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Inflammation plays a critical role in the pathogenesis of various diseases by
promoting the acquisition of new functional traits by different cell types. Shared
risk factors between cardiovascular disease and cancer, including smoking,
obesity, diabetes, high-fat diet, low physical activity, and alcohol consumption,
contribute to inflammation linked to platelet activation. Platelets contribute to an
inflammatory state by activating various normal cells, such as fibroblasts, immune
cells, and vascular cells. This activation is achieved by releasing diversemolecules
from platelets, including lipids (eicosanoids), growth and angiogenic factors, and
extracellular vesicles (EVs) rich in various RNA species. Antiplatelet agents like
low-dose aspirin can prevent cardiovascular disease and cancer by inhibiting
platelet functions beyond the antithrombotic action. Throughout the initial
phases of tumorigenesis, the activation of platelets induces the
overexpression of cyclooxygenase (COX)-2 in stromal cells, leading to
increased biosynthesis of prostaglandin (PG)E2. This prostanoid can contribute
to tumor development by inhibiting apoptosis, promoting cancer cell
proliferation and migration, and immune evasion. Notably, platelets induce the
epithelial-mesenchymal transition (EMT) in tumor cells, enhancing their
metastatic potential. Two platelet eicosanoids, PGE2 (generated as a minor
product of COX-1) and 12S-hydroxyeicosatetraenoic acid (HETE) [derived
from the platelet-type 12-lipoxygenase (LOX)], contribute to EMT. In addition
to the pharmacological inhibition of eicosanoid biosynthesis, a potential strategy
for mitigating platelet-induced metastasis might encompass the inhibition of
direct interactions between platelets and cancer cells. For example, there is
promise in utilizing revacept to inhibit the interaction between platelet collagen
receptors (particularly GPVI) and galectin-3 in cancer cells. Identifying these
novel platelet functions suggests the potential application of antiplatelet agents,
such as low-dose aspirin, in mitigating cancer risk, particularly in the case of
colorectal cancer. It is necessary to investigate the effectiveness of other
antiplatelet drugs, such as ADP P2Y12 receptor antagonists, in cancer
prevention. Other new antiplatelet drugs, such as revacept and selective 12-
LOX inhibitors, currently under clinical development, are of interest due to their
low risk of bleeding. Platelets and EVs carry important clinical information
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because they contain specific proteins and RNAs associated with disease
conditions. Their analysis can improve the accuracy of liquid biopsies for early
cancer detection, monitoring progression, and assessing drug response.
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Introduction

The cellular components involved in the
process of inflammation

Acute inflammation is a highly regulated physiological process
essential in defending the body against various external and internal
threats. Any disruption in tissue homeostasis triggers the activation
of innate immune cells, which form the first line of defense intended
to restore the affected tissue (Delves and Roitt, 2000). The primary
inflammatory cells that mediate acute inflammation are the
polymorphonuclear leukocytes (PMN). The production of
chemotactic molecules induces the migration from the venous
system to the damaged site of monocytes/macrophages, mast
cells, dendritic cells, and natural killer (NK) cells. They amplify
the inflammatory response, leading to pathogen elimination and
tissue repair by releasing cytokines, chemokines, matrix-remodeling
proteases, and reactive oxygen and nitrogen species (Coussens and
Werb, 2002; Chitu and Stanley, 2006). Like that associated with
wound healing, physiological inflammation is a strictly controlled
and self-limiting process (Martin and Leibovich, 2005). However,
losing control over immune components can lead to chronic
inflammation.

Multiple factors can contribute to an excessive burden of
inflammation, encompassing lifestyle factors such as smoking and
dietary habits, along with conditions like obesity, diabetes, and
exposure to environmental pollutants (Libby, 2012). The
development of chronic inflammation is associated with a range
of diseases, including fatty liver disease, inflammatory bowel disease
(IBD), Alzheimer’s, Parkinson’s, atherosclerosis, and cancer (Chen
et al., 2017). Current studies indicate that the trigger signaling of
chronic inflammation is associated with enhanced platelet activation
(Gawaz et al., 2005; Dovizio et al., 2014). It is now acknowledged that
platelets are mediators of intercellular communication and
propagation of the cellular activation response through the
release and transfer of their molecular cargo to numerous cell
types implicated in inflammation (Rondina et al., 2013; Varon
and Shai, 2015). Consequently, this insight opens doors to
innovative approaches to curbing chronic inflammation-related
diseases (Gawaz et al., 2023; Patrignani and Patrono, 2015; 2018).

In atherosclerosis, the damage of vascular endothelial cells
induces a rapid adhering to the vascular wall of activated
platelets; this event contributes to the development of vascular
inflammation through leukocyte chemoattraction and their
subsequent infiltration into the vessel wall associated with the
proliferation of smooth muscle cells (Ross et al., 1985; Gawaz
et al., 2005). Interactions between platelets and leukocytes occur
via PSGL-1-P-selectin (Evangelista et al., 1999; Yang et al., 1999),
followed by the binding between Mac-1 (CD11b/CD18, αMb2) and

GPIbα (Simon et al., 2000), JAM-3 (Santoso et al., 2002), or ICAM-2
(Diacovo et al., 1994). The binding facilitates the release of
inflammatory molecules from platelets, triggering monocyte
inflammatory cascades (Weyrich et al., 1996).

Platelets promote plaque formation by accelerating foam cell
formation upon binding to oxidized LDL (Coenen et al., 2021).
Platelet-derived matrix metalloproteinases (MMPs), a family of
proteolytic enzymes that mediate physiological and
pathophysiological extracellular matrix turnover (Gresele et al.,
2021), such as MMP-1 and -2 can cleave protease-activated
receptors (PARs). Among them, PAR-1 is a G protein-coupled
receptor with important roles in hemostasis and inflammation
(Willis Fox and Preston, 2020). Rana et al. (2018) demonstrated
a role for MMP-1 in plaque formation in mice, mediated via
interaction with endothelial PAR-1. Momi et al. (2022)
discovered that platelet MMP-2 plays a role in mice’s early
formation of arterial plaque. This occurs by activating endothelial
PAR-1, which leads to endothelial activation and monocyte
intravasation. They also found that in patients with coronary
artery disease (CAD) and human immunodeficiency virus (HIV),
MMP-2 is overexpressed on the surface of platelets compared to
healthy individuals of similar age and sex. Furthermore, it was noted
that platelet MMP-2 levels are positively associated with the severity
of carotid artery stenosis in humans. These findings indicate that
inhibiting PAR-1 activities could be a promising way to reduce
atherothrombosis. New strategies may involve targeting the
signaling downstream of PAR-1 activated by MMP-1 and -2 to
specifically inhibit the proinflammatory activity of PAR-1 (Willis
Fox and Preston, 2020).

The release of platelet-derived CD40 ligand (CD40L, CD154)
fosters inflammation within the endothelium. The binding of
CD40 on endothelial cells to CD40L on activated platelets boosts
the release of IL-8 and monocyte chemoattractant protein-1 (MCP-
1), major attractants for neutrophils and monocytes (Henn et al.,
1998). The interaction also prompts smooth muscle cells and
macrophages to release MMPs, facilitating the degradation and
remodeling of inflamed tissues.

A persistent inflammatory microenvironment continuously
provides various factors—such as cytokines, chemokines, and
growth factors—that oppose cell death and repair mechanisms,
causing genomic instability and predisposing tissues to cancer
(Mantovani and Pierotti, 2008; Hussain and Harris, 2007).
Consequently, mediators and cellular effectors of inflammation
play a crucial role in the local tumor milieu. It was estimated
that 20% of all cancers are linked to chronic infections and
inflammation (Mantovani et al., 2008), highlighting inflammation
as the seventh hallmark of cancer. The unrestrained nature of
cancer-related inflammation promotes tumor growth, supports
angiogenesis and metastasis, undermines adaptive immune
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responses, and modifies responses to chemotherapy (Balkwill et al.,
2005; Mantovani et al., 2008). Although genetic studies in mouse
models have shown that innate immune cells can get an adaptive
immune response capable of eradicating nascent tumors (Negus
et al., 1997), the genetic, epigenetic, and metabolic instability
characteristic of neoplastic cells allows new variants to escape
immune surveillance, leading to tumor establishment and
progression (immunoediting process) (Dunn et al., 2002).

Notably, leukocyte infiltration observed in tumor tissues and the
anticancer efficacy of antiinflammatory agents support the role of
chronic inflammation in cancer development and progression
(Menter et al., 2010; Wong et al., 2020; Li et al., 2020).

In the last decade, experimental evidence has supported
platelets’ pivotal role in developing chronic inflammation beyond
their roles in hemostasis and thrombosis (Davì and Patrono, 2007;
Smyth et al., 2009; Patrignani and Patrono, 2015; 2018). Platelets
transduce inflammation-related signals, contributing to the variable
microenvironment facilitating cell plasticity and heterogeneity.
Platelets interact directly with target cells and release numerous
mediators, including eicosanoids [thromboxane (TX)A2 and
prostaglandin (PG)E2], angiogenic and growth factors from α-
granules, ADP from dense granules, and extracellular vesicles

(EVs) containing genetic material such as mRNA and
microRNAs (miRs) (Patrono et al., 2001; Patrignani and Patrono,
2015; 2018). These phenomena can contribute to developing the
early events of tumorigenesis triggered by platelet
activation (Figure 1).

Platelet extravasation and the development
of an inflammatory microenvironment

Platelets possess multifaceted functions beyond thrombosis
(Figure 2), significantly contributing to various pathological
conditions, including atherosclerosis, restenosis, cardiac fibrosis,
airway hyperresponsiveness, airway wall remodeling, intestinal
colitis, and tumor metastasis (Patrignani and Patrono, 2018;
Rumbaut and Thiyagaraja, 2010; Golebiewska and Poole, 2015).
An important function of platelets is the capacity to extravasate at
sites of inflammation, thus interacting and activating other cells that
constitute the cellular stromal compartment of different tissues.
Platelets activate other cell types via direct interaction or through the
release of many mediators with a wide range of activities and the
capacity to release EVs that transfer platelet cargo far from the
platelet. These events are associated with inflammation, tissue
injury, and organ failure severity.

Platelet recruitment to post-capillary venules at sites of acute
inflammation has been shown in various experimental models, often
associated with PMN-endothelial interactions. In a mouse model of
corneal epithelial abrasion, an acute inflammatory response is
necessary for effective wound healing (De La Cruz et al., 2021).
In this model, PMNs and platelets are recruited to the small blood
vessels surrounding the cornea in a mutually dependent manner.
Depleting either cell type systemically inhibits the recruitment of the
other. The mechanisms responsible for platelet extravasation in
inflammation need to be clarified. However, the data suggest that in
this model of corneal inflammation, platelet extravasation depends
on CD18, mast cells, and PMNs, with a central role for mast cell
degranulation in the responses. Platelet extravasation is

FIGURE 1
Platelet activation triggers the early phases of tumorigenesis. (1)
Activated platelets release many mediators [including eicosanoids
(such as TXA2), ADP, cytokines (such as IL-1β), growth and angiogenic
factors, and extracellular vesicles (EVs) containing genetic
material (such as mRNAs and microRNAs)] that contribute to (2) COX-
2 overexpression in stromal cells (including macrophages and
fibroblasts). (3) The crosstalk with epithelial cells leads to COX-2
induction. (4) Additionally, COX-2 is overexpressed in endothelial
cells, leading to angiogenesis. (5) These events lead to the release of
PGE2, which translates to inhibition of apoptosis, an increase in
proliferation and migration, and induction of epithelial-mesenchymal
transition (EMT). The inhibition of platelet COX-1 by low-dose aspirin
prevents the downstream signaling pathways involved in the early
events of tumorigenesis and indirectly inhibits COX-2 induction. In
contrast, NSAIDs and coxibs have an antitumorigenic effect by directly
inhibiting COX-2 activity and prostanoid generation in stromal cells,
epithelial cells, and endothelial cells.

FIGURE 2
Different stages of platelet activation from resting to aggregation,
by high resolution scanning electron microscopy. Platelets possess
multifaceted functions beyond thrombosis contributing to
inflammation, atherosclerosis and cancer metastasis.
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accompanied by red blood cell (RBC) extravasation, with evidence of
disruption of microvascular integrity (De La Cruz et al., 2021).

It has been reported that platelets influence leukocyte trafficking
from blood vessels into lung tissue because platelets are necessary for
the pulmonary recruitment of eosinophils and lymphocytes in
murine allergic inflammation (Pitchford et al., 2003; Pitchford
et al., 2005; Pitchford et al., 2008).

In hypertensive mice with prostacyclin (PGI2) receptor (IP)
deletion (IPKO) fed with a high-salt diet associated with
hypertension and cardiac fibrosis, enhanced systemic biosynthesis
of TXA2 and left ventricular TXA2 receptor (TP) expression were
detected (D’Agostino et al., 2021). Increased cardiac collagen
deposition, profibrotic gene expression (including TGF-β),
number of myofibroblasts at perivascular levels, and extravasated
platelets were detected compared to WT mice treated with the same
diet. The antiplatelet agent low-dose aspirin caused a selective
inhibition of platelet TXA2 biosynthesis and mitigated enhanced
blood pressure, cardiac fibrosis, and left ventricular profibrotic gene
expression in IPKO but not WT mice. Moreover, the number of
myofibroblasts and extravasated platelets in the heart was reduced
(D’Agostino et al., 2021).

Platelets have been detected to extravasate and accumulate in the
colonic lamina propria of chronic inflammation-associated fibrosis
(Sacco et al., 2019) and intestinal adenomas in mice (Bruno et al.,
2022), associated with an enhanced number of myofibroblasts.

Platelet-myofibroblast crosstalk: a key
mechanism of intestinal inflammation-
linked tumorigenesis

Under normal physiological conditions, the stroma comprises
fibroblasts, smooth muscle cells, immune cells, endothelial cells,
nerve cells, and the extracellular matrix (ECM) (Barron and Rowley,
2012). The stroma is a structural and functional support system for
epithelial cells, regulating their behavior and enabling tissue repair in
response to injury (Tuxhorn et al., 2001). Stromal activation during
wound healing, characterized by myofibroblast activation, type I
collagen deposition, and angiogenesis, is also observed in the tumor
microenvironment, referred to as reactive stroma (Kalluri and
Zeisberg, 2006; Tuxhorn et al., 2002).

In intestinal inflammation resulting from epithelial damage,
such as experimentally induced colitis in mice or inflammatory
bowel disease (IBD) in humans, platelets are observed to migrate
from the bloodstream into the interstitial tissue of the colon (Danese
et al., 2004; Petito et al., 2017). This extravasation may contribute to
the persistence of chronic inflammation, leading to fibrosis and
facilitating tumorigenesis through intercellular communication with
myofibroblasts.

Sacco et al. (2019) conducted a study revealing that when human
platelets are cocultured with intestinal myofibroblasts, the platelets
undergo activation, resulting in increased production of TXA2, a
major oxylipin derived from arachidonic acid (AA) through
cyclooxygenase (COX)-1 activity. Subsequently, TXA2 induces
phenotypic and functional alterations in myofibroblasts. In the
presence of platelets, the characteristic spindle-shaped
myofibroblasts turn towards a polarized phenotype, accompanied
by elongation of the cellular body associated with enhanced

proliferation and migratory) properties. The changes in
myofibroblast morphology and functions induced by platelets
were accompanied by reduced α-SMA, vimentin, fibronectin, and
RhoA expression. These changes were prevented when platelets
were exposed to aspirin, an irreversible inhibitor of platelet COX-1,
and then washed away before incubation with myofibroblasts.
Similar effects were observed when using an antagonist of the TP
receptors, indicating that COX-1-dependent TXA2 is a crucial
mediator released by platelets to activate myofibroblasts via TP
receptors (Sacco et al., 2019). In the coculture of human platelets and
myofibroblasts, platelet-derived TXA2 was involved in the induction
of COX-2 in myofibroblasts since it was prevented by the selective
inhibition of platelet COX-1 by aspirin or by a specific antagonist of
TXA2 receptors (TP) (SQ 29,548) (Bruno et al., 2022). Enhanced
COX-2-dependent PGE2 was detected under these experimental
conditions. Interestingly, both TXA2 and PGE2 contribute to COX-2
induction in the coculture of platelet and myofibroblasts. The
activation of TP by the TXA2 mimetic U46619 caused a rapid
expression of COX-2 in myofibroblasts cultured alone, but PGE2
was required for the sustained expression of COX-2 (Bruno et al.,
2022). Faour et al. (2001) reported that in IL-1β-treated human
synovial fibroblasts, PGE2 stabilizes COX-2 mRNA and stimulates
translation via EP4 receptor and the downstream kinases p38MAPK
and cAMP-dependent protein kinase.

Enhanced COX-2-dependent PGE2 in the tumor
microenvironment promotes tumor growth and inhibition of
immunosurveillance and induces angiogenesis. Moreover, PGE2
can activate tumor epithelial cells, causing proliferation, survival,
migration/invasion, and epigenetic changes (Wang and DuBois,
2013). However, it was found that TXA2 and PGE2 contribute to
COX-2 induction in the coculture of platelet and myofibroblasts.
The activation of TP by the TXA2 mimetic U46619 caused a rapid
expression of COX-2 in myofibroblasts cultured alone, but PGE2
was required for the sustained expression of COX-2 (Bruno et al.,
2022). Faour et al. (2001) reported that in IL-1β-treated human
synovial fibroblasts, PGE2 stabilizes COX-2 mRNA and stimulates
translation via EP4 receptor and the downstream kinases p38MAPK
and cAMP-dependent protein kinase.

Proinflammatory stimuli, such as IL-1β, have been shown to
upregulate COX-2 signaling in human colonic fibroblasts,
modulating the proliferation and invasiveness of human colonic
epithelial cancer cells (Zhu et al., 2012). Moreover, COX-2
expression has been detected in the stromal compartment of
polyps from ApcMin/+ mice (Oshima et al., 1996).

These findings demonstrate the potential contribution of
platelets to the development of an inflammatory
microenvironment, thereby promoting the early stages of
tumorigenesis through the upregulation of COX-2 and the
increased production of PGE2 (Figure 1). Platelet-derived TXA2

is a pivotal trigger and sustainer of the cascade of events induced by
platelet activation leading to intestinal tumorigenesis. Notably,
antiplatelet agents can indirectly disrupt this cascade of
downstream events (Patrignani and Patrono, 2015). Direct
inhibition of COX-2 activity can achieve similar efficacy. Selective
COX-2 inhibitors (coxibs) reduce tumor development by targeting
COX-2 and PGE2. (Bertagnolli et al., 2006; Patrignani and Patrono,
2015; Wang and DuBois, 2013) (Figure 1). However, the heightened
risk of cardiovascular side effects by COX-2 inhibitors hinders the
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utilization of these drugs for long-term cancer prevention regimens
(Grosser et al., 2006).

The role of platelets in the development of
intestinal tumorigenesis: a lesson from
conditional COX-1 knockout mice in
megakaryocytes/platelets

The role of platelet TXA2 in intestinal inflammation and
tumorigenesis has been convincingly demonstrated by generating
mice with the specific deletion of COX-1 in megakaryocytes/
platelets (Sacco et al., 2019; Bruno et al., 2022).

We generated a mouse with floxed Ptgs1 (COX-1) (Sacco et al.,
2019), in which exons 6 and 7 were flanked by loxP sites using
transcription activator-like effector nucleases as a genome-editing

tool, which significantly boosts genomic modification efficiency
(Joung and Sander, 2013). These mice were bred with platelet factor
4 (Pf4)-Cre transgenic C57BL/6 mice [obtained from Jackson
Laboratories (Bar Harbor, ME)] expressing a codon-improved Cre
recombinase (iCre) under the control of the mouse Pf4 promoter,
resulting in Cre recombinase expression inmostmegakaryocytes (Sacco
et al., 2019). In these mice, the synthesis of TXA2 by platelet COX-1 was
almost completely inhibited. The systemic biosynthesis of TXA2, as
assessed by the enzymatic urinary metabolites of TXB2, was also
profoundly reduced. However, COX-2-dependent markers of
prostanoid biosynthesis (such as the urinary metabolite of PGE2 and
PGI2) were not significantly affected (Sacco et al., 2019; Bruno et al.,
2022). These effects observed in mice with the COX-1 specific deletion
in platelets are similar to the impact of low-dose aspirin in humans,
which is an antiplatelet agent that selectively inhibits COX-1 in platelets
(Patrignani et al., 2014; Patrono et al., 2005).

FIGURE 3
The role of platelet COX-1 in intestinal tumorigenesis of ApcMin/+mice. (A) The platelet COX-1-dependent TXA2 (also fromextravasated platelets) can
contribute to intestinal neoplasia by triggering the expression of COX-2 in stromal cells, which is involved in the biosynthesis of PGE2; the selective
inhibition of COX-1 in platelets by aspirin can prevent the biosynthesis of TXA2 and indirectly the upregulation of COX-2. (B) In ApcMin/+ mice, the specific
deletion of platelet COX-1 caused a profound reduction in platelet TXA2 biosynthesis in vivo, which was associated with decreased COX-2
expression and PGE2 biosynthesis, and a reduced number and size of intestinal adenomas.
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In mice with experimental intestinal colitis treated with dextran
sulfate sodium (DSS), there is increased biosynthesis of TXA2 from
platelets (Sacco et al., 2019). TXA2 contributes to increased
microvascular permeability (Turnage et al., 1985) and
inflammatory, immune cells, and platelets’ movement, leading to
colon accumulation (Vitiello et al., 2014). Deletion of COX-1 in
platelets inhibits the chronic inflammatory response linked to the
reversal of intestinal colitis symptoms in DSS-induced colitis.
Furthermore, the specific deletion of COX-1 in platelets
prevented intestinal inflammation-associated fibrosis (Sacco
et al., 2019).

InApcMin/+mice that developmultiple intestinal neoplasia due to
a nonsense mutation at codon 850 of the Apc gene, like humans with
germline mutations in the APC gene (Moser et al., 1995), enhanced
systemic TXA2 biosynthesis was detected deriving mainly from
activated platelets (Bruno et al., 2022). The specific deletion of
platelet COX-1 in ApcMin/+ mice was associated with a reduced
systemic biosynthesis of TXA2 and a reduced number of intestinal
adenomas (Figures 3A, B). ApcMin/+mice developed multiple sessile
tubular adenomas with marked nuclear enlargement with
hyperchromasia, denoting a lower grade of differentiation than
ApcMin/+ mice with the specific deletion of platelet COX-1, as
confirmed by the higher number of mitotic elements (Bruno
et al., 2022). The adenomas of ApcMin/+mice showed higher
staining of PCNA (proliferating cell nuclear antigen) than
ApcMin/+mice with specific deletion of COX-1 in the platelet;
PCNA is an auxiliary protein for DNA polymerase that reaches
maximal expression during the S phase of the cell cycle (Celis et al.,
1987). In polyps of ApcMin/+mice, enhanced expression of COX-2
and mPGES-1 (i.e., microsomal prostaglandin E synthase-1, the
downstream enzyme responsible for PGE2 biosynthesis fromCOX-2
product PGH2) was detected in association with the downregulation
of 15-prostaglandin dehydrogenase (15-PGDH, an enzyme
oxidizing and degrading PGE2). These changes could contribute
to enhanced biosynthesis of PGE2 in the tumor, which can reflect the
increased systemic biosynthesis of PGE2 found in ApcMin/+ mice
(Bruno et al., 2022). Deleting platelet COX-1 prevented the
upregulation of COX-2 in the intestinal adenomas associated
with reduced systemic biosynthesis of PGE2 (Figure 3B). The
results of this study demonstrate that activated platelets can
contribute to enhanced PGE2 generation in intestinal tumors,
and inhibition of platelet function can indirectly prevent it, thus
interfering with adenoma formation (Figures 3A, B).

Platelets and the immune system

It is increasingly evident that platelets play a pivotal role in
various immunological processes beyond their conventional
function in hemostasis and thrombosis (Ali et al., 2015). Platelets
can contribute to 1) defending against microbial threats, 2)
recruiting and augmenting innate effector cell functions, 3)
regulating antigen presentation, and 4) enhancing adaptive
immune responses.

Platelets interact with immune complexes (ICs), which are
associations of antibodies with their antigens. The presence of
ICs in the bloodstream is documented in many pathological
conditions characterized by chronic or acute inflammation

(Cloutier et al., 2018). Platelets become activated when ICs bind
to the IgG Fc receptor on human platelets, known as FcγRIIa
(CD32) (Arman and Krauel, 2015). FcγRIIa is one of the three
immunoreceptor-based activation motif (ITAM) family members of
tyrosine kinase signaling receptors in human platelets (Boylan et al.,
2008). The other two members are the collagen receptor
glycoprotein (GP) VI and C-type lectin receptor 2. These
receptors have a different signaling pathway from the G protein-
coupled receptors (GPCRs) for other platelet agonists such as
thrombin, adenosine 5′-diphosphate (ADP), and TXA2

(Boulaftali et al., 2014). Upon activation via ITAMs, platelets
undergo aggregation and degranulation and are transformed into
procoagulant platelets, which release procoagulant EVs (Puhm et al.,
2021). Platelets express COX-1, crucial in converting AA released
from membrane phospholipids following activation to the platelet
agonist TXA2 (Patrignani and Patrono, 2015; 2018) that activates
platelets through their TP receptors (Rovati et al., 2022). The
selective and irreversible inhibition of COX-1 by aspirin is a
fundamental aspect of antiplatelet therapy (Patrignani and
Patrono, 2015). However, platelets also express 12-lipoxygenase
(12S-LOX) (Contursi et al., 2022; Yoshimoto et al., 1992), and its
specific role in platelet biology is not fully elucidated. AA released
from cellular phospholipids in platelets can undergo a metabolic
pathway involving 12-LOX (Figure 4), resulting in the generation of
12S-HpETE (hydroperoxyeicosatetraenoic acid), which
subsequently undergoes rapid conversion to 12S-HETE
(hydroxyeicosatetraenoic acid). The functional implications of 12-

FIGURE 4
Potential roles of 12-lipoxygenase (LOX) in platelet activation by
heparin-platelet factor 4 (PF4) immune complexes. PF4 is a
chemokine released from platelet a-granules upon activation. It can
form immune complexes with negatively charged substances,
such as heparin. The formation of PF4-heparin complexes leads to the
synthesis of antibodies, which activate platelets via FcγRIIa receptors.
12-LOX can amplify platelet activation through FcγRIIa via three
different pathways: i) the arachidonic acid (AA)-derived compound
12S-HETE generated by 12-LOX, ii) the 12S-HETE receptor GPR31, and
iii) the interaction with PLCγ2 or upstream signaling and adaptor
molecules, such as Syk (spleen tyrosine kinase), PI3K
(phosphoinositide 3-kinase), and LAT (T-cell activation linker).
Modified from Alison H. Goodal et al. Blood 2014; 124 (14): 2166–2168
(comment on Yeung et al., Blood 2014; 124:2271-2279).

Frontiers in Pharmacology frontiersin.org06

Contursi et al. 10.3389/fphar.2024.1520488

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1520488


HETE in platelet physiology were hindered by the lack of specific 12-
LOX inhibitors (Contursi et al., 2022). However, inhibitors that are
selective for 12S-LOX over other LOXs and COXs have recently
been developed (Luci et al., 2014). Their use showed the involvement
of 12-LOX in the aggregation and degranulation of platelets
activated by collagen, ADP, and thrombin, the latter via the
PAR4 receptor, but interestingly, not via PAR1 (Tourdot and
Holinstat, 2017). Using one of these new 12-LOX inhibitors
(ML355), it was evidenced that 12-LOX also plays an important
role in activating platelets through FcγRIIa (Yeung et al., 2014; Luci
et al., 2014).

Heparin-induced thrombocytopenia (HIT) is a condition where
platelet count decreases due to the disintegration and release of
platelet-derived EVs into the bloodstream, promoting thrombin
generation (Ahmed et al., 2007). It can be life-threatening and is
caused by heparin binding to platelet factor 4 (PF4) released from
platelets, which in some patients can result in immune recognition
of the structurally modified heparin-PF4 complexes (Arepally and
Padmanabhan, 2021). In HIT, 12-LOX is important in stimulating
platelets through FcγRIIa leading to GPIIb-IIIa (the platelet
fibrinogen receptor) activation (Goodall, 2014) (Figure 4). Thus,
ML355 attenuates aggregation and degranulation via a mechanism
that also affects phosphorylation of phospholipase Cγ2 (PLCγ2),
calcium mobilization, and phosphorylation of protein kinase C
(PKC) and Ras-proximate-1 or Ras-related protein 1
(Rap1involved in activation of GPIIb-IIIa) (Figure 4), while
having no direct effect on phosphorylation of FcγRIIa itself
(Yeung et al., 2014). The decreased phosphorylation of Rap1 was
confirmed in platelets from 12-LOX−/− mice, indicating that the
effects were specific to 12-LOX. The data suggests that targeting 12-
LOX could be a promising treatment for patients with HIT.
Preclinical studies have shown that ML355 has a good safety
profile (Adili et al., 2017). As 12-LOX enhances platelet
activation by other agonists like TXA2 and ADP, selectively
inhibiting 12-LOX may reduce the platelet response without
completely blocking it. This indicates a favorable balance between
the risk of clotting and bleeding. ML355 (also known as VLX-1005)
is currently in phase 2 clinical trials for treating HIT and thrombosis
(Stanger and Holinstat, 2023).

Due to immune surveillance, tumor cells face significant challenges
surviving in the bloodstream. Consequently, metastasis and subsequent
extravasation involve intricate mechanisms facilitating cancer cell
survival in the systemic circulation. Fundamental to this process is
the recruitment of monocytes, neutrophils, and platelets, which protect
tumor cells from immune surveillance and facilitate the formation of
metastases (Kitamura et al., 2015). In addition to these mechanisms,
platelets have been found to impair the immune response through
various other avenues. They play a pivotal role in regulating innate and
adaptive immunity, particularly T cells. Furthermore, platelets can serve
as antigen-presenting cells (APCs), as demonstrated by the expression
ofMHC class I proteins on their surface, initiating the adaptive immune
response (Ali et al., 2015). It has been reported that platelets can transfer
MHC class I proteins to tumor cells, resulting in a tumor cell phenotype
termed the “phenotype of false pretenses.” This allows platelets to
disrupt the self from non-self-recognition by NK cells, ultimately failing
to protect the host by producing IFN-γ (Placke et al., 2012).

Emerging evidence indicates that platelets express the immune
checkpoint molecule PD-L1 (Programmed Death-Ligand 1), which

interacts with PD-1 (Programmed Cell Death Protein 1) on T cells,
leading to their exhaustion (Figure 5). Notably, platelets from cancer
patients with non-small cell lung cancer (NSCLC) showed
significant levels of PD-L1 (Hinterleitner et al., 2021). Using
specific antibodies, such as pembrolizumab, to block the PD-L1/
PD-1 interaction has resulted in long-term responses in patients
with metastatic NSCLC (Dang et al., 2016). Some tumor cells also
express high levels of PD-L1, aiding in immune system evasion
(Juneja et al., 2017).

Interestingly, Rachidi and colleagues (2017) identified a
potential role for the non-signaling TGF-β-docking receptor
glycoprotein A repetitions predominant (GARP), constitutively
expressed on the platelet surface. Platelets are the primary source
of TGF-β in systemic circulation and the tumor microenvironment.
Platelet TGF-β production and secretion occur through GARP
expression and the secretion of TGF-β itself (Tran et al., 2009). It
has been shown that platelet-derived TGF-β has an
immunosuppressive effect, primarily affecting T cells, and that
the deletion of Lrrc32 (the gene encoding GARP) enhances the
protective effect of the immune system against both melanoma and
colon cancer. Combining immunotherapy with antiplatelet agents is
an effective therapeutic strategy in mouse models. This effectiveness
is attributed to the interruption of the GARP-TGF-β axis (Rachidi
et al., 2017). Thus, antiplatelet agents may interfere with cancer cells’
capacity to evade immune surveillance (Patrignani and
Patrono, 2018).

Platelets appear to be involved in the pathogenesis of
hepatocellular carcinoma (HCC), a potential complication of
chronic HBV infection (Sitia et al., 2012). During chronic
hepatitis B virus (HBV) infection, HBV-specific CD8+ T cells fail
to eradicate the infection, leading to necrosis, regeneration,
inflammation, and ultimately HCC development (Guidotti and
Chisari, 2006). It was reported that administering aspirin and
clopidogrel (two antiplatelet agents) reduces the number of HBV-
specific CD8+ T cells and secondary nonspecific infiltrates,
preventing liver injury and fibrosis (Sitia et al., 2012). The
pathophysiology of HBV infection and the role of platelet/T cell
crosstalk are not fully understood. It has been proposed that
interaction through platelet-CD40L and lymphocyte-CD40 (Elzey
et al., 2003) could trigger an inflammatory endothelial response
(Henn et al., 1998). Studies have shown an increased number of
thrombotic events in patients with liver diseases (Tripodi and
Mannucci, 2011), suggesting the potential for investigating
antiplatelet drugs in further randomized clinical trials (RCTs) to
assess their effects on HCC development in patients with chronic
HBV infection.

Platelets fuel cancer metastasis

Cancer metastasis, which involves the spread of cancer cells
from a primary lesion to distant organs, is the main cause of cancer-
related deaths (Massagué and Obenauf, 2016). Numerous studies
have highlighted the crucial role platelets play in this process.
Clinical observations have underlined the potential link between
cancer cell diffusion via the bloodstream and platelet involvement in
coagulation (Gay and Felding-Habermann, 2011; Contursi et al.,
2017). Once cancer cells enter systemic circulation, they interact
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with platelets. Platelets can surround cancer cells, forming
aggregates that promote survival, protect them from immune
responses, and enhance their capacity to adhere to the
endothelium, arrest, and exit blood vessels (Gay and Felding-
Habermann, 2011).

Recent findings have shown that platelets induce a more
malignant phenotype in cancer cells by enhancing their
migratory properties (Labelle et al., 2011; Dovizio et al., 2013;
Guillem-Llobat et al., 2016). Platelets release mediators such as
PDGF, TGF-β, and PGE2, which promote EMT, that endows
cancer cells with mesenchymal markers like vimentin and
fibronectin and transcription factors such as Twist, Snail, and
Zeb while downregulating epithelial markers like E-cadherin,
thereby enabling these cells to acquire migratory properties and
colonize distant organs (Kalluri and Weinberg, 2009). Labelle et al.
(2011) demonstrated that EMT is induced in colon and breast
cancer cells via platelet-derived TGF-β1, which activates the
TGF-β/Smad pathway, thus promoting the metastatic potential of
tumor cells. Dovizio et al. (2013) demonstrated that platelets trigger
EMT and COX-2 overexpression in human adenocarcinoma cells
(such as HT29 cells) through direct contact and PDGF release. The
direct interaction involves the platelet collagen receptor GPVI and
cancer cell galectin-3, unique among galectins due to its collagen-
like domain. Inhibition of galectin-3 function [using β-lactose, a

dominant-negative form of galectin-3, Gal-3C (Yang et al., 2008), or
anti-galectin-3 antibody M3/38] or the inhibition of platelet
adhesion to collagen-like binding sites on cancer cells by
revacept, the soluble dimeric GPVI receptor fusion protein
(GPVI-Fc) (Ungerer et al., 2011), prevented abnormal COX-2
expression. Revacept, which prevents the interaction between
platelets and cancer cells, and the inhibition of COX-2 by
rofecoxib, a highly selective COX-2 inhibitor, avoided platelet-
induced changes in mRNA levels of EMT markers. This suggests
that the direct platelet-cancer cell interaction and abnormal COX-2
expression contribute to the modifications in gene expression
associated with EMT. Mammadova-Bach et al. (2020) found that
genetic deficiency of platelet GPVI in mice reduced both
experimental and spontaneous colon and breast cancer cell
metastasis. Similar results were observed in mice lacking the
spleen-tyrosine kinase Syk in platelets, a crucial component of
the ITAM-signaling cascade. Both in vitro and in vivo analyses
confirmed that mouse and human GPVI facilitated platelet adhesion
to colon and breast cancer cells. Through a CRISPR/Cas9-based
gene knockout approach, galectin-3 was identified as the primary
counterreceptor of GPVI on tumor cells. Further, in vivo studies
revealed that the interaction between platelet GPVI and tumor
cell–expressed galectin-3 involves ITAM-signaling components in
platelets and promotes the extravasation of tumor cells.

FIGURE 5
Platelets and tumor cells’ immune evasion via activation of PD-1 on T-cells by its ligands PD-L1. Platelets, like cancer cells, can activate the immune
checkpoint protein PD-1, which controls the immune response of cytotoxic CD8+ T cells that carry out their killing function by releasing two types of
preformed cytotoxic proteins: the granzymes, which seem able to induce apoptosis in any target cell, and the pore-forming protein perforin, which
punches holes in the target cell membrane through which the granzymes can enter.
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Additionally, it was demonstrated that inhibiting GPVI by JAQ1 F
(abʹ) 2 antibody efficiently impairs platelet–tumor cell interaction
and tumor metastasis (Mammadova-Bach et al., 2020).

Guillem-Llobat et al. (2016) studied the impact of platelets on
the spread of colorectal cancer cells (HT29 cells) to the lungs and the
effect of the antiplatelet agent low-dose aspirin. When HT-29 cells
were exposed to platelets in vitro, they were more likely to cause lung
metastasis once injected in humanized immunodeficient mice than
untreated HT29 cells. This effect was linked to the development of
mesenchymal-like cancer cells by platelets associated with acquiring
migratory properties and EMT. Mesenchymal-like cancer cells had
an enhanced capacity to activate platelets, thus promoting the
formation of platelet aggregates surrounding tumor cells, and this
event is central in the development of cancer metastases.
Administering a low dose of aspirin to the mice, prevented the
increased rate of lung metastasis associated with the prevention of
platelet activation in vivo in response to the injection of
mesenchymal-like cancer cells. These results provide a
mechanistic understanding of the reported antimetastatic
properties of low-dose aspirin in posthoc analyses of randomized
trials for cardiovascular prevention (Patrignani and Patrono, 2016)
and reinforce the rationale for performing adjuvant trials of low-
dose aspirin and possibly other antiplatelet agents, in colorectal
cancer patients. In vitro studies of cocultures of platelets and
HT29 cells showed that platelet-derived PGE2 activated the
EP4 receptor on cancer cells, promoting EMT (Guillem-Llobat
et al., 2016). Different antiplatelet agents, such as aspirin DG-041
(an EP3 receptor antagonist), and ticagrelor (a P2Y12 receptor
antagonist), prevented EMT of cancer cells by inhibiting platelet
activation and platelet-derived PGE2 release involved in cancer cell
EP4-dependent migration (Guillem-Llobat et al., 2016).

Further studies investigated the potential of anticoagulant agents
to disrupt communication between platelets and cancer cells.
Battinelli et al. (2014) discovered that the interaction between
breast cancer cells (MCF-7) and platelets stimulated the secretion
of VEGF from platelets, a process that was prevented by the
administration of low molecular weight heparin (LMWH) or
fondaparinux. This suggests a thrombin-dependent release of
angiogenic molecules by platelets after interaction with tumor
cells. Human adenocarcinoma cell lines (such as HCT-8 and
LoVo) and anaplastic murine tumor cells (such as Hut-20) can
generate thrombin, which in turn activates platelets (Nierodzik and
Karpatkin, 2006). Mitrugno et al. (2014) found that the colorectal
cancer cell line Caco-2 and the prostate carcinoma cell line PC3M-
luc induce platelet activation and granule secretion. They showed
that the platelet immune receptor FcγRIIa plays a crucial role in this
process by activating the FcγRIIa-spleen tyrosine kinase (Syk)-PLCγ
signaling pathway, resulting in further platelet activation and
granule secretion. This enhanced platelet recruitment and
protection of circulating tumor cells from the immune system
promote tumor cell survival and metastasis (Mitrugno et al.,
2014), suggesting FcγRIIa as a target for antimetastatic therapy.
Mannori et al. (1995) highlighted interactions between platelets and
colon cancer cells (LS 180, T84, COLO 205, COLO 320, and HT-29)
involving P-selectin on platelets and mucin-type glycoproteins on
the cancer cell surface. Other studies reported the role of the platelet
GPIIb/IIIa receptor in platelet/cancer cell crosstalk. In the
melanoma cell line M3Dau, the interaction between the platelet

receptor GPIIb/IIIa and a similar complex on tumor cells led to
larger platelet-tumor aggregates (Boukerche et al., 1989).
Mammadova-Bach et al. (2016) reported interactions between
platelets and breast or colon tumor cells via platelet integrin
α6β1 and ADAM-9 on tumor cells. This interaction promotes
platelet activation, granule secretion, and endothelial
transmigration, thus promoting metastasis. Genetic deletion of
platelet α6β1 or an integrin α6-blocking antibody (GoH3)
reduced lung metastasis by preventing platelet-tumor cell
crosstalk (Mammadova-Bach et al., 2016). Lysophosphatidic acid
(LPA), a platelet-derived mediator, plays a significant role in cancer
development (Mills and Moolenaar, 2003). LPA acts through
GPCRs, promoting platelet shape change and aggregation
(Williams et al., 2009). Platelet-derived LPA promotes bone
metastasis in ovarian and breast cancers by binding to LPA1 on
tumor cells, and a specific LPA1 antagonist can inhibit this
interaction without affecting normal platelet function
(Boucharaba et al., 2004; 2006). Platelets also contribute to LPA
biosynthesis via the enzyme autotaxin (ATX), which hydrolyzes
LPA precursors to form LPA, binding to its receptors on cancer cells
to promote invasion and metastasis (Leblanc et al., 2014). LPA can
induce EMT in ovarian cancer cells by promoting nuclear
translocation of β-catenin, activating Wnt/β-catenin target genes
and hypoxia-induced factor-1α (HIF1α), leading to mesenchymal
marker expression (Burkhalter et al., 2015; Ha et al., 2016).

The metabolite 12S-HETE, generated by platelet 12S-LOX, plays
a crucial role in cancer development and metastasis through various
mechanisms (Contursi et al., 2022). The involvement of 12S-LOX in
cancer development has been demonstrated in human gastric cancer
cells with ALOX12 overexpression, and it is suggested as a marker of
cancer progression in melanoma (Timár et al., 1999). 12-HETE is
generated as a free acyl and is found in esterified form in membrane
phospholipids, particularly in platelets where it is involved in
coagulation (Thomas et al., 2010; Slatter et al., 2018; Lauder
et al., 2017). HT29 cells do not express 12-LOX or synthesize 12-
HETE when cultured alone, but in coculture with platelets, they
express the protein and synthesize 12-HETE (Contursi et al., 2021).
The interaction with cancer cells activates platelets that release EVs
containing catalytically active 12S-LOX, quickly transferred to
cancer cells. The cancer cells then acquire the capacity to
generate 12-HETE, which is esterified rapidly, mainly in
plasmalogen phospholipids. In cancer cells exposed to platelets,
endogenous but not exogenous 12S-HETE contributed to changes in
EMT gene expression by modifying cancer cell phospholipids by 12-
HETE (Contursi et al., 2021). Modifying cancer cell phospholipids
by 12S-HETE may functionally impact cancer cell biology, and the
pharmacological inhibition of 12-LOX represents a novel
anticancer strategy.

Platelet-derived extracellular vesicles
in cancer

Platelets secrete medium-size EVs (mEVs) (Gasecka et al., 2019;
Kailashiya, 2018) ranging from 100 to 1,000 nm, released under
various physiological and pathological conditions (Kailashiya,
2018). They are characterized by the inversion of membrane
phospholipids, exposure of phosphatidylserine (PS) on the outer
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membrane—rendering them 50 to 100 times more procoagulant
than platelets—and the expression of various integrins and enzymes
(Janowska-Wieczorek et al., 2005; Italiano et al., 2010). These mEVs
promote the communication between platelets and various cell types
(Italiano et al., 2010). They act by (1) stimulating target cells through
their surface ligands, (2) transferring surface receptors, and (3)
delivering their cargo, i.e., proteins, bioactive lipids, mRNAs,
transcription factors, and miRs, which can significantly alter
cellular phenotypes. mEVs can also transfer infectious particles
(e.g., HIV, prions) and intact organelles (e.g., mitochondria)
(Ratajczak et al., 2006). Due to their carrier role, mEVs are
involved in various biological processes, including hemostasis,
thrombosis, inflammation, tumorigenesis, angiogenesis, and
immunity (Italiano et al., 2010). For instance, platelet-derived
EVs transfer receptors to both normal and cancer cells,
enhancing adhesion, proliferation, and survival (e.g., CD41,
CD61, CD62, CXCR4, PAR-1) (Baj-Krzyworzeka et al., 2002).
mEVs also carry bioactive lipids like sphingosine-1-phosphate
(S1P) and AA. Barry and colleagues demonstrated the transfer of
platelet AA via mEVs to monocytes and endothelial cells, inducing
COX-2 expression and prostanoid synthesis (Barry et al., 1997;
1999). Platelet mEVs transfer mRNA to monocytic THP-1 cells,
increasing gamma-globin transcripts and hemoglobin subunits
(Risitano et al., 2012). Additionally, platelet-derived mEVs
contribute to tumorigenesis through miR transfer. For instance,
the transfer of miR-223 to endothelial cells downregulates tumor-
suppressor genes (Laffont et al., 2013), while the transfer of miR-939
to ovarian cancer cells promotes EMT (Tang et al., 2017).
Conversely, mEVs carrying miR-24 induce apoptosis and
suppress tumor growth (Michael et al., 2017). Platelet mEVs
interact with monocytes/macrophages in inflammatory contexts,
influencing proinflammatory cytokine release (Linke et al., 2017;
Vasina et al., 2011).

Platelets contain important RNA biomarkers [mRNAs, miRs,
circular (circ) RNAs, long non-coding (lnc) RNAs, mitochondrial-
RNAs] and have a protein translation machinery for processing the
RNA transcripts (Harrison and Goodall, 2008). CircRNAs,
generated from exons of protein-coding genes through back-
splicing, are abundant in platelets. They have received increasing
attention for their potential role as cancer biomarkers due to their
high stability and spatiotemporal-specific expression (Bach et al.,
2019). In addition, lncRNAs (Dahariya et al., 2019) and miRs
(Nagalla et al., 2011) represent important cancer biomarkers.
Boerrigter et al. (2020) reported that the measurement of these
molecules in prostate cancer (PCa) offers promising prospects
because they are highly tumor-specific and relatively easy to
detect. Through their crosstalk with other cells, including cancer
cells, platelets can uptake these RNAs. These molecules can be found
in isolated platelets. Analyzing RNAs from patients’ platelets offers
significant promise for accurately distinguishing between metastatic
and non-metastatic tumors. Additionally, RNA sequencing from
platelets could identify the primary tumor location of six distinct
tumor types with an accuracy of 71% (Hu et al., 2024).

Liquid biopsy involves analyzing biomarkers found in non-solid
biological tissues, primarily blood. It offers significant advantages
over traditional methods: it is risk-free, non-invasive, painless, does
not necessitate surgery, and lowers costs and diagnostic time. The
most extensively studied non-invasive cancer biomarkers include

circulating tumor cells (CTCs), circulating tumor DNA (ctDNA),
and EV cargo (Marrugo-Ramírez et al., 2018). They offer several
advantages, including the ability for early detection, assessment of an
individual patient’s prognosis, such as cancer stage and spread,
identification of new targets for personalized treatments, and predict
therapy responses. Currently, blood-based biopsy measurements
focus on the evaluation of biomarker biosources, including
circulating tumor DNA (ctDNA), circulating tumor cells (CTCs),
EVs (i.e., exosomes, mEVs and oncosomes), and tumor-educated
platelets (TEPs) (Marrugo-Ramírez et al., 2018; Best et al., 2015;
Nilsson et al., 2011; 2016; Skog et al., 2008).

Contursi et al. (2023) studied platelet-derived mEVs collected
from non-metastatic CRC patients at initial diagnosis versus healthy
controls (HCs). The aim was to address how these mEVs can change
the expression of genes related to the process of EMT in four
different human colorectal cancer cell lines: HCA7, HCT116,
HT29, and Caco2. These cell lines have different genetic features
and metastatic potentials. The study found that platelet-derived
mEVs from CRC patients affect colorectal cancer cells differently
depending on their genetic makeup and behavior. Specifically, the
mEVs from CRC patients caused an increase in the expression of
TWIST1 andVIM (protein name: vimentin) in all the studied cancer
cell lines, while those from healthy subjects did not. In HCA7 cells,
the expression of CDH1 (protein name, E-cadherin) was not affected
by the mEVs from either CRC patients or HCs. However, the
HCT116, HT29, and Caco2 cells showed decreased CDH1
expression when cultured with mEVs from CRC patients, with
the HCT116 cells (which have high metastatic potential) showing
decreased expression after just 4 hours of exposure. Moreover, the
mEVs from CRC patients and HCs induced the expression of COX-
2 in colorectal cancer cell lines at 24 but not at 4 hours, suggesting
that this effect may be due to post-transcriptional regulation
(Contursi et al., 2023).

Cancer-associated thrombosis is a leading cause of death in
cancer patients (Mahajan A. et al., 2022). Contursi et al. (2023)
explored whether platelet-derived mEVs collected from CRC
patients affected the TXB2 biosynthesis of 4 CRC cell lines
in vitro. Proteomic analysis revealed that COX-1 and TXA2

synthase were expressed similarly in mEVs collected from CRC
patients and healthy controls (HC). HCA7 cells can generate
endogenously TXB2, and when exposed to mEVs, the TXB2 levels
were unchanged. Other CRC cell lines have very limited capacity to
generate TXB2, but when cocultured with mEVs from both CRC
patients and HCs, TXB2 was detectable. This may suggest that
platelet-derived mEVs could provide AA to cancer cells, leading
to TXB2 generation. Alternatively, platelet-derived mEVs might
transfer COX-1 and/or TXA2 synthase to cancer cells, allowing
them to produce TXB2.

A comparison of the proteomic profiles of mEVs from CRC
patients and HCs revealed 208 significantly altered proteins. High
expression of HLA-B class I and PSMD2 in CRC patient mEVs was
detected. The human leukocyte antigen (HLA) system or complex is
a group of related proteins encoded by the major histocompatibility
complex (MHC) gene; it has been reported that cell surface
expression of HLA I/MHC I molecules is a marker of young,
reactive platelets (Angénieux et al., 2019). PSMD2 is part of the
ubiquitin-proteasome system and plays a role in immune
modulation (Colberg et al., 2020). Platelets contain proteasome
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and immunoproteasome components, allowing them to process
foreign proteins into peptide fragments. These fragments are
then loaded onto MHC I molecules and presented on the surface
of the platelets as peptide-MHC I complexes. Immunoproteasomes
may regulate platelets’ involvement in innate and adaptive
immunity, highlighting the connection between hemostasis and
inflammation. The increased protein levels of HLA-B class I and
PSMD2 found in platelet-derived mEVs from CRC patients by
Contursi et al. (2023) suggest that platelet-derived mEVs are
modulators of the immune response in CRC. A comprehensive
examination of the protein composition and its alterations
associated with cancer underscores the potential of platelet-
derived mEV proteomics to facilitate early diagnosis, provide
continuous monitoring, and support personalized treatment
strategies, ultimately enhancing patient outcomes.

Conclusion

The complex and intricate interplay between inflammation and
platelets in the development of tumors presents exciting
opportunities for pioneering new avenues in cancer prevention
and treatment strategies. A wealth of clinical and experimental
evidence underscores platelets’ pivotal and multifaceted role in
fostering an inflammatory microenvironment that fuels tumor
growth and progression. Moreover, platelets play a key role in
the development of cancer metastasis. This huge amount of
knowledge opens the way to using antiplatelet agents, such as
low-dose aspirin, which exhibit considerable potential in
dampening platelet activation and consequent inflammatory
processes, thereby lowering cancer risk, particularly in cases of
CRC (Patrignani and Patrono, 2016; 2018). It is necessary to
investigate further the effectiveness of alternative antiplatelet
medications, such as ADP P2Y12 receptor antagonists (Ballerini
et al., 2018). Other potential new antiplatelet drugs, such as revacept
(Ungerer et al., 2011; Mayer et al., 2021) and selective 12-LOX
inhibitors (Tourdot and Holinstat, 2017), currently under clinical
development, are of interest due to their lower risk of bleeding (Sim
et al., 2023).

The role of platelets in promoting the initial stages of cancer
development is supported by various evidence, including studies
using knockout mouse models and clinical research (Bruno et al.,
2022; Patrignani and Patrono, 2016). Platelets contribute to
inflammation by releasing various molecules and EVs. The
molecules delivered by platelets activate different signaling
pathways in the cells involved in inflammation and immunity
(Patrignani and Patrono, 2018). Platelets are essential for cell-cell
communication and significantly influence the phenotype of cellular
components within the stromal compartment of tissues. An
emerging and continuously evolving paradigm underscores the
synergistic connection between cardiovascular disease (CVD) and
cancer, elucidated by their shared modifiable risk factors, which
encompass tobacco use, obesity, diabetes mellitus, dietary patterns,
physical activity, and alcohol consumption. It is important to note
that all these factors contribute to the activation of platelets, making
this response a key event in both cancer and cardiovascular disease
(Patrignani and Patrono, 2016; Davì and Patrono, 2007). This helps
explain why using antiplatelet agents like low-dose aspirin effectively

prevents cardiovascular disease and possibly cancer (Patrignani and
Patrono, 2016). Platelet activation results in an increased generation
of TXA2 and PGE2, subsequently triggering the activation of
immune cells, fibroblasts, and endothelial cells. Thus, the
inhibition of platelet function effectively impedes the release of
molecules from platelets involved in initial events linked to
tumorigenesis (Patrignani and Patrono, 2016). In cases where
cancer has already developed, antiplatelet agents are likely less
effective because they have limited capacity to directly affect the
cellular component of a cancerous lesion (Patrignani et al., 2024).
However, platelets can infiltrate cancerous tissues (Bruno et al.,
2022), which can lead to tumor immune evasion, inflammation, and
EMT (Patrignani and Patrono, 2016; 2018). This suggests that
antiplatelet agents could indirectly cause antitumor effects by
reducing platelet accumulation in tumors.

Genetic alterations may affect an individual’s response to
aspirin. However, Frouws et al. (2017) reported that the mutation
status of the BRAF and KRAS genes should not be regarded as
reliable indicators for personalized aspirin therapy. In contrast, Liao
et al. (2012) showed that tumors with mutations in the PIK3CA gene
(which codes for the protein phosphatidylinositol 4,5-bisphosphate
3-kinase catalytic subunit alpha isoform) exhibit increased
sensitivity to the effects of aspirin. Nonetheless, the underlying
mechanisms explaining this association remain to be elucidated.

Ongoing clinical trials investigate aspirin’s potential as an
adjuvant cancer therapy in various doses and durations in CRC
patients (Table 1). Some of these trials are targeting patients based
on specific biomarkers. These trials are part of the Prospective
Aspirin Meta-analysis, registered on PROSPERO in October
2023. The main objective of this meta-analysis is to ascertain the
potential moderate effects of aspirin, both overall and within
different subgroups. These subgroups include those defined by
tumor location (right-sided versus left-sided) and specific
biomarkers.

At long follow-up, aspirin (300 mg BID) has been shown to
prevent Lynch Syndrome (LS) cancers, including CRC (Burn et al.,
2008; 2011; 2020). LS is a dominantly inherited cancer
predisposition syndrome characterized by an increased risk of
numerous cancers. LS-associated tumors are mismatch repair
deficient (Engel et al., 2020). Aspirin is now recommended in
NICE guidelines to prevent CRC in LS (National Institute for
Health and Care, 2020; Serrano et al., 2022). CaPP3 trial (https://
www.capp3.org/) is ongoing to define the most appropriate aspirin
dose in LS. The trial is a non-inferiority study comparing daily
aspirin of 600, 300, and 100 mg (100 mg/d is the dose recommended
for preventing CVD). The finding of comparable efficacy of the
higher doses versus the low dose of aspirin (100 mg/d) would
support the platelet hypothesis in tumorigenesis (Patrignani and
Patrono, 2016; 2018), thus opening the way to its use for cancer
prevention in LS.

However, chronic aspirin use, even at low doses, can be
associated with increased bleeding (Patrono and Baigent, 2019),
especially in older individuals. Therefore, the decision to treat
individual patients with low-dose aspirin should consider the
bleeding risk weighed against CVD prevention and cancer benefits.

In the current era of precision medicine, developing treatment
protocols involving the safe utilization of antiplatelet agents to
prevent cancer and cardiovascular disease necessitates adopting a
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systems biology approach. This strategy entails a comprehensive
analysis of heterogeneous datasets, including genomics,
epigenomics, proteomics, lipidomics, and clinical data, at the
level of the individual patient. This procedure involves dynamic
systems modeling to identify candidate pathways that contribute to
the benefits and harms of aspirin and possibly other antiplatelet
agents. Additionally, this strategy will help identify susceptibility
profiles for CRC and possibly other types of cancer, verifying
whether platelet- and EV-based liquid biopsy can predict the
onset and recurrence of cancer.
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TABLE 1 Ongoing Phase III placebo-controlled trials for aspirin in adjuvant colorectal cancer.

Trial (Clinical trials ID) Patients (number) Aspirin dose
(duration)

Primary/Secondary
endpoint

Actual
status

Add-Aspirin (NCT02804815) Stage II/III or IV CRC with completely
resected liver metastasis (2332)

100 mg and 300 mg
(5 years)

DFS/OS Recruiting

ASCOLT (NCT00565708) Dukes C and high-risk B colon and rectal
cancers (1587)

200 mg (3 years) DFS/OS Active, not
recruiting

EPISODE-III (Japan Registry of Clinical
Trials as jRCTs031180009)

Stage III CRC following curative
resection (880)

100 mg (3 years) DFS/OS Recruiting

ASPIRIN (NCT02301286, NCT03464305) Stage II/III colon cancer in Netherlands and
Belgium (770)

80 mg (5years) DFS/OS Active, not
recruiting

ALASCCA (NCT02647099) Stage II-III CRC with PI3K mutation (627) 160 mg (3 years) DFS/OS Active, not
recruiting

ASAC (NCT03326791) CRC with resected liver metastasis (446) 160 mg (3years) DFS/OS Active, not
recruiting

ASPIK (NCT02945033) Stage II-III CRC with PI3K mutation (134) 100 mg (3 years) DFS/OS Recruiting

SAKK 41/13 (NCT02467582) Stage II-III CRC with PI3K mutation (113) 300 mg (3years) DFS/OS Active, not
recruiting

Aspirin for Dukes’ C and high-risk Dukes’ B colorectal cancers (ASCOLT); Efficacy of aspirin for stage III, colorectal cancer: a randomized double-blind placebo-controlled trial (EPISODE III);

Adjuvant Low Dose Aspirin in Colorectal Cancer (ALASCCA); Aspirin in Colorectal Cancer Liver Metastases (ASAC); Aspirin Versus Placebo in Resected Colon Cancer With PI3K Mutation

Stage III, or II, High Risk (ASPIK); Colorectal cancer (CRC); Disease free survival (DFS); Overall survival (OS).
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