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ABSTRACT: 

Platelets are the small, bioactive, anucleate; discoid 

cellular fragments in the human body have an 

extraordinary capacity for morphological change 

and powerful secretion properties. Platelets having 

the important roles in hemostasis and possessed 

other regulatory functions in normal physiology 

such as angiogenesis, wound healing, antimicrobial 

action.The importance of platelets on the hallmarks 

of cancer and it can influence multistep 

development of tumorigenesis and thrombocytosis 

influence invasiveness of malignant cells, inducing 

Epithelial-Mesenchymal transition through cross 

linked with NK cells, macrophages etc. Platelets 

dysfunction mechanism and tumorigenesis provide 

us new era for research of several pathophysiologic 

events. 

Purpose: To review the literature on role of 

platelets in tumorigenesis. 

Materials & Methods: An electronic search on 

different search engines for relevant articles 

published from January 2001 to 2019. 

Results: Only 15 publications were searched and 

each articles shows platelets has a strong 

relationship with tumour formation and progression 

of cancer. 

Conclusion: Few studies show platelets have role 

in tumour formation some show metastasis and 

some show that platelets works through neutrophils 

and interesting finding coming up that anti-platelets 

therapy have the preventive role in cancer 

formation. 

KEYWORDS: Platelets, Tumorigenesis, Hall 

marks of Cancer, Epithelial-Mesenchymal 

transition, Growth factors, Angiogenesis, 

Apoptosis, Circulating Cancer Cells, Metastasis, 

Neutrophil extracellular traps, Cancer Immunity. 

 

I. INTRODUCTION 
Platelets are the small, bioactive, 

anucleate; discoid cellular fragments in the human 

body have an extraordinary capacity for 

morphological change and powerful secretion 

properties. Platelets play important roles in 

hemostasis and possessed other regulatory 

functions in normal physiology such as 

angiogenesis, wound healing, antimicrobial 

action.The importance of platelets on the hallmarks 

of cancer and it can influence multistep 

development of tumorigenesis and thrombocytosis 

influence invasiveness of malignant cells, inducing 

Epithelial-Mesenchymal transition through cross 

linked with NK cells, macrophages etc. Platelets 

dysfunction mechanism provide us new era for 

research of pathophysiologic event. 

 

II. REVIEW OF LITREATURE 
Platelets in Tumour Development: 

Platelets releasates: This are the products 

released after platelets activation (1,2) which are 

induced by the platelets agonist of thromboplastin 

receptors, proteases activated receptors-1 (PAR1) 

and (PAR4) (3), promotes and proliferate of MCF-

7 and MDA-MB231 in breast cancer. Angiogenesis 

happens through phosphoinositide 3-kinase/ protein 

kinase C ( PI3K/PKC) pathways (4). Another 

agonist like adenosine diphosphate (ADP) via 

P2Y12 and P2Y1 receptor influenced the growth of 

ovarian cancer and pancreatic cancer (4,5). Recent 

study shows there is positive co-relation between 

P2Y12 and malignancy (6). 

 

Platelets Influence Tumor Growth: 

Platelets have a numbers of growth factors 

stored in their alpha (a) granules (7–9, 10). They 

are present in the tumor microenvironment outside 

of the vasculature where they can come into direct 

contact with the malignant cells (11, 12).When 

activated, they secrete transforming growth factor 

beta (TGF-β), vascular endothelial growth factor 

(VEGF), and platelet derived growth factor (PDGF) 

(13, 14). These factors not only induce tumor 

growth, but also promote angiogenesis and tumoral 

neo-vascularization (15).Recently, platelet-derived 
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micro-RNA has been identified as an important 

regulator of tumor development (16). 

(TGF-β1) promotes the growth of primary 

ovarian cancer in murine model (17) and down-

regulation of this factor with platelets blocking 

with TGF-β1antibody inhibits proliferation in 

ovarian cancer cell (18).  

Platelets induce hepato-cellular carcinoma 

growth (19) by suppressing the expression of 

Krϋppel like factor 6 (20). 

Platelets derived micro-RNA has recently 

been identified as a regulator of tumour 

development which target mt-Nd2 and Snora75, 

modulates mitochondrial function and inhibits 

tumour growth (21). 

  

Platelets and Cancer Metastasis 

90% of death occurs due to metastasis of 

cancer (22). Inhibition of platelets activations can 

inhibits cancer metastasis (23,24). Cancer cell must 

detach from primary tumour and invade into 

circulation during metastasis. In this condition 

tumour cells encounter immune cells and fluid 

shear stress. This shear force can sensitize to TNF 

related apoptosis-inducing ligand (TRAIL)-induced 

apoptosis in prostate and colon cancer (25). 

Platelets-cancer interaction promotes EMT 

(epithelial mesenchymal transition) in tumour cells 

and enhances the rate of tumour extravasation in 

vivo through TGF-β and NF-κB pathways (26, 27). 

Platelets micro-particles (PMPs) which are 

available in the blood, transport mi RNA and many 

other factors promoting EMT. E-cadherin and 

claudin downregulates by EMT of mi RNA 939 in 

PMPs and targeting the 3
/ 
UTR regions genes (28). 

High expression of Tissue factor (TF) which is a 

transmembrane receptor may associate with cancer 

metastasis (29). TF also enhances platelets 

recruitment and tumorsphere formation (30). 

Platelets derived growth factor (PDGF) released 

from platelets stimulate Cyclooxygenase (COX)-2 

expressions and induce the EMT markers (31).  

Anoikis is a programmed cell death 

induced by cell detachment (32). CTC are the small 

number of cancer cells invade into circulation 

system through intravasation process. Anoikis 

resistance is required for CTC survival and 

colonization in distant organs. Platelets interaction 

protects cancer cell from Anoikis (33). RhoA- 

(myosin phosphate targeting subunit 1) MYPT1- 

protein phosphate (PP1) mediated Yes associated 

protein 1 (YAP1) dephosphorylation and 

translocation of nucleolus in induced by the 

platelets, resulting in apoptosis resistance (34). 

Apoptosis signal regulating kinase 1 (Ask1) is a 

stress-responsive mitogen activated protein kinase 

kinase kinase (MAP3K) in the Jun N-terminal 

kinases (JNK) and p38 pathways (35). If Ask1 

deficiency takes place in Platelets, tumour 

metastasis is aggravated (36).  

Acid Sphingomyelinase (Asm) is secreted 

protein which released from platelets induces the 

production of Ceramide which activate the ∞5β1 

integrin on melanoma cells and promotes 

metastasis in vivo (37). 

Platelets activation and adhesion depend 

upon integrin signaling (38), ∞2β1, ∞5β1, ∞6β1, 

∞IIbβ3, ∞vβ3 are bind preferably to collagen, 

fibronetin, laminin, vitronectin and fibrinogen 

respectively (39). Platelets ∞6β1 mediates the 

platelets cancer interaction by binding 

metalloproteinase (ADAM) 9 on the tumour cell. 

Deletion of integrin ∞6β1on platelets reduces lung 

metastasis (40). Experiments on knockout mouse 

show that β3 integrin causes cancer bone metastasis 

(41). Fig 1. 

 

 
 

Courtesy: David G. Menter, Platelets and cancer: a casual or causal relationship: revisited.Cancer Metastasis 

Rev. 2014; 33(1) 
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Cancer Promotes Platelets Activation 

Platelets and cancer cell interaction is 

directional and cancer has a typical role in platelets 

generation and activation. Thrombosis and 

thrombo-embolism fivefold increased in cancer 

patients (42). Cathepsin K (CAT K) up regulated in 

different cancer (43) and platelets aggregation is 

induced by CAT K in a dose dependant manner via 

proteolytically activated receptors (PAR) 3& 4. 

Osteoprotegrin, parathyroid hormone related 

protein sonic hedgehog and TGF-β are produced 

which induce the downstream signaling pathways 

in breast cancer (44). 

The malignant association with 

thrombosis is one of the most common features of 

cancer patients and worse prognosis and survival 

rate (45).The tumour cell induced platelets 

aggregation (TCIPA) correlated to higher 

metastatic potential (46) and so many mechanisms 

involved in platelets activation and TCIPA (47). 

Colon, prostate and breast cancer cells 

bind platelets FcγRIIa and induce dense granule 

secretion in the platelets (48). Different types of 

cancer like squamous and germinal express 

podoplanin which binds to platelets expressed 

CLEC-2 and induce platelets activation (49). 

 

Platelets and Anti-tumour immunity 

On the time of tumour progression a small 

number of cancer cell invade into circulation from 

going to primary site to distal site, these small cells 

are known as Circulating Tumour Cell (CTC) (50). 

CTC overcome the shear-force induced damage 

and also attacks from immune cells. NK cells are 

very much potent for antitumour activity (51). 

Depletion of NK cells significantly increase cancer 

metastasis in mouse (52). It has been well 

established that binding of platelets protects CTC 

from NK cells (53). Platelets derived MHC class I 

and TGF-β released from platelets inhibits the anti-

tumour activity of NK cells (54,55). 

P-selectin is an adhesion molecule which 

expressed on the surface of the endothelial and 

activated platelets (56) and cancer cell bind to 

platelets P-selectin through TCIPA and form 

aggregates themselves from blood circulation and 

hide from NK cells (57). Figure 2 

 
 

Courtesy:Ana Luisa Palacios et. al. Platelets, 

Thrombo-Inflammation, and Cancer: Collaborating 

With the Enemy. Front. Immunol.2019 

 

Platelets and NET formation 

Neutrophils have well established two 

functions a) pathogen engulfment b) anti-microbial 

substance secretion (58) but nowadays it is 

identified of a new function of neutrophils i.e. 

neutrophils extracellular traps (NETs) (58). The 

NET are results of neutrophil’s chromatin and 

granular content being expelled from the nucleus to 

form web-like structure and entrap and kill 

pathogens (58,59). Recent study suggested that 

NETs may have the role in tumour progression, 

metastasis and cancer related thrombosis (60). 

Activated platelets P-selectin trigger NET 

formation through P-selectin glycoprotein ligand-

1(PSGL-1) (61,62). Platelets TLR4 can also trigger 

NETosis and histones 3 and 4 released during this 

process can in turn activate platelets in a 

continuous loop (60,63). The extracellular DNA in 

https://www.frontiersin.org/people/u/702538
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the NETs is capable of binding and activating 

coagulation factor XII and activates platelets 

directly (64). 

 

Platelets and the Hallmarks of Cancer 

Cancer is multistep complex diseases in 

2000 Hanahan and Weinberg defined 6 hallmarks 

of cancer: 1. Self sufficiency in growth signal 2. 

Insensivity to growth inhibitory signal 3. Resisting 

cell death  4. Limitless replicative potential  5. 

Sustained angiogenesis and 6. Metastasis  (65). In 

2011 list was updated with cellular and micro-

environment alteration, genomic instability, 

dysregulation of cell energetic, avoidance of 

immune destruction and tumour promoting 

inflammation (66). Many of these hallmarks 

resemble the inflamed state placing the platelets 

within the interface with thrombosis, inflammation 

and cancer (67). Figure 3 

 
 

Sustaining Proliferative Signal 

Tumorigenesis is the process where both 

changes in tumour cell and the tumour 

microenvironment (TME) take place. Janowska-

Wieezorek et al. (68) showed platelets derived 

micro-particles stimulate mitogen activated protein 

kinase in lung carcinoma cell line and stimulate cell 

proliferation.A549 lung carcinoma cell led to 

expression of matrix metalloproteinases (MMPs) 

and invasion through matrigel. 

 

Resisting Cell Death 

Platelets had the ability to change the 

apoptotic activity in different modes. Platelets 

induce MMP-9 expression and activation in colon 

and breast carcinoma cell line leads to increased 

remodeling of extracellular matrix and released of 

growth factor from the extracellular and decrease 

apoptotic signal (69). Through platelets and 

platelets lysates reduce apoptosis in leukemia cell 

line. Contents of platelets micro-particles inhibit 

intrinsic apoptosis through mitochondrial 

uncoupling and independent of autophagy (70). 

 

Inducing Angiogenesis 

Tumour cell proliferate in rapid 

progression and neovascularization support 

adequate blood supply for necessary nutrients and 

removal of waste substances and oxygen supply to 

the rapid growing tumour cells. Platelets have the 

ability to deliver proangiogenic factor to the tumour 

cells and also stimulate them to express (71). 

Platelets are the chief source of vascular endothelial 

growth factor (VEGF) (72, 73), Platelets derived 

growth factor (PDGF) and basic fibroblast growth 

factor (bFGF) each promotes tumour cellular 

growth (74, 75). In colorectal cancer patients 

reported with increased stored level of VEGF, 

PDGF and Platelets factor 4 in platelets (76). 

Increased level of platelets microparticles in plasma 

is seen in solid tumours and hematological 

malignancies (77). Highest levels of platelets 

microparticles are found in stage IV diseases in 
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gastric cancer and significantly correlated with 

metastatic diseases (78). In -vitro and in –vivo 

studies revealed that platelet microparticles can 

also promote proliferation and survival of 

endothelial cells, vascularization in both healthy 

and diseased states as well (79,80). 

 

Metastasis & Evading Immune Detection   

Metastasis is the very important subject 

for cancer prognosis and it increased the cancer 

related mortality. Platelets present surround the 

tumour cells and protect from immune surveillance 

(81). The platelet protect tumour cell in circulation 

from neutral killer (NK) cell thus in contribute in 

cancer metastasis (81,82). Platelets also play a vital 

role in osteolytic bone metastasis in breast 

cancer.Boucharaba  

et al suggested that platelet derived 

lysophosphatidic acid (LPA) can support and 

stimulate metastatic breast cancer cells (83). 

 

Supporting Cancer Stem Cells 

Hallmark of Cancer not support cancer 

stem cell but it is very much crucial for 

tumorigenesis and colonization at the distant sites. 

Labelle et al reported that platelets co-cultured with 

Ep5 breast carcinoma cells for 24 hours induced a 

cancer stem cell gene signature in the Ep5 cells 

(84). Higher level of platelets count in blood 

increased the mortality of various cancers including 

gynecological malignancies, malignant 

mesothelioma, lung, renal, gastric, colorectal and 

breast cancers (85-92). 

 

Transcription Factors and Hematopoiesis 

During megakaryopoiesis and platelets 

formation megakaryocytic lineage derivation is 

mediated by a series of transcription factors. Runt-

related transcription factor 1 (RUNX1) is very 

important for the entire Hematopoiesis. In case of 

(RUNX1) haploinsuffiency thrombocytopenia, 

platelets dysfunction along with acute leukemia 

manifestation takes place (93). RUNX1 mutations 

also impact on different types of cancers. RUNX1 

alone or in cooperation with the Ets transcription 

factor to promote PSA expression in prostate 

cancer (94). 

 

NSAIDs, COXIBs and Cancer 

NSAIDs and COXIBs both are effectively 

inhibit cancer formation and progression (95). 

Aspirin covalently inactivates COX-1 more 

selectively than COX-2 but it has Gastro-Intestinal 

toxicity effect (95). Population and clinical studies 

indicate that regular intake of aspirin and various 

other NSAIDs reduce the risk and incidence of 

various cancers (96-102). Prospective cohort 

studied by Nurses’ Health Study 82,911 women 

and (103) 47,363 male health professionals (104) 

showed that regular long-term use of aspirin 

significantly reduced incidence of cancer. Fig. 4 

 

 
Courtesy: Xiaohong Ruby Xu et. al, Cancer and platelet crosstalk.Blood2018 | Vol. 131,No. 16 

 

III. ACKNOWLEDGEMENT 
I express my sincere and heartfelt 

gratitude to Department of Oral Pathology, KSD 

Jain Dental College & Hospital, Kolkata and 

Barasat Government Medical College & Hospital 

for their kind support to give us opportunity to 

write this article. 

 



 

      

International Journal Dental and Medical Sciences Research 

Volume 6, Issue 5, Sep - Oct 2024 pp 37-46  www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-06053746                 |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 42 

CONFLICT OF INTEREST 

The authors have no financial conflict of interest. 

 

REFERENCES 
[1]. Sheu, J.R.; Fong, T.H.; Liu, C.M.; Shen, 

M.Y.; Chen, T.L.; Chang, Y.; Lu, M.S.; 

Hsiao, G. Expression of matrix 

metalloproteinase-9 in human platelets: 

Regulation of platelet activation in in vitro 

and in vivo studies. Br. J. Pharmacol. 

2004, 143, 193–201.  

[2]. Pintucci, G.; Froum, S.; Pinnell, J.; 

Mignatti, P.; Rafii, S.; Green, D. Trophic 

effects of platelets on cultured endothelial 

cells are mediated by platelet-associated 

fibroblast growth factor-2 (FGF-2) and 

vascular endothelial growth factor 

(VEGF). Thromb. Haemost. 2002, 88, 

834–842.  

[3]. Ma, L.; Perini, R.; McKnight,W.; Dicay, 

M.; Klein, A.; Hollenberg, M.D.;Wallace, 

J.L. Proteinase-activated receptors 1 and 4 

counter-regulate endostatin and VEGF 

release from human platelets. Proc. Natl. 

Acad. Sci. USA 2005, 102, 216–220.  

[4]. Jiang, L.; Luan, Y.; Miao, X.; Sun, C.; Li, 

K.; Huang, Z.; Xu, D.; Zhang, M.; Kong, 

F.; Li, N. Platelet releasates promotes 

breast cancer growth and angiogenesis via 

VEGF-integrin cooperative signalling. Br. 

J. Cancer 2017, 117, 695–703.  

[5]. Elaskalani, O.; Falasca, M.; Moran, N.; 

Berndt, M.C.; Metharom, P. The Role of 

Platelet-Derived ADP and ATP in 

Promoting Pancreatic Cancer Cell 

Survival and Gemcitabine Resistance. 

Cancers 2017, 9, 142.  

[6]. Cho, M.S.; Noh, K.; Haemmerle, M.; Li, 

D.; Park, H.; Hu, Q.; Hisamatsu, T.; 

Mitamura, T.; Mak, S.L.C.; Kunapuli, S.; 

et al. Role of ADP receptors on platelets in 

the growth of ovarian cancer. Blood 2017, 

130, 1235–1242.  

[7]. Ballerini, P.; Dovizio, M.; Bruno, A.; 

Tacconelli, S.; Patrignani, P. P2Y12 

Receptors in Tumorigenesis and 

Metastasis. Front. Pharmacol. 2018, 9, 66.  

[8]. Holinstat,M. Normal platelet function. 

Cancer Metastasis Rev. (2017) 36:195–8. 

doi: 10.1007/s10555-017-9677-x 

[9]. Machlus KR, Italiano JE. The incredible 

journey: from megakaryocyte 

development to platelet formation. J Cell 

Biol. (2013) 201:785– 96. doi: 

10.1083/jcb.201304054 

[10]. Gremmel T, Frelinger A, Michelson A. 

Platelet physiology. Semin Thromb 

Hemost. (2016) 42:191–204. doi: 

10.1055/s-0035-1564835 

[11]. Pagel O, Walter E, Jurk K, Zahedi RP. 

Taking the stock of granule cargo: platelet 

releasate proteomics. Platelets. (2017) 

28:119–28. doi: 

10.1080/09537104.2016.1254762 

[12]. LiN. Platelets in cancer metastasis: To 

help the “villain” to do evil. Int J Cancer. 

(2016) 138:2078–87. doi: 

10.1002/ijc.29847 

[13]. Karpatkin S, Ambrogio C, Pearlstein E. 

The role of tumor-induced platelet 

aggregation, platelet adhesion and 

adhesive proteins in tumor metastasis. 

Prog Clin Biol Res. (1988) 283:585–606. 

[14]. Wang S, Li Z, Xu R. Human cancer and 

platelet interaction, a potential therapeutic 

target. Int J Mol Sci. (2018) 19:1246. doi: 

10.3390/ijms19041246 

[15]. Wojtukiewicz MZ, Sierko E, Hempel D, 

Tucker SC, Honn KV. Platelets and cancer 

angiogenesis nexus. Cancer Metastasis 

Rev.(2017) 36:249– 62. doi: 

10.1007/s10555-017-9673-1 

[16]. Waldmann TA. Cytokines in cancer 

immunotherapy. Cold Spring Harb 

Perspect Biol. (2018) 10:a028472. doi: 

10.1101/cshperspect.a028472. 

[17]. Hu, Q.; Hisamatsu, T.; Haemmerle, M.; 

Cho, M.S.; Pradeep, S.; Rupaimoole, R.; 

Rodriguez-Aguayo, C.; Lopez-Berestein, 

G.;Wong, S.T.C.; Sood, A.K.; et al. Role 

of Platelet-Derived Tgfbeta1 in the 

Progression of Ovarian Cancer. Clin. 

Cancer Res. 2017, 23, 5611–5621.  

[18]. Cho, M.S.; Bottsford-Miller, J.; Vasquez, 

H.G.; Stone, R.; Zand, B.; Kroll, M.H.; 

Sood, A.K.; Afshar-Kharghan, V. Platelets 

increase the proliferation of ovarian cancer 

cells. Blood 2012, 120, 4869–4872.
 

[19]. Carr, B.I.; Cavallini, A.; D’Alessandro, 

R.; Refolo,M.G.; Lippolis, C.;Mazzocca, 

A.;Messa, C. Platelet extracts induce 

growth, migration and invasion in human 

hepatocellular carcinoma in vitro. BMC 

Cancer 2014, 14, 43. 

[20]. He, A.D.; Xie,W.; Song,W.; Ma, Y.Y.; 

Liu, G.; Liang, M.L.; Da, X.W.; Yao, 

G.Q.; Zhang, B.X.; Gao, C.J.; et al. 

Platelet releasates promote the 

proliferation of hepatocellular carcinoma 

cells by suppressing the expression of 

KLF6. Sci. Rep. 2017, 7, 3989. 



 

      

International Journal Dental and Medical Sciences Research 

Volume 6, Issue 5, Sep - Oct 2024 pp 37-46  www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-06053746                 |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 43 

[21]. Michael, J.V.; Wurtzel, J.G.T.; Mao, G.F.; 

Rao, A.K.; Kolpakov, M.A.; Sabri, A.; 

Hoffman, N.E.; Rajan, S.; Tomar, D.; 

Madesh, M.; et al. Platelet microparticles 

infiltrating solid tumors transfer miRNAs 

that suppress tumor growth. Blood 2017, 

130, 567–580. 

[22]. Seyfried, T.N.; Huysentruyt, L.C. On the 

origin of cancer metastasis. Crit. Rev. 

Oncog. 2013, 18, 43–73. 

[23]. Gasic, G.J.; Gasic, T.B.; Stewart, C.C. 

Antimetastatic effects associated with 

platelet reduction. Proc. Natl. Acad. Sci. 

USA 1968, 61, 46–52.  

[24]. Gasic, G.J.; Gasic, T.B.; Galanti, N.; 

Johnson, T.; Murphy, S. Platelet-tumor-

cell interactions in mice. The role of 

platelets in the spread of malignant 

disease. Int. J. Cancer 1973, 11, 704–718.  

[25]. Mitchell, M.J.; King, M.R. Fluid Shear 

Stress Sensitizes Cancer Cells to 

Receptor-Mediated Apoptosis via 

Trimeric Death Receptors. New J. Phys. 

2013, 15. 

[26]. Takemoto, A.; Okitaka, M.; Takagi, S.; 

Takami, M.; Sato, S.; Nishio, M.; 

Okumura, S.; Fujita, N. A critical role of 

platelet TGF-beta release in podoplanin-

mediated tumour invasion and metastasis. 

Sci. Rep. 2017, 7, 42186.  

[27]. Labelle, M.; Begum, S.; Hynes, R.O. 

Direct signaling between platelets and 

cancer cells induces an 

epithelialmesenchymal- like transition and 

promotes metastasis. Cancer Cell 2011, 

20, 576–590.  

[28]. Tang, M.; Jiang, L.; Lin, Y.;Wu, X.;Wang, 

K.; He, Q.;Wang, X.; Li,W. Platelet 

microparticle-mediated transfer of miR-

939 to epithelial ovarian cancer cells 

promotes epithelial to mesenchymal 

transition. Oncotarget 2017, 8, 97464–

97475.  

[29]. Ruf,W. Tissue factor and cancer. Thromb. 

Res. 2012, 130 (Suppl. 1), S84–S87.  

[30]. Orellana, R.; Kato, S.; Erices, R.; 

Bravo,M.L.; Gonzalez, P.; Oliva, B.; 

Cubillos, S.; Valdivia, A.; Ibanez, C.; 

Branes, J.; et al. Platelets enhance tissue 

factor protein and metastasis initiating cell 

markers, and act as chemoattractants 

increasing the migration of ovarian cancer 

cells. BMC Cancer 2015, 15, 290.  

[31]. Dovizio, M.; Maier, T.J.; Alberti, S.; Di 

Francesco, L.; Marcantoni, E.; Munch, G.; 

John, C.M.; Suess, B.; Sgambato, A.; 

Steinhilber, D.; et al. Pharmacological 

inhibition of platelet-tumor cell cross-talk 

prevents platelet-induced overexpression 

of cyclooxygenase-2 in HT29 human 

colon carcinoma cells. Mol. 

Pharmacol.2013, 84, 25–40.  

[32]. Frisch, S.M.; Screaton, R.A. Anoikis 

mechanisms. Curr. Opin. Cell Biol. 2001, 

13, 555–562.  

[33]. Buchheit, C.L.; Weigel, K.J.; Schafer, 

Z.T. Cancer cell survival during 

detachment from the ECM: Multiple 

barriers to tumour progression. Nat. Rev. 

Cancer 2014, 14, 632–641.  

[34]. Haemmerle, M.; Taylor, M.L.; Gutschner, 

T.; Pradeep, S.; Cho, M.S.; Sheng, J.; 

Lyons, Y.M.; Nagaraja, A.S.; Dood, R.L.; 

Wen, Y.; et al. Platelets reduce anoikis 

and promote metastasis by activating 

YAP1 signaling. Nat. Commun. 2017, 8, 

310.  

[35]. Ichijo, H.; Nishida, E.; Irie, K.; ten Dijke, 

P.; Saitoh, M.; Moriguchi, T.; Takagi, M.; 

Matsumoto, K.; Miyazono, K.; Gotoh, Y. 

Induction of apoptosis by ASK1, a 

mammalian MAPKKK that activates 

SAPK/JNK and p38 signaling pathways. 

Science 1997, 275, 90–94. 

[36]. Kamiyama, M.; Shirai, T.; Tamura, S.; 

Suzuki-Inoue, K.; Ehata, S.; Takahashi, 

K.; Miyazono, K.; Hayakawa, Y.; Sato, T.; 

Takeda, K.; et al. ASK1 facilitates tumor 

metastasis through phosphorylation of an 

ADP receptor P2Y12 in platelets. Cell 

Death Differ. 2017, 24, 2066–2076. 

[37]. Carpinteiro, A.; Becker, K.A.; Japtok, L.; 

Hessler, G.; Keitsch, S.; Pozgajova, M.; 

Schmid, K.W.; Adams, C.; Muller, S.; 

Kleuser, B.; et al. Regulation of 

hematogenous tumor metastasis by acid 

sphingomyelinase. EMBO Mol. Med. 

2015, 7, 714–734. 

[38]. Xu, X.R.; Carrim, N.; Neves, M.A.; 

McKeown, T.; Stratton, T.W.; Coelho, 

R.M.; Lei, X.; Chen, P.; Xu, J.; Dai, X.; et 

al. Platelets and platelet adhesion 

molecules: Novel mechanisms of 

thrombosis and anti-thrombotic therapies. 

Thromb. J. 2016, 14 (Suppl. 1), 29.  

[39]. Lavergne, M.; Janus-Bell, E.; Schaff, M.; 

Gachet, C.; Mangin, P.H. Platelet 

Integrins in Tumor Metastasis: Do They 

Represent a Therapeutic Target? Cancers 

2017, 9, 133. 

[40]. Mammadova-Bach, E.; Zigrino, P.; 

Brucker, C.; Bourdon, C.; Freund, M.; De 



 

      

International Journal Dental and Medical Sciences Research 

Volume 6, Issue 5, Sep - Oct 2024 pp 37-46  www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-06053746                 |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 44 

Arcangelis, A.; Abrams, S.I.; Orend, G.; 

Gachet, C.; Mangin, P.H. Platelet integrin 

alpha6beta1 controls lung metastasis 

through direct binding to cancer cell-

derived ADAM9. JCI Insight 2016, 1, 

e88245.  

[41]. Bakewell, S.J.; Nestor, P.; Prasad, S.; 

Tomasson, M.H.; Dowland, N.; Mehrotra, 

M.; Scarborough, R.; Kanter, J.; Abe, K.; 

Phillips, D.; et al. Platelet and osteoclast 

beta3 integrins are critical for bone 

metastasis. Proc. Natl. Acad. Sci. USA 

2003, 100, 14205–14210. 

[42]. Silverstein, M.D.; Heit, J.A.; Mohr, D.N.; 

Petterson, T.M.; O’Fallon, W.M.; Melton, 

L.J. Trends in the incidence of deep vein 

thrombosis and pulmonary embolism: A 

25-year population-based study. Arch. 

Intern. Med. 1998, 158, 585–593. 

[43]. Lindeman, J.H.; Hanemaaijer, R.; Mulder, 

A.; Dijkstra, P.D.; Szuhai, K.; Bromme, 

D.; Verheijen, J.H.; Hogendoorn, P.C. 

Cathepsin K is the principal protease in 

giant cell tumor of bone. Am. J. Pathol. 

2004, 165, 593–600.  

[44]. Andrade, S.S.; Gouvea, I.E.; Silva, M.C.; 

Castro, E.D.; de Paula, C.A.; Okamoto, 

D.; Oliveira, L.; Peres, G.B.;Ottaiano, T.; 

Facina, G.; et al. Cathepsin K  induces 

platelet dysfunction and affects cell 

signaling in breast cancer -molecularly 

distinct behavior of cathepsin K in breast 

cancer. BMC Cancer 2016, 16, 173.  

[45]. Ferroni P, Martini F, Portarena I, Grenga 

I, Riondino S, La Farina F,et al. An 

activated protein C-dependent thrombin 

generation assay predicts chemotherapy-

associated venous thromboembolism in 

cancer patients. Thromb Haemost. 2011, 

105:931–2.  

[46]. Xu XR, Zhang D, Oswald BE, Carrim N, 

Wang X, Hou Y, et al. Platelets are 

versatile cells: new discoveries in 

hemostasis, thrombosis, immune 

responses, tumor metastasis and beyond. 

Crit Rev Clin Lab Sci. 2016, 53:409–30.  

[47]. Gyobu S, Ishihara K, Suzuki J, Segawa K, 

Nagata S. Characterization of the 

scrambling domain of the TMEM16 

family. Proc Natl Acad Sci USA. 

2017,114:6274–9.  

[48]. Bambace NM, Holmes CE. The platelet 

contribution to cancer progression. J 

Thromb Haemost. 2011, 9:237–49. 

[49]. Suzuki-Inoue K, Fuller GL, García A, 

Eble JA, Pöhlmann S, Inoue O, et al.A 

novel Syk-dependent mechanism of 

platelet activation by the C-type lectin 

receptor CLEC-2. Blood. 2006 107:542–9. 

[50]. Gupta,G.P.;Massague, J. 

Cancermetastasis: Building a framework. 

Cell 2006, 127, 679–695. 

[51]. Wargo, J.A.; Schumacher, L.Y.; Comin-

Anduix, B.; Dissette, V.B.; Glaspy, J.A.; 

McBride,W.H.; Butterfield, L.H.; 

Economou, J.S.; Ribas, A. Natural killer 

cells play a critical role in the immune 

response following immunization with 

melanoma-antigen-engineered dendritic 

cells. Cancer Gene Ther. 2005, 12, 516–

527. 

[52]. Shimaoka, H.; Takeno, S.; Maki, K.; 

Sasaki, T.; Hasegawa, S.; Yamashita, Y. A 

cytokine signal inhibitor for rheumatoid 

arthritis enhances cancer metastasis via 

depletion of NK cells in an experimental 

lung metastasis mouse model of colon 

cancer. Oncol. Lett. 2017, 14, 3019–3027.  

[53]. Nieswandt, B.; Hafner, M.; Echtenacher, 

B.; Mannel, D.N. Lysis of tumor cells by 

natural killer cells in mice is impeded by 

platelets. Cancer Res. 1999, 59, 1295–

1300.  

[54]. Placke, T.; Orgel, M.; Schaller, M.; Jung, 

G.; Rammensee, H.G.; Kopp, H.G.; Salih, 

H.R. Platelet-derived MHC class I confers 

a pseudonormal phenotype to cancer cells 

that subverts the antitumor reactivity of 

natural killer immune cells. Cancer Res. 

2012, 72, 440–448. 

[55]. Kopp, H.G.; Placke, T.; Salih, H.R. 

Platelet-derived transforming growth 

factor-beta down-regulates NKG2D there 

by inhibiting natural killer cell antitumor 

reactivity. Cancer Res. 2009, 69, 7775–

7783. 

[56]. Mezouar S, Frère C, Darbousset R, Mege 

D, Crescence L, Dignat- George F, et al. 

Role of platelets in cancer and cancer-

associated thrombosis: experimental and 

clinical evidences. Thromb Res. 2016, 

139:65–76. 

[57]. Egan K, Cooke N, Kenny D. Living in 

shear: platelets protect cancer cells from 

shear induced damage. Clin Exp 

Metastasis. 2014, 31:697–704. 

[58]. Brinkmann V, Reichard U, Goosmann C, 

Fauler B, Uhlemann Y, Weiss DS, et al. 

Neutrophil extracellular traps kill bacteria. 

Science. 2004, 303:1532–5. 



 

      

International Journal Dental and Medical Sciences Research 

Volume 6, Issue 5, Sep - Oct 2024 pp 37-46  www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-06053746                 |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 45 

[59]. Olsson AK, Cedervall J. The pro-

inflammatory role of platelets in cancer. 

Platelets. 2018, 29:569–73. 

[60]. Cools-Lartigue J, Spicer J, Najmeh S, 

Ferri L. Neutrophil extracellular traps in 

cancer progression. Cell Mol Life Sci. 

2014,71:4179 

[61]. Cedervall J, Hamidi A, Olsson A-K. 

Platelets, NETs, and cancer. Thromb Res. 

2018, 164:S148–52.  

[62]. Etulain J, Martinod K, Wong SL, Cifuni 

SM, Schattner M, Wagner DD. P-selectin 

promotes neutrophil extracellular trap 

formation in mice. Blood. 2015, 126:242–

6. 

[63]. Kimball AS, Obi AT, Diaz JA, Henke PK. 

The emerging role of NETs in venous 

thrombosis and immunothrombosis. Front 

Immunol. 2016, 7:236.  

[64]. Jorch SK, Kubes P. An emerging role for 

neutrophil extracellular traps in non-

infectious disease. Nat Med. 2017, 

23:279–87. 

[65]. Hanahan D, Weinberg RA. The hallmarks 

of cancer. Cell. 2000;100(1):57-70. 

[66]. Hanahan D, Weinberg RA. Hallmarks of 

cancer: the next generation. Cell. 

2011;144(5):646-674. 

[67]. Gay LJ, Felding-Habermann B. 

Contribution of platelets to tumour 

metastasis. Nat Rev Cancer. 

2011;11(2):123-134. 

[68]. Janowska-Wieczorek A, Wysoczynski M, 

Kijowski J, et al. Microvesicles derived 

from activated platelets induce metastasis 

and angiogenesis in lung cancer. Int J 

Cancer. 2005; 113(5):752-760. 

[69]. Labelle M, Begum S, Hynes RO. Direct 

signaling between platelets and cancer 

cells induces an epithelial-mesenchymal-

like transition and promotes metastasis. 

Cancer Cell. 2011;20(5): 576-590. 

[70]. Velez J, Enciso LJ, Suarez M, et al. 

Platelets promote mitochondrial 

uncoupling and resistance to apoptosis in 

leukemia cells: a novel paradigm for the 

bone marrow microenvironment. Cancer 

Microenviron. 2014;7(1-2):79-90. 

[71]. Janowska-Wieczorek A, Wysoczynski M, 

Kijowski J, et al. Microvesicles derived 

from activated platelets induce metastasis 

and angiogenesis in lung cancer. Int J 

Cancer. 2005;113 (5):752-760. 

[72]. Verheul HM, Hoekman K, Luykx-de 

Bakker S, et al. Platelet: transporter of 

vascular endothelial growth factor. Clin 

Cancer Res. 1997;3 (12 Pt 1): 2187-2190. 

[73]. Pinedo HM, Verheul HM, D’Amato RJ, 

Folkman J. Involvement of platelets in 

tumour angiogenesis? Lancet. 

1998;352(9142):1775-1777. 

[74]. Cross MJ, Claesson-Welsh L. FGF and 

VEGF function in angiogenesis: signalling 

pathways, biological responses and 

therapeutic inhibition. Trends Pharmacol 

Sci. 2001; 22(4):201-207. 

[75]. Ferrara N, Gerber HP, LeCouter J. The 

biology of VEGF and its receptors. Nat 

Med. 2003;9(6): 669-676. 

[76]. Peterson JE, Zurakowski D, Italiano JE Jr, 

et al. VEGF, PF4 and PDGF are elevated 

in platelets of colorectal cancer patients. 

Angiogenesis. 2012; 15(2):265-273. 

[77]. Mezouar S, Mege D, Darbousset R, et al. 

Involvement of platelet-derived 

microparticles in tumor progression and 

thrombosis. Semin Oncol. 2014; 

41(3):346-358.  

[78]. Kim HK, Song KS, Park YS, et al. 

Elevated levels of circulating platelet 

microparticles, VEGF, IL-6 and RANTES 

in patients with gastric cancer: possible 

role of a metastasis predictor. Eur J 

Cancer. 2003;39 (2):184-191. 

[79]. Kim HK, Song KS, Chung JH, Lee KR, 

Lee SN. Platelet microparticles induce 

angiogenesis in vitro. Br  J Haematol. 

2004; 124 (3):376-384. 

[80]. Varon D, Shai E. Role of platelet-derived 

microparticles in angiogenesis and tumor 

progression. Discov Med. 2009;8(43):237-

241. 

[81]. Palumbo JS, Talmage KE, Massari JV, et 

al. Platelets and fibrin(ogen) increase 

metastatic potential by impeding natural 

killer cell-mediated elimination of tumor 

cells. Blood. 2005;105(1): 178-185. 

[82]. Nieswandt B, Hafner M, Echtenacher B, 

M¨annel DN. Lysis of tumor cells by 

natural killer cells in mice is impeded by 

platelets. Cancer Res. 1999; 59(6):1295-

1300. 

[83]. Boucharaba A, Serre CM, Gr`es S, et al. 

Plateletderived lysophosphatidic acid 

supports the progression of osteolytic bone 

metastases in breast cancer. J Clin Invest. 

2004;114 (12): 1714-1725. 

[84]. Labelle M, Begum S, Hynes RO. Direct 

signaling between platelets and cancer 

cells induces an epithelial-mesenchymal-



 

      

International Journal Dental and Medical Sciences Research 

Volume 6, Issue 5, Sep - Oct 2024 pp 37-46  www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-06053746                 |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 46 

like transition and promotes metastasis. 

Cancer Cell. 2011; 20(5): 576-590. 

[85]. Costantini V, Zacharski LR, Moritz TE, 

Edwards RL. The platelet count in 

carcinoma of the lung and colon. Thromb 

Haemost. 1990; 64(4): 501-505. 

[86]. Ikeda M, Furukawa H, Imamura H, et al. 

Poor prognosis associated with 

thrombocytosis in patients with gastric 

cancer. Ann Surg Oncol. 2002; 9(3):287-

291. 

[87]. Kerpsack JT, Finan MA. Thrombocytosis 

as a predictor of malignancy in women 

with a pelvic mass. J Reprod Med. 2000; 

45(11):929-932. 

[88]. Menczer J, Schejter E, Geva D, Ginath S, 

Zakut H. Ovarian carcinoma associated 

thrombocytosis. Correlation with 

prognostic factors and with survival. Eur J 

Gynaecol Oncol. 1998; 19(1):82-84. 

[89]. O’Keefe SC, Marshall FF, Issa MM, 

Harmon MP, Petros JA. Thrombocytosis 

is associated with a significant increase in 

the cancer specific death rate after radical 

nephrectomy. J Urol. 2002;168(4 Pt 

1):1378-1380. 

[90]. Pedersen LM, Milman N. Prognostic 

significance of thrombocytosis in patients 

with primary lung cancer. Eur Respir J. 

1996;9(9):1826-1830. 

[91]. Taucher S, Salat A, Gnant M, et al; 

Austrian Breast and Colorectal Cancer 

Study Group. Impact of pretreatment 

thrombocytosis on survival in primary 

breast cancer. Thromb Haemost. 2003; 

89(6):1098-1106. 

[92]. Zeimet AG, Marth C, M¨ uller-Holzner E, 

Daxenbichler G, Dapunt O. Significance 

of thrombocytosis in patients with 

epithelial ovarian cancer. Am J Obstet 

Gynecol. 1994;170(2): 549-554. 

[93]. Kaur G, Jalagadugula G, Mao G, Rao AK. 

RUNX1/core binding factor A2 regulates 

platelet 12- lipoxygenase gene (ALOX12): 

studies in human RUNX1 

haplodeficiency. Blood. 2010; 115(15): 

3128–3135.  

[94]. Fowler M, Borazanci E, McGhee L, 

Pylant SW, Williams BJ, Glass J, et al. 

RUNX1 (AML-1) and RUNX2 (AML-3) 

cooperate with prostate-derived Ets factor 

to activate transcription from the PSA 

upstream regulatory region. Journal of 

Cellular Biochemistry. 2006; 97(1):1–17. 

[95]. Menter DG, Schilsky RL, DuBois RN. 

Cyclooxygenase-2 and cancer treatment: 

understanding the risk should be worth the 

reward. Clinical Cancer Research. 2010; 

16(5):1384–1390. 

[96]. Abnet CC, Freedman ND, Kamangar F, 

Leitzmann MF, Hollenbeck AR, Schatzkin 

A. Nonsteroidal antiinflammatory drugs 

and risk of gastric and oesophageal 

adenocarcinomas: results from a cohort 

study and a meta-analysis. British Journal 

of Cancer. 2009; 100(3):551–557. 

[97]. Bosetti C, Gallus S, La Vecchia C. Aspirin 

and cancer risk: an updated quantitative 

review to 2005. Cancer Causes & Control. 

2006; 17(7):871–888. 

[98]. Cole BF, Logan RF, Halabi S, 

Benamouzig R, Sandler RS, Grainge MJ, 

et al. Aspirin for the chemoprevention of 

colorectal adenomas: meta-analysis of the 

randomized trials. Journal of the National 

Cancer Institute. 2009; 101(4):256–266. 

[99]. Harris RE. Cyclooxygenase-2 (cox-2) 

blockade in the chemoprevention of 

cancers of the colon, breast, prostate, and 

lung. Inflammopharmacology. 2009; 

17(2):55–67.  

[100]. Jafari S, Etminan M, Afshar K. 

Nonsteroidal antiinflammatory drugs and 

prostate cancer: a systematic review of the 

literature and meta-analysis. Canadian 

Urological Association Journal. 2009; 

3(4):323–330. Menter et al.  

[101]. Khuder SA, Herial NA, Mutgi AB, 

Federman DJ. Nonsteroidal 

antiinflammatory drug use and lung 

cancer: a metaanalysis. Chest. 2005; 

127(3):748–754.  

[102]. Takkouche B, Regueira-Mendez C, 

Etminan M. Breast cancer and use of 

nonsteroidal anti-inflammatory drugs: a 

meta-analysis. Journal of the National 

Cancer Institute. 2008; 100(20): 1439–

1447.  

[103]. Chan AT, Giovannucci EL, Meyerhardt 

JA, Schernhammer ES, Curhan GC, Fuchs 

CS. Longterm use of aspirin and 

nonsteroidal anti-inflammatory drugs and 

risk of colorectal cancer. JAMA. 2005; 

294(8):914–923.  

[104]. Chan AT, Zauber AG, Hsu M, Breazna A, 

Hunter DJ, Rosenstein RB, et al. 

Cytochrome P450 2C9 variants influence 

response to celecoxib for prevention of 

colorectal adenoma. 

Gastroenterology.2009 

doi:10.1053/j.gastro.2009.02.045. 


