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Abstract

Arterial thrombosis contributes to some of the most frequent causes of mortality

globally, such as myocardial infarction and stroke. Platelets are essential media-

tors of physiological haemostasis and pathological thrombosis. Platelet activation

is controlled by a multitude of signalling pathways. Upon activation, platelets shed

platelet-derived extracellular vesicles (pEVs). In this Special Issue: Extracellular Vesi-

cles, Moon et al. investigate the impact of various platelet agonists (thrombin, ADP,

collagen) on the proteome of pEVs. The study demonstrates that pEVs exhibit an

agonist-dependent altered proteome compared to their parent cells, with significant

variations in proteins related to coagulation, complement, and platelet activation. The

study observes the rapid generation of pEVs following agonist stimulationwith specific

proteome alterations that underscore an active packaging process. This commentary

highlights the implications of their findings and discusses the role of pEV cargo in

cardiovascular disease with potential novel therapeutic and diagnostic opportunities.
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Arterial thrombosis, including myocardial infarction and ischaemic

stroke, remains the leading cause of morbidity and mortality world-

wide. Platelets are essential mediators of physiological haemosta-

sis and pathological thrombosis. Platelet activation is controlled by

numerous pathways, enabling a rapid response to diverse stimuli.

While the aggregation response of platelets to different stimuli has

been extensively studied, less is known on how different activation

pathways affect the release of platelet-derived extracellular vesicles

(pEVs). EVs contain lipids, proteins, and RNA and have been implicated

in cell-cell communication [1]. EVs are secreted from a variety of cells.

Platelets, however, are the main source of EVs in the circulation [1].

EVs derived from platelets can be identified by markers such as CD41
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(integrin alpha-IIb) and CD62P (P-selectin). These receptors facilitate

binding of pEVs to sites of inflammation [2] or cancer [3].

pEVs have been implicated as causal mediators in inflammatory [4]

and thrombotic disorders [1]. For instance, platelets frompatientswith

Scott’s syndromeproduce fewerpEVs. Theyhavemutations in thegene

encoding scramblase-1 (PLSCR1) and fail to expose phosphatidylser-

ine on their outer membrane [5]. Moreover, pEVs have gained interest

for use as drug delivery vehicles, due to their presence in the circu-

lation and specific targeting for cellular communication [6]. Given the

possible functions of pEVs in health and disease, their protein content

likely varies to meet different demands. Early proteomic studies have

revealed a direct proportionality between platelet protein content and
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pEV size [7], as well as agonist potency and pEV protein abundance [8].

However, it was unknown how different platelet activation pathways

alter the protein cargo of pEVs. Furthermore, little was known about

how platelet activation impacts the pEV proteome compared to paired

activated and resting platelets.

In this commentary we discuss the new data presented by Moon

et al. [9], who investigate the impact of different platelet agonists

on the proteome of pEVs and demonstrate that pEVs exhibit an

agonist-dependent altered proteome compared to their parent cells,

suggestive of an active, agonist-dependent protein packaging process.

For their study, the authors used washed human platelets, remov-

ing the plasma background before mass spectrometry analysis. The

authors then stimulated the washed platelets with different agonists

for 30min and collected pEVs by a centrifugation-based protocol from

the plasma-free platelet releasate. Importantly, the authors also col-

lected the activated platelets, aswell as resting platelets from the same

blood donation, allowing for a paired analysis between these three

sample types using proteomics.

Interestingly, pEV proteomes were distinct to their platelet parent

proteome, suggestive of active protein cargo selection. The core EV

proteins, includingproposeduniversal EVmarkers, such as synthenin-1

and CD63, were enriched in pEVs compared to paired platelets, whilst

themajority of cellular proteinswere enriched in platelets compared to

pEVs.Other proteins enriched in pEVsbelonged toproteins of the com-

plement and coagulation cascade including antithrombin, plasminogen

and prothrombin. The authors then compared the proteomes of pEVs

released by platelets activated by different agonists. Based on their

protein composition, pEVs following thrombin and thrombin/collagen

stimulation clustered together, whereas pEVs following ADP or colla-

gen activation clustered separately, reflecting agonist potency. pEVs

were collected from platelets within 30 min of stimulation. Thus,

platelets package proteins into pEVs without de novo protein synthe-

sis. Using SILAC (Stable Isotope Labeling byAmino acids inCell culture)

labelling and mass spectrometry, we have previously demonstrated

that de novo protein synthesis in platelets is not a major contributor to

platelet protein content [11].

One major strength of the study is its paired experimental design

allowing for direct comparisons between non-activated platelets, acti-

vated platelets and pEVs from the same donors. Proteins with lower

abundance in activated platelets compared to resting platelets were

found to be enriched in pEVs. Another strength is the use of plasma-

free platelet releasate, thus avoiding a contamination with EVs from

other sources. Among the study’s limitations is its small sample size

(N = 5), but the use of healthy volunteers excludes cofounding by

medication or co-morbidities. Additionally, centrifugation-based EV

isolation protocols can be contaminated with non-EV particles, in par-

ticular lipoproteins, which are similar in size and density as EVs. Again,

lipoprotein contamination of pEVs will be reduced in plasma-free

platelet releasate [1]. Future studies should evaluate vesicle compo-

sition, that is, differences in the protein cargo between exosomes and

microvesicles. Moreover, in acute diseases such as myocardial infarc-

tion the platelet proteomemay also bemodified by horizontal transfer

from other cells such as neutrophils [11]. From a clinical perspective,

understanding themechanisms that control the formation and compo-

sition of pEVs may be useful for diagnostic and therapeutic purposes

[6]. Conversely, the pEV proteome may provide insights into disease

outcomes and platelet reactivity [10]. The precise mechanisms of pro-

tein packaging into pEVs remain unknown andwill need to be explored

in future studies.

Taken together, the data by Moon et al. [9] demonstrate that pEV

protein composition is an agonist-dependent process that does not rely

on de novo protein synthesis. The finding that the activation pathway

used to stimulate platelets affects the pEV proteome is an important

insight and suggests that pEVs released by different agonists might

have distinct biological functions. Future studies are needed to dis-

sect the molecular mechanisms of pathway-dependent pEV release. In

addition to proteins, pEVs also carry non-coding RNAs [12], whichmay

exhibit similar agonist specificity. A combinedprotein andRNAanalysis

would be of interest for future studies.
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