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Introduction

Platelets are the cellular orchestrators of primary hemostasis. 
Blood platelets are discoid anucleate cellular fragments 
originating from the cytoplasm of megakaryocytes. Anucleate 
platelets are found only in mammals. In lower vertebrates, 
cells involved in hemostasis and blood coagulation are 
nucleated and known as thrombocytes (1). Platelets have 
long been known to prevent bleeding upon injury due to 
their ability to induce coagulation and thrombus formation. 
Through expression of adhesion molecules and release of 
their granule contents, they modulate the immune system 
and preserve vascular integrity.

Hayem in 1877 provided a firm histologic basis for 
platelets, though he felt they were the origin of red blood 
cells and referred to them as “hematoblasts”. Bizzozero, in 
1882, introduced the term “blood plates” and documented 

their importance in blood coagulation and in the formation 
of thrombus (1). Another century of research was needed 
to demonstrate that platelets display functional powers, 
working as healers that deliver growth factors and other 
soothing molecules to help damaged tissue rebuild, cause 
inflammation and alert the immune cells (1). 

The dynamic crosstalk between tumor cells and their 
microenvironment is increasingly recognized as a key 
regulator of malignant progression. Indeed, the metastatic 
potential of tumor cells continues to evolve outside of the 
primary tumor site, in response to tumor-host interactions 
in the bloodstream and at the site of metastasis. Platelet-
tumor cell interactions and the signaling pathways that 
these interactions can stimulate have been identified 
as fundamental determinants of cancer metastasis. 
Furthermore, circulating tumor cells arrest in microvessels 
in distant tissues and need to survive in the vessel as well as 
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at the disseminating site in order to develop metastatic foci. 
Platelets, macrophages and T-regulatory cells are reported 
to protect the disseminating cancer cells from immune 
attack and the stress of a hostile environment (2).

In this short review we will summarize the contribution 
of platelets to tumor cell survival and the development of 
metastases. Insight from studies pointing to the formation 
of platelet-tumor cell aggregates in the bloodstream 
supports the notion that platelets provide cancer cells with 
an immune escape mechanism by protecting circulating 
malignant cells from immune-mediated lysis by natural 
killer (NK) cells.  Existing knowledge and further 
mechanistic studies might suggest platelets and their 
functions as a new avenue for antimetastatic therapy and 
anticancer immunotherapies.

Platelets and hemostasis

Circulating platelets are quiescent but in the setting of a 
vessel injury they become activated by exposure to collagen, 
the coagulation protease thrombin and other molecules 
not normally present in blood. Functionally, platelets 
are complex cells capable of shape change, translational 
protein production, protein and metabolite release, cell-
cell interactions and paracrine regulation. When the 
vasculature is damaged or in diseased vessels, platelets are 
able to respond to a great variety of agonists which bind 
to specific receptors localized on their membrane. The 
platelet membrane consists of phospholipids and is covered 
with glycoproteins (GPs) and integrins which are essential 
for adhesion, activation and aggregation (3). Platelets 
contain: (I) dense (d-) granules containing platelet agonists 
such as serotonin and adenosine diphosphate (ADP) that 
serve to amplify platelet activation; (II) alpha (α-) granules 
containing proteins that enhance the activation process 
and participate in coagulation; (III) lysosomal granules 
containing glycosidases and proteases (4). A wide variety 
of mobile transmembrane receptors cover the platelet 
membrane, with some of them being shared by other cell 
types while others are expressed only on platelets. The 
major platelet receptors have a role in hemostasis, but it is 
also increasingly recognized that a range of receptors are 
involved in other less well-understood platelet functions 
such as inflammation, tumor growth, metastasis, or 
immunological host defense.

When the vasculature is damaged or in diseased vessels, 
a series of events coordinated both in time and in place 
are required leading to: (I) platelet arrest onto the exposed 

sub-endothelium creating a monolayer of activated 
cells (initiation phase or adhesion); (II) recruitment and 
activation of additional platelets through the local release 
of major platelet agonists (extension phase or activation); 
(III) stabilization of the platelet plug preventing premature 
disaggregation until wound healing occurs (stabilization 
phase or aggregation) (3) (Table 1 and Figure 1).

Thrombus formation in response to tissue trauma initiates 
the interaction of platelets with the extracellular matrix 
components exposed to blood, particularly von Willebrand 
factor (VWF) and collagen (5). The GPIb/IX/V complex 
is the major platelet receptor mediating interaction with 
VWF and collagen (Figure 1). The next step required for 
thrombus formation is the recruitment of additional platelets 
from the flowing blood, in a process commonly referred to 
as extension or platelet activation (Figure 1). This is made 
possible by the local accumulation of platelet-secreted 
agonists ADP and thromboxane A2, epinephrine and 
thrombin (6,7). Two receptors on the platelet surface bind 
directly to collagen, the GPVI immunoglobulin superfamily 
member and the integrin a2β1 commonly referred to as 
GPIa/IIa, VLA-2 or CD49b/CD29 (Figure 1). GPVI has two 
extracellular immunoglobulin domains, a mucin-like core, a 
short peptide linker sequence, a transmembrane domain and 
a short cytoplasmic tail that binds Fyn and Lyn Src kinases. 
GPVI is also constitutively complexed with the low affinity 
immunoglobulin ITAM (immunoreceptor tyrosine-based 
activation motif) receptor FcγRIIa, which signals through a 
single ITAM in its cytosolic domain and is a critical mediator 
of platelet activation in immune thrombocytopenia (8-10), 
heparin-induced thrombocytopenia (11), bacterial infection 
(12,13) and cancer (14). The a2β1 integrin also plays a role in 
the adhesion of platelets to collagen and subsequent optimal 
activation (Figure 1). G protein-coupled receptors (GPCRs) 
are seven-transmembrane spanning signaling molecules 
that play crucial roles in the extension of the platelet plug 
by most soluble platelet agonists. GPCRs are associated 
with a group of G proteins consisting of three subunits 
termed alpha, beta, and gamma and are classified into four 
families according to their α subunit; Gαi, Gαs, Gα12/13, 
and Gαq (15). Two classes of GPCR, the purinoceptor 2 (P2) 
receptors, P2Y1 and P2Y12 are required for optimal ADP-
induced aggregation and ADP-promoted thrombus growth 
(16). Thrombin that is rapidly generated at sites of vascular 
injury plays a major role in promoting and stabilizing 
thrombi (17). The thrombin-induced platelet responses are 
mediated mainly by two protease activated receptors (PAR), 
PAR-1 and PAR-4 (Table 1).
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The last phase in the formation of an effective thrombus 
at the site of vascular injury is known as stabilization 
or aggregation (Figure 1). The most relevant contact-
dependent signaling events during this stabilization phase 
occur through integrins, particularly aIIbβ3 (also known as 
GPIIb-IIIa). aIIbβ3 causes a conformational change that 
enables it to bind fibrinogen and VWF, allowing stable 
bridges between platelets (Figure 1). Besides integrins, 
platelets express junctional adhesion molecules which 

support cohesive and signaling interactions between 
adjacent platelets and between platelets and leukocytes 
favoring thrombus stabilization (18). The formation of a 
fibrin network upon activation of the coagulation cascade 
is generally considered the last critical event contributing 
to thrombus stability (Figure 1). Fibrin formation depends 
on the monocyte-derived tissue factor (TF) carried out by 
microparticles, with minimal contribution of vessel wall 
TF. These microparticles are captured by the thrombus 

Figure 1 Platelet plug formation. The three phases of platelet plug formation include initiation (A), extension (B) and stabilization (C) with 
clot formation. Each step requires a coordinated response to ligand and receptor interactions, signaling molecules, membrane expression of 
clotting protein components and secretion of granule contents. 

A

GP Ib-IX-V

GPV1 a2β1

aIIbβ3

aIIbβ3
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Stabilization/aggregationExtension/activationInitiation/adhesion

Fibrin network

VWF VWF

Collagen Collagen

B C

Table 1 Platelet receptors

Receptors Ligands

Initiation phase (adhesion)

GPIb-IX-V complex VWF

Extension phase (activation)

GPVI Collagen

GPIa/IIa (a2β1, VLA-2 or CD49b/CD29) Collagen

GPCRs ADP and thromboxane A2, epinephrine and thrombin

P2Y1, P2Y12 ADP

PAR-1 and PAR-4 thrombin

Stabilization phase (aggregation)

GPIIb-IIIa (aIIbβ3) Fibrinogen, VWF

P-selectin PSGL-1

Receptors with no clear function in hemostasis

CLEC-2 Podoplanin

FcγRIIA Collagen

ADP, adenosine diphosphate; VWF, von Willebrand factor; CLEC-2, C-type lectin-like receptor 2; GP, glycoprotein; GPCRs, G  

protein-coupled receptors; P2, purinoceptor 2 receptor; PAR, protease activated receptor. 
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through the interaction between P-selectin expressed on the 
surface of activated platelets and PSGL-1 present on the 
microparticles (19) (Table 1).

The role of C-type lectin-like receptor 2 (CLEC-2), 
a type II transmembrane protein that signals via a single 
YxxL sequence known as a hemITAM, remains to be 
better defined (20). CLEC-2 is the receptor for the type I 
transmembrane GP podoplanin, which is widely expressed 
outside of the vasculature, including lymphatic endothelial 
cells, type I lung alveolar cells, lymph node stromal cells and 
the choroid plexus epithelium. Podoplanin is also present 
on inflammatory macrophages (21,22) and on a subset of 
activated T-helper (Th) 17 cells (23,24). The function of 
CLEC-2 in hemostasis is not clear with reports indicating 
that it either plays a minor role (25,26) or that it plays no 
role (27). However, the bidirectional relationship between 
CLEC-2 and podoplanin has been described and considered 
in the context of tumor growth and metastasis (28).

The role of platelets in cancer evolution

The association of platelet clotting properties and overt 
or occult malignancy was reported in the 19th century. 
Gasic et al., first described the association between platelet 
number and metastatic cancer potential (29). They 
reported the finding that neuraminidase in vivo produces 
thrombocytopenia, with a close correlation between the 
decrease in platelet levels and the decrease in metastases (29). 
Thrombocytopenia experimentally induced by a variety of 
mechanisms has also been associated with a reduction in the 
number of metastases in tumor transplant models (29,30). 
Often numbering over 3-4 trillion in an individual patient 
with cancer, elevated platelet numbers have been associated 
with tumor metastasis and poor prognosis (31). Tumor cells 
can aggregate and activate platelets, leading to the initiation 
of a thrombus through the process known as tumor cell-
induced platelet aggregation (TCIPA) (32). TCIPA 
correlates with both the tendency to thrombosis induced by 
tumors and, reciprocally, to their metastatic potential.

But how do platelets help tumor cells to survive in the 
blood environment and finally exit the bloodstream? One 
way is that platelets protect metastatic tumor cells from 
immune surveillance as they travel round the circulatory 
system and help tumor cells to attach to endothelium upon 
their arrest at metastatic sites (33). Platelet and endothelial 
cell adhesion proteins may also facilitate metastasis 
by augmenting tumor cell extravasation, a hypothesis 
supported by the observation that tumor metastases are 

reduced in mice lacking the vascular adhesion molecules 
P- and L-selectin (34). Vascular endothelial growth 
factor (VEGF), an α-granule constituent released by 
activated platelets as a pro-angiogenic protein, promotes 
vasculogenesis by stimulating endothelial migration and 
proliferation (35). Indeed, platelets provide a major serum 
source of many pro-angiogenic proteins in the circulation 
of patients with cancer (36). In addition, platelets take 
up tumor-derived secreted membrane vesicles that can 
contain tumor-associated RNA and can serve as a potential 
biomarker source for cancer diagnostics (37).

Genetic studies have demonstrated that platelets promote 
extravasation of colon and breast cancer cells by inducing 
epithelial-mesenchymal-like transition through secretion 
of transforming growth factor β and through direct contact 
with cancer cells (38). Schumacher and colleagues found 
that adenine nucleotides released from tumor cell-activated 
platelets induce opening of the endothelial barrier to allow 
trans-endothelial migration of tumor cells (39). Genetic 
ablation of P2Y2, expressed in endothelial cells, prevents 
vascular leakage and suppresses tumor extravasation (39). 
Reduced expression of P2Y2 in endothelial cells suppresses 
platelet-dependent tumor extravasation in vitro, indicating 
that platelets lose the endothelial barrier by releasing ATP-
containing granules, which enhances extravasation of cancer 
cells (39).

Labelle et al., reported that platelets and granulocytes 
are sequentially recruited to disseminated tumor cells to 
form “early metastatic niches” that promote metastatic 
progression. Platelet-derived CXCL5/7 chemokines and not 
tumor cell-derived signals recruit granulocytes and guide the 
formation of early metastatic niches, which are crucial for 
metastasis (40). The sialoglycoprotein Aggrus/podoplanin 
expressed by tumor cells activates platelets through CLEC-2  
and, reciprocally, the system promotes tumor growth and 
metastasis in experimental models (41,42). Interestingly 
podoplanin-positive cancer-associated fibroblasts play an 
important role in primary resistance to epidermal growth 
factor receptor tyrosine kinase inhibitors (EGFR-TKIs) and 
may be an ideal therapeutic target for use in combination 
therapy with EGFR-TKIs in non-small cell lung cancer 
(NSCLC) patients with EGFR mutations (43).

Platelets and immune system

The microenvironment within the bloodstream is hostile 
to circulating tumor cells and their survival before 
extravasation is crucial for metastasis (Figure 2). Data 
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from mouse models suggest that the recruitment of 
immunosuppressive cells, like macrophages, neutrophils 
and platelets, to tumor cells protects metastatic cancer 
cells from surveillance by killer cells, which nullifies the 
effects of immunotherapy and thus enables metastasis (44). 
Antibody-induced (29) or genetic (45) depletion of platelets 
inhibits metastasis, whereas platelet reconstitution restores 
metastatic activity (46), as seen in several independent 
mouse models. Furthermore, platelets arrest tumor cells in 
capillaries and provide a survival signal, which in turn allows 
a chemotactic gradient of CC-chemokine ligand 2 (CCL2) 
to be established to recruit inflammatory monocytes. 
These monocytes differentiate into metastasis-associated 
macrophages (MAMs) that promote extravasation and 
cancer cell survival through cell-to-cell contact (47,48). 

Nieswandt et al., were among the first to report that 
the main contribution of platelets to metastasis seems to 
consist in protection of tumor cells from NK cell lysis (33)  
(Figure 2). Only very few circulating tumor cells establish 
metastatic foci in patients with cancer despite thousands 
of cells being released into the circulatory system every 
day (49). Thus, the metastatic steps following tumor 
cell survival, extravasation and metastatic growth are 
rate-limiting processes for metastasis. Macrophages, 

neutrophils and platelets have been reported to promote 
these inefficient steps of metastasis (44). There are data 
indicating that platelet activation and the resultant fibrin 
clot formation promote the early survival of cancer cells 
that are lodged at the metastatic sites by shielding them 
from NK cells (Figure 2). For instance, intravenously 
injected melanoma cells develop fewer metastatic foci in the 
lungs of platelet-depleted mice than in normal mice (45). 
Moreover, genetic loss of Gαq, prothrombin or fibrinogen 
reduces the number of residual cancer cells in the lungs 
24 hours after intravenous injection (45). The precipitous 
loss of embolus cancer cells in these gene-targeted mice is 
rescued by NK cell ablation (50,51). Metastasis is nearly 
completely inhibited in mice that lack platelets based on 
nuclear factor erythroid-derived 2 (NFE2) knockout, 
which interrupts platelet production by interfering with 
megakaryocyte maturation (45). These results, together 
with reduced metastasis in PAR4-knockout mice and 
fibrinogen-knockout mice, indicate that platelets and their 
activation have an essential role in hematogenous tumor 
cell spreading and that this process involves thrombin-
dependent and thrombin-independent mechanisms (45). 
Platelets of PAR4-knockout mice are unable to aggregate 
in response to thrombin, but their thromboxane and GPVI 

Figure 2 Platelets help tumor cells to overcome the rate-limiting steps of metastasis. After leaving the primary sites, tumor cells need to 
survive in the circulation and following arrest at the metastatic sites. This process is helped by platelets which protect tumor cells from NK 
cells lysis.
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receptors are not disturbed (45,52). The thrombin inhibitor 
hiruidin further reduces metastasis in PAR4-knockout 
mice, implying a mechanism that involves other thrombin 
ligands, such as fibrinogen (53) or PARs expressed by the 
tumor cells. Mice with PAR1 and PAR2 deficiency, in 
which endothelial responses to coagulation proteases—but 
not those of the experimentally introduced tumor cells—
are attenuated, were not protected against metastasis (45). 
Thrombin activates PAR1 and PAR2 receptors that are 
expressed by host and tumor cells, and supports tumor 
growth, angiogenesis and metastasis (54,55).

The exact mechanisms of how platelet activation and 
fibrin clotting protect from NK cells still need to be defined. 
Platelets may provide a physical barrier to NK cell contact, 
and at the same time exert paracrine suppression of NK-
mediated cytolytic activity (56). For instance, transforming 
growth factor-β from platelets diminishes NK granule 
mobilization, cytotoxicity and interferon-γ secretion (57).  
Other soluble mediators including prostaglandin E2 
(PGE2), may have similar activity (56). Overall, the ability 
of platelets to induce the formation of hetero-aggregates 
between tumor cells, platelets and leukocytes may play an 
important part in determining tumor cell survival within the 
microvasculature of target organs of metastasis.

Conclusions

It is important to clearly identify the factors released by 
platelets that promote cancer metastasis and stimulate 
antitumor immune responses. Employing specific inhibitors 
of platelet function or neutralizing agents would enable 
the development of new treatments without the need 
for lowering platelet count. Such anti-platelet treatment 
combined with chemotherapy or immunotherapy would 
enhance delivery to the tumor and may represent a 
significant improvement in our ability to fight cancer with 
minimal side effects and without increasing the risk of 
bleeding.
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