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A dynamic reciprocating crosstalk between cancer cells and 
platelets presents both opportunities and challenges for an 
increased understanding of tumorigenesis and improved 
patient therapies (1). The importance of understanding 
this relationship finds merit in the widespread use of 
cardiovascular therapies that target normal platelet function 
but impact diseases seemingly unrelated to hemostasis or 
thrombosis (2). In the case of cancer, there exists expanding 
databases to support anti-cancer effects for common 
medications, such as aspirin (3). However, major questions 
remain for “how, where, and when” aspirin exerts its effect 
on the progression of cancer. A systematic approach for 
understanding the “how, when and where” question can 
be based on defining the platelet’s relevance within each 
component of the “hallmarks of cancer” (4-6).

Xu et al. elegantly define how cancer changes the 
circulating platelet via bidirectional pathways (1). 
Documented first are the tumor-induced effects on the 
platelet, such as; increased platelet aggregation, induced 
platelet vesicle release, changes in the platelet RNA profile, 
and enhanced thrombopoiesis. Cumulatively, the tumor 
cell hijacks the normal hemostatic function of the platelet 
generating a pro-thrombotic platelet. This becomes 
beneficial for the tumor cell as will be described below. 
However, immediately it becomes apparent “how” anti-
platelet therapies could impact the tumor cell or more 
importantly the progression of cancer.

Tumor cell induced phenotypic changes to the platelet 
allow for the cancer cell to commandeer the platelet’s 
intracellular cargo (ex. soluble mediators and RNA 
content), boost mitogenic signaling, and promote tumor 
vascularization (7,8). Likewise, cancer cells elicit platelet 

aggregation which can serve to shield the tumor from 
immune surveillance and deletion (9). Thus, therapeutic 
manipulation of the platelet-cancer interface, with widely 
utilized anti-platelet agents, is now recognized with 
potential anti-cancer benefits. Xu and colleagues have 
summarized the consequences of platelet-dependent effects 
mediated by tumor cells and the possible mechanistic 
benefits of aspirin (1).

Having established the changes in platelet phenotype 
induced by tumor cells, the bidirectional effect of 
platelets on the tumor cell must be considered. Globally, 
it is recognized that platelets support tumor growth and 
metastasis. The “how” can be appreciated with an even 
older cancer adage—“tumors, wounds that do not heal” (10). 
Beyond the well-recognized hemostatic function, platelets 
are well equipped to promote wound healing. Loaded with 
a myriad of growth factors and proangiogenic proteins, 
the activated platelet is a wound healing machine (11). 
Thus, platelets contribute to tumor growth by providing 
a sustainable signal to the tumor cell for proliferation, an 
ability to resist cell death, and promote vascularization for 
the insatiable appetite of the growing tumor (1).

Providing the primary tumor with the equivalent of 
“fertilizer” for growth, the platelet further contributes to 
metastasis at distant sites (12,13). Here, the importance 
of  metastas i s  in  the  cancer  prognosis  cannot  be  
understated (14). Indeed, the diagnosis of metastatic disease 
is most commonly met with a more unfavorable outcome. 
Platelets have the ability to elicit an epithelial-mesenchymal 
transition (EMT) for tumor cells that provides the cell 
with an ability to effectively migrate and intravasate into 
the bloodstream (12). Once in the bloodstream, the tumor 
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cell is exposed to a very harsh environment and an immune 
system designed to destroy the tumor cell. However, the 
altered phenotype of the platelet effectively “cloaks” the 
circulating cancer cell providing the cancer cell a shield 
to evade immune destruction effectively promoting 
cell survival in the blood circulation (9,15). Finally, at a 
distant metastatic site the tumor cell-associated platelet 
confers adhesive function to the aggregate for arrest at the 
endothelium, extravasation, and seeding of the tumor at the 
distant site (1). Thus, elaborate cross-talk between platelet 
and tumors participate in multiple steps defined by the 
“hallmarks of cancer” and explain the “how” for a platelet’s 
contribution to tumorigenesis (5).

When considering the “where” for platelet involvement, 
typically the focus is at a site of vascular damage. Indeed, 
the platelets’ ability to recognize vascular damage and 
aggregate has been extensively characterized (16). In 
the case of cancer, the platelet-cancer cell crosstalk is 
facilitated by a burgeoning tumor microenvironment 
which recruits platelets to aid in tumor development. The 
microenvironment “reprograms” platelet “behavior” to 
produce “tumor-educated platelets” or TEPs (17). The 
mechanisms by which platelet function is redirected by 
cancer are not well known but what is known is the means 
by which platelets can exacerbate the tumor burden. 
Since platelets have an extensive secretome, TEPs are 
coerced into releasing factors that promote tumor growth, 
EMT, angiogenesis and metastasis (as described above). 
In addition, platelet miRNAs delivered via exosomes 
and microparticles can alter tumor gene expression and 
subsequently heighten malignancy. Additionally, tumor cell-
induced platelet aggregation (TCIPA) generates platelet-
platelet and platelet-tumor cells interactions using a number 
of platelet adhesion receptors (18). The result is a platelet 
barrier which aids the tumor in evading immune detection 
and enhances metastasis, a process that occurs both at the 
site of the primary tumor, within the bloodstream, and 
finally at a distant metastatic site.

Defining the “when” in the platelet-tumor cell 
axis brings up the opportunity for pharmacologic  
intervention (19). With the “how” and “where” identified, 
the issue of when a given therapy might pose an opportunity 
or a challenge becomes the final thought (1). For decades’ 
aspirin has been utilized as an inhibitor of platelet activity to 
curtail incidences of cardiovascular disease (CVD). COX-
1 in platelets is vital to the production of thromboxane 
A2 (TXA2) which is a potent platelet agonist which aids 
in platelet activation and aggregation. Thus, aspirin is 

widely prescribed as a frontline therapeutic for those 
individuals who present with a heightened risk for CVD. 
The prevalence of aspirin consumption has serendipitously 
yielded a host of clinical data to implicate the anti-
platelet role of aspirin as an avenue for mitigating cancer 
development (3,20,21).

Recently, the anti-platelet and anti-inflammatory agent 
aspirin has been rising above the milieu of widely prescribed 
pharmaceuticals as a potential cancer prophylactic. As 
a cyclooxygenase (COX) inhibitor, aspirin has been 
speculated to provide anti-tumor effects for those cancers 
which overexpress COX-2. This particular COX isoform is 
not widely expressed under normal conditions but has been 
found to be in cells from several types of cancers. COX-2,  
along with COX-1, converts arachidonic acid into a 
precursor of prostaglandin E2 (PGE2). The increase in PGE2 
synthesis enhances tumor progression as the pleiotropic 
effect of PGE2 augments several hallmarks of cancer. It is 
through the inhibition of this pathway that many believe 
the anti-cancer effectiveness of aspirin is derived. However 
current understandings of platelet contributions to cancer 
pathology have led some to hypothesize that aspirin’s anti-
cancer effects are chiefly due to its anti-platelet function.

Clinical and pharmacological studies have demonstrated 
that doses of 75–300 mg/day of aspirin diminish the 
prevalence of cancer and subsequently cancer related 
deaths. Interestingly, the low dose (75 mg/day) and once 
daily regiments of aspirin prescription demonstrated the 
same level of effectiveness as higher doses. Due to the short 
half-life of aspirin, de novo synthesis of new COX proteins 
by nucleated cells would circumvent the aspirin activity in 
a relatively short timeframe. However, because platelets 
are anucleated, the restoration of functional COX activity 
within the platelet population will only occur with the 
release of newly synthesized platelets into the circulation. 
As the genesis of new platelets occurs over a broader period 
than protein synthesis, many now believe that the efficacy 
of low/delayed dosages of aspirin is due primarily to an 
inhibition of platelet function. However, going forward 
major questions still remain as to how much of the aspirin-
dependent effect is platelet-centric, tumor cell-centric, or 
another cell.

Currently, the results suggest the anti-cancer mechanism 
of aspirin may primarily lie in mitigating the platelet 
contribution to tumorigenesis and less in direct targeting 
of cancer cells. Furthermore, similar findings have been 
found in several classes of cancers such as colorectal, breast 
and pancreatic. Another possible mechanism of aspirin-
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mediated anti-platelet activity is that aspirin has been 
shown to activate ADAM17 (TACE) which acts to cleave 
glycoprotein Ibα (GPIbα) from the platelet surface (22). 
Though not a proposed mode of platelet-targeted anti-
tumor activity, the loss of GPIbα from the platelet’s surface 
would have a significant impact on TCIPA facilitated by this 
receptor. Regardless of the specific route by which platelet 
function is impaired, it has become clear that aspirin is 
showing promise as a first-line preventative of tumor 
progression (1,23,24).

As platelet adhesion and activation utilizes a broad 
population of receptors there are several known, and 
developing, antagonists previously intended for CVD that 
could be applied as cancer treatments. Currently aspirin is 
the only drug with significant clinical data but depending 
on how platelets participate in a particular cancer, other 
pharmacological options could also be deemed viable. 
In particular, the class of therapies targeting the P2Y12 
platelet purinergic receptor which are often times taken 
with low dose aspirin has been strongly implicated (24). 
It is important to note that while many studies suggest 
platelets to be supportive in tumor progression, they are 
a dynamic participant that can inhibit tumor proliferation 
and migration. In the context of inflammation, platelets 
have been shown to be both pro- or anti-inflammatory 
depending on the specific context in which inflammation is  
triggered (25). Therefore, it stands to reason that platelets 
will have a dynamic impact in tumor biology. As such, 
it is important to be rigorous in the determination of 
whether targeting platelets is beneficial (1). This will have 
to be balanced with individual patient tolerance to aspirin 
medication. 

To summarize, the dynamic conditions surrounding 
tumorigenesis results in substantial heterogeneity within 
cancers even if derived from the same tissue. Accordingly, 
our understanding of platelet biology is continuing to 
expand wherein platelets are now included as active 
participants in the processes of inflammation and tumor 
progression (6). However, the exact nature of platelet 
participation varies depending on circumstantial criteria 
whereupon platelets may act as either allies or adversaries of 
cancer outgrowth. In spite of these considerations, aspirin-
mediated platelet inhibition has been shown to mitigate 
the tumor burden in several different cancers. It is also 
possible that COX-2 inhibition within cancer cells directly 
synergizes with the platelet-inhibiting function of aspirin 
but supplemental experiments seem to attribute anti-cancer 
effectiveness primarily to platelet-dependent effects. Thus, 

aspirin and other anti-thrombotic therapies should receive 
careful consideration in the fight against cancer ranging 
from a possible frontline preventative to a supplemental 
agent in a therapeutic regiment. 
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