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Abstract

Extracellular vesicles (EVs) are involved in the pathogenesis of CV diseases through several biological mechanisms that support microvascular inflammation, arterial
stiffness, vascular calcification, atherosclerotic plaque shaping and rupture, endothelial dysfunction, hypercoagulation and thrombosis, cardiac remodelling, and kidney
dysfunction. Platelet activation, which is associated with secretion of EV, is common for acute coronary syndrome (ACS) and myocardial infarction (MI). The aim of
the mini review is to discuss the role of platelet-derived micro vesicles as predictive biomarker in coronary atherothrombotic events. It has found that elevated levels
of EVs and altered signature of platelet-derived vesicles are biomarkers of endothelial dysfunction, accelerating atherosclerosis, pro-coagulation state, and poor clinical
outcomes in acute MI. Platelet-derived vesicles are biomarker of endothelial dysfunction and pro-coagulative activity, which can be discussed a predictor of poor

outcomes in ACS/MI, while the diagnostic and predictive roles of this biomarker require to be investigated in large clinical trials in the future.

Introduction

Extracellular vesicles (EVs) are defined as small sized (range of
diameter is approximately 150 nm and less) exosomes that deliver
biologically active molecules (peptides, RNAs, active molecules,
growth factors, hormones, enzymes) from mother cells to recipient
cells through binding, fusion or endocytosis appearing to be a core
element in cell-to-cell cooperation [1,2]. They are involved in the
pathogenesis of CV diseases through several biological mechanisms
that support microvascular inflammation, arterial stiffness, vascular
calcification, atherosclerotic plaque shaping and rupture, endothelial
dysfunction, hypercoagulation and thrombosis, cardiac remodelling,
and kidney dysfunction [3,4]. Additionally, via intracellular signaling
cascades EVs play a pivotal role in tissue reparation, angiogenesis,
and neovascularization [5,6]. In fact, EVs mediate autocrine and
paracrine signals that are enabled to reconstructing the homeostatic
micro-environment in heart and vessels [7]. EVs are released a wide
spectrum of cells, including endothelial cells, cardiomyocytes, red
blood cells, mononuclears / macrophages, as well as platelets. EVs,
which are produced by endothelial precursors and mature endothelial
cells, as well as mononuclears, are under investigations for long time
respectively and there is evidence regarding predictive capability of
altered circulating number of EVs in established CV disease including
hypertension [8,9]. On contrary, the exact role of platelet-derived
micro vesicles in pathogenesis of hypertension remains to be not fully
discovered. The aim of the mini review is to discuss the role of platelet-
derived micro vesicles as predictive biomarker in acute myocardial
infacrtion.

Extracellular vesicles: definition

Extracellular vesicles (EVs) are defined as small sized (<1000 nm)
cell membranous originated structures that secreted by various cells
(platelets, red and white blood cells, endothelial cells, precursors /
stem cells, cardiomyocytes, and even tumor cells) into human fluids
and contained wide range of proteins, hormones, signalling molecules,
lipids, mRNA, miRNA, and others [10,11]. There are at least two
distinct subpopulations of EVs (exosomes and micro vesicles [MVs]),
which distinguish each other in size, compounds, immune phenotypes
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and wide range of formation modes. Exosomes are sufficiently smaller
to MVs (size averages are 30-120 nm and 40-1000 nm respectively) and
are shaped by the endocytosis of multivesicular bodies and are shed from
cells by exocytosis. On contrary, MVs are defined as membrane-bound
vesicles, which are released from the plasma membrane. Additionally,
surface-specific antigens, which are presented for both populations
of EVs, are different, but they overlap between exosomes and MVs
that does not allow differencing both populations of the particles.
Physiologically, EVs are a cargo for molecule transfer, auto / paracrine
signalling, cell-to-cell cooperation, playing a pivotal role in immune
response, vascular integrity, cellular senescence, tissue reparation and
development, angiogenesis and neovascularization [12,13]. In fact,
EVs are able to mediate the exchange of appropriate information
between various cells. EVs were found witness and biomarkers of
several diseases, such as CV, autoimmune, infective, metabolic, renal,
rheumatic, neurological, ocular diseases and malignancy [14-17].

Platelet-derived vesicles

The population of the platelet-derived vesicles is the largest in other
types of EVs in the circulation. Indeed, the majority of the blood-borne
EVs are thought to originate from the megakaryocytes, i.e. either from
circulating platelets or directly from the platelet precursor cells, which
reside in the bone marrow. Although coagulation, thrombosis, vascular
senescence and permeability are most common and well established
biological function of platelet-derived vesicles, the role of them in CV
diseases has not exhausted a crucial impact on hemostasis. Elevated
levels of platelet-derived vesicles were determined in patients with
acute coronary syndrome, myocardial infarction, as well as heparin-
induced thrombocytopenia, thrombotic complications, hemolytic
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uremic syndrome, while developing of abdominal obesity, diabetes
mellitus, antiphospholipid syndrome, and sepsis was not associated
with increased circulating level of platelet-derived vesicles [18].
Probably, this evidence might relate to the mechanisms regarding
release of MPs from platelets. It has suggested that in various cases
circulating platelets are likely to adhere to leukocytes or endothelial
cells at the activation site and that the circulating platelet-derived MPs
are likely to be a residue of activated platelets [19].

It has been found that upon activation, blood platelets are able to
release two types of EVs, i.e. micro particles and exosomes. Platelet-
derived micro particles are characterized by average of size of 70-100
nm and the phosphatidylserine (PS) presentation at their surface,
which mediates their capabilities in coagulation and thrombosis
[20]. On contrary, platelet-derived exosomes are characterized by
their small size (<80 nm) and the presence of CD63 antigen, which
is known as the tetraspanin that belongs to the transmembrane 4
superfamily [19,20]. CD63 plays a pivotal role in the role in the
activation of cellular signalling cascades that trigger AKT, FAK-related
non-kinase polypeptide / protein tyrosine kinase-2 (PTK-2) and
mitogen-activated protein (MAP) kinases, attenuates an adhesion of
circulating monocytes / macrophages onto endothelial cells through
the regulation of P-selectin (CD62) trafficking, as well as promotes
vascular endothelial growth factor receptor (VEGFR) signalling and
internationalization [21]. All these factors are embedded into cell-to-
cell cooperation and cell interactions with the extracellular matrix.
Moreover, EVs expressing Ms4a2/FceRI on the surface are able to
be triggers for degranulation of circulating cell in response to other
stimuli [22]. Additionally, some EVs may express CD41 (Integrin
alpha-IIb) on their surface, which in a complex with CD61 may be a
receptor for thrombospondin, fibronectin, vitronectin, fibrinogen,
and von Willebrand factor playing a crucial role in blood coagulation
[22,23]. The populations of the platelet-derived EVs may distinguish
each other in not just their size and immune phenotype, but yet they
could have different in density (utilized as sucrose density gradient in
ultracentrifugation), proteomic and lipidomic profiles [24] Labeling of
platelet-derived EVs is reported in the Table 1.

Although there is difficulties in identification of distinction
between both two types of EV's (micro particles and exosomes) in cargo
potency, immune heterogeneity and size averaging of EV populations
allows identifying them using several methods for their isolation
and quantification, including conventional and cryo-enhanced
electron microscopy, immuno-gold labelling, laser-scanning confocal
microscopy, nanoparticle tracking analysis and flow cytometry
[25,26] However, lack of generally accepted methods as a standard for
determination, isolation and quantification of platelet-derived EVs,
sufficiently limits our efforts in understanding their biological role in
the pathogenesis of several states and diseases [27,28].

Platelet-derived vesicles in CV disease

There is large body of evidence regarding pivotal role of platelet-
derived vesicles in the pathogenesis of CV diseases [29-31]. In a result
of several triggers, such as ischemia, hypoxia, anemia, inflammation,
shear stress, blood turbulence, platelets are activated, aggregated, then
they changed their contain enriching phospholipids and GPs, prepare
for vesiculation via shaping spaced architectonic and exocytosis and
release vesicles into circulation. Regulation platelet vesiculation is
mediated via platelet Ca(2+)-ATPases by cyclic AMP through the
phosphorylation of the Rapl protein.

Platelet-derived  vesicles exhibit haemostatic  properties,
mediated aggregation of blood cells including whole platelets,
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promote coagulation, stabilize the vasculature and maintain
endothelial cell barrier integrity [32]. Therefore, platelet-derived
vesicles may demonstrate pro-atherogenic, pro-inflammatory, and
immunomodulatory, even anticoagulant activity depending on triggers
that induce their releasing and the expression of their surface certain
molecules [33-35]. For instance, phospholipid-enriched platelet-
derived vesicles that express Annexin V possess as pro-atherogenic
and pro-coagulant particles [36]. On contrary Annexin V-negative
vesicles were found rather anticoagulant than pro-coagulant particles.
Therefore, platelets contain S100A8/A9 in membrane-enclosed vesicles
and transfer it to target cells including endothelial cells and their
precursors [37]. Probably S100A8/A9-rich platelet-derived vesicles
can play a pivotal role in developing endothelial dysfunction upon
manifestation of CV disease. Additionally, platelet-derived vesicles
deliver oxidized lipids, P-selectin / P-selectin glycoprotein ligand 1
(PSGL-1), CD40 ligand (CD154) and induce B-cell synthesis and
secretion of antigen-specific immunoglobulin G and potentiate the
adaptive immune response through CD4+ cells [38-40] Although
restored endothelial cell junctions and vascular integrity after thrombin
releasing, the balance between promoting coagulation and mitigating
endothelial dysfunction and vascular permeability has being turn to
the side of potentiation of platelet activation status and pro-coagulant
activity [41]. This effect appears to be harmful for majority patients
with established CV diseases including asymptomatic atherosclerosis,
acute coronary syndrome / myocardial infarction.

Platelet-derived vesicles in acute coronary syndrome
and acute myocardial infarction

Acute coronary syndrome (ACS) and acute myocardial infarction
(AMI) have been shown to be associated with an activation of various
circulating cells, including platelets. Platelets are able to aggregate each
other and with classical monocytes/macrophages shaping thrombus,
embedding onto sub-cap space in a plaque, destroy a shoulder zone
of the plaque and occlude the artery [42]. Being higher than in healthy
individuals, aggregated platelets seem to consist of several cells
(monocytes, macrophages, endothelial cells, and erythrocytes) and
vesicles of various origin, such as phospholipid-rich platelet-derived
extracellular vesicles expressed P-selectin (CD63), CD31, CD41a, and
tissue factor (TF, CD142), elevated levels of which in peripheral blood
strongly correspond to infarct size and in-hospital complications in
AMTI including mortality [43-45]. Moreover, ST-elevation AMI patients
had higher levels of platelet-derived vesicles with immune phenotypes
(CD61+/AV+, CD314/AV+, CD42b+/AV+ and CD31+/CD42b+/
AV+) compared to non-ST elevation AMI (STEMI) patients [46]. Yet,
the investigator found that STEMI patients with NYHA class IIT heart
failure (HF) had higher levels of circulating CD142+/AV+, CD14+/
AV+and CD14+/CD142+/AV+ endothelial cell-derived EVs as well as
CD61+ platelet-derived vesicles than those in class I/II HF [46]. Thus,
beyond biomarkers of cell activation, platelet-derived vesicles have
numerous functional effects on the development of damaged vessel
wall-induced arterial thrombi and blood thrombogenicity on areas
of arterial damage contributing to atherothrombotic events. Indeed,
phospholipids-rich platelets-derived vesicles have found the increased
level of platelet-derived vesicles in survivors of AMI correlated well with
thrombosis and soluble CD40 ligand (CD154) [47]. Authors concluded
that the independent association between large platelet-derived vesicles
and thrombin generation supports the concept that the formation
of platelet-derived vesicles is important for increased coagulation
activation in AMI patients [47]. Interestingly, the platelet-derived
vesicles are discussed not the only factor directly mediating endothelial
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Table 1. Labelling of platelet-derived EVs with surface CD markers

MHC, recruiting LC3 molecules to phagosome
membranes class II molecules

platelets

CD marker | Alternative name Prominent feature Cell labelling Expression Significance
Platelets, B cells, CD4+ T cells,
. . . " .
) Key'regul‘ator of‘mtr-acellular-51gnallAmg, ] CD8&+ T cells, natural killer cells, None-specific lympho / hematopoictic
CD9 Tetraspanin (Tspan 29) |proliferation, activation, survival, migration, | granulocytes, monocytes and Low
: . . . p . marker
invasion, cell adhesion, and diapedesis macrophages, and immature and
mature dendritic cells
Interaction WIFh many 11gand§ FI}gE, CD?], . Platelets, T and B lymphocytes,
MHC class I1,integrins), exhibiting pleiotropic . -
L o .. polymorphonuclear leucocytes, None-specific lymphohematopoietic
. cytokine-like activities, sustaining the growth . .. ) . .
CD23 Fc epsilon RII (FceRII) . . . . . 'monocytes, follicular dendritic Low marker, diagnostic marker for neoplastic
of activated B-cells, differentiation of myeloid X . . X X X
cells, intestinal epithelial cells, bone and autoimmune inflammatory disease
precursors, thymocytes and bone marrow marrow stromal cells
CD4+ T cells, degranulation of platelets
Key inhibitory receptor in circulating
platelets and leukocytes, major endothelial A maker of endothelial integrity, vascular
PECAM-1, GP mechanosensor, modulator of vascular Platelets. leucocytes. monocytes / permeability, platelet degranulation,
CD31 Ila, hec7 antigen, permeability, and leukocyte trafficking, and mononu;lears ei,l do;helial czlls EPCs High endothelialopathies in tumor angiogenesis
EndoCAM cell-to-cell cooperation, core player in in ’ ’ and the growth and development of
thrombosis, inflammation and the immune hemangiomas
response
. . . Monocytes, macrophages, platelets,
CD36 GP-1V, Scarb3 Recognition of Fhrombospondme, fatty acids, adipose cells, endothelial cells, PECs, |High Platelet collagen receptor
collagen, adhesion of platelets o
epithelial cells
allb inteerin. platelet Hematopoetic progenitors in embrio, Markers of all progenitors
CD41 GPIIb grn. p Key regulator of growth and differentiation specific to the megakaryocytic / Moderate (megakaryocytic, granulomacrophagic,
platelet lineage erythroid and pluripotent cells)
bCDcé)tZ @ I(I}llt)elil;ln subunit ollb, Regulator of platelet activation and adhesion | Platelets High Marker of platelet aggregation
GPIc, integrin . . . s
ab-chain, ITGAG, Regulgtor Qf embryogenesis, cell adhesion and | T cells, endothelial cells, epithelial ] Marker of blood cell adhesion and T-cell
CD49f cell migration through T-cell receptor/CD3 cell, macrophages, monocytes; High . .
ITGA6B, VLA 6 alpha proliferation
X complex platelets and stem cell
Subunit
Inteerin subunit alpha Trigger of cell adhesion and signal Marker of cell adhesion to sequences
CD51 g . P transduction, regulator of angiogenesis and T cells, endothelial cells, platelets High of von Willebrand factor, vitronectin,
V, vitronectin receptor : . .
cancer progression fibrinogen and thrombospondin
GP3A, integrin subunit Regulator of cell adhesion and cell-surface Endothelial cells, Macrophage, . Marker of human megakaryocytic cell
CD61 . . . High .
beta 3 mediated signalling platelets lineages
Cell surface antigen Regulator of signalling and adhesion in Thymus and spleen cells, cells of Marker of adhesion interactions between T
CD84 MAX.3, Ly-9B, X .. Moderate
SLAME-5 lymphocytic cells and other cells megakaryocytic lineages lymphocytes and accessory cells, platelets
Choline Transporter Subset of bone marrow stromal cells, Marker of human bone marrow stromal
CD92 like Protein 1 P Regulator of cell growth and differentiation cells of osteogenic, megakaryocytic | High cells, and cells of megakaryocytic and
and adipogenic lineages adipogenic lineages
MPL proto-oncogenc Subset of stem cells and cells of
CD110 TPO; gene, Regulator of heamopoesis megakaryocytic lineage as well as High Marker of megakaryocytic lineage
’ platelets
Trigger of cell proliferation associated with . I Marker of cell growth, adhesion, and
CD147 BSG, EMMPRIN the TGF-B/Smad4 signalling pathway, cell Endothelial cell, epithelial cells, Low proliferation, malignancy, angiogenesis,
X o lymphocytes, mononuclears, platelets o
adhesion and T-cell activation vascular permeability
GP27, membrane . . .
> . L. . Marker of fibrosis, vascular inflammation
CDI51 glycoprotein SFA._I’ Regulator of the VCAM-1 act}vnty during Endothelial cells, platelets, T-cells High and remodelling, cancinogenesis, vascular
platelet-endothelia-1 lymphocyte and platelet recruitment o . .
. permeability, endothelial dysfunction
tetraspan antigen-3
CD226 DNAMI, PTA1, An adhesion molecule involved in NK and T | T cells, NK cells, platelets, Lo Triggering cytotoxicity and cytokine
TLiSA1, DNAX cell-mediated cytotoxicity mononuclears W secretion by T and NK cells
GARP ) A key regulator of network between ngs and | Activated T, mature peripheral Low Marker of activated ngs and degradated
its targets naive CD4+ T cells, platelets platelets
Phagosome maturation, stabilization of the A marker of catabolic process involved
LAP ) cargo to prolong antigen presentation on Macrophages, dendritic cells and Low during exogenous antigen processing,

recognition of apoptotic, necrotic, or
entotic cells, degradation of platelets

Abbreviation: MHC: major histocompatibility complex; GP: glycoprotein; PECAM-1: platelet/endothelial cell adhesion molecule 1; EPCs: endothelial progenitor cells; NK: nature killer;
TPO-R: thrombopoietin receptor; BSG: basigin, EMMPRIN: extracellular matrix metalloproteinase inducer; TGF-p: transforming growth factor-beta; SLAMF-5: Signalling lymphocytic
activation molecule 5; LAP: LC3-associated phagocytosis; GARP:glycoprotein A repetitions predominant.

dysfunction and atherosclerosis, but they contribute to vascular
reparation acting as factors of ischemic preconditioning on myocardial
ischemia/reperfusion and vascular injury in correspondence with
endothelial precursors [48]. Other studies reported that size of AMI,
lactate dehydrogenase activity, oxidative stress activity and the number
of apoptotic cardiac myocytes were strongly and inversely associated
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with a number of platelet-derived vesicles in blood collected from the
infarct-dependent artery [49, 50]. Moreover, platelet-derived vesicles
turn to be able to reduce the activity of caspase 3 and the expression
of endoplasmic reticulum stress markers in the myocardium [49].
Additionally, endothelial precursors consolidate their interaction with
platelets under dynamic flow conditions through secretion of platelet-
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derived vesicles and thereby mediate their regenerative potential [51-
53]. Previously it has been reported that platelet-derived vesicles may
modulate biological functions of hematopoietic cells and that they
play an important but as yet not fully understood role in intercellular
cross-talk in hematopoiesis and regeneration [54]. There is evidence
that the platelet-derived vesicles can augment re-endothelialization
capacity of circulating angiogenic cells [55]. All these facts support
the hypothesis that angiopoietic capability of platelet-derived vesicles
can modulate cardiac protection in ACS/AMI [56, 57] Taken together,
these findings open new insight on cardiac protection in ACS/AMI
based on an attenuation of endoplasmic reticulum stress apoptosis and
angiogenesis through platelet-derived vesicles-endothelial precursors
cooperation.

Conclusion: Elevated levels of platelet-derived vesicles are found
in a wide range of thrombophilia-related condition and CV disorders
including ACS/AMI. Platelet-derived vesicles are biomarker of
endothelial dysfunction and pro-coagulative activity, which can
be discussed a predictor of poor outcomes in ACS/AMI, while
the diagnostic and predictive roles of this biomarker require to be
investigated in large clinical trials in the future.
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