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Abstract

Platelets play a crucial role in the pathogenesis of stroke and antiplatelet agents exist for its
treatment and prevention. Through the use of LC-MS based protein expression profiling,
platelets from stroke patients were analyzed and then correlated with the proteomic analy-
ses results in the context of this disease. This study was based on patients who post ische-
mic stroke were admitted to hospital and had venous blood drawn within 24 hrs of the
incidence. Label-free protein expression analyses of the platelets’ tryptic digest was per-
formed in triplicate on a UPLC-ESI-qTOF-MS/MS system and ProteinLynx Global Server
(v2.5, Waters) was used for tandem mass data extraction. The peptide sequences were
searched against the reviewed homo sapiens database (www.uniprot.org) and the quantita-
tion of protein variation was achieved through Progenesis LC-MS software (V4.0, Nonlinear
Dynamics). These Label-free differential proteomics analysis of platelets ensured that 500
proteins were identified and 83 of these proteins were found to be statistically significant.
The differentially expressed proteins are involved in various processes such as inflamma-
tory response, cellular movement, immune cell trafficking, cell-to-cell signaling and interac-
tion, hematological system development and function and nucleic acid metabolism. The
expressions of myeloperoxidase, arachidonate 12-Lipoxygenase and histidine-rich glyco-
protein are involved in cellular metabolic processes, crk-like protein and ras homolog gene
family member A involved in cell signaling with vitronectin, thrombospondin 1, Integrin
alpha 2b, and integrin beta 3 involved in cell adhesion. Apolipoprotein H, immunoglobulin
heavy constant gamma 1 and immunoglobulin heavy constant gamma 3 are involved in
structural, apolipoprotein A-l, and alpha-1-microglobulin/bikunin precursor is involved in
transport, complement component 3 and clusterin is involved in immunity proteins as has
been discussed. Our data provides an insight into the proteins that are involved in the plate-
lets’ activation response during ischemic stroke. It could be argued that this study lays the
foundation for future mechanistic studies.
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Introduction

Ischemic stroke is a serious disease that results in high morbidity and mortality rates. Stroke is
caused by vascular blockages in the brain that cripples blood flow. [1]. Platelets play a crucial
role in the pathogenesis of stroke [2,3] and its treatment through prevention is possible
through antiplatelet agents [4]. Antiplatelet agents can suppress the platelet activation and
aggregation, thereby eliminating the high atherosclerosis risk of stroke patients. In the event of
antiplatelet therapy ceasing, the risk of stroke may rise in high-risk patients [5-7]. On the other
hand, the activation of platelets occurs via vascular subendothelium, collagen, fibrin, tissue fac-
tor and shear stress which are stimulants in the blood circulation [8]. Platelets can be affected
by various conditions in the circulation and such variations can trigger the cascade of thrombus
processes [9]. Platelets generate microparticles which upon activation exhibit various patho-
physiologic functions like the initiation and exacerbation of stroke [10]. Platelet activation
markers are associated with the platelet surface during activation such as PAC-1 (Procaspase
Activating Compound-1) CD62P (P-selectin), CD31 (PECAM, Platelet endothelial cell adhe-
sion molecule) and CD63. Glycoprotein 2b/3a (Gp2b/3a) (also known as integrin oIIbp3) is a
major membrane receptor and plays an essential role in calcium dependent platelet adhesion
and activation. PAC-I, a monoclonal antibody, is a marker for platelet activation that binds
only to the stimulated Gp 2b/3a complex on activated platelets and not to those resting. When
Gp2b/3a activation is initiated platelets undergo conformational and surface changes that
enhance their affinity to bind to fibrinogen, resulting in platelet-platelet adhesion, aggregation
and platelet-leukocyte interaction [11]. In particular, Flow cytometry detection of PAC-T is
more clinically applicable in the evaluation of platelet function [12]. Gp2b/3a which is the
platelet activation receptor can be a target for therapeutic drugs and such Gp2b/3a inhibitors
are specifically used to halt this activation in platelets [13-15]. It has been reported that the
Gp2b/3a receptor is a target for anti-platelet therapy in the stroke model in mice [16,17].

When the issue of an effective anti-platelet therapy for stroke patient is considered, platelet
functions and cellular components need to be investigated and determined. Due to the fact that
stroke is associated with the formation of thrombus it was deemed imperative for the protein
expressional changes in the platelets of stroke patients to be investigated. Our research based
on the scope of this study has not encountered another such proteomic study in the literature
of the field, thereby rendering the current study the first of its kind.

Material and Methods
Participants

This study was approved by the Human Research Ethics Committee of Marmara University
and was conducted according to the Declaration of Helsinki. This study required that all
patients and control subjects signed an informed constant form prior to blood sampling. Plate-
let samples were obtained from patients who had suffered a stroke and were admitted to the
neurology department within 24hrs of the incident and had not yet been administered with
any medication.

The diagnosis was made in accordance with the criteria of the World Health Organization
where stroke is defined as rapidly developing clinical symptoms/signs of cerebral dysfunction
lasting more than 24 hours without any cause other than a vascular abnormality. The stroke
subtype of the 65 patients who were admitted (mean age 66.1+10.5 years, 45-75 years old) was
classified according to the TOAST (trial of Org 10172 in acute stroke treatment) classification.
Exclusion criteria included transient ischemic attack (TTA), hemorrhagic stroke, intracerebral
hemorrhage and cranial trauma. The control group consisted of 42 participants (mean age 57.9
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+10.2 years, 40-68 years old) who underwent evaluation in the internal medicine polyclinic for
routine controls. The control group comprised of subjects who hadn’t taken anti-platelet drugs
over the last 14 day period. Prior to the drawing of venous blood a record of prescription medi-
cation used by subjects was made. In addition, the demographic characteristics of sampled sub-
jects are shown in S1 Table.

Platelet preparation

Human blood was collected into tubes containing acid citrate dextrose (364606 BD, USA) and
platelet-rich plasma (PRP) was prepared via centrifugation at 150 g for 15 minutes at room
temperature. PRP was then recentrifuged at 800 g for 15 minutes to concentrate the platelets
and the pellet was resuspended in modified Tyrode’s Ca*?/Mg™ free buffer (127 mM NaCl, 2.7
mM KCl, 0.5 mM NaH,PO,, 12 mM NaHCOj3, 5 mM 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid (HEPES), 5.6 mM glucose, pH: 7.4) in order to obtain a final platelet concentra-
tion of 2x10%/mL.

Platelet PAC-I binding assay

In order to determine platelet activation, PAC-I (activated Gp2b/3a receptor marker) binding
was measured using flow cytometry. Platelet suspensions were incubated with 5 ug/mL FITC-
labeled anti-PAC1 (BD, USA) into a polypropylene tube containing PBS and 1% BSA for 30
minutes at room temperature. The samples were subsequently diluted with buffer and analyzed
through flow cytometry.

Platelet calcium secretion measurement

Platelet intracellular calcium flux was measured with a Fluo-8 calcium assay kit (AAT Bio-
quest). Fluo-8 solution and dye-loading solution was added to the platelet suspensions and
platelet cells were incubated for 30 min at 37°C. The Ca®* level was determined by monitoring
the fluorescence intensity in Ex/Em = 490/525 nm with a fluorescence microplate reader (Glo-
max, Promega, USA).

Western blot analysis

Platelet lysates were suspended in cell lysis buffer with a protease inhibitor cocktail and centri-
fuged for 15 minutes at 14.000 rpm, at +4°C. The supernatant was collected and the protein
concentration was determined using the Bradford method [18]. Once the proteins had resolved
on 4-12% SDS-PAGE and were transferred to a nitrocellulose membrane and blocking
achieved with BSA, the gel was incubated overnight with the primary antibody (1:500 mono-
clonal human anti-Gp2b/3a sc-53417, b-actin sc-130301 Santa Cruz Biotechnology). The
membrane was then washed and incubated with HRP conjugated secondary antibody for 2
hours and the blot was developed with chemiluminescence reagents and then exposed to the
film. The quantification of band intensities was realized through Image J analysis software
(NIH, Bethesda, MD). Band intensities were normalized to the corresponding controls and
shown as the mean +SD. A representative blot for each protein of interest is shown, with -
actin as loading control.

Proteomics analysis by LC-MS

Sample preparation. In selected stroke patients (n = 9) and control subjects (n = 9) plate-
lets were rinsed first with cold 50 mm ammonium bicarbonate (AmBic) and protein extraction
was achieved with an ultrasonic homogenizer (5 s on, 5 s off, 3 cycles). The realization of the
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protein concentration of the cell lysate was based on the Bradford method [18]. For the tryptic
peptide generation sample analyses, 100 ug of total protein mixture was used. The filter aided
sample preparation (FASP) method was applied to generate the tryptic peptides where 200 ul
of 6 M urea was added to the protein sample and centrifuged at 14,000 x g for 15 in a 30 kDa
cut-off spin filter. Protein mixture was alkylated with 10 mM iodoacetamide in the dark at
room temperature for 20 minutes and then rinsed first with 6 M urea and then twice with 50
mM AmBic solution. The mixture was incubated with 1:100 (trypsin: protein) ratio of MS
grade trypsin overnight. Later the peptides were removed from the spin filter with 50 mM
AmBic and 0.5 M NaCl solution. The flow- through was collected and lyophilized.

LC-MS/MS Analysis and Database Search (UPLC-ESI-qTOF-MS). LC-MS/MS based
protein expression analysis was carried out in accordance with our prior research [19]. In brief,
500 ng total tryptic peptide mixture was analyzed in triplicate by a LC-MS/MS system
(nanoACQUITY UPLC and SYNAPT G1 HDMS, Waters). The trap and analytical columns
were equilibrated with mobile phase (97% H,O with 0.1% formic acid and 3% ACN (Acetoni-
trile) with 0.1% formic acid) and column temperature was 45°C. The gradient elution of pep-
tides was achieved by increasing the ACN percentage from 5 to 40% at a 300 nl/min flow rate
over a 90 minute period. Symmetry C18 5 pm, 180 um i.d. x 20 mm and BEH C18, 1.7 um,

75 pm i.d. x 250 mm columns were employed as both trap and analytical columns respectively.
MS" data was collected at positive ion V mode with 1,5 second intervals switching from 6V low
energy to ramped collusion energy from 15 to 40 V. Glu-fibrinopeptide was infused as a mass
calibrant and peptide signals between 50-1600 were recorded. Signal preprocessing was under-
taken with ProteinLynx Global Server (v2.5, Waters) and peptide sequences were searched
against the reviewed database of homo sapiens (www.uniprot.org). The sequence of the inter-
nal standard (yeast enolase, Uniprot accession no: P00924) was included in the FASTA file.
The level of Carbamidomethyl-cysteine was fixed and Acetyl N-TERM, the deamination of
asparagine and glutamine and oxidation of methionine, underwent variable modifications. The
Apex3D data preparation parameters were set in accordance with o previous research [20, 21].

Protein Identification and Quantification. The absolute quantification of proteins is
achieved through the addition of a known amount of internal calibrant to the tryptic peptide
mixture. Three of the most intense peptides of the added calibrant are used to calculate the
absolute amounts of each protein within the mixture. Three of the reproducibly detected cali-
brant peptides are m/z 1286.7098, m/z 1046.5273 and m/z 1159.6082 which are used to calcu-
late an average response. Each sample that will undergo analysis is spiked with 50 fmol of
calibrant. For the purpose of quantitation, three of the most intense peptide signals from a pro-
tein are selected and compared to the intensities calculated for the internal calibrant and abso-
lute amounts are then derived [22-24]. Progenesis LC-MS (V4.0, Nonlinear Dynamics) was
used to calculate the normalized abundances for all of the identified proteins.

Statistical Analyses

Statistical computations for biochemical analyses were performed using SPSS software package
version 15.0 (SPSS). Data normality was assessed using the Kolmogorov-Smirnov test. Results
are presented as mean + standard deviation as appropriate. The Mann-Whitney U-test was
applied to assess the differences in biomarker concentration between the 2 groups.

Results
Platelet activation in stroke patients

Platelet histograms of PAC-I binding, as a marker of activation of Gp2b/3a receptor, for both
control subjects and stroke patients are shown in Fig 1A. When the parameters in the control
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Fig 1. A) Histogram of Platelet activation responses using PAC-I binding by flow cytometry in the control and
stroke patient groups. B) The percentage of PAC-I binding in the stroke and control subjects (**p < 0.01
versus control group) C) Platelet Ca*? levels secretion in the stroke and control subjects (**p < 0.001 versus
control group) D) Gp2b/3a protein expression in platelets determined by Western blotting. E) Gp2b/3a/B-actin
ratio in the platelets (***p<0.01 versus control group)

doi:10.1371/journal.pone.0158287.g001

group (24.28 + 12.04%) were compared with those in the stroke group (58.79+£14.15%), it was
found that the PAC-I binding levels in the stroke patients were significantly higher than the
controls (Fig 1B, p<0.01). Platelet Ca** secretion, an activation and aggregation marker, is
shown in Fig 1 for the samples. The use of Ca>* specific binding fluorescence particles against
platelets Ca®" secretion was measured by a fluorescence reader (Fig 1C). Ca** secretion ratio
levels of stroke subjects (2.06 £ 0.12) were found to be significantly higher than the control
group (1.04 £ 0.06, p<0.001). The detection and quantification of the platelet activation
marker protein, Gp2b/3a, was achieved by western blotting (Fig 1D). Gp2b/3a protein was
detected in the membrane fraction as a 200 kDa band and B-actin is seen as a 43 kDa band.
When the Gp2b/3a protein expression values of the control subjects (1.05 + 0.81) were com-
pared to stroke subjects (4.25 + 0.38), significant increases were observed (p<0.001, Fig 1E).
The data indicate that the activation stimulus is persistent in stroke patients.

Proteomic profiling of platelets

A total of 500 unique proteins in stroke patients were identified and grouped according to the
appropriate refseq IDs (a complete list of all identified proteins is shown in supplementary
data 2). The proteins which had a higher or lower expression pattern in stroke patients were
then ascertained. It was found that eighty-three proteins are differentially expressed in the
stroke patient when compared to the control patient. Protein localization, classification, fold
change and significances are also shown in S2 Table.

According to the Gene Ontology database the statistically significant proteins identified are
localized in terms of percentage as 36% in the cell cytoplasm, 42% in the extra cellular space,
11% in the membrane, 3% in the cytoskeleton and 8% is unknown localization (S1 Fig). Fur-
thermore, the same list of proteins were grouped according to their biological processes and it
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was found that 17% were involved in the cellular process, 16% in biological regulation, 11% in
localization, 12% in response to stimulus, 10% in the multicellular organismal process, 8% in
metabolic process, 7% in the establishment of localization and 19% in the other pathways (S2A
Fig). The direct and indirect simultaneous interaction of the proteins was investigated. Of the
proteins identified 33% were categorized as playing a role in molecular function, 32% in bind-
ing, 13% in catalytic activity, 4% in structural molecule activity and 18% fell in other categories
(S2B Fig).

Protein-protein interaction networks were generated using the IPA (Ingenuity Pathway
Analysis) software and based on the proteins identified; it was found that the statistically signif-
icantly altered proteins play a role in cell-to-cell signaling and interaction, inflammatory
response, immune cell trafficking, cellular movement, hematological system development and
function, and nucleic acid metabolism. Functional analyses also showed that certain pathways
are overrepresented in this set which includes hematological, cell-to-cell signaling and inflam-
matory diseases. As shown in Fig 2A the patterns of change are consistent in both directions as
is the magnitude of the significance in these three pathways. In terms of the proteins up-regu-
lated in stroke patients, 39 of the proteins played a role in inflammatory response, 35 proteins
in cell-to-cell signaling and interaction and 39 proteins in the hematological system On the
other hand, these three processes were constructed from 31 proteins and thirty-one of the 83
proteins could be matched and appeared on all three pathways. However, the expression differ-
ence levels for these 16 were significantly higher (as shown in in Fig 2B) and these proteins are
represented in all three pathway.

Discussion

In the present study, it was first determined that the platelet activation of ischemic stroke
patients resulted in altered protein expressions. Various platelet abnormalities are implicated
in atherothrombotic mechanisms in ischemic stroke and to clinically alleviate it, anti-platelet
drugs and anticoagulants are prescribed [25,7]. Platelets can interact highly with other cells in
the circulation owing to their high concentration and reactivity.
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Structural or molecular changes in the cell membrane result in a direct or indirect cellular
response. Platelets have short life spans which are more prone to changes in plasma molecules
and cell interactions in blood circulation. Upon activation, the cellular component organiza-
tion of platelets can be altered and molecular interaction also stimulates neighbouring cells
[26]. Platelet adhesion and activation leads to thrombus formation which reduces the risk of
stroke [6]. It was previously demonstrated that the high plasma levels of TNF-o (tumor necro-
sis factor alpha) stimulated platelet activation in stroke patients [27]. Therefore, anti-platelet
drugs or combination therapies are utilized for the prevention of stroke. This study witnessed
the analysis of the proteomic profiles of platelets from acute ischemic stroke patients. The
results of platelet activation studies demonstrated that platelets from stroke patients caused a
significant increase in PAC-I binding, Gp2b/3a activation and Ca** secretion. Previous studies
demonstrated that platelet activation involving PAC-I binding enhances the acute phase and
returns to baseline three months later in acute ischemic stroke patients [28]. Similarly anti-
platelet combination therapies decrease the expression of PAC-I in platelets of stroke patients
[29].

The findings of this study determined that several important proteins like cellular metabolic
process proteins MPO (Myeloperoxidase), ALOX12 (Arachidonate 12-Lipoxygenase), HRG
(Histidine-rich glycoprotein), cell signaling proteins CRKL (Crk-like protein), RHOA (Ras
homolog gene family, member A), cell adhesion proteins VIN (Vitronectin), THBS1 (Throm-
bospondin 1), ITGA2B (Integrin alpha 2b), ITGB3 (integrin, beta 3), structural proteins
APOH (Apolipoprotein H), IGHGI (Immunoglobulin heavy constant gamma 1), IGHG3
(Immunoglobulin heavy constant gamma 3), transport proteins APOAL1 (apolipoprotein A-I),
AMBP (Alpha-1-microglobulin/bikunin precursor) and immunity proteins C3 (complement
component 3), CLU (Clusterin) were present in platelets of stroke patients. These proteins may
be potential targets for early stage stroke.

ITGA2B and ITGB3 receptor complex of the integrin family is encoded in Gp2b/3a (CD41/
CDe61) and is expressed on platelets and megakaryocytes that play a critical role in thrombosis
and hemostasis. Adenosine diphosphate activates Gp2b/3a which can lead to platelet stimula-
tion signaling pathways [30]. As highlighted in the results section, the Gp2b/3a complex pro-
tein expressions of platelets were quantified using western blotting in stroke patients. The
platelet proteomic profiling data revealed that the differences in log2 ratio intensities between
ITGA2B and ITGB3 levels of stroke patients and of those patients in the control group. These
data enable comparison of platelet activation and platelets surface receptors levels between
stroke patients and healthy patients. VTN is a major cell adhesion multifunctional glycoprotein
and is released to alpha granules from platelets that play a role in the formation of stable plate-
let aggregates [31, 32]. In addition, VIN interactions with platelets integrin Gp2b/3a triggers
VTN dependent platelets adhesion that can lead to thrombus formation of atherosclerosis
[33,34]. It was found that VTN protein expression is higher in stroke patients’ platelets. The
other glycoprotein is HRG which has been identified binding to activated human platelets [35]
and includes zinc, haem and calcium ion binding site [36]. HRG can bind activated platelets
[37]. According to the findings, HRG binding on platelet surface can occur due to increased
platelet activation during a stroke. CRKL is an adaptor protein that is essential for the tyrosine
kinase signaling pathway [38]. CRKL has a role in platelet aggregation through inducing tyro-
sine phosphorylated via thrombopoietin in both chronic myeloid leukemia patients’ [39] and
upregulated in myocardial infraction patients’ platelets [40]. Furthermore, CRKL protein has
an association and shows a functional response after stimulation of the collagen receptor GPVI
in platelets [41]. In the present study, an increase in CRKL protein expression was also seen in
stroke patients’ platelets in response to platelet activation. In addition to this, THBS] also plays
arole in cell-cell, cell-matrix interactions, platelet aggregation and angiogenesis which is stored
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in the a-granules of platelets and stimulates Gp2b/3a dependent platelet activation [42]. It has
been shown that THBS1 constitutes a sensitive and stable parameter suited to monitoring in
vitro platelet activation [43]. Likewise, the mechanism by which THBSI contributes to up regu-
lation after stroke in animal models [44].

AMBP is a two plasma glycoprotein and combines with o-1-microglobulin and bikunin pre-
cursors that play a role in the regulation of inflammatory processes [45]. Recent studies show
that AMBP may be a marker for differential diagnosis such as bowel disease [46], cancer [47]
and kidney stones [48]. However, there is currently little information with regard to platelets in
the literature of the field. RHOA is a member of the Ras superfamily of small GTP-binding pro-
teins which plays a highly selective role in Gp2b/3a signaling in platelets [49]. It has a role in
response to integrin ligation that maintains platelet sphericity and promotes contractility [50].
Recent studies reveal that RHOA is activated during the initial phase of platelet activation but
is inactivated during the spreading and late phase of activation [51]. At the same time, it is
reported that RHOA deficiency affects platelet function and the structure of microtubules
which is the potential association of RHOA to deregulation in human hematologic diseases
[52]. Interestingly this deficiently has been associated with stroke patients’ platelets activation
and expression of Gp2b/3a.

CLU is a glycoprotein that has a functional role in pro-survival and cell cycle control [53].
Ordinarily, it is the platelets and megakaryocytes that expressed the CLU which is localized in
the alpha granules [54]. It is reported that CLU protein expression decreased in systemic lupus
erythematosus patients’ platelets and interacted with thrombotic complications [55]. Lowered
CLU levels in platelets may be involved in the pathogenesis of stroke patients.

Another important consideration is that complement-cell interactions may be receptor-
dependent or independent. Proliferation, cell death, mitosis, cell arrest, secretion and phagocy-
tosis are some of the many cellular responses that can be triggered by these complements [56].
The activation of complements is directly linked to inflammation which is the major cause of
autoimmune and immune complex diseases [57]. Complement C3 binds to activated platelets,
the presence of complement proteins on the surfaces of non-activated and thrombin receptor-
activating peptide-activated platelets is revealed by flow cytometry [58]. This is in contrary to a
number of pathological conditions where thrombocytopenia and thrombotic diseases occur
without the regulators of complement activation. Likewise, IGHG1 and IGHG3 proteins corre-
lated to an immunological and inflammatory pathway [59] and the role of such proteins func-
tion is little discussed in the literature of the field. Inflammation markers have been associated
with the early phase of stroke in the activation of innate local immune responses in glial cells
and the recruitment of circulating leukocytes into the affected brain tissue [60]. It is reported
that IGHGI1 down regulation with siRNA silencing can suppress cell proliferation and apopto-
sis in prostate cancer cells [61]. In stroke patients, platelets are affected when inflammation
markers are induced in plasma [27]. In the findings of this study, IGHG1 and IGHGS3 are first
determined in stroke patients’ platelets, these proteins may interact with platelets surface recep-
tors. Furthermore, MPO is known as a heme protein and cellular catalytic enzyme which is
released form monocyte and neutrophils. It has been shown that MPO binds to human plate-
lets and triggers platelet activation and aggregation via releasing Ca>* from platelets’ intracellu-
lar stores [62]. In addition, ALOX12 is a known arachidonate 12-lipoxygenase and its role in
platelets functions is not well understood. It was previously reported that ALOX12 causes
thrombin- and thromboxane-induced platelet aggregation which interferes with the calcium
signaling in platelets [63]. In addition to this role of ALOX12 in platelets, it mediates the gener-
ation of peroxide and other reactive oxygen species which are regulated by the nicotinamide
adenine dinucleotide phosphate oxidase pathway in platelets [64]. On the other hand, APOAL,
apolipoprotein A-I, binds to the platelet surface and has an antithrombotic role in blood

PLOS ONE | DOI:10.1371/journal.pone.0158287 June 23,2016 8/12



@’PLOS ‘ ONE

Platelets Proteomic in Stroke Patients

circulation. It binds to APOA1 to the scavenger receptor BI which regulates platelet function,
most likely through platelet inhibition [65]. Our data showed that APOAI levels decreased in
the platelets of stroke patients. In addition, APOH is called p2-Glycoprotein I (32GPI) and is
associated with thrombosis and causes thrombophilia [66]. In blood circulation, B2GPI may
also be complex with ox-LDL (oxidative modification of low-density lipoprotein) and these
complexes promote prothrombotic functions and coagulation factors in atherothrombotic car-
diovascular diseases [67]. Platelets included the CD36 receptor that is required for the activa-
tion of human platelets in response to oxXLDL. In a previous paper it was shown that through
the addition of ox-LDL induced oxidative modifications and the triggering signals of apoptosis
activation in platelets [68]. When considering the effects of APOH on stroke patient’s platelets,
pro-apoptotic factors must be activated.

There is a paucity of studies focused on platelet functions in diseases. It is important to
define and characterize platelet status in acute ischemic stroke patients in order to generate
new anti-platelet drugs or to discover platelet activation markers for diagnosis. For the pur-
poses of this study, we demonstrated that 83 proteins were differentially expressed in the stroke
group in contrast to the control group. Some of these proteins have been suggested to play an
important role in the activation of platelets and the pathophysiology of acute ischemic stroke.
These findings may be instrumental in facilitating future mechanistic studies.

Supporting Information

S1 Fig. Distribution of localization of identified proteins. Classification of cellular compart-
ment in stroke patients platelet compare to control group
(TIF)

S$2 Fig. Distribution of classification of identified proteins A) Platelet Biological process of
stroke patients as compared to control group, B) Platelet functional categories of stroke
patients as compared to control group.

(TIF)

S1 Table. Acute ischemic stroke patients and controls characteristic.
(DOCX)

$2 Table. Summary of proteins significantly up/down regulated in stroke vs. controls.
(DOCX)

Acknowledgments
The authors thank Dr. Goksel Somay for the collection of patients’” blood.

Author Contributions

Conceived and designed the experiments: OC AS. Performed the experiments: OC ATB. Ana-
lyzed the data: OC ATB. Contributed reagents/materials/analysis tools: OC AS ATB. Wrote the
paper: OC ATB.

References

1. Prochazkova R, Andrys C, Hubackova L, Krejesk J. Markers of platelet activation and apoptosis in
platelet concentrates collected by aphaeresis. Transfus Apher Sci 2007; 37:115-23. PMID: 17945536

2. NiuPP, Guo 2N, Jin H, Xing YQ, Yang Y. Antiplatelet regimens in the long-term secondary prevention
of transient ischaemic attack and ischaemic stroke: an updated network meta-analysis. BMJ Open
2016; 6(3):e009013. doi: 10.1136/bmjopen-2015-009013 PMID: 26988347

PLOS ONE | DOI:10.1371/journal.pone.0158287 June 23,2016 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158287.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158287.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158287.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0158287.s004
http://www.ncbi.nlm.nih.gov/pubmed/17945536
http://dx.doi.org/10.1136/bmjopen-2015-009013
http://www.ncbi.nlm.nih.gov/pubmed/26988347

@’PLOS ‘ ONE

Platelets Proteomic in Stroke Patients

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Furlan JC, Fang J, Silver FL. Outcomes after acute ischemic stroke in patients with thrombocytopenia
or thrombocytosis. J Neurol Sci 2016; 362:198-203. doi: 10.1016/j.jns.2016.01.044 PMID: 26944147

Smith NM, Pathansali R, Bath PMW. Platelets and stroke. Vascular Medicine 1999; 4:165-172. PMID:
10512596

Sibon I, Orgogozo JM. Antiplatelet drug discontinuation is a risk factor for ischemic stroke. Neurology
2004; 62(7):1187. PMID: 15079022

Shulga O, Bornstein N. Antiplatelet in secondary stroke preventetion. Front Neurol 2011; 2:36. doi: 10.
3389/fneur.2011.00036 PMID: 21772826

Depta JP, Bhatt DL. New approaches to inhibiting platelets and coagulation. Annu Rev Pharmacol Tox-
icol 2015; 55:373-97. doi: 10.1146/annurev-pharmtox-010814-124438 PMID: 25562644

del Zoppo GJ. The role of platelets in ischemic stroke. Neurology 1998; 51(3 Suppl 3):S9-14. PMID:
9744824

Yago T, Tsukuda M, Minami M. P-selectin binding promotes the adhesion of monocytes to VCAM-1
under flow conditions. J Immunol 1999; 163:367-373. PMID: 10384137

Morrell CN, Sun H, Swaim AM, Baldwin WM 3rd. Platelets an inflammatory force in transplantation. Am
J Transplant 2007; 7(11):2447-54. PMID: 17927608

Lefkovits J, Plow EF, Topol EJ. Platelet glycoprotein llb/llla receptors in cardiovascular medicine. N
Engl J Med 1995; 332(23):1553-9. PMID: 7739710

Lim YA, Cho SR, Lee WG, Park JS, Kim SW. Change of platelet activation markers using flow cytome-
try in patients with hematology/oncology disorders after transfusion. Platelets 2008; 19(5):328—34. doi:
10.1080/09537100802129867 PMID: 18791938

Topol EJ, Byzova TV, Plow EF. Platelet GPIlIb-llla blockers. Lancet 1999; 353(9148):227-31. PMID:
9923894

Hong K-S. Dual Antiplatelet Therapy after Noncardioembolic Ischemic Stroke or Transient Ischemic
Attack: Pros and Cons. Journal of Clinical Neurology (Seoul, Korea). 2014; 10(3):189-196.

Hagemeyer CE, Peter K. Targeting the platelet integrin GPIIb/Illa. Curr Pharm Des 2010; 16(37):4119—
33. PMID: 21247395

Kleinschnitz C, Pozgajova M, Pham M, Bendszus M, Nieswandt B, Stoll G. Targeting Platelets in Acute
Experimental Stroke: Impact of Glycoprotein Ib, VI, and IIb/llla Blockade on Infarct Size, Functional
Outcome, and Intracranial Bleeding. Circulation 2007; 115: 2323-2330. PMID: 17438148

Kleinschnitz C, De Meyer SF, Schwarz T, Austinat M, Vanhoorelbeke K, Nieswandt B, et al. Deficiency
of von Willebrand factor protects mice from ischemic stroke. Blood 2009; 113: 3600-3603. doi: 10.
1182/blood-2008-09-180695 PMID: 19182208

Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of protein utiliz-
ing the principle of protein-dye binding. Anal Biochem 1976; 72:248-54. PMID: 942051

Serhatli M, Baysal K, Acilan C, Tuncer E, Bekpinar S, Baykal AT. Proteomic study of the microdissected
aortic media in human thoracic aortic aneurysms. J Proteome Res 2014; 13(11):5071-80. doi: 10.
1021/pr5006586 PMID: 25264617

D'Aguanno S, D'Alessandro A, Pieroni L, Roveri A, Zaccarin M, Marzano V, et al. New insights into neu-
roblastoma cisplatin resistance: a comparative proteomic and meta-mining investigation. J Proteome
Res 2011; 10(2):416—28. doi: 10.1021/pr100457n PMID: 21128686

Vissers JP, Langridge JI, Aerts JM. Analysis and quantification of diagnostic serum markers and protein
signatures for Gaucher disease. Mol Cell Proteomics 2007; 6(5):755-66. PMID: 17293593

Cheng FY, Blackburn K, Lin YM, Goshe MB, Williamson JD. Absolute protein quantification by LC/MS
(E) for global analysis of salicylic acid-induced plant protein secretion responses. J Proteome Res
2009; 8(1):82—-93. doi: 10.1021/pr800649s PMID: 18998720

Silva JC, Gorenstein MV, Li GZ, Vissers JP, Geromanos SJ. Absolute quantification of proteins by
LCMSE: a virtue of parallel MS acquisition. Mol Cell Proteomics 2006; 5(1):144-56. PMID: 16219938

Bostanci N, Heywood W, Mills K, Parkar M, Nibali L, Donos N. Application of label-free absolute quanti-
tative proteomics in human gingival crevicular fluid by LC/MS E (gingival exudatome). J Proteome Res
2010; 9(5):2191-9. doi: 10.1021/pr900941z PMID: 20205380

Nieswandt B, Pleines |, Bender M. Platelet adhesion and activation mechanisms in arterial thrombosis
and ischaemic stroke. Journal of Thrombosis and Haemostasis 2011; 9(Suppl. 1): 92—104. doi: 10.
1111/j.1538-7836.2011.04361.x PMID: 21781245

Gyulkhandanyan AV, Mutlu A, Freedman J, Leytin V. Selective triggering of platelet apoptosis, platelet
activation or both. Br J Haematol 2013; 161(2):245-54. doi: 10.1111/bjh.12237 PMID: 23398569

Cevik O, Adiguzel Z, Baykal AT, Somay G, Sener A. The apoptotic actions of platelets in acute ischemic
stroke. Mol Biol Rep 2013; 40(12):6721-7. doi: 10.1007/s11033-013-2787-9 PMID: 24057255

PLOS ONE | DOI:10.1371/journal.pone.0158287 June 23,2016 10/12


http://dx.doi.org/10.1016/j.jns.2016.01.044
http://www.ncbi.nlm.nih.gov/pubmed/26944147
http://www.ncbi.nlm.nih.gov/pubmed/10512596
http://www.ncbi.nlm.nih.gov/pubmed/15079022
http://dx.doi.org/10.3389/fneur.2011.00036
http://dx.doi.org/10.3389/fneur.2011.00036
http://www.ncbi.nlm.nih.gov/pubmed/21772826
http://dx.doi.org/10.1146/annurev-pharmtox-010814-124438
http://www.ncbi.nlm.nih.gov/pubmed/25562644
http://www.ncbi.nlm.nih.gov/pubmed/9744824
http://www.ncbi.nlm.nih.gov/pubmed/10384137
http://www.ncbi.nlm.nih.gov/pubmed/17927608
http://www.ncbi.nlm.nih.gov/pubmed/7739710
http://dx.doi.org/10.1080/09537100802129867
http://www.ncbi.nlm.nih.gov/pubmed/18791938
http://www.ncbi.nlm.nih.gov/pubmed/9923894
http://www.ncbi.nlm.nih.gov/pubmed/21247395
http://www.ncbi.nlm.nih.gov/pubmed/17438148
http://dx.doi.org/10.1182/blood-2008-09-180695
http://dx.doi.org/10.1182/blood-2008-09-180695
http://www.ncbi.nlm.nih.gov/pubmed/19182208
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://dx.doi.org/10.1021/pr5006586
http://dx.doi.org/10.1021/pr5006586
http://www.ncbi.nlm.nih.gov/pubmed/25264617
http://dx.doi.org/10.1021/pr100457n
http://www.ncbi.nlm.nih.gov/pubmed/21128686
http://www.ncbi.nlm.nih.gov/pubmed/17293593
http://dx.doi.org/10.1021/pr800649s
http://www.ncbi.nlm.nih.gov/pubmed/18998720
http://www.ncbi.nlm.nih.gov/pubmed/16219938
http://dx.doi.org/10.1021/pr900941z
http://www.ncbi.nlm.nih.gov/pubmed/20205380
http://dx.doi.org/10.1111/j.1538-7836.2011.04361.x
http://dx.doi.org/10.1111/j.1538-7836.2011.04361.x
http://www.ncbi.nlm.nih.gov/pubmed/21781245
http://dx.doi.org/10.1111/bjh.12237
http://www.ncbi.nlm.nih.gov/pubmed/23398569
http://dx.doi.org/10.1007/s11033-013-2787-9
http://www.ncbi.nlm.nih.gov/pubmed/24057255

@’PLOS ‘ ONE

Platelets Proteomic in Stroke Patients

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44.

45.

46.

47.

48.

49.

Fateh-Moghadam S, Htun P, Tomandl B, Sander D, Stellos K, Geisler T, et al. Hyperresponsiveness of
platelets in ischemic stroke. Thromb Haemost 2007; 97(6):974—8. PMID: 17549300

Lee SY, Kang MJ, Cha JK. Cilostazol reduces PAC-1 expression on platelets in ischemic stroke.J Clin
Neurol 2008; 4(4):148-52. doi: 10.3988/jcn.2008.4.4.148 PMID: 19513289

Reed GL, Fitzgerald ML, Polgar J. Molecular mechanisms of platelet exocytosis: insights into the
"secrete" life of thrombocytes. Blood 2000; 96(10):3334—-42. PMID: 11071625

Asch E, Podack E. Vitronectin binds to activated human platelets and plays a role in platelet aggrega-
tion. J Clin Invest 1990; 5(5):1372-8.

Eitzman DT, Westrick RJ, Nabel E, Ginsburg D. Plasminogen activator inhibitor-1 and vitronectin pro-
mote vascular thrombosis in mice. Blood 2000; 95:577-80. PMID: 10627465

Ekmekci OB, Ekmekci H. Vitronectin in atherosclerotic disease. Clin Chim Acta 2006; 368(1-2):77—-83.
PMID: 16460719

Wu YP, Bloemendal HJ, Voest EE, Logtenberg T, de Groot PG, Gebbink MF, et al. Fibrin-incorporated
vitronectin is involved in platelet adhesion and thrombus formation through homotypic interactions with
platelet-associated vitronectin. Blood 2004; 104(4):1034—41. PMID: 15069014

Lerch PG, Nydegger UE, Kuyas C, Haeberli A. Histidine-rich glycoprotein binding to activated human
platelets. Br J Haematol 1988; 70:219-24. PMID: 3191032

Horne MK, Merryman PK, Cullinane AM. Histidine-proline-rich glycoprotein binding to platelets medi-
ated by transition metals. Thromb Haemost 2001; 85:890-95. PMID: 11372684

Ringvall M, Thulin A, Zhang L, Cedervall J, Tsuchida-Straeten N, Jahnen-Dechent W, et al. Enhanced
platelet activation mediates the accelerated angiogenic switch in mice lacking histidine-rich glycopro-
tein. PLoS One 2011; 6(1):e14526. doi: 10.1371/journal.pone.0014526 PMID: 21264222

Birge RB, Kalodimos C, Inagaki F, Tanaka S. Crk and CrkL adaptor proteins: networks for physiological
and pathological signaling. Cell Commun Signal 2009; 7:13. doi: 10.1186/1478-811X-7-13 PMID:
19426560

Oda A, Miyakawa Y, Druker BJ, Ishida A, Ozaki K, Ohashi H, et al. Crkl is constitutively tyrosine phos-
phorylated in platelets from chronic myelogenous leukemia patients and inducibly phosphorylated in
normal platelets stimulated by thrombopoietin. Blood 1996; 88(11):4304—13. PMID: 8943867

Parguifia AF, Grigorian-Shamagian L, Agra RM, Lépez-Otero D, Rosa |, Alonso J, et al. Variations in
platelet proteins associated with ST-elevation myocardial infarction: novel clues on pathways underly-
ing platelet activation in acute coronary syndromes. Arterioscler Thromb Vasc Biol 2011; 31(12):2957—
64. doi: 10.1161/ATVBAHA.111.235713 PMID: 21921262

Best D, Pasquet S, Littlewood TJ, Brunskill SJ, Pallister CJ, Watson SP. Platelet activation via the colla-
gen receptor GPVI is not altered in platelets from chronic myeloid leukaemia patients despite the pres-
ence of the constitutively phosphorylated adapter protein CrkL. Br J Haematol 2001; 112(3):609-15.
PMID: 11260061

Voit S, Udelhoven M, Lill G, Aktas B, Nieswandt B, Schroér K, et al. The C-terminal peptide of thrombos-
pondin-1 stimulates distinct signaling pathways but induces an activation-independent agglutination of
platelets and other cells. FEBS Lett 2003; 544(1-3):240-5. PMID: 12782324

Starlinger P, Moll HP, Assinger A, Nemeth C, Hoetzenecker K, Gruenberger B, et al. Thrombospondin-
1: a unique marker to identify in vitro platelet activation when monitoring in vivo processes. J Thromb
Haemost 2010; 8(8):1809-19. doi: 10.1111/j.1538-7836.2010.03908.x PMID: 20492458

Lin TN, Kim GM, Chen JJ, Cheung WM, He YY, Hsu CY. Differential regulation of thrombospondin-1
and thrombospondin-2 after focal cerebral ischemia/reperfusion. Stroke 2003; 34:177-8. PMID:
12511771

Tyagi S, Salier JP, Lal SK. The liver-specific human alpha(1)-microglobulin/bikunin precursor (AMBP)
is capable of self-association. Arch Biochem Biophys 2002; 399(1):66—72. PMID: 11883904

Wasinger VC, Yau Y, Duo X, Zeng M, Campbell B, Shin S, et al. Low Mass Blood Peptides Discrimina-
tive of Inflammatory Bowel Disease (IBD) Severity: A Quantitative Proteomic Perspective. Mol Cell Pro-
teomics 2016; 15(1):256—65. doi: 10.1074/mcp.M115.055095 PMID: 26530476

Huang H, Han 'Y, Gao J, Feng J, Zhu L, Qu L et al. High level of serum AMBP is associated with poor
response to paclitaxel-capecitabine chemotherapy in advanced gastric cancer patients. Med Oncol
2013; 30(4):748. doi: 10.1007/s12032-013-0748-8 PMID: 24135868

Igci M, Arslan A, Igci YZ, Gogebakan B, Erturhan MS, Cengiz B, et al. Bikunin and a1-microglobulin/
bikunin precursor (AMBP) gene mutational screening in patients with kidney stones: a case-control
study. Scand J Urol Nephrol 2010; 44(6):413-9. doi: 10.3109/00365599.2010.497768 PMID:
20602574

Leng L, Kashiwagi H, Ren XD, Shattil SJ. RhoA and the function of platelet integrin alphallbbeta3.
Blood 1998; 91(11):4206—15. PMID: 9596668

PLOS ONE | DOI:10.1371/journal.pone.0158287 June 23,2016 11/12


http://www.ncbi.nlm.nih.gov/pubmed/17549300
http://dx.doi.org/10.3988/jcn.2008.4.4.148
http://www.ncbi.nlm.nih.gov/pubmed/19513289
http://www.ncbi.nlm.nih.gov/pubmed/11071625
http://www.ncbi.nlm.nih.gov/pubmed/10627465
http://www.ncbi.nlm.nih.gov/pubmed/16460719
http://www.ncbi.nlm.nih.gov/pubmed/15069014
http://www.ncbi.nlm.nih.gov/pubmed/3191032
http://www.ncbi.nlm.nih.gov/pubmed/11372684
http://dx.doi.org/10.1371/journal.pone.0014526
http://www.ncbi.nlm.nih.gov/pubmed/21264222
http://dx.doi.org/10.1186/1478-811X-7-13
http://www.ncbi.nlm.nih.gov/pubmed/19426560
http://www.ncbi.nlm.nih.gov/pubmed/8943867
http://dx.doi.org/10.1161/ATVBAHA.111.235713
http://www.ncbi.nlm.nih.gov/pubmed/21921262
http://www.ncbi.nlm.nih.gov/pubmed/11260061
http://www.ncbi.nlm.nih.gov/pubmed/12782324
http://dx.doi.org/10.1111/j.1538-7836.2010.03908.x
http://www.ncbi.nlm.nih.gov/pubmed/20492458
http://www.ncbi.nlm.nih.gov/pubmed/12511771
http://www.ncbi.nlm.nih.gov/pubmed/11883904
http://dx.doi.org/10.1074/mcp.M115.055095
http://www.ncbi.nlm.nih.gov/pubmed/26530476
http://dx.doi.org/10.1007/s12032-013-0748-8
http://www.ncbi.nlm.nih.gov/pubmed/24135868
http://dx.doi.org/10.3109/00365599.2010.497768
http://www.ncbi.nlm.nih.gov/pubmed/20602574
http://www.ncbi.nlm.nih.gov/pubmed/9596668

@’PLOS ‘ ONE

Platelets Proteomic in Stroke Patients

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Aslan JE, McCarty OJ. Rho GTPases in platelet function. J Thromb Haemost 2013; 11(1):35-46. doi:
10.1111/jth.12051 PMID: 23121917

Gong H, Shen B, Flevaris P, Chow C, Lam SC, Voyno-Yasenetskaya TA, et al. G protein subunit Gal-
pha13 binds to integrin alphallbbeta3 and mediates integrin "outside-in" signaling. Science 2010; 327
(5963):340-3. doi: 10.1126/science.1174779 PMID: 20075254

Pleines |, Hagedorn |, Gupta S, May F, Chakarova L, van Hengel J, et al. Megakaryocyte-specific RhoA
deficiency causes macrothrombocytopenia and defective platelet activation in hemostasis and throm-
bosis. Blood 2012; 119(4):1054—63. doi: 10.1182/blood-2011-08-372193 PMID: 22045984

Shannan B, Seifert M, Boothman DA, Tilgen W, Reichrath J. Clusterin and DNA repair: a new function
in cancer for a key player in apoptosis and cell cycle control. J Mol Histol 2006; 37(5—7):183-8. PMID:
17048076

Tschopp J, Jenne DE, Hertig S, Preissner KT, Morgenstern H, Sapino AP, et al. Human megakaryo-
cytes express clusterin and package it without apolipoprotein A-1 into alpha-granules. Blood 1993; 82
(1):118-25. PMID: 8324215

Wang L, Erling P, Bengtsson AA, Truedsson L, Sturfelt G, Erlinge D. Transcriptional down-regulation of
the platelet ADP receptor P2Y(12) and clusterin in patients with systemic lupus erythematosus. J
Thromb Haemost 2004; 2(8):1436—42. PMID: 15304052

Fishelson Z, Attali G, Mevorach D. Complement and apoptosis. Molecular Immunology 2001; 38(2—
3):207-219. PMID: 11532282

Attali G, Gancz D, Fishelson Z. Increased sensitivity of early apoptotic cells to complement-mediated
lysis. Eur J Immunol 2004; 34(11):3236—45. PMID: 15368275

Hamad OA, Nilsson PH, Wouters D, Lambris JD, Ekdahl KN, Nilsson B. Complement component C3
binds to activated normal platelets without preceding proteolytic activation and promotes binding to
complement receptor 1. J Immunol 2010; 184(5):2686—92. doi: 10.4049/jimmunol.0902810 PMID:
20139276

Bruhns P. Properties of mouse and human IgG receptors and their contribution to disease models.
Blood 2012; 119(24):5640-5649 doi: 10.1182/blood-2012-01-380121 PMID: 22535666

Fann DY, Lee SY, Manzanero S, Tang SC, Gelderblom M, Chunduri P, et al. Intravenous immunoglob-
ulin suppresses NLRP1 and NLRP3 inflammasome-mediated neuronal death in ischemic stroke. Cell
Death Dis 2013; 4:€790. doi: 10.1038/cddis.2013.326 PMID: 24008734

Pan B, Zheng S, Liu C, Xu Y. Suppression of IGHG1 gene expression by siRNA leads to growth inhibi-
tion and apoptosis induction in human prostate cancer cell. Mol Biol Rep 2013; 40:27-33. doi: 10.1007/
$11033-012-1944-x PMID: 23117283

Gorudko IV, Sokolv AV, Shamova EV, Grudinina NA, Drozd ES, Shishlo LM, et al. Myeloeroxidase
modulates human platelet aggregation via actin cytoskeleton reorganization and store-operated cal-
cium entry. Biol Open 2013; 2(9):916-923. doi: 10.1242/bi0.20135314 PMID: 24143278

Nyby MD, Sasaki M, Ideguchi Y, Wynne HE, Hori MT, Berger ME, et al. Platelet lipoxygenase inhibitors
attenuate thrombin- and thromboxane mimetic-induced intracellular calcium mobilization and platelet
aggregation. J Pharmacol Exp Ther 1996; 278(2):503-509. PMID: 8768697

Nardi M, Feinmark SJ, Hu L, Li Z, Karpatkin S. Complement-independent Ab-induced peroxide lysis of
platelets requires 12-lipoxygenase and a platelet NADPH oxidase pathway. J Clin Invest 2004; 113
(7):973-980. PMID: 15057303

Branchford BR, Ramos C, Jones W, Brzezinski C, Law L, Moore EE, et al. Human apolipoprotein a-I
decreased platelet activation responses and protects mice from arterial thrombosis. Blood 2014; 124
(21):4159-4159.

Tang L, Zeng W, Lu X, Wang QY, Liu H, Cheng ZP, et al. Identification of APOH polymorphisms as
common genetic risk factors for venous thrombosis in the Chinese population. J Thromb Haemost
2014;12:1616-25. doi: 10.1111/jth.12679 PMID: 25081279

Berger JS, Rockman CB, Guyer KE, Lopez LR. Proatherogenic Oxidized Low-Density Lipoprotein/B2-
Glycoprotein | Complexes in Arterial and Venous Disease. Journal of Inmunology Research 2014;
2014:234316. doi: 10.1155/2014/234316 PMID: 25405208

Sener A, Ozsavci D, Bingol-Ozakpinar O, Cevik O, Yanikkaya-Demirel G, Yardimci T. Oxidized-LDL
and Fe3+/ascorbic acid-induced oxidative modifications and phosphatidylserine exposure in human
platelets are reduced by melatonin. Folia Biol (Praha) 2009; 55(2):45-52.

PLOS ONE | DOI:10.1371/journal.pone.0158287 June 23,2016 12/12


http://dx.doi.org/10.1111/jth.12051
http://www.ncbi.nlm.nih.gov/pubmed/23121917
http://dx.doi.org/10.1126/science.1174779
http://www.ncbi.nlm.nih.gov/pubmed/20075254
http://dx.doi.org/10.1182/blood-2011-08-372193
http://www.ncbi.nlm.nih.gov/pubmed/22045984
http://www.ncbi.nlm.nih.gov/pubmed/17048076
http://www.ncbi.nlm.nih.gov/pubmed/8324215
http://www.ncbi.nlm.nih.gov/pubmed/15304052
http://www.ncbi.nlm.nih.gov/pubmed/11532282
http://www.ncbi.nlm.nih.gov/pubmed/15368275
http://dx.doi.org/10.4049/jimmunol.0902810
http://www.ncbi.nlm.nih.gov/pubmed/20139276
http://dx.doi.org/10.1182/blood-2012-01-380121
http://www.ncbi.nlm.nih.gov/pubmed/22535666
http://dx.doi.org/10.1038/cddis.2013.326
http://www.ncbi.nlm.nih.gov/pubmed/24008734
http://dx.doi.org/10.1007/s11033-012-1944-x
http://dx.doi.org/10.1007/s11033-012-1944-x
http://www.ncbi.nlm.nih.gov/pubmed/23117283
http://dx.doi.org/10.1242/bio.20135314
http://www.ncbi.nlm.nih.gov/pubmed/24143278
http://www.ncbi.nlm.nih.gov/pubmed/8768697
http://www.ncbi.nlm.nih.gov/pubmed/15057303
http://dx.doi.org/10.1111/jth.12679
http://www.ncbi.nlm.nih.gov/pubmed/25081279
http://dx.doi.org/10.1155/2014/234316
http://www.ncbi.nlm.nih.gov/pubmed/25405208

