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Recent advances in proteomic studies provided additional important information concerning the platelet biology

and their response to several pathophysiological pathways. Platelets indeed are a heterogeneous small anucleate

blood cell population with a central role both in physiological haemostasis and in pathological states, spanning from

thrombosis to inflammation, and cancer. 

Herein, a critical overview is provided on principal platelet proteomic studies focused on platelet biology from

signalling to granules content, platelet proteome changes in several diseases, and the impact of drugs on platelet

functions. Targeted quantification methods by means of mass spectrometry might be employed for more precise,

robust and accurate quantification of selected proteins, which might be used as biomarkers for disease diagnosis,

prognosis and therapy, and their strong clinical impact in the near future.

platelets  proteomics  mass spectrometry

1. Definition

Platelets are a heterogeneous small anucleate blood cell population with a central role both in physiological

haemostasis and in pathological states, spanning from thrombosis to inflammation, and cancer. Recent advances

in proteomic studies provided additional important information concerning the platelet biology and the response of

platelets to several pathophysiological pathways. Platelets circulate systemically and can be easily isolated from

human samples, making proteomic application very interesting for characterizing the complexity of platelet

functions in health and disease as well as for identifying and quantifying potential platelet proteins as biomarkers

and novel antiplatelet therapeutic targets. To date, the highly dynamic protein content of platelets has been studied

in resting and activated platelets, and several subproteomes have been characterized including platelet-derived

microparticles, platelet granules, platelet releasates, platelet membrane proteins, and specific platelet post-

translational modifications.

2. Introduction

2.1. Platelet biology: An Overview

Platelets are small anucleate blood cells produced by megakaryocytes in the bone marrow and lungs . Once

released by their megakaryocytic precursor, platelets enter the bloodstream and circulate for 7–10 days, after

which they are cleared in the spleen and liver . Platelets are highly specialized effector cells in physiological

haemostasis and play a central role in pathological thrombosis . In primary haemostasis, they rapidly adhere to
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the damaged vessel wall at the site of injury and aggregate to form a platelet plug. Failure to form an adequate

plug underlies bleeding disorders, while excessive platelet reactivity leads to an increased risk of thrombosis.

Platelets are now known to play major effector activities in a number of additional functions, including inflammatory

reactions and innate immune responses . Instrumental to these activities is the ability of platelets to respond to

signals from the endothelium, circulating cells, or other blood components . Platelets are present in high numbers

in the circulation (150.000 to 400.000 per microliter of whole blood in humans) and they continuously patrol their

environment using cell surface receptors and adhesion molecules, including integrins, selectins, toll-like receptors,

transmembrane receptors, immunoglobulin superfamily receptors, tyrosine kinase receptors, lipid receptors and

others . Moreover, platelets can alter the environment in response to various stimuli through the release of

bioactive mediators from different storage granules (α-granules, dense granules and lysosomes), bioactive lipid

products formed by oxidation of free fatty acids, and extracellular vesicles . The secretion products,

including coagulation factors, growth factors, chemokines, cytokines, microbicidal proteins, prostaglandins,

thromboxane A2 (TXA2), eicosanoids, and RNA species, influence many physiological and pathophysiological

processes beyond haemostasis .

Platelet activation includes numerous signaling pathways, through local prothrombotic factors and platelet

secretion products. Platelet adhesion to the extracellular matrix involves the binding between exposed collagen

and platelet glycoprotein receptors, causing the platelet shape to change and the release of their granules

contents.

Platelets are not a homogeneous cell population and their morphological heterogeneity is present at rest, upon

stimulation by agonists, and within the haemostatic plug. Circulating platelets are heterogeneous in size, age, and

responsiveness . Studies investigating the functional differences of platelet subpopulations have emerged only

in the second half of the last century . However, the causes of platelet functional heterogeneity and how

structural heterogeneity relates to variation in platelet responses remain largely unknown .

Although platelets are anucleate, they have long been known to contain RNAs. This genomic material was not

merely a remnant from the precursor megakaryocyte, but rather the result of a highly regulated sorting process by

which megakaryocytes invest platelets with mRNA during thrombopoiesis . Platelets display a diverse repertoire

of coding and noncoding RNAs, diverse pathways for processing RNA transcripts, specialized mechanisms of

translation, and the capacity to synthesize new proteins and alter the constitutive platelet proteome in response to

activating signals . In addition, differential transfer of RNAs from megakaryocyte to platelet, and from various

circulating cells, can alter gene expression in platelets . Therefore, platelets have high versatility and adaptability

in structure and function, and the platelet transcriptome has a relevant role in mediating platelet function in health

and disease . Multiple mutations associated with defects of platelet function have been identified in genes

encoding receptors, intracellular signaling proteins, cytoskeletal proteins, and proteins regulating the biogenesis of

platelet granules .
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Genomics and transcriptomics of megakaryocytes and platelets are now being extensively investigated in basic

and clinical studies. Moreover, because platelets circulate systemically and are easily obtained, several recent

studies have highlighted the potential use of platelet transcripts as biomarkers, even for diseases without apparent

platelet etiology .

Over the years, proteomic studies provided additional important information concerning the platelet biology and

their related diseases . Recent advances helped to elucidate platelet localization, interactions, post-translational

modifications (PTMs), and activation states of gene products. The highly dynamic protein content of platelets has

been studied using resting and activated platelets, and various subproteomes have been characterized including

releasates, granules, platelet-derived microparticles (PMPs), membrane and cytoskeletal proteins, and specific

PTMs occurring in platelets.

3. Data, Model, Applications and Influences

3.1. Platelets and Proteomics

Platelet dysfunction is often attributable to alterations in protein expression and dynamic occurrence of PTMs.

Therefore, particular attention must be paid to studying their proteome in order to understand better their biological

mechanisms and multiple functions. Platelets can be easily isolated from the human samples and show limited

levels of protein synthesis, making the proteomic application very interesting. Proteomics has emerged as a

powerful tool for characterizing the complexity of platelet functions in health and disease as well as for identifying

potential novel antiplatelet therapeutic targets . Therefore, proteomics, in combination with the other “omic”

technologies, may contribute to improving the knowledge of complex processes underlying the platelet response to

several pathophysiological pathways.

Over the past twenty years, mass spectrometry (MS) and its application in proteomic studies lead to the

compilation of an extensive list of proteins expressed in platelets and relevant data on protein–protein interactions

and PTMs. Novel and more sensitive MS-based instruments and technologies provided the possibility to identify

and quantify ever lower protein amounts. Numerous studies demonstrated the ability of proteomics to measure the

differences of proteins and their isoforms quantitatively, covering about 6–7 logs of dynamic range in abundance.

Mass spectrometry ensures high-sensitivity, specific and throughput analysis of a given proteome and high-

performance liquid chromatography (LC) systems before the MS analysis lead to a significant increase in the

separation of highly complex samples. Furthermore, thanks to quantitative MS measurements, either based on

label-free approaches or stable isotope labelling, considerable improvements have been made in the large-scale

analysis of proteins and their modifications.

In this review, we provide a critical overview on the most important platelet proteomic studies, in healthy and

disease conditions, dedicated to the different aspects of platelet biology from signaling to granules content and the

impact of drugs on platelet functions. Recent advances in quantitative platelet proteomics are crucial for better
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understanding platelet activation and aggregation processes, and they will have a strong clinical impact in the near

future .

3.2. Platelet Activation and Signaling

3.2.1. Proteins Involved in Platelet Activation and Signaling

Platelet activation is a complex biological process that includes numerous signaling pathways. Cytoskeletal and

signaling proteins have an important role in platelet functions, and thus they are crucial targets for the platelet

proteomic studies.

Platelet adhesion to the extracellular matrix involves the binding between exposed collagen and platelet

glycoprotein receptors, causing the platelet shape to change and the release of their granules contents. Platelets

contain at least three major granules types and granule exocytosis has a fundamental role in platelet activities .

Multiple pathways can stimulate platelet activation, through local prothrombotic factors (e.g., tissue factor (TF)) and

platelet secretion products. Glycoprotein VI (GPVI) is the primary signaling receptor on platelet membranes

involved in their activation on exposed collagen . Platelet activation by the GPVI receptor is mediated by

immunoreceptor tyrosine-based activation motif signaling, but also G-protein-coupled receptor-mediated signaling

can influence platelet response to several soluble agonists such as adenosine diphosphate (ADP), serotonin,

TXA2, prostaglandin E2 (PGE2) and thrombin . These molecules increase the response to injury, promoting an

extended platelet aggregation, and between them, thrombin is the most potent agonist able to activate platelets

mainly through the interaction with protease-activated receptors (PAR) on their surface. Thrombin activates both

PAR-1 and PAR-4 on human platelets with distinct mechanisms that have important implications for the

development of PAR antagonists preventing thrombin-induced platelet activation . The final event of platelet

activation is the upregulation of integrin adhesion receptors, among which the most important is Glycoprotein

IIb/IIIa (GPIIb/IIIa) receptor that allows the binding of fibrinogen or von Willebrand factor (vWF), contributing to

platelet aggregation. Activated platelets interact with the vascular endothelium and circulating leukocytes through

P-selectin, and play a central role in inflammation, thrombosis, and atherogenesis . Moreover, activated

platelets express functional CD40 ligand (CD40L) (also known as CD154), which is a transmembrane molecule

involved in cell signaling in innate and adaptive immunity . The CD40L also binds receptor CD40 expressed on

endothelial cells to stimulate the secretion of chemokines and synthesis of adhesion molecules. The CD40L may

be cleaved and released in its soluble form (sCD40L), which is produced by platelets only after activation and has

a cytokine-like role, inducing the expression of E-selectin, P-selectin and vascular cell adhesion molecule 1

(VCAM-1) on vascular cells, as well as the release of matrix metalloproteinases (MMPs) and interleukin 6 and 8

(IL-6 and IL-8) . The sCD40L is clearly involved in the pathophysiology of atherosclerosis and atherothrombosis

.

Platelet factor 4 (PF4) or CXC motif chemokine ligand 4 is produced by platelets and it is contained in their α-

granules (Figure 1). Upon platelet activation, PF4 is released into the circulation, where it covers several important

roles in physiological and pathological conditions. It is involved in both inflammation and angiogenesis in wound
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healing through regulation of growth factor activity and platelet activation . In addition, PF4 promotes reactive

oxygen species (ROS) generation in vascular disorders , such as atherosclerosis or ischemia/reperfusion injury,

and monocyte recruitment to the endothelium by means of its binding with RANTES (regulated on activation,

normal T cell expressed and secreted), which is stored in high amounts in platelet α-granules and plays an active

role in the atherosclerotic disease process . Both PF4 and RANTES are released from α-granules upon platelet

activation and hetero-aggregates of PF4 and RANTES promote monocyte adhesion in inflammation or

atherosclerosis .

Figure 1. Schematic representation of the activated platelet showing multivesicular elements, exosomes,

microparticles and specific granule releasates. Relevant proteins and factors are released following platelet

activation. A plethora of biological substances including adhesion molecules, cytokines, chemokines, coagulation

factors, angiogenic factors, immunologic mediators, growth factors, and lysosomal enzymes are grouped according

to the type of granule. ADP, adenosine diphosphate; ATP, adenosine triphosphate; BDNF, brain-derived

neurotrophic factor; IL-8, interleukin-8; MCP-1, monocyte chemotactic protein-1; MVEs, multivesicular elements;

PAI-1, plasminogen activator inhibitor-1; PDGF, platelet-derived growth factor; RANTES, regulated on activation,

normal T cell expressed and secreted; TLR9, toll-like receptor 9; VAMP-8, vesicle-associated membrane protein-8.

Besides their central role in haemostasis, platelets also interact with and remove pathogens from the blood stream

at sites of infection and inflammation . Platelets bind activated neutrophils, inducing the formation of neutrophil

extracellular traps (NETs), which contain externalized DNA and DNA-associated nuclear and granular proteins,

such as neutrophil elastase and myeloperoxidase. NETs can also acquire TF from the blood and can entrap

platelets and fibrin. Although physiologically beneficial when released during an infection, an uncontrolled and

excessive NET formation may contribute to the initiation and progression of atherosclerotic lesions and to arterial,
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venous, and cancer-associated thrombosis . Moreover, NETs are found in a variety of other conditions such as

lung injury and autoimmune diseases.

Enzyme-linked immunosorbent assay (ELISA) or Western blot are commonly used to study platelets activation

markers; however, flow cytometry is a more standardized method that allows quantification of the expression of

platelet activation markers and receptors and their association with other blood cells . Mainly three types of

granules have been found inside the platelets: α-granules, dense granules, and lysosomes (Figure 1). In addition,

T granules have been described as another platelet intracellular compartment that is characterized by the

coexpression of toll-like receptor 9 and protein disulfide isomerase during pro-platelet production . All these

granules are storage of adhesion molecules, cytokines, chemokines and coagulation or angiogenic factors (Figure

1).

In particular, α-granules are the most abundant type, about 50–80 per platelet that include both membrane-bound

proteins and soluble proteins . Membrane-bound proteins are then expressed on the platelet surface and

comprise integrins, immunoglobulins, adhesive glycoproteins, leucine-rich repeat family receptors and other

granule membrane-specific receptors. Hundreds of soluble proteins are typically released by α-granules and many

of them are present in plasma with differences in structure or function. Secreted α-granule proteins are bioactive

proteins involved in wide-ranging physiologic functions, among which innate immunity, inflammation, coagulation

and mitogenesis, and with opposing activities (e.g., pro- and anticoagulants, proteases and inhibitors).

Dense granules have a distinct specific cargo regarding both biogenesis and function, which contains a few types

of small molecules, such as catecholamines, ADP, ATP, polyphosphate and Ca  .

Instead, the third type of granule, platelet lysosome, contains primarily acid hydrolases and proteases . Their

secretion has a significant role in digestion of phagocytic and cytosolic components, as well as fibrinolysis and

degradation of extracellular matrix (ECM) components, and vascular remodeling.

Activated platelets release numerous chemokines that control the movement of leukocytes from the vasculature

towards the site of tissue damage or infection, regulate the phagocytosis and ROS production. Moreover, the high

expression of adhesion molecules and ligands on the platelet surface promotes the interaction between platelets

and endothelium or leukocytes, during haemostasis and inflammation. Integrins also facilitate platelets to bind to

ECM molecules and other cells playing an important role in cell signaling. Since platelet surface markers have, in

general, short detectability in human blood, platelet-monocyte aggregates have been detected in several studies as

a more sensitive and accurate marker that describes platelet activation and a prothrombotic state in diseases, like

advanced atherosclerosis, stable coronary artery disease, acute myocardial infarction, systemic inflammatory and

autoimmune disorders, and neoplasms . Similarly, circulating PMPs, that are the most abundant

microparticles in the bloodstream (approximately 70–90% of circulating microparticles), are considered as potential

biological markers for platelet activation . They carry several unique proteins derived from platelets and mediate

the communication between cells, promote the release of cytokines, and are involved in inflammation,

angiogenesis, cancer progression and tissue regeneration .
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Platelet microparticles have great relevance in a wide range of disease processes and high circulating levels have

been observed in patients with cardiovascular diseases (CVDs), such as atherosclerosis , hypertension ,

thrombosis , and stroke . Research interest in PMPs has grown past few years and focused on the

development of more accurate methods for quantifying them to clarify their physiological role and their potential

involvement in several clinical situations as disease biomarkers or new targets for antiplatelet drugs .

3.2.2. Platelet Priming

As mentioned before, within the bloodstream, platelets are subjected to the influence of a wide spectrum of

activating and inactivating biomolecules and conditions . In physiological states, the net result of these influences

is the inhibition of spontaneous platelet adhesion and activation. In disease conditions, the threshold for platelet

activation can be increased (negative platelet priming) or lowered (positive platelet priming) by systemic and local

changes in the balance between activating and inactivating factors, resulting in altered responsiveness of platelets

to agonists . Negative platelet-priming substances include vessel wall-derived factors, such as nitric oxide,

prostaglandin I2 (PGI2), adenosine, and thrombomodulin, and bioactive mediators present in plasma, such as

PGE2, insulin, and polyunsaturated fatty acid products of 12-lipoxygenase. Positive priming factors include vessel

wall-derived factors, such as vWF multimers and intercellular adhesion molecules, and bioactive mediators present

in plasma, such as adrenaline, insulin-like growth factor 1, thrombopoietin, growth arrest-specific protein 6,

sCD40L, cholesterol, PGE2 (at low-dose), and stromal cell-derived factor-1α .

The excitability of platelets has been shown to be altered in a number of conditions associated with high risk of

developing atherosclerosis-related CVDs, such as hyperlipidemia , diabetes mellitus (DM) , hypertension

, obesity  and cigarette-smoke exposure , as well as in other disease conditions including autoimmune

diseases , hematological disorders and cancer . Thus, modulation of platelet responsiveness due to platelet

priming is likely to have important pathophysiological roles. However, whether platelet priming is a cause or

consequence of the pathogenesis of diseases requires further investigation, since both acute and chronic disease

conditions may themselves act as primers, either through exposure to tissue damage or through inflammatory

mediators or pathogens .

3.3. The Role of Platelets in Disease

Developments in the field of platelet biology have led to new insights into platelet formation, function,

heterogeneity, genetics, signaling and communication. The emergence of newly discovered and previously

unrecognized biological capacities of platelets has led to the increasing recognition that platelets have a functional

role in the pathophysiology of a wide variety of diseases, beyond the disorders of coagulation (Figure 2). The aim

of this chapter is to provide a brief overview of the current understanding of platelet contribution to diseases not

traditionally related to platelet number and/or function, for which platelet proteomics studies are available. Instead,

this chapter will not address the role of platelets in hemostatic diseases. For an in-depth view of the recent

progress in haemostatic diseases readers are referred to up-to-date publication .
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Figure 2. Functional role of altered platelets in the pathophysiology of several diseases. Brief overview of altered

platelet contribution to atherothrombosis, diabetes mellitus, lung diseases, cancer, and neurological disorders. AD,

Alzheimer’s disease; APP, amyloid precursor protein; ARDS, acute respiratory distress syndrome; TF, tissue factor;

TXA2, thromboxane A2.

3.3.1. Platelets in Atherothrombosis

Platelets are essential for primary haemostasis and repair of the endothelium, but they also contribute to all stages

of atherothrombosis . Under physiological conditions, the intact, non-activated endothelium prevents platelet

adhesion to the arterial wall. Under inflammatory conditions, however, platelets can adhere to the activated

endothelial cell monolayer via adhesion receptors such as GPIb and GPVI and become activated . Activated

platelets release inflammatory and mitogenic mediators into the microenvironment, thereby altering the

chemotactic, adhesive, and proteolytic properties of the endothelium. These platelet-induced alterations of

endothelial-cell functions support leukocyte recruitment into nascent atherosclerotic plaques . Moreover,

platelets communicate biochemical signals to neutrophils, monocytes, and subsets of lymphocytes through

adhesive molecules, such as P-selectin, and a multitude of secreted soluble mediators . The initial contact is

driven by the exposure of P-selectin on the activated platelets, which binds to P-selectin glycoprotein ligand 1

(PSGL-1) on the leukocyte surface, enhancing their adhesion on activated endothelial cells and inducing the

production of TF by monocytes . Signaling by P-selectin also stimulates monocytes and macrophages to

produce chemoattractants or growth factors. Moreover, engagement by P-selectin of the PSGL-1 on the leukocyte

surface initiates the formation of platelet-leukocyte aggregates that trigger mutual activation and release of

bioactive mediators by both platelets and leukocytes, thereby modulating leukocyte function and fine-tuning

immune responses . Activated platelets also release chemokines that promote the differentiation of
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monocytes into macrophages (e.g., PF4), as well as matrix-degrading enzymes such as MMP 2 or 9 . Moreover,

activated platelets disseminate microparticles, which are intact vesicles that form by budding from the membrane.

As with whole platelets, these microparticles interact with leukocytes and other inflammatory cells and can amplify

inflammation in the arterial wall .

Besides contributing to the initiation and progression of atherosclerotic lesions, platelets trigger the acute onset of

arterial thrombosis when these lesions rupture or undergo erosion . The exposure of the thrombogenic

substrates to circulating platelets challenges platelet recruitment to the injured vessel wall in a well-coordinated

series of events: platelet ‘arrest’ onto the exposed subendothelium; recruitment and activation of additional

platelets through the local release of major platelet agonists; and stabilization of the platelet aggregates . These

events ultimately result in the formation of a non-occlusive or occlusive platelet-fibrin thrombus. Acute occlusive

coronary thrombus growth is most frequently the cause of acute coronary syndromes (ACS) and in some cases

even of sudden coronary death .

3.3.2. Platelets in Diabetes Mellitus

Diabetes mellitus is a multifactorial disease closely associated with both micro- and macrovascular complications

and a high risk of atherothrombotic events. Platelets play a major role in the pathophysiology of DM. Platelets of

DM patients are indeed characterized by dysregulation of several signaling pathways leading to platelet activation,

which represents an early event in the natural history of DM . The detrimental metabolic state that precedes

and accompanies diabetes, characterized by acute hyperglycemia, glycemic variability, and insulin resistance, is

thought to be responsible for the alterations in platelet function seen in DM. These metabolic abnormalities may

affect platelet transcriptome and/or posttranscriptional regulation through intermediate mediators, such as oxidative

stress with isoprostane formation, inflammatory molecule production, endothelial dysfunction with circulating

endothelial cells and microparticles release, and cross-talk between cells with miRNA exchange through circulating

microparticles . The net result of these influences is platelet hyperreactivity, as reflected by enhanced platelet TF

expression and expression of TF-positive platelet-leukocyte aggregates; increased expression of adhesion

molecules such as P-selectin; and increased arachidonic acid metabolism and enhanced TXA2 biosynthesis . In

turn, hyperactivated platelets have fundamental roles in both the development and the propagation of sustained

inflammation in DM, are increasingly recognized as the culprit cells implicated in the propensity to

atherothrombosis in the setting DM, and contribute to diabetes vascular complications. Thus, platelets appear as

both targets and effectors in the pathophysiology of DM, carrying and transducing metabolic derangement into

vascular injury .

Future efforts to decrease the thrombotic burden in diabetes should target specific disease-based mechanisms. In

this perspective, high-throughput techniques are fundamental since they offer a unique opportunity to deciphering

the molecular networks altered by the metabolic derangement associated with type 2 diabetes mellitus (T2DM),

such as the platelet transcriptome and proteome composition and/or post-transcriptional regulation .

3.3.3. Platelets in Cancer
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Tumorigenesis is a multistep process requiring concerted changes in both tumor cells and the tumor

microenvironment. Experimental evidence has highlighted platelets as active players in all steps of tumorigenesis

including tumor growth, tumor cell extravasation, and metastasis . They infiltrate into the tumor

microenvironment to directly interact with cancer cells and can activate the same proliferative pathways that are

activated through oncogenic mutations, thus contributing to the initiation and progression of disease. Platelets also

exert anti-apoptotic roles in both hematopoietic and solid tumor malignancies, thus sustaining tumor cell survival

. Moreover, platelets have the ability to deliver multiple proangiogenic factors to the tumor, including vascular

endothelial growth factor, platelet-derived growth factor, fibroblast growth factors, and MMPs, as well as the ability

to stimulate the expression of proangiogenic factors by the tumor cells. In that way, platelets promote the

neovascularization needed to assure an adequate blood supply for delivering necessary nutrients, removing waste,

and oxygenating the tumor . In the circulation, platelets help circulating tumor cells to escape the deadly attack

of the immune system by building a partial physical barrier toward natural killer cells, through the formation of

platelet-tumor cell aggregates, and by interfering with the recognition of cancer cells by natural killer cells, through

the transfer of “normal” major histocompatibility complex class I molecules onto the surface of tumor cells .

This ability of platelets to protect tumor cells in circulation from immune surveillance is likely to significantly

contribute to the metastatic process. Additionally, by activating the platelet-derived transforming growth factor-

β/Smad and nuclear factor kB pathways, platelet-derived transforming growth factor-β facilitates an invasive

epithelial-to-mesenchymal transition phenotype in cancer cells and increase metastases . In addition, platelets

may contribute to metastasis, helping circulating tumor cells to attach to the endothelium, providing signals to

establish a pre-metastatic niche, and facilitating extravasation at a distant site . Finally, platelets even

influence the sensitivity of chemotherapy and other targeted therapies in cancer patients . On the other hand,

tumor cells mediate platelet activation, leading to platelet aggregation and the release of platelet-derived growth

and proangiogenic factors in the tumor microenvironment, which may contribute to tumor growth and angiogenesis

and further magnifies the pro-coagulant milieu generated by the interaction between platelets and cancer cells .

Overall, increasing evidence supports the notion that in a cancerous setting, the normal hemostatic role for

platelets can be hijacked to promote tumor growth, survival and metastasis, and that cancer cells and platelets

maintain a complex, bidirectional communication. Based on this evidence, it is to be hoped that developing

methods to specifically target platelet interaction with tumor cells without interfering with normal platelet functions

could provide a significant advance in the treatment of cancer patients, especially in the metastatic setting 

.
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