11,26]. It was regarded as a frequent disease and the clinical
symptoms, especially arterial thrombosis, often present following
an emotional stress [5,6,11]. According to Mammen [26], SPS was
considered the second most frequent hereditary thrombophilia.
It has been also suggested that it is connected with other hereditary
thrombophilic states, and is a common feature in selected groups of
patients with vascular thrombosis [27]. In a study involving 153 patients
with unexplained deep venous thrombosis (DVT) or arterial thrombosis,
it has been reported that 14.1% of those with DVT and 22% of those
with arterial thrombosis were found to have SPS [27]. Furthermore,
two additional reports discussed on a causal relation between SPS
and recurrent miscarriages (64 SPS diagnosis among 351 women with
miscarriages; 20%) [28]. As well as between SPS and recurrent vascular
access site thrombosis in hemodialysis patients (11 of 27 patients; 41%)
[29]. Recently, it was also found that SPS is a very frequent condition in
patients with AIDS receiving antiretroviral therapy for at least 6 months
and suffering from unexplained cardiovascular events [30].

Despite the reported high prevalence of the disease in selected
patient groups, it seems likely that not all carriers of the syndrome
experience clinical symptoms, considering a possible autosomal
dominant mode of inheritance [26]. So far, the prevalence of SPS in
the general population is not known and can be even considered an
infrequent or even rare thrombophilic defect in Whites [11].

According to the available literature, patients with SPS are usually
young, children included (aged 5-50 years), and are not affected by
other hyper-coagulation disorders although hyper-coagulation states
can occur in combination. Often they do not have identifiable risk
factors for vascular thrombosis [26,31-33].

Recurrent thromboembolic events can emerge despite optimal
oral anticoagulation whilst adequate antiaggregant treatment with
acetylsalicylic acid effectively reduces platelet hyper-reactivity and
ameliorates clinical symptoms [15,34].

The etiology of SPS is still uncertain, but from the limited
epidemiological data available and from familial/case reports, it emerges
that the glycoprotein (GP) receptors on platelet surface membrane and/
or the intracellular signals of the platelet activation pathways could be
considered strong candidate factors.

Classification and diagnosis of sticky platelet syndrome

SPS is defined by clinical and laboratory features and not by genetic
testing, although it is generally regarded as an inherited disorder. At
present, the diagnostic criteria proposed by Mammen [26] and Bick
[27] are usually accepted and they were used in all published studies.
According to these criteria, SPS is a thrombophilic thrombocytopathy
with familiar occurrence, showing autosomal dominant trait and
affecting both genders, characterized by increased in vitro platelet
aggregation after low concentrations of ADP and /or Epinephrine
(EPI). Aggregation in response to other agonists (collagen, arachidonic
acid, ristocetin, and thrombin) remains normal [11].

Depending on the results of aggregometry, three types of SPS are
defined: type I-an increased aggregation induced by both inducers; type

II-an increased aggregation induced only by epinephrine, and type III-
an increased aggregation induced by ADP [27] (Table 1).

Platelet aggregation is evaluated by methods commonly used:
optical or impedance aggregometry. PRP, obtained from freshly drawn
blood mixed with the fitting anticoagulation reagent (usually 3.2%
sodium citrate), is used for the testing. Three concentrations of each
reagent are repeatedly tested, as a standard. Optical aggregometry was
used in the first reports and remained an ideal option in most studies.

Sticky Platelet Syndrome (SPS) and Single-Nucleotide
Polymorphisms (SNPs)

Whilst SPS phenotype, including familiar occurrence, is clearly
defined, the exact genetic cause is still not sufficiently explained [17,35].

Since the role of platelets in blood clot formation involves
membrane glycoprotein (GPs), changes in related genes could impair
platelet aggregation. In this context, abnormalities in the membrane
GPs receptors, assessed by flow cytometry and molecular methods
(GP IIb/IIIa, GP Ia/Ila), leading to platelet hyperfunction, have been
speculated as being associate with SPS, but their relevance remains still
obscure [18].

Moreover, research had focused also on GPVIand Gas6 proteins [36-
40]. These GPs were particularly interesting because certain mutations
in their genes were shown to modulate the risk of thromboembolism
in humans.

A combined influence of gene polymorphisms on platelet function
is supported by the observation that several studies show only a limited
impact of the sole polymorphism of GPs on the platelet function,
although, as suggested by the testing of siblings and twins, an overall
genetic influence seems to be rather high (estimated to be about 50%)
[41-44].

In general, all studies failed to prove that a single genetic defect is
responsible for SPS, neither a consistent relation to SPS and its types has
clearly emerged (Table 2).

Divergences in genetic studies as well as laboratory heterogeneity
of SPS (three distinct types) might suggest a multifactorial genetic pattern,
as it is already known in some other haemostatic disorders, such as some
types on von Willebrand disease, where different mutations of the same or
even other genetic loci can result in the similar phenotype [11].

SPS and GPIIla PLA1/A2

Glycoprotein IIb/ITIa (GPIIb/IIIa), a heterodimeric platelet surface
receptor consisting of the allb (CD41) and the 3 (CD61) subunits,

. . SPS . Prevalence of Sticky

Studies considered patients (n) Population (n) Platelet Syndrome Type
M F

Kubisz et al (2006) 9 4 5 22.2%  66.6% 11.1%
Ruiz-Argu elle set al o o o
(2012) 95 43 52 64.2%  6.31% |29.47%
Kubisz et al (2010) 128 42 86 2734 | 71.1% | 1.56%
Kotulicova et al (2012) 77 - - 28.57% 70.13% 1.03%
Sokol et al (2012) 27 - 27 25.93% | 74.07% -
Kubisz et al (2012) 71 24 47 123.94% 73.24%  2.81%
Kubisz et al (2013, } o }
unpublished data) 23 23 100%

M: Male; F: Female

Table 1: Prevalence of Sticky Platelet Syndrome types in selected studies of the
last 10 years.
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Authors Mutation (polymorphisms) tested

Population 100

Results

Kubisz et al. [18] GPllla PIAA'/A?

1TIN); whites

9 patients with SPS (4M /5F; 2TI/ 6TIl/

No clear relation between SPS and SNP

Kubisz et al. [19] Gas6 ¢.834 +7G > A

128 patients with SPS (42M/ 86F; 35TI/
91TII/ 2TII); 137 controls; withes

No significant differences between SPS and control
group; G allele more prevalent in SPS Type I

Ruis-Arglelles et al. [21] | GPllla PIAA1/A2

95 patients with SPS (43M/ 52F; 61TI/ 6TIl/ |No significant differences between SPS and control
28TIII); 127 controls; Mexican mestizo

group

Kubisz et al. [22] 6 GP6 SNPs (rs1654410,

rs12610286 and rs1654431)

71 patients with SPS (stroke; 24M/ 47F;
rs1671153, rs1654419, rs11669150, | 17TI/ 52TII/ 2TllI) 77 controls; whites

No significant differences between SPS and control
group; SNP rs12610286, haplotype TTGTGA significant
more frequent in SPS Type | compared with controls

Sokol et al. [23]

27 patients with SPS (fetal loss; 27F; 7TI/
20TIl); 42 controls; whites

3 SNPs significantly more frequent (rs1671153,
rs1654419, rs1613662) in SPS group; significant higher
occurrence of 2 haplotypes (CTGAG, CGATAG)

KotuliGova et al. [24]

77 patients with SPS (VTE; 22T/ 54TII/ );
77 controls; whites

2 SNPs (rs1613662, rs1654419) significant more
frequent in SPS group; 2 SNPs (rs1671153, rs1654419)
significantly more frequent in Type Il compared with
controls

Kubisz et al. (Peter Kubisz, 4 Gas6 SNPs (rs7400002,
MD, DSc, Unpublished
data March 2013) 2 PEAR1 SNPs (rs12041331,
rs12566888), 2 MRVI1 SNPs

(rs7940646, rs187445)

23 patients with SPS (fetal loss 23, W; 23,
rs1803628, rs8191974, rs9550270), TllI); 42 controls; whites

1 GAS6 SNP (rs7400002) and 1 PEAR1 SNP
(rs12566888) significantly more frequent in SPS group

GP: Glycoprotein; M: Men; SNP: Single Nucleotide Polymorphism; SPS: Sticky Platelet Syndrome; T: Type; VTE: Venous Thromboembolism; W: Women; TI: Hyperag-
gregability to ADP and EPI; TII: Hyperaggregability to EPI alone; TlII: Hyperaggregability to ADP alone

Table 2: Summary of limited genetic studies related to the prevalence of the defects in SPS patients.

serves as fibrinogen receptor, thus having an important role in platelet
aggregation. The protein chain gene GPIIIa is localized on chromosome
17 (17q21.32). The GPIIb/IIIa receptor gene is highly polymorphic
[41]. One of the polymorphism, the GPIIla PLA1/A2 (rs5918; L33P
substitution in the GPIITa B3 subunit), affects the postoccupancy
signaling by the platelet fibrinogen receptor IIb/IITa and it was deeply
studied for several years in the pathogenesis of thromboembolism [18].
Despite its relation to thrombotic events remains controversial, and
no correlation between venous thrombosis and the GPIITa PLA1/A2
polymorphism was found, it is reported that PLA2 allele is associated
with increased risk for arterial thrombosis, particularly for myocardial
infarction and restenosis after revascularization procedures [42-45].
Furthermore, Feng et al. [46] found that in vitro platelet aggregation
can be induced with lower concentrations of ADP and EPI in PLA2
carriers than in PLAI carriers.

Similar observations were made by Michelson et al. [41]. By
measuring increased granule release, GPIIb/IIla activation and
fibrinogen binding, they found increased reactivity to low-dose ADP
in PLA2 positive platelets.

In the population of Northern European ancestry, the prevalence of
the PLA2 allele is approximately 25% and the frequency of the PLA2/
A2 homozygotes about 2% [41]. Feng et al. [46] analyzed 1,422 patients
from the Framingham Offspring Study and established the prevalence
of the PLA1/A1 homozygotes, PLA1/A2 heterozygotes, and PLA2/A2
homozygotes to be 71.5%, 26.1%, and 2.5%, respectively. PLA2 allele
rather high prevalence and its association with arterial thrombosis and
increased platelet aggregation arose the question of whether the GPIIIa
PLA1/A2 polymorphism could be one of the suggested glycoprotein
modifications involved in the pathogenesis of SPS, particularly in
the formation of arterial thrombus in this syndrome. Although the
relation between the GPIIla PLAI1/A2 polymorphism and venous
thromboembolism is not well defined and most studies failed to
establish the PLA2 allele as a clear risk factor for venous thrombosis
[46,47], the fact that PLA2 carriers in the Kubisz study suffered
from both arterial and venous thrombotic events must be taken into
account [18]. However, even these partial results suggest that the
GPIIIa PLA1/A2 polymorphism cannot fully explain the pathogenesis

of SPS. Therefore it seems likely that other glycoprotein defects or
pathophysiological mechanisms should be considered to explain
platelet hyperaggregability in SPS [48].

SPS and glycoprotein VI SNPs

Glycoprotein VI (GPVI), a member of the immunoglobulin
superfamily, is a platelet transmembrane glycoprotein consisting of 319
amino acids, located in the platelet membrane in noncovalent complex
with FcRg subunit [36]. GPVI is a product of the GP6 gene, which is
localized on chromosome 19 (19q13.4) [49]. Since the identification
and analysis of the GP6 gene in the 1990s, its numerous SNPs have
been identified [50]. However, the clinical importance for haemostasis,
if any, as it happens of the majority of polymorphisms, is not yet clear.

Vessel wall damage exposes the subendothelial component collagen
to platelets in the blood flow. Interaction of platelets with collagen via
the GPVI receptor results in platelet activation and adhesion, processes
that are essential for thrombus formation [23].

GPVI was shown, by several in vitro and in vivo studies, to be
essential for activation of integrin for stable adhesion and subsequent
signal transduction (via activation of phophatidylinositol-3-kinase and
phospholipase Cg2) that leads to granule release, activation of GPIIb/
IIIa via inside-out signaling, and platelet aggregation [49].

Considering the critical role of GPVI in collagen-initiated signal
transduction and platelet procoagulant activity, the observed variations in
GPVI content may influence the risk for thromboembolic disorders [51].

The GPVI is a crucial platelet membrane glycoprotein for adequate
platelet activation, adhesion, and aggregation. In the past few years,
the question of the impact of genetic changes within the GP6 gene
on platelet function has emerged, with the identification of numerous
polymorphisms in the GP6 gene. In this context, Kotulicova et al. [24]
recently reported the prevalence of selected GP6 gene polymorphisms
(SNPs 151613662, rs1671153 and rs1654419) as independent risk factor
for deep vein thrombosis in patients with platelet hyperaggregability.
Sokol et al. [23] found that the global variability of the GP6 gene may
be associated with platelet hyperaggregability in patients with SPS and
fetal loss as well. In this context, SPS is regarded as the second most
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common thrombophilia (after APA syndrome) that causes recurrent
spontaneous abortions or fetal loss syndrome [52-54]. Thus, although
these polymorphisms are not the underlying disorders, they could have
a modulating effect on the clinical presentation of the syndrome.

The importance of variability in the GP6 gene and in other
membrane receptor genes for platelet hyperaggregation was stressed by
a recent genome-wide meta-analysis by Johnson et al. [55]. The analysis
focused on the evaluation of the genetic influence on platelet functions
and identified seven loci associated with platelet aggregation to
physiologic agonists (ADP, collagen, and EPI). One of the loci is strongly
associated (P = 4.6x107") with increased aggregation to collagen within
the region of the GP6 gene [55]. Though a large number of SNPs have
been identified in the GP6 gene to date, their exact relation to platelet
function remains unknown, with few exceptions [50].

SPS and Gas6 gene

Growth arrest-specific gene 6 (Gas6) was originally identified as a
gene whose expression in fibroblasts was increased by serum starvation
and contact inhibition, and was therefore implicated in reversible
growth arrest [56]. Gas6, present in a-granules, belongs to the family
of plasma vitamin K-dependent proteins, which comprises proteins
with phospholipid binding properties conferred by the N-terminal
Gla-module. The function of these proteins is essential in haemostasis.
Gasé is localized on chromosome 13 (13q34). It has a high structural
homology with the natural anticoagulant PS, having 40% sequence
identity, and interacts with Axl/Sky/Mer tyrosine kinases [37,38,57,58].

The mechanism by which Gas6 protein modulates platelet
aggregation has not been clearly determined yet, but some authors
suggest that it acts relatively late, contributing more in platelet
stabilization rather than in the initial platelets aggregate formation,
thus enhancing platelet action following their activation by primary
inducers (ADP, EPI, collagen) [19,38,59].

Its role in thrombosis was confirmed by several studies in mouse
models where Gas6 protein inhibition, by antibodies or Gas6 protein
receptors (Mer, Axl, Sky) blocking, leads to a decreased risk of EPI-,
collagen-, or stasis-induced thrombosis. Gas6-deficient animals were
protected against fatal thrombosis, the development of thrombus was
not so rapid, and the clot was significantly smaller than in Gas6-positive
individuals. Munoz described the association of Gas6 polymorphism
(Gasé6 c. 834+7G>A; rs8191974) with stroke and defined the A-allele as
less common in patients with stroke [37,60]. The Kubisz study [19] was
performed to assess the prevalence of Gas6 polymorphism in patients
with SPS and healthy controls in Slovak population. The results of this
research are discordant to those of Munoz who found the A-allele to
be more prevalent in healthy individuals and very rare in patients with
thrombosis. According to Kubisz’s findings, the G-allele is equal present
in the majority of SPS patients and healthy controls, and there are no
significant differences between these two groups in the prevalence of
Gas6 genotypes. It is possible that there is no relation between Gas6
polymorphism and SPS indeed. Thus, there is a question whether we
may consider Gas6 polymorphism as a causative factor of SPS at all.

However, if the G-allele is supposed to be associated with
thrombosis and it is equally common in both the investigated groups,
can we say that Slovak population is predisposed to thrombophilia in
general? Certainly, the Kubisz study has no evidence for this hypothesis.
Probably other genetic mechanisms than Gas6 polymorphism can be
involved in the etiology of SPS. In the same patients with SPS,

the authors identified another polymorphism strongly associated
(P=3.4 x 107'?) with fetal loss, the PEAR1 (rs12566888) [55], that is
responsible for signaling on the formation of platelet-platelet contacts
secondary to platelet aggregation.

However, according to the authors, further studies including more
patients and healthy controls are needed to verify the relation of Gas6
and PEARI1 polymorphisms and SPS [11], though their initial findings
provide new functional insights into platelet aggregation pathways and
may suggest novel anti-platelet therapeutic targets [55].

Conclusion

In initial reports, SPS was seen as an isolated defect in haemostasis.
With the increase of the number of diagnosed patients, combinations with
other inherited or acquired thrombofilic events were reported [61,62].

SPS is associated with both venous and arterial thrombosis
and can cause pregnancy-related complications, but the exact
incidence in general population is yet to be determined. Although
efforts in investigating several platelet GPs as potential causes for
hyperaggregation and inherent platelets” activation, the precise defect
responsible for the syndrome and the exact pathogenesis of SPS remain
not sufficiently explained.

Clinically, this syndrome is quite heterogeneous. In fact it
can be silent, or it can be presented by stroke, transient cerebral ischemic
attacks, acute coronary syndrome, and arterial or venous thrombosis [63].

In routine hematological screening of hereditary thrombophilia,
examination aimed to detect SPS is not included. SPS testing is well
known and easy to perform, but, maybe for lacking of practical
experience with this kind of thrombophilia, it is not part of the routine
thrombophilic screening. Despite this scarce clinical experience, SPS
should be seen as a serious risk factor for patient’s health. So benefit
of SPS testing included in standard screening deserves consideration.

Since cases in which the SPS coexisting with other thrombophilic
conditions have already been described [9], it is possible that this
platelet abnormality may contribute to the so called “multifactorial
thrombophilia” in some patients [9,35]. More clinical data will be useful
for better understanding this syndrome, especially on the genetic side.

Acknowledgements

We strongly thank Italian ALT Association Against Cardiovascular Disease to
grant the presented project.

References

1. de Gaetano G (2001) Historical overview of the role of platelets in hemostasis
and thrombosis. Haematologica 86: 349-356.

2. Freynhofer MK, Bruno V, Wojta J, Huber K (2012) The role of platelets in
athero-thrombotic events. Curr Pharm Des 18: 5197-5214.

3. Schulz C, Massberg S (2012) Platelets in atherosclerosis and thrombosis.
Handb Exp Pharmacol : 111-133.

4. Girolami A, Sambado L, Bonamigo E, Vettore S, Lombardi AM (2013)
Occurrence of thrombosis in congenital thrombocytopenic disorders: a critical
annotation of the literature. Blood Coagul Fibrinolysis 24: 18-22.

5. Mammen EF, Barnhart MI, Selik NR, Gilroy J, Klepach GL (1988) “Sticky platelet
syndrome”: a congenital platelet abnormality predisposing to thrombosis? Folia
Haematol Int Mag Klin Morphol Blutforsch 115: 361-365.

6. Mammen EF (1999) Sticky platelet syndrome. Semin Thromb Hemost 25: 361-365.

7. de Gaetano G, Santimone |, Gianfagna F, lacoviello L, Cerletti C (2012)
Variability of platelet indices and function: acquired and genetic factors. Handb
Exp Pharmacol : 395-434.

J Blood Disorders Transf
ISSN: 2155-9864 JBDT, an open access journal

Volume 4 + Issue 6 + 1000173


http://www.ncbi.nlm.nih.gov/pubmed/11325638
http://www.ncbi.nlm.nih.gov/pubmed/11325638
http://www.ncbi.nlm.nih.gov/pubmed/22724408
http://www.ncbi.nlm.nih.gov/pubmed/22724408
http://www.ncbi.nlm.nih.gov/pubmed/22918729
http://www.ncbi.nlm.nih.gov/pubmed/22918729
http://www.ncbi.nlm.nih.gov/pubmed/23037321
http://www.ncbi.nlm.nih.gov/pubmed/23037321
http://www.ncbi.nlm.nih.gov/pubmed/23037321
http://www.ncbi.nlm.nih.gov/pubmed/2465231
http://www.ncbi.nlm.nih.gov/pubmed/2465231
http://www.ncbi.nlm.nih.gov/pubmed/2465231
http://www.ncbi.nlm.nih.gov/pubmed/10548069
http://www.ncbi.nlm.nih.gov/pubmed/22918740
http://www.ncbi.nlm.nih.gov/pubmed/22918740
http://www.ncbi.nlm.nih.gov/pubmed/22918740

Citation: Santimone |, Gemmati D (2013) Sticky Platelet Syndrome and the Role of Glycoprotein Receptors: A Review of Literature. J Blood

Disorders Transf 4: 173. doi: 10.4172/2155-9864.1000173

Page 5 of 6

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Santimone |, Di Castelnuovo A, De Curtis A, Spinelli M, Cugino D, et al. (2011)
White blood cell count, sex and age are major determinants of heterogeneity
of platelet indices in an adult general population: results from the MOLI-SANI
project. Haematologica 96: 1180-1188.

Chittoor SR, Elsehety AE, Roberts GF, Laughlin WR (1998) Sticky Platelet
Syndrome: a case report and review of the literature. Clin Appl Thromb Hemost
4:280-284.

. Moncada B, Ruiz-Arguelles GJ, Castillo-Martinez C (2013) The sticky platelet

syndrome. Hematology 18: 230-232.

. Kubisz P, Stasko J, Holly P (2013) Sticky platelet syndrome. Semin Thromb

Hemost 39: 674-683.

. Chaturvedi S, Dzieczkowski JS (1999) Protein S deficiency, activated protein

C resistance and sticky platelet syndrome in a young woman with bilateral
strokes. Cerebrovasc Dis 9: 127-130.

. Gehoff A, Kluge JG, Gehoff P, Jurisch D, Pfeifer D, et al. (2011) Recurrent

strokes under anticoagulation therapy: Sticky platelet syndrome combined with
a patent foramen ovale. J Cardiovasc Dis Res 2: 68-70.

. Muhlfeld AS, Ketteler M, Schwamborn K, Eitner F, Schneider B, et al. (2007)

Sticky platelet syndrome: an underrecognized cause of graft dysfunction and
thromboembolic complications in renal transplant recipients. Am J Transplant
7: 1865-1868.

.EI-Amm JM, Andersen J, Gruber SA (2008) Sticky platelet syndrome: a

manageable risk factor for posttransplant thromboembolic events. Am J
Transplant 8: 465.

. Guillermo J, Ruiz-Arglelles GJ, Alarcon-Urdaneta C, Calderon-Garcia J, Ruiz-

Delgado GJ (2011) Primary thrombophilia in Mexico VIII: description of five kindreds
of familial sticky platelet syndrome phenotype. Rev Hematol Mex 12: 73-78.

. Simonova R, Bartosova L, Chudy P, Stasko J, Rumanova S, et al. (2013) Nine

kindreds of familial sticky platelet syndrome phenotype. Clin Appl Thromb
Hemost 19: 395-401.

. Kubisz P, lvankov J, Holly P, Stasko JN, MusiaA, J (2006) The glycoprotein

Illa PL(A1/A2) polymorphism--a defect responsible for the sticky platelet
syndrome? Clin Appl Thromb Hemost 12: 117-119.

. Kubisz P, Bartosova L, lvankova J, Holly P, Stasko J, et al. (2010) Is Gas6

protein associated with sticky platelet syndrome? Clin Appl Thromb Hemost
16: 701-704.

Stasko J, BartoSova L, Mytnik M, Kubisz P (2011) Are the platelets activated in
sticky platelet syndrome? Thromb Res 128: 96-97.

Ruiz-Arglelles GJ, Garcés-Eisele J, Camacho-Alarcén C, Reyes-Nufiez V,
Moncada-Gonzalez B, et al. (2012) Primary thrombophilia in Mexico IX: The
Glycoprotein llla PLA1/A2 Polymorphism is Not Associated With the Sticky
Platelet Syndrome Phenotype. Clin Appl Thromb Hemost.

Kubisz P, Ivankova J, Skerefiova M, Stasko J, Holly P (2012) The prevalence
of the platelet glycoprotein VI polymorphisms in patients with sticky platelet
syndrome and ischemic stroke. Hematology 17: 355-362.

Sokol J, Biringer K, Skerenova M, Hasko M, Bartosova L, et al. (2012)
Platelet aggregation abnormalities in patients with fetal losses: the GP6 gene
polymorphism. Fertil Steril 98: 1170-1174.

Kotulidova D, Chudy P, Skerefiova M, Ivankova J, Dobrotova M, et al. (2012)
Variability of GP6 gene in patients with sticky platelet syndrome and deep
venous thrombosis and/or pulmonary embolism. Blood Coagul Fibrinolysis 23:
543-547.

Holiday PL, Mammen E, Gilroy J (1983) Sticky platelet syndrome and cerebral
infarction in young adults. The Ninth International Joint Conference on Stroke
and Cerebral Circulation. Phoenix, Arizona. Arizona Circulation.

Mammen EF (1995) Ten years’ experience with the “Sticky Platelet Syndrome.
Clin Appl Thrombosis/Hemostasis 1: 66-72.

Bick RL (1998) Sticky platelet syndrome: a common cause of unexplained
arterial and venous thrombosis. Clin Appl Thromb Hemost 2: 77-81.

Bick RL, Hoppensteadt D (2004) Thrombohemorrhagic defects and recurrent
miscarriage syndrome. Blood 104: 712a.

Klamroth R, Seibt F, Rimpler H (2004) Recurrent vascular access site

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

thrombosis in patients on hemodialysis a problem of thrombophilia? Blood
104: 300a.

Lopez HC, Cisneros LN, Perez ST, Rodriguez JC, Cruz AM (2008) Sticky
platelet syndrome in patients with AIDS: a cross-sectional study. J Int AIDS
Soc 111:104.

Kannan S, Dhanasegaran S, Raji V (2007) Recurrent Arterial Thrombosis In A
Young Male: Sticky Platelet Syndrome. The Internet Journal of Hematology 4.

Barnes C, Deveber G (2006) Prothrombotic abnormalities in childhood
ischaemic stroke. Thromb Res 118: 67-74.

Darulova S, Samos$ M, Sokol J, Simonova R, Kovar F, et al. (2013) Sticky
platelets syndrome in a young patient with massive pulmonary embolism. Am
J Case Rep 14: 169-172.

Frenkel EP, Mammen EF (2003) Sticky platelet syndrome and thrombocythemia.
Hematol Oncol Clin North Am 17: 63-83.

Ruiz-Arguelles GJ, Alarcon-Urdaneta C, Calderon-Garcia J, Ruiz-Delgado
GJ (2011) Primary thrombophilia in Mexico VIII: description of five kindreds of
familial sticky platelet syndrome phenotype. Rev Hematol Mex 12:73-78.

Jandrot-Perrus M, Busfield S, Lagrue AH, Xiong X, Debili N, et al. (2000)
Cloning, characterization, and functional studies of human and mouse
glycoprotein VI: a platelet-specific collagen receptor from the immunoglobulin
superfamily. Blood 96: 1798-1807.

Mufioz X, Sumoy L, Ramirez-Lorca R, Villar J, de Frutos PG, et al. (2004)
Human vitamin K-dependent GASG6: gene structure, allelic variation, and
association with stroke. Hum Mutat 23: 506-512.

Andersen J (2006) Sticky platelet syndrome. Clin Adv Hematol Oncol 4: 432-434.

Balogh |, Hafizi S, Stenhoff J, Hansson K, Dahlback B (2005) Analysis of Gas6
in human platelets and plasma. Arterioscler Thromb Vasc Biol 25: 1280-1286.

Chen C, Li Q, Darrow AL, Wang Y, Derian CK, et al. (2004) Mer receptor
tyrosine kinase signaling participates in platelet function. Arterioscler Thromb
Vasc Biol 24: 1118-1123.

Michelson AD, Furman MI, Goldschmidt-Clermont P, Mascelli MA, Hendrix C,
et al. (2000) Platelet GP Illa PI(A) polymorphisms display different sensitivities
to agonists. Circulation 101: 1013-1018.

Carlsson LE, Greinacher A, Spitzer C, Walther R, Kessler C (1997)
Polymorphisms of the human platelet antigens HPA-1, HPA-2, HPA-3, and
HPA-5 on the platelet receptors for fibrinogen (GPIIb/llla), von Willebrand factor
(GPIb/IX), and collagen (GPla/lla) are not correlated with an increased risk for
stroke. Stroke 28: 1392-1395.

Carter AM, Ossei-Gerning N, Wilson IJ, Grant PJ (1997) Association of the
platelet PI(A) polymorphism of glycoprotein llb/llla and the fibrinogen Bbeta
448 polymorphism with myocardial infarction and extent of coronary artery
disease. Circulation 96: 1424-1431.

. Kastrati A, Schomig A, Seyfarth M, Koch W, Elezi S, et al. (1999) PIA

polymorphism of platelet glycoprotein Illa and risk of restenosis after coronary
stent placement. Circulation 99: 1005-1010.

Weiss EJ, Bray PF, Tayback M, Schulman SP, Kickler TS, et al. (1996) A
polymorphism of a platelet glycoprotein receptor as an inherited risk factor for
coronary thrombosis. N Engl J Med 334: 1090-1094.

Feng D, Lindpaintner K, Larson MG, Rao VS, O’Donnell CJ, et al. (1999)
Increased platelet aggregability associated with platelet GPllla PIA2
polymorphism: the Framingham Offspring Study. Arterioscler Thromb Vasc Biol
19: 1142-1147.

Renner W, Winkler M, Hoffmann C, Képpel H, Seinost G, et al. (2001) The
PIA1/A2 polymorphism of platelet glycoprotein llla is not associated with deep
venous thrombosis. Int Angiol 20: 148-151.

Ridker PM, Hennekens CH, Schmitz C, Stampfer MJ, Lindpaintner K (1997)
PIA1/A2 polymorphism of platelet glycoprotein llla and risks of myocardial
infarction, stroke, and venous thrombosis. Lancet 349: 385-388.

Clemetson JM, Polgar J, Magnenat E, Wells TN, Clemetson KJ (1999) The
platelet collagen receptor glycoprotein VI is a member of the immunoglobulin
superfamily closely related to FcalphaR and the natural killer receptors. Biol
Chem 274: 29019-29024.

J Blood Disorders Transf
ISSN: 2155-9864 JBDT, an open access journal

Volume 4 + Issue 6 + 1000173


http://www.ncbi.nlm.nih.gov/pubmed/21546503
http://www.ncbi.nlm.nih.gov/pubmed/21546503
http://www.ncbi.nlm.nih.gov/pubmed/21546503
http://www.ncbi.nlm.nih.gov/pubmed/21546503
http://cat.sagepub.com/content/4/4/280.full.pdf
http://cat.sagepub.com/content/4/4/280.full.pdf
http://cat.sagepub.com/content/4/4/280.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23433500
http://www.ncbi.nlm.nih.gov/pubmed/23433500
http://www.ncbi.nlm.nih.gov/pubmed/23934738
http://www.ncbi.nlm.nih.gov/pubmed/23934738
http://www.ncbi.nlm.nih.gov/pubmed/9973658
http://www.ncbi.nlm.nih.gov/pubmed/9973658
http://www.ncbi.nlm.nih.gov/pubmed/9973658
http://www.ncbi.nlm.nih.gov/pubmed/21716756
http://www.ncbi.nlm.nih.gov/pubmed/21716756
http://www.ncbi.nlm.nih.gov/pubmed/21716756
http://www.ncbi.nlm.nih.gov/pubmed/17532753
http://www.ncbi.nlm.nih.gov/pubmed/17532753
http://www.ncbi.nlm.nih.gov/pubmed/17532753
http://www.ncbi.nlm.nih.gov/pubmed/17532753
http://www.ncbi.nlm.nih.gov/pubmed/18093268
http://www.ncbi.nlm.nih.gov/pubmed/18093268
http://www.ncbi.nlm.nih.gov/pubmed/18093268
http://new.medigraphic.com/cgi-bin/resumenMainI.cgi?IDARTICULO=36325
http://new.medigraphic.com/cgi-bin/resumenMainI.cgi?IDARTICULO=36325
http://new.medigraphic.com/cgi-bin/resumenMainI.cgi?IDARTICULO=36325
http://www.ncbi.nlm.nih.gov/pubmed/22431856
http://www.ncbi.nlm.nih.gov/pubmed/22431856
http://www.ncbi.nlm.nih.gov/pubmed/22431856
http://www.ncbi.nlm.nih.gov/pubmed/16444447
http://www.ncbi.nlm.nih.gov/pubmed/16444447
http://www.ncbi.nlm.nih.gov/pubmed/16444447
http://www.ncbi.nlm.nih.gov/pubmed/19696043
http://www.ncbi.nlm.nih.gov/pubmed/19696043
http://www.ncbi.nlm.nih.gov/pubmed/19696043
http://www.ncbi.nlm.nih.gov/pubmed/21450332
http://www.ncbi.nlm.nih.gov/pubmed/21450332
http://www.ncbi.nlm.nih.gov/pubmed/22751911
http://www.ncbi.nlm.nih.gov/pubmed/22751911
http://www.ncbi.nlm.nih.gov/pubmed/22751911
http://www.ncbi.nlm.nih.gov/pubmed/22751911
http://www.ncbi.nlm.nih.gov/pubmed/23168074
http://www.ncbi.nlm.nih.gov/pubmed/23168074
http://www.ncbi.nlm.nih.gov/pubmed/23168074
http://www.ncbi.nlm.nih.gov/pubmed/22901851
http://www.ncbi.nlm.nih.gov/pubmed/22901851
http://www.ncbi.nlm.nih.gov/pubmed/22901851
http://www.ncbi.nlm.nih.gov/pubmed/22821001
http://www.ncbi.nlm.nih.gov/pubmed/22821001
http://www.ncbi.nlm.nih.gov/pubmed/22821001
http://www.ncbi.nlm.nih.gov/pubmed/22821001
https://www.thieme-connect.de/ejournals/linkout/10.1055/s-0033-1353394/id/OR01975-3
https://www.thieme-connect.de/ejournals/linkout/10.1055/s-0033-1353394/id/OR01975-3
https://www.thieme-connect.de/ejournals/linkout/10.1055/s-0033-1353394/id/OR01975-3
http://cat.sagepub.com/content/1/1/66.abstract
http://cat.sagepub.com/content/1/1/66.abstract
http://cat.sagepub.com/content/4/2/77.full.pdf
http://cat.sagepub.com/content/4/2/77.full.pdf
https://getinfo.de/app/Thrombohemorrhagic-Defects-and-Recurrent-Miscarriage/id/BLCP%3ACN053459080
https://getinfo.de/app/Thrombohemorrhagic-Defects-and-Recurrent-Miscarriage/id/BLCP%3ACN053459080
http://link.springer.com/article/10.1186%2F1758-2652-11-S1-P104
http://link.springer.com/article/10.1186%2F1758-2652-11-S1-P104
http://link.springer.com/article/10.1186%2F1758-2652-11-S1-P104
http://ispub.com/IJHE/4/1/6472
http://ispub.com/IJHE/4/1/6472
http://www.ncbi.nlm.nih.gov/pubmed/16039697
http://www.ncbi.nlm.nih.gov/pubmed/16039697
http://www.ncbi.nlm.nih.gov/pubmed/23826459
http://www.ncbi.nlm.nih.gov/pubmed/23826459
http://www.ncbi.nlm.nih.gov/pubmed/23826459
http://www.ncbi.nlm.nih.gov/pubmed/12627663
http://www.ncbi.nlm.nih.gov/pubmed/12627663
http://new.medigraphic.com/cgi-bin/resumenMainI.cgi?IDARTICULO=36325
http://new.medigraphic.com/cgi-bin/resumenMainI.cgi?IDARTICULO=36325
http://new.medigraphic.com/cgi-bin/resumenMainI.cgi?IDARTICULO=36325
http://www.ncbi.nlm.nih.gov/pubmed/10961879
http://www.ncbi.nlm.nih.gov/pubmed/10961879
http://www.ncbi.nlm.nih.gov/pubmed/10961879
http://www.ncbi.nlm.nih.gov/pubmed/10961879
http://www.ncbi.nlm.nih.gov/pubmed/15108283
http://www.ncbi.nlm.nih.gov/pubmed/15108283
http://www.ncbi.nlm.nih.gov/pubmed/15108283
http://www.ncbi.nlm.nih.gov/pubmed/16981665
http://www.ncbi.nlm.nih.gov/pubmed/15790929
http://www.ncbi.nlm.nih.gov/pubmed/15790929
http://www.ncbi.nlm.nih.gov/pubmed/15130911
http://www.ncbi.nlm.nih.gov/pubmed/15130911
http://www.ncbi.nlm.nih.gov/pubmed/15130911
http://www.ncbi.nlm.nih.gov/pubmed/10704169
http://www.ncbi.nlm.nih.gov/pubmed/10704169
http://www.ncbi.nlm.nih.gov/pubmed/10704169
http://www.ncbi.nlm.nih.gov/pubmed/9227689
http://www.ncbi.nlm.nih.gov/pubmed/9227689
http://www.ncbi.nlm.nih.gov/pubmed/9227689
http://www.ncbi.nlm.nih.gov/pubmed/9227689
http://www.ncbi.nlm.nih.gov/pubmed/9227689
http://www.ncbi.nlm.nih.gov/pubmed/9315527
http://www.ncbi.nlm.nih.gov/pubmed/9315527
http://www.ncbi.nlm.nih.gov/pubmed/9315527
http://www.ncbi.nlm.nih.gov/pubmed/9315527
http://www.ncbi.nlm.nih.gov/pubmed/10051292
http://www.ncbi.nlm.nih.gov/pubmed/10051292
http://www.ncbi.nlm.nih.gov/pubmed/10051292
http://www.ncbi.nlm.nih.gov/pubmed/8598867
http://www.ncbi.nlm.nih.gov/pubmed/8598867
http://www.ncbi.nlm.nih.gov/pubmed/8598867
http://www.ncbi.nlm.nih.gov/pubmed/10195947
http://www.ncbi.nlm.nih.gov/pubmed/10195947
http://www.ncbi.nlm.nih.gov/pubmed/10195947
http://www.ncbi.nlm.nih.gov/pubmed/10195947
http://www.ncbi.nlm.nih.gov/pubmed/11533523
http://www.ncbi.nlm.nih.gov/pubmed/11533523
http://www.ncbi.nlm.nih.gov/pubmed/11533523
http://www.ncbi.nlm.nih.gov/pubmed/9033464
http://www.ncbi.nlm.nih.gov/pubmed/9033464
http://www.ncbi.nlm.nih.gov/pubmed/9033464
http://www.ncbi.nlm.nih.gov/pubmed/10506151
http://www.ncbi.nlm.nih.gov/pubmed/10506151
http://www.ncbi.nlm.nih.gov/pubmed/10506151
http://www.ncbi.nlm.nih.gov/pubmed/10506151

Citation: Santimone |, Gemmati D (2013) Sticky Platelet Syndrome and the Role of Glycoprotein Receptors: A Review of Literature. J Blood
Disorders Transf 4: 173. doi: 10.4172/2155-9864.1000173

Page 6 of 6

50. http://www.ensembl.org/Homo_sapiens/Gene/Summary?g4ENSG00000088053 57. Fernandez-Fernandez L, Bellido-Martin L, Garcia de Frutos P (2008) Growth
arrest-specific gene 6 (GAS6). An outline of its role in haemostasis and

51. Furihata K, Kunicki TJ (2002) Characterization of human glycoprotein VI gene 5’ inflammation. Thromb Haemost 100: 604-610.
regulatory and promoter regions. Arterioscler Thromb Vasc Biol 22: 1733-1739.
58. Gould WR, Baxi SM, Schroeder R, Peng YW, Leadley RJ, et al. (2005) Gas6
52. Bick RL, Hoppensteadt D (2005) Recurrent miscarriage syndrome and infertility receptors Axl, Sky and Mer enhance platelet activation and regulate thrombotic
due to blood coagulation protein/platelet defects: a review and update. Clin responses. J Thromb Haemost 3: 733-741.
Appl Thromb Hemost 11: 1-13.
59. Angelillo-Scherrer A, Burnier L, Flores N, Savi P, DeMol M, et al. (2005) Role
53. Bick RL, Laughlin HR, Cohen BM, Staub AJ, Madden J, et al. (1995) Fetal of Gas6 receptors in platelet signaling during thrombus stabilization and

wastage syndrome due to blood protein/platelet defects: results of prevalence implications for antithrombotic therapy. J Clin Invest 115: 237-246.
studies and treatment outcome with low-dose heparin and lowdose aspirin. Clin

Appl Thromb Hemost 1: 286. 60. Mufioz X, Obach V, Hurtado B, de Frutos PG, Chamorro A, et al. (2007)

Association of specific haplotypes of GAS6 gene with stroke. Thromb Haemost
54. Bick RL (2000) Recurrent miscarriage syndrome due to blood coagulation 98: 406-412.
protein/platelet defects: prevalence, treatment and outcome results. DRW . . L .
Metroplex Recurrent Miscarriage Syndrome Cooperative Group. Clin Appl 6 ./};\ndersenéﬁo(w%) Report: bleeding and thrombosis in women. Biomed
Thromb Hemost 6: 115-125. rogress 12:40.

Johnson AD, Yanek LR, Chen MH, Faraday N, Larson MG, et al. (2010) 62. Ruiz-Arguelles GJ, Lopez-Martinez B, Valdés-Tapia P, Goémez-Rangel

Genome-wide meta-analyses identifies seven loci associated with platelet JD, Reyes—Nuﬁez N et‘ al. (2005) Primaw thrombaophilia in Mexi‘co. V‘, A
aggregation in response to agonists. Nat Genet 42: 608-613. comprehensive prospective study indicates that most cases are multifactorial.
Am J Hematol 78: 21-26.

=

55.

(32}

56. Manfioletti G, Brancolini C, Avanzi G, Schneider C (1993) The protein encoded
by a growth arrest-specific gene (gas6) is a new member of the vitamin
K-dependent proteins related to protein S, a negative coregulator in the blood
coagulation cascade. Mol Cell Biol 13: 4976-4985.

6

w

.Gouveia LO, Canhdo P (2010) MTHFR and the risk for cerebral venous
thrombosis--a meta-analysis. Thromb Res 125: e153-158.

Citation: Santimone |, Gemmati D (2013) Sticky Platelet Syndrome and the
Role of Glycoprotein Receptors: A Review of Literature. J Blood Disorders
Transf 4: 173. doi: 10.4172/2155-9864.1000173

J Blood Disorders Transf

ISSN: 2155-9864 JBDT, an open access journal Volume 4 - Issue 6 + 1000173


http://www.ncbi.nlm.nih.gov/pubmed/12377757
http://www.ncbi.nlm.nih.gov/pubmed/12377757
http://www.ncbi.nlm.nih.gov/pubmed/15678268
http://www.ncbi.nlm.nih.gov/pubmed/15678268
http://www.ncbi.nlm.nih.gov/pubmed/15678268
http://cat.sagepub.com/content/1/4/286.abstract
http://cat.sagepub.com/content/1/4/286.abstract
http://cat.sagepub.com/content/1/4/286.abstract
http://cat.sagepub.com/content/1/4/286.abstract
http://www.ncbi.nlm.nih.gov/pubmed/10898270
http://www.ncbi.nlm.nih.gov/pubmed/10898270
http://www.ncbi.nlm.nih.gov/pubmed/10898270
http://www.ncbi.nlm.nih.gov/pubmed/10898270
http://www.ncbi.nlm.nih.gov/pubmed/20526338
http://www.ncbi.nlm.nih.gov/pubmed/20526338
http://www.ncbi.nlm.nih.gov/pubmed/20526338
http://www.ncbi.nlm.nih.gov/pubmed/8336730
http://www.ncbi.nlm.nih.gov/pubmed/8336730
http://www.ncbi.nlm.nih.gov/pubmed/8336730
http://www.ncbi.nlm.nih.gov/pubmed/8336730
http://www.ncbi.nlm.nih.gov/pubmed/18841281
http://www.ncbi.nlm.nih.gov/pubmed/18841281
http://www.ncbi.nlm.nih.gov/pubmed/18841281
http://www.ncbi.nlm.nih.gov/pubmed/15733062
http://www.ncbi.nlm.nih.gov/pubmed/15733062
http://www.ncbi.nlm.nih.gov/pubmed/15733062
http://www.ncbi.nlm.nih.gov/pubmed/15650770
http://www.ncbi.nlm.nih.gov/pubmed/15650770
http://www.ncbi.nlm.nih.gov/pubmed/15650770
http://www.ncbi.nlm.nih.gov/pubmed/17721624
http://www.ncbi.nlm.nih.gov/pubmed/17721624
http://www.ncbi.nlm.nih.gov/pubmed/17721624
http://www.ncbi.nlm.nih.gov/pubmed/15609280
http://www.ncbi.nlm.nih.gov/pubmed/15609280
http://www.ncbi.nlm.nih.gov/pubmed/15609280
http://www.ncbi.nlm.nih.gov/pubmed/15609280
http://www.ncbi.nlm.nih.gov/pubmed/19926119
http://www.ncbi.nlm.nih.gov/pubmed/19926119

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Sticky platelet syndrome
	Classification and diagnosis of sticky platelet syndrome
	Sticky Platelet Syndrome (SPS) and Single-Nucleotide Polymorphisms (SNPs)
	SPS and GPIIIa PLA1/A2
	SPS and glycoprotein VI SNPs
	SPS and Gas6 gene

	Conclusion
	Acknowledgements
	Table 1
	References

