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Abstract: Breast cancer is the most common female cancer and the sixth leading cause of death, seriously affecting the quality of life
of women. Platelets, one of the fragments derived from megakaryocytes, are being increasingly investigated by tumor researchers
because of their anticoagulant function. According to relevant studies, platelets, as the key source of circulating angiogenesis-related
factors, can regulate tumor angiogenesis and vascular integrity, and they can also affect the tumor microenvironment, thereby
facilitating the proliferation and differentiation of tumor cells. By covering or transferring normal MHC I molecules to tumor cells,
platelets can protect tumor cells from being killed by the immune system and facilitate tumor cell metastasis. However, details on the
mechanisms involved have remained elusive. This paper reviews and analyzes studies of the role of platelets in tumorigenesis, tumor
cell proliferation, tumor metastasis, and cancer treatment to provide readers with a better understanding of the relevant studies.
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Introduction

Breast cancer was first documented in ancient Egypt. Since the 1970s, the incidence rate in Asian countries, which were
previously considered areas with low breast cancer incidence, has increased year by year. Breast cancer (11.7%) had the highest
incidence rate among women worldwide in 2020 according to world cancer statistics, replacing lung cancer (11.4%) as the most
diagnosed cancer in the world." There is an increasing trend in incidence in both high and less developed regions, and the
incidence in highly developed regions is generally 24 times higher than that in less developed regions.” Despite the increasing
prevalence, patients with breast cancer have a higher survival rate than those with more fatal cancers, probably because the breast
tissue is excisable. According to statistics from 2013 to 2017, breast cancer incidence has increased by 0.5%, while the mortality
rate has decreased by 1.0%.>* However, the mental and emotional disorders caused by major surgery, as well as death resulting
from recurrence or metastasis, still endanger women’s health. Given the large population in China, the numbers of women with
breast cancer and dying from breast cancer death there are the highest in the world, and these numbers continue to rise: the
prevalence rate in China rose from 30.4 per million in 2015 to 41.6 per million in 2020, and the mortality rate rose from 15.6% in
2018 to 18% in 2020.* Since the emergence of breast cancer, efforts have been made to explore its pathogenesis to find ways to
eradicate the disease. Although the causes of breast cancer are unknown, significant progress has been made.

In recent years, the role of platelets in tumor treatment has received increasing attention from researchers, and thus, the role
of platelets in breast cancer has been intensively studied by many breast cancer researchers. Platelets are one of the fragments
derived from megakaryocytes. Their primary functions include coagulation and hemostasis, as well as protection of vascular
endothelial cells, endothelial repair, and atherosclerosis prevention. Dense clusters of platelets contain large amounts of
norepinephrine, adenosine diphosphate (ADP), and serotonin, which can be released in large quantities when platelets
aggregate and become activated, leading to further recruitment of platelets and leukocytes and propagating the aggregation
reaction.” Alpha particles, in particular, store high levels of angiogenesis-related regulators, which play a role in regulating
neovascularization and, as a result, can induce tissue repair or ischemic tissue revascularization.® Platelet-derived micro-
particles (PMPs) are generated by platelets shedding from the plasma membrane through activation, replenishment, high

Cancer Management and Research 2023:15 811-821 811
Received: 24 April 2023 © 2023 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 27 July 2023
Published: 11 August 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

shearing force, or apoptosis.’ Platelet activation increases intracellular calcium, which activates calpain, cytoskeletal proteins,
and Rho kinases, resulting in cell contraction and the generation of membrane vesicles.® Alternatively, resting platelets
involved in olIp3 integrin-mediated actin cytoskeletal instability can also release particles independent of calpain activation.”
PMPs were originally thought to be “platelet dust” and are primarily derived from platelets. Particulates are classified
according to the cell of origin based on surface antigen expression, and platelet-derived particulates are identified by surface
expression of CD41 or CD42b.'* Studies have shown that PMPs are important for various physiological and pathophysio-
logical signaling pathways and that they serve as a source of tissue factor (TF) and phosphatidylserine. PMPs are also involved
in coagulation.'' Therefore, we aimed to review the mechanism of platelets in the development of breast cancer and its clinical

application.

The Mechanism of Platelets in the Development of Breast Cancer

Thrombocytosis associated with solid tumors was first identified by Leopold Riess more than a century ago.'? Thrombocytosis
can increase platelet baseline levels by up to 20 times through tumor-derived and systemic factors.'®> Numerous studies have
found a negative relationship between increased platelet counts and disease-specific survival in cancers such as lung, colon,
breast, pancreatic, renal, and gynecologic cancers and melanoma and malignant glioblastoma.'* The ratio of platelets to
lymphocytes can likewise be used as a factor for predicting diagnosis and prognosis for patients with tumors.'>'® Platelets can
also facilitate rapid tumor growth by promoting tumor angiogenesis and the maintenance of tumor vascular integrity; they can
affect tumor cell metastasis by facilitating epithelial-mesenchymal transition and assisting tumor cells in evading the killing
and phagocytosis of host immune system cells (Figure 1). Therefore, the inclusion of platelet-based biomarkers in emerging
“liquid biopsy” strategies for cancer patients has significant potential to improve diagnostic accuracy and prediction of

treatment response.

The Role of Platelets in Angiogenesis in Cancer
Tumor angiogenesis is generated by a complex network of tumor cells and cells of the tumor microenvironment, as well as

cells recruited from the bone marrow to the tumor microenvironment.'”
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Figure | Tumor growth and tumor dormancy depend on factors regulating the “angiogenic switch” in tumors, and platelets are involved in tumor growth and metastasis.
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growth factor (VEGF), FGF, PDGF, etc.) and their corresponding receptors (eg, Notch signaling receptors, integrins, etc.)
enable the necessary intercellular communication.*” Platelets, as a key source of circulating angiogenesis-related factors, can
regulate tumor angiogenesis and vascular integrity, and one of the most important angiogenic proteins is VEGF, which is
transported and released by platelets.”’ Ciccone™ and Sohn* demonstrated by cell experiments that increasing levels of
VEGF can activate the VEGF pathway, thereby facilitating the proliferation of breast tumor cells and tumor angiogenesis.
Furthermore, platelet alpha (o) and dense (8) granules contain and release proteins, lipids, growth factors, cytokines and
proteases that directly or indirectly affect angiogenesis® (Table 1) that can be actively taken up by platelets through
endocytosis. Megakaryocytes selectively transfer some mRNAs and/or proteins to platelets,** so platelets can actively
synthesize proteins once stimulated. The release of different factors and proteins from platelet granules is largely dependent
on the selective release of specific stimulated factors; for example, selective PAR-4 agonists stimulate the release of
endothelin-containing granules, whereas selective PAR-1 agonists stimulate the release of VEGF-containing granules.?>*°
VEGEF is also released from platelets by ADP stimulation. ADP stimulation is inhibited by antagonizing P2Y1 and P2Y 12
receptors but does not affect the release of the endothelial inhibitory hormone.?” In addition to regulating angiogenesis,
platelets regulate vascular integrity and thus prevent tumor bleeding. The binding and interaction between released CXCL12
(SDF-1) and the receptors CXCR4 or CXCR?7 cause the activation of various downstream signaling cascades (MAPK, PI3K/
AKT, and NF-kB), recruiting hematopoietic progenitor cells and inducing endothelial cell activation to maintain hematologic
reconstitution.”® The secretion of granules containing ANGPT1 and 5-hydroxytryptamine can help to maintain vascular
integrity. These granules can stabilize tumor vessels via VEGF, which is derived from responding tumor cells.*® Platelets can
also reduce tissue damage by regulating vascular integrity and inhibiting immune cell infiltration into tumors, thereby

controlling cytokine release.”

The Role of Platelets in Metastasis in Breast Cancer

A prerequisite for cancer metastasis is the survival of cancer cells in circulation. Normally, large numbers of circulating tumor
cells (CTCs) are rapidly destroyed, but the interaction of tumor cells with platelets protects some CTCs from the cell death
induced by TNFa®' and natural killer (NK) cells.*> Lopez et al*® experimentally demonstrated that mice lacking NK cells or
NK cell effector molecules had a significantly higher metastatic burden of homozygous tumor cells delivered via different
methods. There are five ways for tumor cells to evade the killing of NK cells (Figure 2). The first is the “immune decoy”
mechanism, in which platelets induce tumor cells to release the necessary ligands (eg, NKG2D** or TNF/TNF family receptor
members), which allows tumor cells to avoid recognition by NK cells and thus inhibits NK cell degranulation and the
production of IFNy and other inflammatory cytokines. This mechanism effectively inhibits the immune clearance of tumor
cells by NK cells. Shen et al*> confirmed the application of this mechanism in breast cancer. The second mechanism is platelet-
derived TGFB-mediated CD226/CD96-CD112/CD155 axis inhibition.*® Platelets further inhibit NK cells by suppressing
surface CD226 and CD96 expression and the expression of their associated ligands on tumor cells. An example of the third
mechanism is that NK cells that can infiltrate non-small-cell lung cancer (NSCLC) and breast cancer preferentially exhibit the

Table | Factors Released from Platelets That Affect Angiogenesis

Granule Type Impact on Angiogenesis Relevant Molecules

o Granule Promotion SERPINEI, EGF, PDGF, bFGF, IGF, VEGF, TP (PD-ECGF), IL-1B, SDF-I
Suppression ANGTPI, SIP, PF4, TSPI, PGK, endostatin, TIMPs (TIMP-1, -2, —4)
Dual effects MMPs (MMP-1, -2, -3, -9, —14), TGFp, HGF

o Granule Promotion Epinephrine, ATP, ADP
Suppression TFIP
Dual effects Histamine, serotonin

Abbreviations: SERPINEI, serine protease inhibitor clade E member |; EGF, epidermal growth factor; PDGF, platelet-derived growth factor;
bFGF, basic fibroblast growth factor; IGF, insulin-like growth factor; VEGF, vascular endothelial-derived growth factor; TP /PD-ECGF, Thymidine
phosphorylase/platelet-derived endothelial cell growth factor; IL-If, interleukin-lbeta; SDF-I, stromal cell-derived factor-I; ANGTPI,
Angiopoietins; SIP, sphingosine-|-phosphate; PF4, platelet factor 4; TSPI, thrombospondin |; PGK, phosphoglycerate kinase; TIMP, tissue
inhibitor of metalloproteinase; MMP, matrix metalloproteinase; TGFf, transforming growth factor beta; HGF, hepatocyte growth factor; ATP,
adenosine triphosphate; ADP, adenosine diphosphate; TFIP, trifluoroibuprofen.
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Figure 2 The five ways for tumor cells to evade the killing of NK cells. (a) Members of the miR-17-92 in the platelet specifically downregulated NKG2DL (MICA/B and
ULBP1/2/3) in tumor, which reduces the recognition and killing effects of NK cells; (b) the platelet-derived TGFp inhibit the expression of CD226/CD9%6 in NK cells surface
and their associated ligands (CD112/CDI55) on tumor cells; which affects the binding of tumor cells to NK cells; (c) the upregulation of chemokines (CXCL9/CXCLI10/
CCL19) and acting on the receptors (CCR7/CXCR3) mainly expressed by CD56°"&" NK cells (immature NK cells) recruits massive immature NK cells; which influence the
killing effect of mature NK cells on tumor cells; (d) platelets wrap around tumor cells to prevent NK cells kiling; (e) platelets transfer “normal” MHC | molecules to surface
of tumor cells, which prevents NK cells from recognizing tumor cells.

CD56™€" (CD27'CD11b ™ in mice, CD56"€" in humans) phenotype common of immature NK cells, which suggests that
certain NK cell subpopulations are selectively recruited to the tumor bed and are less cytotoxic than the CD56%™ (CD27-
CD11b+ in mice, CD56™ in humans) phenotype common of mature NK cells. Thus, lung and breast tumors may protect
themselves from NK cell killing.>* The fourth mechanism is that cancer cells and platelets bind to mucins on the surface of
cancer cells via GPIb-IX-V and GPIIb-IIla mediated by tumor cell integrins aVP3 or P-selectin and then create a partial
physical barrier that protects tumor cells from NK cell killing.*® The fifth mechanism is that platelets can bind to the surface of
tumor cells via “normal” MHC I molecules, preventing NK cells from recognizing tumor cells as foreign cells. As a result, NK
cell cytotoxicity and IFN- production are limited.>”

The interaction between tumor cells and microvascular endothelial cells occurs before successful extravasation and
metastasis formation, which is critical in driving metastasis.>® In the absence of endothelial injury or activation, vascular
endothelial cells remain quiescent. However, dysfunctional endothelial cells, including cells exposed to inflammation and
vascular activation, trigger the upregulation of adhesion molecules and secretion of growth factors and cytokines and
change vascular permeability, all of which facilitate tumor metastasis by promoting the adhesion of tumor cells to
endothelial cells and endothelial cell migration.** Hsu found that secretion of CXCL17 by breast cancer cells increased
the accumulation of CD11b+Gr-1+ MDSCs in the lung, induced pulmonary angiogenesis through PDGF-BB, and
facilitated tumor extravasation, colonization, and survival, and ultimately lung metastasis.*’ Kassassir’s study revealed
that the first and simplest evidence of platelet involvement in metastasis was the positive correlation between platelet
count and the number of metastatic foci,*' confirming that platelet count may be a valuable predictor of cancer metastatic
potential. Gareau experimentally confirmed that activated platelets can enhance the proliferation and metastatic potential
of breast cancer cells.*? The mechanism is primarily mediated by ADP binding to the purinergic P2Y12 receptor on
platelets. Yao et al showed that platelet TPM3 mRNA transfer into breast cancer cells via microvesicles can facilitate
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cancer cell migration.*® Liu et al demonstrated that diallyl trisulfide (DATS), a bioactive component of garlic, affects the
proliferation and apoptosis of breast tumor cells by significantly blocking the platelet activation and aggregation induced
by platelet-activating factor (PAF) and reducing thromboxane B2 (TXB2) production; furthermore, DATS inhibits the
migration and invasion of MDA-MB-231 cells in the presence of PAF-activated platelets in vitro in a dose-dependent
manner and significantly decreases the release of activated TGF1 from the platelet-tumor cell system.** Leblanc et al
showed that autotaxin (ATX), in association with fully active integrin aVB3, controls the physiological level of
lysophosphatidic acid (LPA) in the blood through its lysophospholipase D (lysoPLD) activity, thus participating in LPA-
dependent breast cancer cell metastasis.*> Schito et al found that hypoxia-inducible factor (HIF-1) facilitates lymphatic
metastasis of breast cancer through direct transactivation of the gene encoding platelet-derived growth factor B (PDGF-
B), confirming the proliferative and chemotactic effects of PDGF-B on lymphatic vessel endothelial cells.*® For immune
checkpoint therapy, targeting LAG3 and TIGIT and their ligands (LGALS3 and NECTIN2) is a potential therapeutic
strategy for patients with liver and brain metastases from breast cancer.*’

The Influence of Platelets on the Tumor Microenvironment

The tumor microenvironment plays a significant role in tumor progression and metastasis. Platelet-mediated secretion of
soluble factors, such as chemokines and cytokines, growth factors, adhesion molecules, and receptors, is important for pericyte
differentiation, proliferation, recruitment, and interaction with endothelial cells and affects fibroblast proliferation and the
function of non-NK immune cells, thereby affecting tumor cell growth, proliferation, and metastasis. Zhang et al found that
platelet-derived PDGF-B plays an important role in the malignant transformation of the tumor microenvironment and
elucidated the role of the platelet-specific release of PDGF-B in tumor ECM remodeling for the first time.*® Patel et al
demonstrated that PDGF-B stimulates collagenase activity during the remodeling phase of tissue repair and induces
a “noninvasive” EMT characterized by loss of epithelial phenotype and cytoskeletal rearrangement but no cell mobilization
or invasion of the sub embryonic space.*’ The absence of cell invasion following PDGF-B-induced EMT may be due to a lack
of gelatinase activity or inhibition of MMP2 and MMP9 activity. pADAM17 was shown to be associated with platelet
activation by Zhou,* and the degree of change in pADAM17 expression was found to be associated with clinical parameters
of platelet activation in breast cancer, suggesting that downregulation of pADAM 17 may be associated with tumor progression
and metastasis. There is increasing evidence that multiple factors released by platelets induce EMT of tumor cells, including
TGFB, the most extensively researched factor. TGFB-induced EMT of tumor cells primarily occurs via regulatory signaling
pathways such as the Ras-Erk/PKMA, p38/MAPK, JNK, Rho-GTPase, PI3K/Akt, and Smad pathways.5 ! In addition, TGF §
can also mediate EMT by regulating miRNA transcription.”> LPA is mainly derived from lysophospholipids produced by
thrombin-activated platelets and generated by the action of plasma lysoPLD, whose receptors LPA(1), LPA(2), and LPA(3) are
expressed in human primary breast tumors and a series of human breast cancer cell lines.>® Boucharaba et al showed that local
production of active LPA in the tumor microenvironment in vivo supports both the proliferation of LPA(1)-dependent breast
cancer cells and LPA(1)-dependent secretion of IL-6 and IL-8, causing bone destruction.>* Shan confirmed that signaling
mediated by PDGF-BB and PDGF-DD binding to PDGF receptor (PDGFR) is important for the survival and growth of
metastatic breast cancer cells in the bone microenvironment.>

Clinical Application of Platelets in Breast Cancer

Application of Platelets in the Diagnosis of Breast Cancer

In addition to the initial diagnosis of cancer based on clinical manifestations, imaging reports, and blood tumor-related
markers, the main tool for cancer diagnosis is still a pathological examination of tumor tissue. However, pathological
examinations are almost always invasive, so screening for cancer-based on blood biomarkers has attracted increasing
attention in the form of “liquid biopsy”. Such methods look for circulating tumor factors - a collection of circulating
components derived from cancer tissue, including circulating tumor proteins, circulating tumor nucleic acids (circulating
tumor DNA (ctDNA) and circulating tumor RNA (ctRNA)), CTCs, extracellular vesicles (EVs), and tumor-educated
platelets (TEPs).>® Cancer-associated platelets are now recognized as a promising indicator that can be used in liquid
biopsy. New data suggest that platelet-based biomarkers may be more useful for diagnosis than other biomarkers.>’
Platelets actively absorb and accumulate additional biological substances during their lifetimes, which may include
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substances released by tumor cells as extracellular bodies.’® Therefore, platelets are rich in RNAs, of which miRNAs are
the most abundant. In platelets, miRNAs play important roles in regulating the induction of protein recombination,
splicing, and transcription and the repression of platelet protein expression.”® TEPs are platelets with altered RNA
profiles due to the influence of tumors and can carry a large amount of tumor-associated RNA and protein information
because they bind with signaling molecules and their receptors. In 2015, Best et al®® prospectively obtained platelets
from a large number of healthy blood donors and treated and untreated patients with early, localized, or advanced
metastatic cancer and sequenced them with RNA-seq; the analysis identified 5003 differentially expressed protein-coding
and noncoding RNAs in platelets from patients with six types of cancer compared with those from healthy donors. Using
this information, the researchers distinguished patients with localized and metastatic tumors from healthy individuals
with 96% accuracy. Furthermore, the platelet spectrum appeared to be sufficiently tumor-type specific so that in most
cases, the primary source of disease could be correctly identified. In many cases, the platelet RNA profiles accurately
predicted oncogene expression or mutation status in many tumors, including MET or HER2 positivity and KRAS, EGFR,
or PIK3CA mutation. Later, Best et al used a particle swarm optimization (PSO) enhancement algorithm based on
different gene sets in a platelet RNA sequencing library to diagnose early and late non-small cell lung cancer (NSCLC)
with accuracies of 81% and 88%, respectively.®' Thus, the platelet gene set can be characteristically altered not only by
the release of biomolecules induced by cancer cells and the tumor microenvironment (stromal and immune cells) but also
by changing the vesicle-mediated transport mechanism by which nucleic acids and proteins are physiologically
exchanged with other platelets, immune cells, endothelial cells, and tumor cells.

The platelet proteome may be an equally suitable source of diagnostic and predictive biomarkers for tumors. Platelets
contain a large number of TGFp than other cells and are known to be the largest reservoir of VEGF in the body, containing
more than 95% of the total VEGF content in healthy adults.®” In cancer patients, platelet VEGF concentrations are
significantly higher than those in other relevant body parts (6.5- to 28.2-fold) and even higher than that in the tumor itself.
Platelets may take up VEGF produced by other cellular sources, including tumor cells because VEGF concentrations in
platelets increase over time as long as VEGF sources are present.®® Thus, thrombocytosis may be an ominous prognosis, as it
represents a massive expansion of the VEGF-carrying capacity in the body. Karsten et al compared clinical features (a: before
adjuvant chemotherapy, b: four weeks after treatment, c: two years after treatment) of 205 patients who had undergone primary
breast surgery with those of healthy controls (n=107). They found that in the breast cancer cohort, VEGF-A plasma
concentrations were significantly higher at all time points examined and lower after treatment. Two years after chemotherapy,
VEGF-A levels were associated with increased cancer-related mortality, whereas VEGF165b levels were significantly higher.
The VEGF-A/VEGF-A165b ratio was lower after chemotherapy, and the level of circulating VEGF-A165b in women with
primary breast cancer was significantly reduced.®* Clinical studies have also shown elevated levels of platelet angiogenesis
regulators in patients with cancer (breast, colorectal, prostate, kidney, or ovarian cancer or lymphoma) compared to healthy
controls, and these factors include VEGF, ANGPT-1, MMP2, platelet factor-4 (PF-4), and PDGE.® Therefore, fluctuations in
the platelet proteome may be a surrogate marker of tumor activity.

Application of Platelets in Breast Cancer Treatment

Integrin Glycoprotein Family Receptors

Platelet glycoprotein (GP) receptors mediate platelet adhesion, activation, and aggregation, and many GP receptors exist as
noncovalently linked heterodimers, including those belonging to the a and B subunit integrin families.®® Under physiological
conditions, platelet adhesion and activation are triggered by thrombin production upon tissue factor or endothelial cell
exposure to the subendothelial matrix when activation/injury occurs. Early platelet adhesion is regulated through the
interaction of GPIba with the von Willebrand factor (VWF) and the binding of integrins to collagen. These GP receptors
act synergistically with thrombin signaling through PARs to activate platelets. After platelets are activated, the GPIIb/Illa
(integrin alIbp3) conformation changes from a low-affinity to a high-affinity state, and high-affinity GPIIb-Illa binds
fibrinogen, accelerating interplatelet bridge formation and thrombus formation.®” Given that all these GP receptors regulate
platelet-tumor cell interactions, blocking them may be an effective anticancer strategy. Through cell experiments, Kononczuk
et al demonstrated that abciximab and eptifibatide can induce MCF-7 cell apoptosis via the expression of proline oxidase
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(POX), the signaling molecules ERK 1/2, transcription factors (NF-kB), HIF-1a, and VEGF; DNA and collagen biosynthesis;
and prolinase activity, and eptifibatide induced stronger effects than abciximab.®®

P-Selectin Receptors

P-selectin is found in platelet alpha granules and is expressed on activated platelets and endothelial cells, whereas E-selectin
and L-selectin are constitutively expressed on endothelial cells and leukocytes and are involved in vascular cell adhesion in
the interaction between leukocytes, platelets, and endothelial cells. Their receptors are mostly oligosaccharides, which can
be modified by glycosylation and have been linked to malignant cell transformation.®® According to experimental data,
platelets and cancer cell surface mucin bind in a P-selectin-dependent manner and contribute to platelet tumor micro-
embolus formation and tumor cell extravasation via a process similar to leukocyte migration via endothelial cells.”® Given
the existence of P-selectin-dependent platelet tumor cell interactions, Jafari et al actively targeted P-selectin with fucoidan-
doxorubicin nanoparticles (FU-Dox-NPs) developed by direct conjugation of doxorubicin (Dox) to a fucoidan backbone.
They found that the active targeting of P-selectin by FU-Dox-NPs enhanced the cellular uptake and cytotoxicity of the
MDA-MB-231 cell line with high P-selectin expression compared to the MDA-MB-468 cell line with low P-selectin
expression.”! P-selectin is widely used to specifically bind targeted drug nanoparticles to tumor tissues via the high-affinity
interactions between P-selectin, normally found on platelet membranes, and CD44 receptors on tumor cells, and this

strategy can achieve efficient tumor treatment with reduced side effects.”> *

Protease-Activated Prothrombin Receptors and Antithrombin Methods

Protease-activated receptors (PARs) are a family of four-transmembrane G protein-coupled receptors that are activated by the
most potent platelet agonists thrombin (PAR-1, PAR-3, and PAR-4) and trypsin-like serine protease (PAR-2).”> Human
platelets express two thrombin-triggered PARs, namely, high-affinity PAR-1 and low-affinity PAR-4, whose functions may
induce platelet angiogenesis and selective release of mitogenic regulators in addition to triggering platelet aggregation.
[37,176,005] Related studies have shown that selective PAR-4 agonists stimulate the release of endothelial inhibitor-
containing granules, whereas VEGF-containing granules are released after stimulation with selective PAR-1 agonists.>>~°
Ray et al induced activation and overexpression of PAR-1 in breast cancer cells (EAC) by hemagglutinin protease (HAP)
secreted by Vibrio cholerae. This activation and overexpression caused nuclear translocation of p50-p65 and p38 phosphor-
ylation, which triggered activation of the NFkB and MAP kinase signaling pathways and increased the level of cytosolic
reactive oxygen species in malignant cells, thereby inducing apoptosis.”® The experimental data of Thabet et al support the role
of piroxicam and sulforaphane sulfide in inhibiting inflammation-driven breast cancer progression, and the researchers
identified RAS and PAR-4 signaling as promising new therapeutic targets.”’ Kim et al adopted GB83 (an inhibitor of PAR-
2) to inhibit PKC-mediated MMP-9 expression and the metastatic ability in MCF-7 cells. Their experiments confirmed that
downregulation of matrix proteases inhibited 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced MMP-9 expression and
invasiveness through PAR-2/PLCy2/PKC/MAPK activation.”® The thrombin inhibitor hirudin reduced platelet-derived VEGF
at thrombus sites by nearly 50% and inhibited tumor metastasis in an experimental model.”” Low molecular weight heparin-
(LMWH) inhibits the release of platelet angiogenic proteins mediated by tumor cells. For immune reaction, repeated
administration of heparin may trigger heparin to induce thrombocytopenia and thrombosis (HIT/T) syndrome, which is
closely related to the formation of deep vein thrombosis in limbs. If not recognized, it may endanger life. Despite preclinical
studies showing significant effects on tumors, thrombin inhibitors inhibit PAR activity in host and tumor cells, which may lead
to serious side effects, such as bleeding, making the development and usage of related drugs challenging.

Other Treatments

Platelets contain alpha and dense granules, which are rich in proteins, lipids, growth factors, cytokines, and
proteases that affect angiogenesis, and platelets actively take up and sequester these factors via endocytosis. The
different factors and proteins in these platelet granules depend mainly on the selective release of factors in
response to specific stimuli; for example, the release and aggregation of platelet a granules are regulated through
protein kinase C (PKC) a and B signaling. Moncada et al found that Ro32-0432 (a highly selective small molecule
inhibitor of PKCa) preferentially inhibited the secretion of angiogenic regulatory molecules in o granules but not
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platelet aggregation, thus limiting platelet-stimulated angiogenesis, implying that the effect of platelets on tumor
angiogenesis can be mitigated pharmacologically while maintaining hemostasis.® The P2Y12 receptor is the
primary receptor for ADP-stimulated platelet glycoprotein IIb/Illa receptor activation. According to studies,
ATP activates P2Y2R through inflammatory bodies, especially by regulating the inflammatory body components
NLRC4, ASC, caspase-1, and Notch-4, to induce breast tumor invasion and angiogenesis.®'*** Clopidogrel
(Plavix), which is a P2Y 12 receptor antagonist, and some newly developed P2Y 11 inhibitors, such as prasugrel
and ticagrelor, are mostly used in the treatment of vascular disease, with little information in tumor treatment.

The Future of Targeted Platelet Therapy

The successful development of therapeutics that intervene in platelet-cancer cell interactions must strike a balance between
inhibiting platelet-specific targets that play a role in cancer progression and maintaining normal platelet haemostatic function.
In contrast, we have limited knowledge of the different stimulatory conditions for platelet mitogenic, pro- or anti-angiogenic,
pro-inflammatory, anti-inflammatory and adhesion functions. We also do not know which specific platelet activities are most
relevant to the malignant process and to what extent such interventions would compromise the essential physiological role of
platelets in maintaining haemostasis. Current anti-platelet drugs target platelet receptors, their binding ligands, signalling
proteins or soluble mediators of platelet function. Although drugs that block cyclooxygenases (eg aspirin), the ADP receptor
P2Y12 (clopidogrel) and GPIIb/IIla (abciximab) are the most widely used, their effects on cells other than platelets make it
difficult to conclude that their anti-tumour properties are due exclusively to platelet inhibition. For example, the off-target
effects of small molecule GPIIb/Illa receptor inhibitors are mainly related to their inhibitory effect on the inflammatory
response. This may likewise be a factor in the benefit of certain patients. Thus, the variable response and off-target effects of
antiplatelet agents could explain the conflicting observations regarding the effects of antiplatelet agents on cancer incidence
and survival. As antiplatelet agents continue to evolve, critically assessing their risk-benefit curves in an oncology context will
make the use of the drugs more challenging.

Conclusion

The roles of platelets and thrombocytosis in facilitating tumor growth and metastasis were first proposed by
Gasic® in 1968, and the depth of our understanding of the relevant mechanisms has increased. Platelets not only
infiltrate the tumor microenvironment and interact directly with cancer cells but also protect CTCs from the lethal
attack of the immune system and other proapoptotic stimuli in the circulation and contribute to CTC attachment to
the endothelium, providing signals to establish a premetastatic niche. Platelets can even reduce the effectiveness of
chemotherapy and other targeted therapies in cancer patients. To avoid serious complications, an approach that
specifically targets platelet-tumor cell interactions while not interfering with normal platelet function is
a promising direction for breast cancer treatment. Therefore, studying platelets and their effects on the coagulation
system and surface receptors and their uptake and release functions will help to elucidate the role of platelets in
metastatic dissemination and tumorigenesis. In recent years, bioinformatic analysis has advanced rapidly, and the
adoption of bioinformatic approaches to analyze the favorable and unfavorable effects of platelets on cancer will
undoubtedly aid the development and improvement of selectively targeted interventions.
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