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Abstract  

Several pieces of evidence support the role of activated platelets in the development of the chronic 

inflammation-related diseases, such as atherothrombosis and cancer, mainly via the release of 

soluble factors and microparticles (MPs). Platelets and MPs contain a repertoire of proteins and 

genetic material (i.e., mRNAs and microRNAs) which may be influenced by the clinical condition 

of the individuals. In fact, platelets are capable of up-taking proteins and genetic material during 

their lifespan. Moreover, the content of platelet-derived MPs can be delivered to other cells, 

including stromal, immune, epithelial and cancer cells, to change their phenotype and functions, 

thus contributing to cancer promotion and its metastasization. Platelets and MPs can play an 

indirect role in the metastatic process by helping malignant cells to escape from immunological 

surveillance. Furthermore, platelets and their derived MPs represent a potential source for blood 

biomarker development in oncology.  This review provides an updated overview of the roles played 

by platelets and MPs in cancer and metastasis formation. The possible analysis of platelet and MP 

molecular signatures for the detection of cancer and monitoring of anti-cancer treatments is 

discussed. Finally, the potential use of MPs as vectors for drug delivery systems to cancer cells is 

put forward. 
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Numerous pieces of evidence convincingly support the contribution of platelets in cancer 

development and progression. The first clue comes from the observation that the use of the anti-

platelet agent low-dose aspirin is associated with reduced incidence and mortality for colorectal 

cancer (CRC) and other types of cancer [1, 2]. Importantly, aspirin was found to prevent the risk of 

distant metastasis [3-5]. These findings open the way to perform a large number of studies to clarify 

the possible mechanisms of aspirin action. Based on the preferential action on the platelet by aspirin 

when administered at low-doses, once daily, it was hypothesized that the antiplatelet effect of the 

drug might play a central role in the protection against cancer [6-9]. This idea was the driving force 

to study in detail how platelets may contribute to tumorigenesis and metastasis. The results of these 

studies uncovered novel biological roles of platelets beyond hemostasis and thrombosis.  

Interestingly, it was also discovered that the assessment of platelet content (including RNAs and 

proteins) describes specific signatures that give information on cancer diagnosis and prognosis [10-

12].   

In this review, we report the clinical and experimental evidence sustaining the role of platelets and 

their released products (soluble mediators and vesicles) in the development of cancer, its malignant 

progression leading to tumor cell spreading to other distant organs. Finally, the possible evaluation 

of platelets and their microparticle (MP) molecular signatures for the detection of cancer and 

monitoring of anticancer treatments is discussed. 

1 Clinical evidence of the role played by platelets in cancer 

The evidence that daily low-dose aspirin may help combat cancer derives from the results of 

observational case-control studies and their meta-analysis [5, 13], meta-analysis from randomized 

controlled trials (RCTs) in subjects with sporadic colorectal adenomas [14], an RCT in Lynch 

syndrome patients with a post-trial follow-up [15, 16], and a meta-analysis of data from individual 

patients of 51 RCTs, in which aspirin was used for cardiovascular (CV) prevention [4]. The analysis 

of these studies is reported in excellent reviews that have been recently published [6, 7, 9,17]. Thus, 

it is only briefly covered here. The most convincing mechanism of aspirin action is related to its 
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capacity to cause the irreversible inactivation of cyclooxygenase (COX)-1 and COX-2 by 

acetylating a specific serine residue located in the COX active site, at positions 529 and 516, 

respectively [18–20]. The data of aspirin pharmacology show that, when used at low doses (75–100 

mg daily), it acts by a preferential inhibition of platelet COX-1 activity which translates into a 

virtually complete inhibition of platelet thromboxane (TX)A2 [17, 21, 22]. This lipid mediator acts 

as an amplifier of the response to primary platelet agonists, such as thrombin and collagen [23]. It 

contributes to the release of ADP from platelets, which is another pro-aggregatory stimulus for 

platelets by activating the receptor P2Y12 [23]. This receptor is the target of the class of antiplatelet 

agents which include clopidogrel [23, 24]. Similarly to the prevention of CV disease, the anticancer 

effects of aspirin seem to be maximal at low doses given once daily [9]. Thus, it has been 

hypothesized that CRC and atherothrombosis share a common mechanism of disease, i.e., platelet 

activation in response to epithelial (in tumorigenesis) and endothelial (in tumorigenesis and 

atherothrombosis) injury [8, 9]. The evidence for a chemopreventive effect of low-dose aspirin 

against CRC recently leads the U.S. Preventive Services Task Force Bto recommend the use of the 

drug for primary prevention of CV disease and CRC in adults of 50–59 years old with a 10% or 

greater 10-year CV disease risk, who are not at increased risk for bleeding, have a life expectancy 

of at least 10 years, and are willing to take low-dose aspirin daily for at least 10 years^ [25]. 

2 Platelet-related mechanisms of intestinal tumorigenesis 

In the early stages of colorectal tumorigenesis, environmental and lifestyle factors, such as western 

style dietary habits and lack of physical activities, may contribute in activating platelets, as 

consequence of intestinal epithelial damage/dysfunction (Fig. 1a) [26]. Platelet activation is a 

physiological response aimed at the mucosal damage repair and, if uncontrolled, it may result in the 

activation of stromal and immune cells, leading to a chronic inflammatory response (Fig. 1a) [26–

28]. 

In this scenario, the persistent activation of platelets and stromal cells promotes, in intestinal 

epithelial cells, a process known as epithelial-mesenchymal transition (EMT) [29], characterized by 
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the reversible de-differentiation of epithelial cells into mesenchymal-like cells [30]. This process 

contributes to the generation of tumor-initiating cells [31] (Fig. 1a) and promotes migration and 

invasiveness of cancer cells [32,33]. Interestingly, it has been reported that an inflammatory 

response plays a crucial role in EMT and the formation of tumor-initiating cells [34]. Furthermore, 

phenotypic changes induced in epithelial cells contribute to enhancing their tumorigenicity [35]. 

These changes include the induction of aberrant expression of COX-2 in epithelial cells [35], which 

is classically considered a crucial event for the development and progression of different types of 

cancer [36]. Several lines of experimental and clinical evidence support the role of COX-2 in cancer 

due to the numerous biological responses induced by its principal product prostaglandin (PG)E2 

[36, 37]. It is noteworthy that the use of selective COX-2 inhibitors, named coxibs, such as 

celecoxib and rofecoxib, is associated with the risk reduction of sporadic colorectal adenoma 

recurrence [38–40]. However, the administration of these drugs as chemopreventive agents is 

discouraged due to the enhanced risk of adverse CV effects associated with their inhibition of 

vascular COX-2-dependent prostacyclin (PGI2) biosynthesis [41]. It has been reported that COX-2 

functionally regulates EGFR, a transmembrane receptor tyrosine kinase of the ErbB family, 

involved in the CRC etiology [42]. Moreover, COX-2 overexpression in epithelial cells is 

associated with (i) enhanced capacity to interact with extracellular matrix components, (ii) reduced 

expression of TGF-βII receptor and Ecadherin, (iii) increased resistance to apoptosis, and (iv) 

increased expression of anti-apoptotic protein BCL-2 [43]. The contribution of platelets to the early 

events of colorectal carcinogenesis is summarized in Fig. 1a. A model has been proposed where 

platelets, activated at sites of the intestinal mucosa damage, release several soluble mediators, 

including PGE2, TXA2, cytokines and chemokines, growth and angiogenic factors, and stromal 

cell-derived factor (SDF)-1α, together with microvesicles (MV) containing genetic material 

[mRNAs and microRNAs (miRNAs)]. These events lead to the activation of stromal cells that will 

contribute to the amplification of an inflammatory response by the further release of several 

mediators, including COX-2-dependent PGE2 biosynthesis (Fig. 1a). Altogether, these events 
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culminate in the transformation of normal epithelial cells into a hyperproliferative phenotype and 

the formation of aberrant crypt foci [44]. In this context, the aberrant expression of epithelial COX-

2 plays an essential role in the development of an adenoma and its progression to adenocarcinoma 

[36,44]. In fact, COX-2-dependent PGE2 produced in epithelial cells translates into the inhibition of 

apoptosis which may contribute to the accumulation of mutations (such as APC, KRAS, and p53) 

[36]. This model explains the comparable efficacy of low-dose aspirin and coxibs, found in RCTs, 

to reduce the relative risk of the recurrence of adenomatous polyps [45, 46]. In fact, low dose 

aspirin may act upstream by affecting platelet COX-1 and, in turn, the cascade of events triggered 

by activated platelets, including the overexpression of COX-2, in the stromal and epithelial cells. 

Differently, coxibs act downstream by inhibiting the activity of COX-2 in stromal cells and 

epithelial cells (Fig. 1a). 

3 Platelet-related mechanisms of metastasis formation 

The role of platelets in the metastatic dissemination of cancer cells is supported by the reduced 

cancer incidence and mortality associated with the interference of metastasis formation by aspirin 

[3–5]. Moreover, numerous clinical observations support a complex relationship between platelet 

activation, the coagulation system, and dissemination of tumor cells via the bloodstream [47]. The 

crosstalk between cancer cells and platelets promotes metastasis formation through well-known 

mechanisms [47]. They include the capacity of platelet aggregates to encircle tumor cells, thus 

providing protection from immune elimination and improving their survival and the adhesion to the 

endothelium allowing the arrest of tumor cells and their extravasation [47] (Fig. 1b). Recently, it 

has been shown that platelets cause the induction of EMT in cancer cells through to the release of 

several mediators, such as PDGF, TGF-β, and PGE2 [32, 33, 35]. First, cancer cells activate 

platelets through a direct interaction involving the participation of different molecular partners 

(Table 1). Then, platelet derived products induce the acquisition of a mesenchymal phenotype in 

cancer cells (as demonstrated by the expression of mesenchymal markers, including vimentin, 

fibronectin, the transcription factors Twist1, Snail, and Zeb) and the downregulation of epithelial 
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marker expression, such as E-cadherin [32, 33, 35] (Fig. 1b). The release of TGF-β1 and the 

activation of TGF-β/Smad signaling has been identified as one of the mechanisms involved in the 

capacity of platelets to induce EMT in murine colon and breast cancer cells, promoting their 

capacity to colonize dose aspirin may act upstream by affecting platelet COX-1 and, in turn, the 

cascade of events triggered by activated platelets, including the overexpression of COX-2, in the 

stromal and epithelial cells. Differently, coxibs act downstream by inhibiting the activity of COX-2 

in stromal cells and epithelial cells (Fig. 1a). 

3 Platelet-related mechanisms of metastasis formation 

The role of platelets in the metastatic dissemination of cancer cells is supported by the reduced 

cancer incidence and mortality associated with the interference of metastasis formation by aspirin 

[3–5]. Moreover, numerous clinical observations support a complex relationship between platelet 

activation, the coagulation system, and dissemination of tumor cells via the bloodstream [47]. The 

crosstalk between cancer cells and platelets promotes metastasis formation through well-known 

mechanisms [47]. They include the capacity of platelet aggregates to encircle tumor cells, thus 

providing protection from immune elimination and improving their survival and the adhesion to the 

endothelium allowing the arrest of tumor cells and their extravasation [47] (Fig. 1b). Recently, it 

has been shown that platelets cause the induction of EMT in cancer cells through to the release of 

several mediators, such as PDGF, TGF-β, and PGE2 [32, 33, 35]. First, cancer cells activate 

platelets through a direct interaction involving the participation of different molecular partners 

(Table 1). Then, platelet derived products induce the acquisition of a mesenchymal phenotype in 

cancer cells (as demonstrated by the expression of mesenchymal markers, including vimentin, 

fibronectin, the transcription factors Twist1, Snail, and Zeb) and the downregulation of epithelial 

marker expression, such as E-cadherin [32, 33, 35] (Fig. 1b). The release of TGF-β1 and the 

activation of TGF-β/Smad signaling has been identified as one of the mechanisms involved in the 

capacity of platelets to induce EMT in murine colon and breast cancer cells, promoting their 

capacity to colonize distant organs [32]. Platelets also induce COX-2 expression in the human 
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adenocarcinoma cell line HT-29 associated with enhanced PGE2 production which affects the 

expression of proteins involved in cell cycle progression (such as the downregulation of 

p21(waf1/cip1 and the upregulation of cyclin B1) [35]. The overexpression of COX-2 requires 

direct contact between cancer cells and platelets through the interaction of galectin (Gal)-3 

(expressed in cancer cells)and the collagen receptor glycoprotein (GP)VI (expressed in platelets) 

[35] (Table 1). Moreover, the release of PDGF from platelets participated in enhanced COX-2 

levels in cancer cells via the post-transcriptional regulation of COX-2 expression mediated by the 

translocation of Hur, a known stability protein for COX-2 mRNA [35]. The platelet-dependent 

induction of COX-2 in HT-29 cells was affected by Gal-3 functional blockers and revacept [35]. 

Revacept is a novel antiplatelet agent in clinical development, which prevents the binding of 

platelet collagen receptors (including GPVI) at sites of vascular lesions [59]. In fact, revacept is a 

dimeric Fc fusion protein with the IgG part and the extracellular domain of the human GPVI [59]. 

Gal 3, a member of a family of carbohydrate-binding proteins, which uniquely consists of a C-

terminal carbohydrate recognition domain(CRD), a collagen-like internal R-domain, and a N-

terminal domain, is highly elevated in malignancies including colon cancer [60]. It is localized 

inside the cells but also on the cell surface where it mediates cell-cell and cell-matrix interactions by 

binding to glycoconjugates that contain β-galactosides via the CRD. It was hypothesized that 

platelet collagen receptors interact with cancer cells Gal 3 via its collagen-like domain and this 

phenomenon is affected by revacept. In fact, the induction of COX-2 in HT-29 cells co-cultured 

with platelets was prevented by revacept [35]. Altogether, these results suggest that compounds 

targeting collagen binding sites, such as revacept [59], and Gal-3 inhibitors might prevent the 

development of colon cancer metastasis. Guillem-Llobat et al. found that platelet-derived PGE2 and 

a direct platelet-tumor cell interaction synergize to promote EMT and migration through the 

induction of Twist1 [33]. Twist1 mediates the downregulation of E-cadherin and the upregulation of 

RAC1, a Rho GTPase involved in cancer cell motility control [61]. These events led to the 

enhanced migratory capacity of HT-29 cells and the acquisition of a proaggregatory phenotype for 
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platelets [33]. Platelet-induced EMT and migration in vitro were prevented by the inhibition of 

platelet function by aspirin, an inhibitor of COX-1, and other antiplatelet agents (including 

ticagrelor an antagonist of P2Y12 or DG-041, an antagonist of the PGE2 receptor EP3). The 

mesenchymal-like phenotype of HT-29 cells, induced by the interaction with platelets in vitro, were 

characterized by an enhanced metastatic potential when injected into the circulation of 

immunodeficient mice (Fig. 1b) and these properties were prevented by the inhibition of platelet 

function by aspirin. Interestingly, platelet-induced EMT in cancer cells was associated with an 

enhanced prothrombotic phenotype and, when these cells were injected in mice, induced an increase 

in the systemic biosynthesis of PGE2 and TXA2. These responses were prevented by the 

administration of low-dose aspirin [33]. Overall, these results showed that the antiplatelet agent 

low-dose aspirin may prevent metastasis formation due to its capacity to control the stem cell 

mimicry of cancer cells and also their pro-aggregatory effects on platelets. It is well-known that 

tumor cells can re-arrange their genetic heritage in response to several molecules that populate 

tumor microenvironment. In particular, through the expression of megakaryocytic genes, tumor 

cells can activate platelets and promote coagulation, a phenomenon described as platelet mimicry 

[62]. Moreover, some tumor cells can mimic endothelial cell function, thus contributing to 

neovascularization (vasculogenic mimicry) [63]. These processes are associated with the acquisition 

of novel phenotypic features by cancer cells, as consequences of their direct crosstalk 

with stromal cells and platelets and/or the release of specific mediators occurring during cell 

activation. 

4 Platelets and cancer-related inflammation 

As reported above, platelets play an important role in the events linking tissue damage/dysfunction 

and the inflammatory response, because they are crucial players involved in the tissue damage 

repair [27]. However, when their activation is not adequately controlled, they contribute to the 

development of the chronic inflammatory process associated with the development of various 

disease states, including atherothrombosis [27], cancer, and the appearance of metastases in organs 
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distant from the primary tumor [26, 28]. In this scenario, platelets act via the release of numerous 

mediators and MVs. Platelets may trigger the induction of the pro-inflammatory COX-2-dependent 

pathway in immune, endothelial cells and fibroblasts. In monocytes, activated platelets induce 

COX-2 through transcriptional and post-transcriptional mechanisms [64]. This effect may occur 

through the interaction of Pselectin (expressed on platelet surface) and P-selectin glycoprotein 

ligand-1 (PSGL-1) on the monocytes. Moreover, activated platelets induce COX-2 expression in 

adherent monocytes through the release of soluble factors, in particular TGF-β1, and the activation 

of p38 MAPK signaling [65]. The overexpression of pro-inflammatory COX-2 in activated stromal 

cells promotes the release of several growth and inflammatory mediators which are involved in the 

phenotypic changes of epithelial cells necessary for invasion and metastasis (Fig. 1). The activation 

of stromal cells (including fibroblasts, myofibroblasts, pericytes, and different inflammatory cells) 

has been shown to be associated with genetic and epigenetic changes of the adjacent epithelial cells 

[66] (Fig. 1a). In human colonic fibroblasts, the induction of COX-2 expression by IL-1β promotes 

cell proliferation and invasion [67]. In endothelial cells, the interaction with activated platelets 

causes COX-2 overexpression, which is associated to the increased biosynthesis of the vasodilator 

PGI2, through a mechanism which depends on platelet-derived TXA2 and involves the selective 

activation of the p44/42 MAPK pathway [68]. Recently, Servais and collaborators studied the role 

of platelet and platelet-derived proteins in inflammation associated colorectal tumorigenesis [69]. 

Using a mouse model of colitis-associated cancer, the authors found that during the early 

inflammatory stage, platelet activation occurred by the release of protein mediators [including the 

protumoral serum amyloid A (SAA)] which promoted the recruitment and expansion of myeloid-

derived suppressor cells (MDSCs) [69]. The inhibition of platelet function by the administration of 

the P2Y12 receptor antagonist, clopidogrel, prevented the elevation of plasmatic SAA, decreased 

colitis severity, and delayed the formation of dysplastic lesions and adenocarcinoma [69]. Also, 

clopidogrel inhibited the expansion and function of MDSCs and their infiltration into tumors, thus 
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restoring the antitumor immunity response [69]. These results support a new role of platelets as 

modulators of immunosuppressive responses both in early tumor development and metastasis. 

5 Platelets, immunity, and cancer 

Within the bloodstream, the survival of circulating tumor cells before extravasation is crucial for the 

development of metastasis. Here, the recruitment of cells, such as monocytes, neutrophils, and also 

platelets, protects tumor cells from surveillance by killer cells, thus shattering the effects of 

immunotherapy and enabling metastasis formation [70]. This is a well-known, but not unique, 

mechanism through which platelets blunt the immune response to cancer. In fact, platelets exert 

immunological functions via their crosstalk with other players of the innate and adaptive immunity, 

including the T cells. Some evidence suggests that they participate in the initiation of acquired 

immune response (via an MHC class I-dependent manner) [71]. Interestingly, it has recently 

reported that platelets from patients with nonsmall cell lung cancer (NSCLC) cells express 

programmed cell death ligand (PDL-1) whose ligation to PD-1 induces T cell exhaustion [72]. 

Some tumors show high levels of PDL-1, thus leading to their immune escape [73], and inhibition 

of PDL-1/PD-1 interaction with blocking antibodies has been associated to long-term responses in 

patients with metastatic NSCLC [74]. Moreover, recent findings have shown a platelet-dependent 

mechanism for TGF-β activation which may contribute to an immunosuppressive effect. This 

occurred through the cell surface TGF-β-docking receptor glycoprotein A repetitions predominant 

(GARP) [75]. These findings may open the way to the use of  antiplatelet agents to interfere with 

the capacity of cancer cells to escape the immuno-surveillance. Recently, Sitia et al. unrevealed a 

central role of platelets in the immune pathogenesis of hepatocellular carcinoma (HCC), a life-

threatening complication of chronic HBV infection [76]. HBV chronic infection is characterized by 

an inefficient response of HBV-specific CD8+ T cells, which are not able to eradicate the infection, 

thus promoting immune-mediated hepatocellular necrosis, regeneration, inflammation, and then 

HCC development [77]. Interestingly, the administration of two antiplatelet drugs, aspirin, and 

clopidogrel, was associated with a significant reduction of the number of HBV-specific CD8+ T 
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cells and secondary nonspecific infiltrate, thus preventing liver injury and fibrosis and the 

development of HCC [76]. The mechanism by which platelets, through the interaction with T cells, 

promote their local accumulation and all the pathologic events in the setting of HBV remains to be 

clarified. One of the proposed mechanisms involves platelet CD154 (CD40 ligand) which may 

sustain lymphocyte function [78] and trigger an inflammatory response in endothelial cells [79]. 

These findings suggest the possible use of antiplatelet agents in the prevention of HCC. Moreover, 

recent evidence has shown that liver disease may be associated with increased thrombotic events 

[80], thus justifying the use of antiplatelet drugs in further RCTs designed to address their effects on 

the development of HCC in patients with chronic HBV infection. The growing appreciation of the 

contribution of platelets in immunity has led to study their role in response to immune complexes 

(ICs) formed by antibodies and their antigens. ICs circulate in blood contributing to chronic and 

acute inflammation in several pathological conditions [81]. Cloutier and colleagues have recently 

found that, in mice, circulating ICs can induce a systemic shock through the activation of the 

platelet receptor Fcγ receptor IIA (FcγRIIA). This response was mediated by the release of 

serotonin from platelet granules. An interesting finding of this work is that, during shock, platelets 

were sequestered in the lungs and brain and, after degranulation, they re-circulate, thus suggesting 

that in adaptive immunity, which involves antibody responses, activated platelets have a longer 

lifespan [81]. This may provide a possible explanation for the altered platelet count in IC-related 

diseases. 

 

6 Platelets as a source of biomarkers for cancer detection 

The development of non-invasive biomarkers for the early detection of cancer is an important need 

to reduce cancer deaths. Recently, Coehen and colleagues developed a novel blood test (named 

CancerSEEK) that can detect eight common cancer types (ovarian, liver, stomach, pancreas, 

oesophageal, colorectal, lung, and breast cancers) [82]. Cancer SEEK assesses circulating levels of 

eight known proteins and 16 genes (frequently mutated in different types of cancer) in cell-free 
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DNA [82]. This test was used in more than 1000 patients, and it gave a positive result in 

approximately 70% of the eight cancer types. This test allows to identify the molecular signature of 

the tumors with a specificity > 99% and only 7 of 812 healthy controls were recorded as false-

positive [82]. However, it is important to underline that about 80% of the cancers detected were at 

advanced stages (II or III stage) [82]. The detection rate was reduced in patients at earliest stages 

[82], thus suggesting that it could not be useful for the detection of the initial symptomatic stage of 

the disease or its pre-symptomatic phase. The capacity of platelets to uptake and store in their 

granules different types of molecules from the environment (including bloodstream) (a process 

known as platelet education) makes these cells able to acquire distinct signatures which may reflect 

disease states. In cancer, this phenomenon may provide the opportunity to interrogate the signature 

of the tumor-educated platelets as a biomarker reflecting the evolution of the disease [10, 83]. In 

fact, platelets of cancer patients can be characterized by a different pattern of proteins, nucleic acids 

(including mRNAs and miRNAs). Thus, the assessment of their proteome or RNA profiles is 

considered a promising approach for non-invasive detection of cancer [10, 11, 82]. In fact, Best et 

al. have recently demonstrated that the assessment of tumor-educated platelet (TEP) RNA profiles 

is a reliable blood-based cancer diagnostic approach to identify patients with NSCLC also at the 

early stage of the disease [11]. In particular, through the use of particle-swarm optimization 

algorithms and RNA-seq of TEPs, they identified a panel of RNA biomarkers to discriminate 

NSCLC patients, healthy subjects, and, importantly, also individuals without cancer but with 

several inflammatory conditions not related to cancer. This approach also allowed identifying 

panels of RNA biomarkers for the classification of lung cancer [11]. 

7 Platelet microparticles as mediators of the intercellular communication 

Upon activation, eukaryotic cells shed components from their cytoplasm through the release of tiny 

MVs. These include MPs (0.1–1 μm) of plasma membrane origin and exosomes (30–100 nm) of 

endosomal origin. The highest number of circulating MPs (70–90%) is released from platelets [84]. 

MPs are characterized by the inversion of membrane phospholipids and by the exposure on the 
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outer membrane of phosphatidylserine (PS). They express integrins such as glycoprotein IIb/IIIa 

(CD41/CD61), Ib, IaIIa, P-selectin, and enzymes that include matrix metalloproteinases [85, 86]. 

Based on their ability to transfer part of their content to target cells, platelet-derived MPs play a 

pivotal role in the crosstalk between platelets and other cells [86] (Fig. 2).MPs may influence the 

biology of the target cells mainly through the following mechanisms: (i) the stimulation of target 

cells by forming signaling complexes with specific surface MP-expressed ligands, such as growth 

factors and bioactive lipids; (ii) the intercellular transfer of surface receptors, such as adhesion 

molecules, membrane receptors; (iii) delivery of proteins and bioactive lipids into the target cells 

and transfer of mRNA, transcription factors, which may cause the epigenetic reprogramming of the 

cells [87] (Fig. 2). 

Moreover, MPs may also act as vectors for the delivery of infectious particles (such as HIV, 

prions), and finally, they may be able to deliver to the cells intact organelles (such as mitochondria) 

[87]. Platelet-derived MPs have a surface that is 50 to 100 times more pro-coagulant than that of 

activated platelets. Several pieces of evidence suggest that platelet MPs are implicated in the 

transport and delivery of bioactive molecules, thus participating in hemostasis and thrombosis, but 

also in inflammation, tumorigenesis, angiogenesis, and immunity [86]. 

Platelet MPs can transfer membrane receptors expressed on their surface (i.e., CD41, CD61, CD62, 

CXCR4, and PAR-1) to normal and cancer cells, inducing their adhesion, for example to fibrinogen, 

proliferation, and survival [88] (Fig. 2). In addition to proteins, MPs are rich in bioactive lipids, 

such as sphingosine 1-phosphate (S1P) and arachidonic acid (AA). It has been reported that AA can 

be transferred from platelet MPs to monocytes and endothelial cells, thus causing the induction of 

COX-2 and prostanoid production [89, 90] (Fig. 2). 

MPs are rich in genetic material, such as mRNA and miRNA [86]. In fact, Risitano and colleagues 

reported that platelet MPs incubated with monocytic THP-1 cells and endothelial cells led to the 

transfer of mRNA molecules [91]. The microarray gene expression analysis of monocytic THP-1 

cells showed an increase in the gamma-globin transcripts HBG1/ HBG2 and the hemoglobin 
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subunit alpha-2 (HBA2) and alpha-1 (HBA1) mRNAs that were directly related to the transfer [91] 

(Fig. 2). Also, platelet MPs contain a plethora of miRNAs which can regulate gene expression of 

cancer cells [92]. The work of Laffont and collaborators reported platelet derived MPs transferred 

the miR-223 in endothelial cells and that the complex Ago2-miR-223 downregulated the expression 

of two genes: the FBXW7, an oncosuppressor protein, and EFNA1, a glycosylphosphatidyl inositol-

anchored receptor tyrosine kinase ligand [93]. The transfer of miRNAs by platelet MPs to target 

cells has been reported to promote tumor progression. In fact, in ovarian cancer cells, platelet MPs 

delivered the miR-939 which induced the downregulation of Ecadherin and the upregulation of 

vimentin, a critical molecular events of EMT [94]. In this study, the authors found a key role of 

sPLA2-IIA in the promotion of platelet MP internalization by ovarian cancer cells [94]. Differently, 

Michael et al. reported that platelet MPs infiltrate solid tumors both in humans and mice and deliver 

miRNAs, especially miR-24, to tumor cells in vivo and in vitro inducing cell apoptosis and 

suppressing tumor growth [95] (Fig. 2). In the inflammatory milieu, the release of platelet-derived 

MPs can either promote pro-inflammatory actions of macrophages [96–98] or inhibit their secretion 

of pro-inflammatory cytokines [96, 99, 100] (Fig. 2). The effects of platelets and platelet-derived 

MPs on monocyte/macrophage functions are mediated by several mechanisms which are not 

entirely clarified. They include the direct cellular interaction, the action of adhesion molecules, such 

as P-selectin, and, at least in part, the involvement of the release of platelet-derived mediators, such 

as platelet factor 4 (PF4) [96]. Serotonin (5-hydroxytryptamine) is another platelet-derived factor 

which may affect monocyte activity by promoting NF-κB activation, the enhancement of LPS-

induced cytokine production, and also by reducing apoptosis, possibly through the alteration of Bcl-

2 or Mcl-1 expression [101]. Platelet MPs can modulate the phenotype and the functions of 

neutrophils in an inflammatory milieu. Duchez and collaborators demonstrated that platelet MPs are 

internalized by activated neutrophils in inflammatory condition like arthritis,both in humans and in 

animal models [102]. The lipidomic analysis of these MPs revealed that the most abundant 

eicosanoid was the 12(S)-hydroxyeicosatetranoic acid [12(S)-HETE] which, in concert with 
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sPLA2-IIA, promoted the MP internalization by neutrophils [102]. Also, MPs by transferring their 

cargo modified the levels of transcripts in neutrophils, thus potentially modulating the biological 

processes and functions of these target cells [102] (Fig. 2). Platelet-derived MPs are implicated in 

the modulation of adaptive immunity through the transfer of CD145 to B cells, thus stimulating 

antigen-specific IgG production and modulating germinal center formation through the cooperative 

activity with CD4 positive T cells [103]. Shedding of platelet-derived MPs occurs not only upon 

activation but also upon aging by an apoptosis-like process (apoptosis-induced platelet MPs) [98]. It 

has been shown that these MPs are chemotactic for monocytes, able to bind these cells and promote 

their polarization into resident M2 monocytes, thus changing their behavior and activation state 

towards resident professional phagocytes, as demonstrated by the expression of the (ox)LDL 

receptors, CD36 and CD68, and the production of pro-inflammatory and immunomodulating 

cytokines by monocytes [98] (Fig. 2). Sadallah et al. have demonstrated that MPs shed by human 

platelets are able to modify the monocyte differentiation towards immature dendritic cells (iDC) 

and their subsequent maturation to DC, affecting the normal immune response through the 

reduction of their potential for inflammation and Ag presentation, because they express PS, known 

for its procoagulant function [99] (Fig. 2), but also for its immunosuppressive activity when 

expressed by apoptotic cells [99]. 

8 Microparticles as biomarkers of cancer disease 

The capacity of platelets to be educated by cancer cells, thus acquiring a specific repertoire of 

proteins, mRNAs, and miRNAs related to the disease state of the individual, supports the idea that 

circulating platelet-derived MPs could be used as a biomarker for cancer diagnosis. Recently, 

several studies were performed to characterize the cellular origin and the heterogeneous cargo of 

circulating MPs for the development of disease-associated biomarkers. Kim et al. evaluated the 

number of circulating platelet MPs in patients with gastric cancer at 

different stages and demonstrated that the plasma levels of platelet MPs, together with VEGF, IL-6, 

and RANTES, were significantly increased in patients with stage IV disease, thus suggesting that 
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the evaluation of platelet MPs in plasma might be useful for identifying patients with metastatic 

gastric cancer [104]. Mege and colleagues characterized the specific signature of circulating MPs in 

patients with CRC and pancreatic cancer in comparison to those with inflammatory bowel or 

pancreatic diseases and healthy subjects [105]. It has been found that platelet-derived MPs have a 

distinct signature in cancer patients depending on the progression of the disease 

and can be used as a complex biomarker reflecting the evolution of the disease [105]. Additional 

evidence on platelet MPs as a prognostic biomarker of cancer development derived from a recent 

study performed in NSCLC patients [106]. In these patients, the levels of four types of circulating 

MPs (mainly originated from endothelial cells and platelets) were higher in cancer patients than in 

control subjects, decreased after the therapy, and, interestingly, they predicted the 1-year prognostic 

clinical outcome in the advanced stage NSCLC patients [106]. 

These data suggested that the repetitive measurement of circulating platelet MPs can predict 

therapeutic response and prognostic outcomes in advanced lung cancer patients [106]. 

9 Conclusive remarks and future perspectives 

Platelets promote tumor-related chronic inflammation and immune responses, tumor progression, 

and metastasis through complex and bidirectional communication with stromal, immune, and 

cancer cells [28, 35]. This cell-to-cell communication classically involves (i) the release of soluble 

factors [i.e.,growth factors, cytokines, chemokines and bioactive lipids and genetic material (mRNA 

and miRNAs)] and (ii) intercellular adhesion contacts, which are mediated by sets of specific 

molecules [28, 35] (Table 1). A growing interest is now focused on the mechanisms of platelet 

communication with other cells through the release of MPs. In fact, a substantial percentage of the 

platelet-released factors or molecules, such as mRNA or miRNA, are associated with circulating 

MPs [86]. Recently, the scientists have made significant advances towards developing blood tests 

for cancer. However, further research has to be carried out to validate them and to improve 

their sensitivity and specificity. Since platelets actively endocytose plasma constituents, their 

granule contents may reflect a specific disease state. Thus, in the contest of cancer disease, the 
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assessment of the molecular signature of tumor educated platelets and/or circulating MPs may 

provide a complex of biomarkers potentially reflecting the evolution of the disease status. 

Moreover, novel knowledge of platelet MP mediated intercellular crosstalk in the tumor 

microenvironment may open the way to the development of novel platelet-related therapies for the 

treatment of inflammation dependent diseases, such as atherothrombosis and cancer. Recent 

evidence supports the use of MVs to carry a wide variety of molecules, including macromolecules, 

such as DNA, RNA, and proteins, and small molecules, for example, doxorubicin, curcumin, or 

paclitaxel [107]. In fact, successful preclinical studies show that the use of autologous MVs derived 

from dendritic cells (Dex) pulsed with antigenic tumor peptides for the treatment of melanoma and 

NSCLC, respectively [108], is feasible and safe. Moreover, MVs can be engineered to deliver 

suicide gene mRNAs and proteins to target tissue, thus establishing a new strategy for cancer 

treatment [109]. The improvement of the knowledge on the biology of MPs and the mechanisms 

underlying their role as mediators of the intercellular communication will lead to the development 

of specific techniques for MP-mediated drug delivery to cancer cells. Further research is necessary 

to translate this knowledge into novel therapeutic approaches to fight cancer and metastasis. 

However, the rapid increase in the knowledge in this field represents a guarantee for success to 

improve cancer therapy, its prediction, and prognosis. 
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Table 1 Molecular determinants of direct cell-cell interaction between platelets and cancer 

cells 
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Fig. 1 Role of platelets in tumorigenesis and metastasis. a) In the early stages of colorectal 

tumorigenesis, platelet activation is a physiological response in the repair of intestinal mucosal 

damage. Activated platelets release mediators such as prostanoids [i.e., thromboxane (TX)A2, 

prostaglandin (PG)E2], ADP, growth and angiogenic factors, IL-1β and microvesicles [microparticles 

(MPs) and exosomes], which trigger an inflammatory response. Cellular components of stroma 

release different mediators and induce cyclooxygenase (COX)-2 expression in stromal cells. 

Activated stroma releases various mediators, including cytokines and growth factors. Enhanced levels 

of prostanoids (TXA2, PGE2) occur via the upregulation of COX-2. Altogether, these events 

contribute to the induction of epithelial-mesenchymal transition (EMT); low-dose aspirin may act 

upstream by affecting platelet COX-1 and, in turn, the cascade of these events; coxibs work 

downstream by inhibiting the activity of COX-2 in stromal cells and epithelial cells. b) During 

metastasis formation, activated platelets interact with circulating cancer cells and promote the 

aberrant expression of COX-2 and upregulation of mesenchymal markers, such as vimentin, Twist1, 

and SNAIL, coupled with the downregulation of E-cadherin. Mesenchymal tumor cells are 

characterized by an increased capacity to extravasate and to colonize distant organs. AA, arachidonic 

acid. 
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Fig. 2 Role of platelet-derived MPs in cell-cell communication.  

MPs released from activated platelets interact with other cells, such as monocytes, neutrophils, 

endothelial cells, tumor cells, and dendritic cells and promote phenotypic changes and novel functions 

in recipient cells through the delivery of several factors, including bioactive lipids, proteins, 

transcripts, and miRNAs. EMT, epithelial-mesenchymal transition; AA, arachidonic acid; S1P, 

sphingosine 1-phosphate; PAR-1, protease activated receptor 1; FBXW7, F-box/WD repeat-

containing protein 7; EFNA1, glycosylphosphatidyl inositol-anchored receptor tyrosine kinase 

ligand; gamma-globin transcripts, HBG1/HBG2; HBA2, hemoglobin subunit alpha-2; HBA1, 

hemoglobin subunit alpha-1; 12-HETE, 12(S)-hydroxyeicosatetranoic acid; sPLA2IIA, secretory 

phospholipase A2-IIa. +, increase; - reduction 


