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Abstract: Although tumor dormancy is highly prevalent, the underling mechanisms are 

still mostly unknown. It is unclear which lesions will progress and become a disseminated 

cancer, and which will remain dormant and asymptomatic. Yet, an improved ability to 

predict progression would open the possibility of timely treatment and improvement in 

outcomes. We have recently described the ability of platelets to selectively uptake 

angiogenesis regulators very early in tumor growth, and proposed their use as an early 

marker of malignancy. In this review we will summarize current knowledge about these 

processes and will discuss the possibility of using platelet content to predict presence of 

occult tumors.  
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1. Introduction  

Dormant tumors are highly prevalent in both normal subjects as well as in cancer patients. They are 

undetectable by most currently used imaging technologies. Dormant tumors are defined as 

microscopic, asymptomatic, histologically malignant lesions that remain occult for prolonged periods 

of time. While dormancy in primary tumors is best defined as the time between the carcinogenic event 

and the onset of progressive growth, it can also occur as “minimal residual disease”, occult leftovers 
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from treated tumors or as non-growing micro-metastases. We have developed and characterized  

in vivo experimental models of human tumor dormancy in which the dormancy period is associated 

with impaired angiogenesis and the transition to rapid tumor growth phase is marked by intense 

neovascularization [1,2]. In these models, we described distinct molecular changes, which underlie the 

transition from dormancy to rapid tumor growth, and could be targeted for tumor growth modulation 

and therapy [3]. Because many of these tumor specific molecular changes are reflected in the protein 

profiles of circulating blood platelets [4,5], we suggested that platelets can be used as biomarkers of 

tumor growth, regression, recurrence or therapeutic response.  

Platelets are small corpuscles that circulate freely in intact vessels, but adhere readily to injured 

endothelium. In addition to their well-known role in thrombosis and hemostasis, platelets are sources 

of angiogenesis regulators necessary for the repair of injured tissues, and tumor growth. The 

angiogenesis regulating proteins are organized in separate compartments within platelets facilitating 

differential release of either stimulators or inhibitors of angiogenesis. Thus, depending on specific 

stimuli arising from the reciprocal interactions of platelets with the various cells within the local 

microenvironment, platelets can stimulate or inhibit the growth of a tumor. We recently reported that 

even microscopic human xenograft tumors in mice could affect the concentrations of angiogenesis 

related proteins in circulating platelets [4,5]. We termed this group of proteins “platelet angiogenesis 

proteome”, to emphasize their ability to modulate angiogenesis in health as well as disease.  

This review introduces the concept of a close interplay between the platelet angiogenesis proteome 

and the escape of tumors from dormancy. We surmise that an improved understanding about the 

manner through which tumors are induced to remain dormant would have important implications for 

cancer treatment and cancer screening, but, to date, the dormant phase of tumor growth is an 

unexplored therapeutic target. This is due to difficulties in detecting dormant tumor cells in a clinical 

setting, as well as difficulties with the interpretation of an incidental finding of an occult tumor. It is 

also unclear at present which of the tumors will remain dormant and for how long, and which will 

progress, hindering any consideration for early interventions. In this review we will explore the 

possibility of using circulating platelets content as predictive markers to identify the critical decision 

point at which dormant tumors acquire the necessary changes and gain the angiogenic capacity 

required to transit from dormancy into exponential tumor growth. 

2. Tumor Dormancy 

Cancer dormancy is a stage in tumor progression during which tumors are kept occult and 

asymptomatic for a prolonged period of time. It had been presumed that dormancy represents a pre-

invasive state of cancer progression, as it can be one of the earliest stages in primary tumor 

development. However, the observation that micro-metastases in distant organs, and minimal residual 

disease left after surgical removal or treatment of primary tumors can also enter dormancy, had 

introduced the likelihood that dormancy is a result of host/tumor interaction within the tumor 

microenvironment.  

Microscopic dormant tumors are very common and are highly prevalent in otherwise healthy  

people [6–11]. They are a frequent observation in autopsies of subjects who died of other causes. Due 

to their small size and the absence of any associated systemic symptoms, most cases remain  
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undetected [12,13]. Yet, the incidental finding of a small, asymptomatic tumor poses a difficult clinical 

question, as there are no tools to guide a treatment decision. With advances in diagnostic imaging and 

molecular biology, it is now becoming clear that such tumors can remain in this asymptomatic, 

dormant stage for very long periods of time. Because of the few tumors that eventually escape from 

dormancy and progress, we extend undue clinical surveillance, add further to patient anguish, and 

squander valuable resources. The discovery of ductal carcinoma in situ (DCIS) represents a specific 

example of the clinical dilemma posed by the lack of understanding about dormancy. These tumors 

can remain dormant indefinitely, but a select few will go on to progress to devastating disease. Should 

all women with DCIS be treated to prevent the possibility of progression? Should we, in order to 

prevent progression, risk over treating women whose tumors would have never progressed with very 

toxic therapies [14]? Is it possible that some of our interventions worsen the natural history of these 

dormant lesions [15,16]? A similar clinical dilemma is presented by the long periods of dormancy 

which occur after a successful initial treatment of breast cancer. The National Cancer Institute of 

Milan, Italy study, which included 1173 women who underwent mastectomy as single initial treatment 

for early stage breast cancer, indicated a bimodal pattern of cancer recurrence, with an early, rather 

sharp, dominant peak at about two years and a second broader peak at about five years with a decay 

that extended to 15 years. What are the factors influencing these prolonged periods of dormancy?  

The dormancy period depends on certain molecular and cellular mechanisms, which either actively 

halt tumor progression or are insufficient to enable tumor progression. These can be considered as 

decision points at which the equilibrium of dormant tumors is levied against a new host environment. 

If the balance of regulating factors is disturbed, the dormant tumor may be released from growth 

restraints, inducing exponential tumor mass expansion. Although dormant tumors are highly prevalent, 

very few of them progress to disseminated disease, suggesting that if changes at these decision points 

could be detected, escape from dormancy may be prevented. Unfortunately, very little is currently 

known about the mechanisms responsible for induction of tumor dormancy or about factors affecting 

escape from dormancy. 

Clinical data clearly show the high prevalence of dormancy of both primary and secondary  

tumors [7,8,12,17,18]. Autopsy studies indicate that presence of occult and microscopic tumors in 

otherwise healthy people is much higher than previously estimated [6,8,12]. Cancer recurrence after 

therapy and long periods of remission is frequent. Dormancy of primary tumors can be evident also as 

minimal residual disease, which describes the presence of traces of tumor cells at site left after an 

apparently successful treatment of the original tumor. Cancer patients believed to have good prognosis 

can still develop metastasis or have re-growth of tumor at the primary site many years, or even 

decades, after treatment [12]. It is well accepted that tumors shed cells even at early stages in tumor 

development and that these disseminated tumor cells can remain dormant for prolonged periods of 

time. These disseminated cells, which can eventually emerge and initiate growth, regardless of 

presence of primary tumor, could explain metastatic relapse often seen in cancer patients following a 

surgical, radiation or chemotherapeutic intervention. 

Although highly prevalent, tumor dormancy is currently one of the most neglected research areas in 

tumor biology. Until very recently, intervention with existing highly toxic therapeutic agents could not 

be justified in an otherwise asymptomatic patient, and there was little stimulus to study cancer 

dormancy. However, with the emergence of biological response modifiers and minimally toxic  
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anti-cancer therapies, a newly found awareness has surfaced and new theories about the mechanisms 

that underlie this stage of tumor progression are emerging. Arrested angiogenesis is a well known 

mechanism of tumor dormancy [1,2,8,19–27], but additional biological processes could affect tumor 

dormancy as well. It is well documented that stimuli from microenvironment can induce a cell cycle 

arrest [17,28,29], which can result in cellular dormancy of tumor cells. Cellular dormancy can occur at 

the level of single ‘solitary’ tumor cells or in tumor foci. Quiescent solitary tumor cancer cells have 

many different characteristics from those of actively proliferating cancer cells in non-angiogenic 

dormant tumors. The immune system is also well known to play a role in tumor progression and 

several experimental models had suggested that the immune surveillance can induce tumor  

dormancy [30–33]. However, since many of the immune cells are known to express angiogenic factors 

and to be tightly coupled to angiogenesis processes, it is possible that several of the effects on tumor 

dormancy could be mediated by blocking or interfering with angiogenesis. Other mechanisms that had 

been suggested to regulate tumor dormancy are tumor metastases genes [34], diet [35], hormonal 

control and autophagy [36,37]. 

3. Induction of Angiogenesis as a Decision Point  

All tumors depend on recruitment of functional blood vessels to support the growth of the tumor 

mass [38–40]. It had been shown in many experimental models that tumors unable to induce successful 

angiogenesis remain avascular and microscopic in size [1,2,21,23,26,41–43]. Moreover,  

prolonged dormancy associated with impaired angiogenesis has been reported in many tumor  

types [1,2,21,22,27,42,44–48]. In these experimental models, tumor cells fail to form progressively 

growing tumors, instead forming small lesions that remain asymptomatic at the site of injection. 

Tumor cells in avascular dormant tumors exhibit a high proliferation rate that is balanced by elevated 

apoptosis. The escape from dormancy is associated with a shift in the angiogenic balance of the 

tumors. This transition from the pre-vascular lesion to highly vascularized and progressively 

outgrowing tumor is referred to as the “angiogenic switch”. Therefore, non-angiogenic tumors will 

remain dormant until they acquire sufficient mutations or changes to induce the angiogenic switch and 

become vascularized rapidly growing tumors. 

The association of tumor dormancy and arrested angiogenesis has been described in in vivo 

experimental models of human dormant breast cancer, glioblastoma, osteosarcoma, and  

liposarcoma [1,2]. In these models, human tumor cell lines injected into SCID mice generate small 

tumors that remain undetectable by gross examination for prolonged periods of time. The time for the 

switch depends on the tumor types. Cells taken from tumors that had switched and became angiogenic 

would form fast-growing and angiogenic tumors once re-injected into new mice. Therefore, a stable, 

genetic reprogramming occurs during their switch to the fast-growing phenotype.  

By comparing the molecular and cellular characteristics of cells that form dormant tumors to those 

of cells forming fast growing tumors, we found that both types of cells contained fully transformed 

cells, and had similar proliferation rates in vitro [2]. However, a significant difference was observed in 

tumor vasculature structure between dormant and fast growing tumors. Throughout the dormancy 

period, development of intra-tumoral vessels was impaired. The non-angiogenic dormant tumors 

contained small clusters of endothelial cells without lumens, suggesting that the process of tumor 
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angiogenesis was incomplete. Moreover, microvessel density, as observed by CD31 staining, 

decreased in tumors throughout the dormancy period. Cells from non-angiogenic dormant tumors 

secreted relatively high levels of the potent angiogenesis inhibitor, thrombospondin [1,2]. Therefore, 

tumor dormancy was clearly associated with arrested angiogenesis and with inability to sustain or 

induce formation of functional blood vessels.  

There is significant support for the theory that dormancy is due to the inability of tumor cells to 

overcome certain intrinsic thresholds. We recently reported the molecular determinants of 

angiogenesis-related tumor dormancy in four tumor types: human breast carcinoma, glioblastoma, 

osteosarcoma and liposarcoma [3]. In this work, genome-wide transcriptional analysis was used to 

compare gene expression profiles of cells that form either dormant or fast growing tumors for each of 

the four tumor types. Genes that were differentially regulated and had the same expression pattern in 

all tumor types were then identified. These genes constituted the consensus molecular signature of 

dormant tumors and provided insights into the molecular determinants of human tumor dormancy [3]. 

By an analysis of enriched gene ontology processes, the study demonstrated that the most differentially 

regulated between the dormant and the fast growing tumor phenotypes was the angiogenesis pathway. 

This confirmed, on the transcriptional level, the important role of angiogenesis as a mechanistic basis 

for the phenotypic differences observed between dormant and fast growing tumors. Among the genes 

that were up-regulated in all dormant tumors, thrombospondin is one of the best characterized 

angiogenesis inhibitors. Maintenance of a high level of thrombospondin secretion is a critical 

component of tumor dormancy [1,2,49,50]. These results do not exclude, however, the involvement of 

additional pathways and mechanisms in cancer dormancy, but rather strengthens the importance of 

angiogenesis blockage in maintaining tumors in a harmless state. 

The specific molecular players identified to be differentially expressed between dormant and  

fast-growing tumors further strengthen the critical role of angiogenesis induction in the transition to 

exponential tumor growth. This angiogenic switch is a local phenomenon mostly restricted to the 

immediate vicinity of the early growth. At least in the early stages of tumor expansion, the systemic 

levels of free angiogenesis regulators in plasma remain undetectable, making early discovery of this 

tumor transformation very difficult. However, our discovery that the localization of early tumor 

angiogenesis is facilitated by platelets and that platelet content of angiogenesis regulators is therefore 

altered very early in tumor growth has provided a new modality for early cancer detection.  

4. Platelets and Their Role in Tumor Biology 

While the role of platelets in thrombosis and hemostasis is well established, it is not always 

appreciated that they fulfill an important function in tissue repair, maintenance of endothelium, 

vascular tone and tumor growth. This function extends beyond their ability to create a thrombus and 

provide an extracellular matrix along which new vasculature can grow and expand. We have shown 

recently that platelets actively sequester angiogenesis regulators in the context of tumors [4,5] and 

wounds [51]. This sequestration is active, as it happens against a concentration in plasma; and highly 

selective for angiogenesis regulators. While many proteins may be non-specifically taken up by 

platelets [52], the differential levels of these proteins between platelets and the corresponding plasma 

have only been described for angiogenesis regulators. We have also documented a tightly controlled 
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organization of angiogenesis regulating proteins such as VEGF and endostatin within the platelet alpha 

granules and suggested that there may be a differential release of angiogenesis stimulators and 

inhibitors, depending on tissue specific proteases [53]. 

The changes in the delivery of angiogenesis regulators to the sites of active angiogenesis can occur 

by at least two different means. Changes in the levels of angiogenesis regulators may occur within the 

platelet, or the actual number of circulating platelets may change. Clinical experience supports both 

processes. The growth of some tumors, such as is the case of multiple myeloma or neuroblastoma, is 

associated with increased platelet counts. However, in most tumors the changes in tumor levels of 

angiogenesis regulators happen independently, and often in absence, of any changes in platelet count. 

This is an important realization, because platelets are an acute phase reactants and their numbers can 

change non-specifically with any inflammatory process. On the other hand, the changes in the content 

of proteins in platelets are a result of an active and very selective process, resulting in a very consistent, 

highly reproducible and specific effect not dependent on inflammation. The bioavailability of proteins 

in platelets is minimal both under physiological as well as pathological conditions [4,87]. 

The finding that platelets contain proteins that regulate angiogenesis is not new [54–57], but it had 

not always been appreciated that the platelet concentrations of angiogenesis regulatory proteins, while 

relatively constant and stable under physiologic conditions, are modified by the presence of a 

malignant tumor growth [4,5]. We have shown that in the presence of even a microscopic (<1.0 mm) 

nonangiogenic tumor in a mouse, circulating platelets actively sequester angiogenesis regulatory 

proteins. The scheme in Figure 1 summarizes the present understanding by the authors of this balance. 

The uptake of angiogenesis regulatory proteins is discerning, as platelets do not take up other plasma 

proteins. For example, although albumin is present in plasma at much higher concentrations than 

VEGF, albumin levels in platelets do not differ in the presence or absence of tumors [5].  

Before it was appreciated that the process of sequestration of angiogenesis regulators is an active 

phenomenon that happens against a concentration in plasma, and is highly selective for angiogenesis 

regulators, it was thought that the presence of both inhibitors and stimulators of angiogenesis in 

platelets was a result of nonspecific diffusion of these proteins into platelets from plasma. The 

selectivity of the process and the large difference between the concentration of the respective proteins 

in platelets and plasma suggest otherwise. Because of the highly selective nature of the process the 

levels of inhibitors and stimulators of angiogenesis in platelets, are more likely to be a result of well-

orchestrated host response to the local tumor invasion. While we suggest in this manuscript that this 

balance may serve as a marker of tumor growth, it is also likely that this physiological relevance may 

be harnessed with therapeutic intent.  

The close interaction of platelets and the tumor microenvironment, and the ability of platelets to 

reflect the presence of a microscopic tumor suggested the possibility that the platelet content of 

angiogenesis regulators (the platelet proteome) may provide a tool for the detection of specific 

decision points along the transition from dormancy to exponential tumor growth. In our initial study, 

we employed high-throughput SELDI-ToF MS (Surface Enhanced Laser Desorption/Ionization—Time 

of Flight Mass Spectrometry), which permitted a rapid analysis of a large number of samples, in a 

highly efficient and reproducible manner [58,59], to analyze the protein content of platelets [4,5]. We 

did not restrict the analysis to candidate angiogenesis related proteins, but rather sought to identify all 

proteins differentially expressed in the platelets of mice bearing human tumor xenografts of either 
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dormant or fast-growing clones, and the corresponding tumor-free controls. Interestingly, to date, all of 

the differentially expressed proteins we have identified in platelets from tumor bearing vs. non-tumor-

bearing animals were angiogenesis regulators. Furthermore, the changes in platelet angiogenesis 

proteome reflected the presence of dormant, microscopic-sized tumors in mice months before these 

tumors could be detected by conventional methods and before the angiogenesis regulatory proteins 

could even be detected in plasma. The platelet concentrations of accumulated angiogenesis regulatory 

proteins continued to increase or remain significantly elevated for as long as a tumor was present 

(>100 days), despite the short life span of mouse platelets (~4–7 days). 

Figure 1. Schematic presentation of changes in the balance of angiogenic factors in 

circulating platelets, which reflect the presence of tumors. Presence of even a microscopic 

dormant tumor can induce an increase in level of antiangiogenic factors in platelets, while 

presence of large, fast growing and angiogenic tumor results in an increase of angiogenic 

factors [4,5]. It should be recognized that this overall decrease or increase in the respective 

angiogenesis phenotype represent a change in the overall angiogenic function and that 

platelets of dormant tumor bearing mice may have a significant amount of pro-angiogenic 

proteins that are balanced by sufficient numbers of inhibitors.  
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Angiogenesis is a critical element of many physiologic processes such as wound healing, as well as 

pathologic processes such as tumor growth. In the former, an orchestrated up- and down-regulation of 

angiogenesis is necessary, in the latter, the continuous growth creates a moving tumoral margin, i.e., “a 

wound that never heals” [60]. In both situations, the initial blood vessel sprout is driven locally by the 

release of pro-angiogenic factors such as VEGF and bFGF. In the case of wound-healing, the vessel is 

stabilized by another set of proteins such as PDGF, and the tissue re-organization results in an 

inhibition of angiogenesis by local release of antiangiogenic factors such as endostatin, PF4 and 

thrombospondin from platelets.  

This sequential release of angiogenesis regulators from platelets is enabled by a higher organization 

of angiogenesis regulating proteins within the platelet alpha granules [53]. As a consequence of this 

higher organization, the individual proteins within the distinct alpha-granule compartments undergo 

differential release of angiogenesis stimulators and inhibitors from platelets depending on the 

interaction of platelets with specific tissue proteases such as PAR1, PAR4 [53], and many others.  

Our findings of differential granule release support and provide a mechanistic explanation for 

earlier studies examining the trophic effect of platelets on other cells. Independently, other groups have 

documented the differential release of alpha-granule proteins from platelets [61,62] and many have 

documented the presence of angiogenesis related proteins in alpha–granules. A morphometric 

evaluation of the platelet release reaction during thrombogenesis has demonstrated that platelets do not 

release all of their granules when they are incorporated into a thrombus, and retain the content of 

alpha-granules [63]. Thus the angiogenesis regulator-rich thrombus creates angiogenesis regulator-rich 

matrixes that can positively or negatively regulate angiogenesis within a narrow local milieu. It is also 

likely that other cell types containing secretory granules segregate angiogenic regulatory proteins to 

regulate differential release. For example, Weibel Palade bodies, the specific secretory organelles of 

endothelial cells, also contain several angiogenesis regulators and have been recently shown to 

differentially package and release P-selectin and VWF through the activity of tissue resident  

protease-activated receptors [64]. 

The role of platelets in the initiation, maintenance, modulation and inhibition of angiogenesis is 

becoming more appreciated even though the exact molecular mechanisms that regulate these processes 

remain somewhat mysterious. The differential packaging of specific proteins into alpha-granules is a 

consequence of at least two processes. Some proteins are synthesized by megakaryocytes and actively 

packed into the emerging platelet, others endocytosed while in circulation. The formation of alpha-

granules is poorly understood, and is thought to involve recently described multivesicular bodies [65]. 

While an attractive target for future modulation of platelet content, the process has not been 

sufficiently understood. On the other hand, our findings of distinct populations of alpha-granules that 

can be differentially released suggest implications and potential for a substantial role in antiangiogenic 

therapy. It is now well accepted that the growth of a tumor beyond approximately 1 mm is dependent 

on the development of neovasculature [39]. The escape from dormancy and the related angiogenic 

switch engages the ability of platelets to promote new blood vessel growth by manipulating the 

protease activated receptors on platelets and triggering the selective release of predominantly 

proangiogenic factors. We [53] and others [61,62,66,67] have documented that the release of VEGF 

and endostatin is regulated by different thrombin receptors. One of the earliest descriptions of a 

constitutive and thrombin regulated platelet release of VEGF has been a report of Mohle et al. [68]. 
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Other laboratories advanced this finding further, and showed that this release may be sequential. Early 

in wound healing or tissue injury, when thrombin levels are low, the high affinity thrombin receptor 

(Protease activated receptor 1, PAR-1) is activated, resulting in the release of VEGF [53,61,66,67]. As 

the concentration of thrombin increases, the low-affinity receptor PAR-4 is activated as well, resulting 

in the release of endostatin. This is, most likely, a very simplified picture of the complex reciprocal 

interactions that occur within the local microenvironment, but the principles explain, for the first time 

how angiogenesis could be stimulated in early tissue injury, and inhibited with gradual accumulation 

of scar tissue and thrombin. In a manner typical for tumor/host interactions a normal, physiological 

process is “hijacked” to enhance angiogenesis and thus exponential tumor growth. Because of the 

continuous tissue growth and expansion in most tumor settings, the overall effect of the platelet-

releasate would be, on balance, proangiogenic [69–71]. 

There are two applications of this newly appreciated understanding about the role of platelets in 

tumor angiogenesis. For one, the protease-activated receptor-facilitated interaction between platelets 

and endothelial cells may be re-directed to maintain tumor dormancy through the action of biological 

response modifiers. Alternatively, the changes within the platelet angiogenesis proteome can be used 

to monitor cancer progression, therapeutic response or cancer screening. Both of these applications are 

likely to lead to significant improvements in cancer care, patients’ quality of life and the health care cost. 

5. Platelet Protein Content as a Biomarker of Early Tumor Presence 

Ever since the understanding that the process of angiogenesis represents a rate-limiting step in 

tumor progression [40], the need for circulating biomarkers was realized. In the subsequent 40 years, 

many laboratories investigated plasma and serum levels of the known angiogenesis regulators such as 

VEGF, bFGF, PDGF, ICAM, V-CAM, VE-Cadherin, endostatin, angiostatin, etc. [72–77]. The 

measurements proved to be very difficult. To examine the difficulties in measuring plasma VEGF for 

example: The half-life of VEGF in plasma is extremely short (seconds to minutes) and in order to have 

sustained levels of the protein, the levels need to be either very high or continuously replenished. This 

only happens in the case of very high tumor burden, or in terminal illness. Thus, plasma levels of 

VEGF may be by and large useful only for prognostication; if the levels are high, the patient is likely 

to do poorly. While helpful for prognostication and for identification of patients with disseminated 

disease, the usefulness of serum and plasma levels of VEGF, bFGF, or other angiogenesis regulatory 

proteins in early-stage tumors remained uncertain [78,79]. Despite 40 years of measuring plasma and 

serum levels of angiogenesis regulators and despite the numerous laboratories involved, any meaningful 

correlation of plasma and serum markers of angiogenesis with early tumor growth remains elusive.  

The second difficulty with the measurement of plasma VEGF is the miniscule amount of free 

circulating VEGF. Similarly to other very physiologically active circulating proteins, such as for 

example thyroxin, the levels of the free protein are carefully controlled, and remain in the 

picograms/mL range. In fact, sustained high levels of the protein are toxic [80], and the patient 

presents with a paraneoplastic syndrome. Furthermore, the physiological levels can have transient 

variations between 50–150 pg/mL—a three-fold change, increasing the variability between the 

individual measurements and decreasing the likelihood of meaningful statistical significance. 
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Consequently, the numbers of patients required to power such a clinical study is often in the tens to 

hundreds of thousands.  

Third, ordinary physiological processes, such as acute inflammation, viral illness, or menstruation, 

may induce natural variations in plasma VEGF up to two-fold in either direction, further confounding 

the resolution of the measurements despite the sensitivity of ELISA. Finally, the physiological 

relevance of VEGF is as an acute responder and its spikes are quite transient. For example, after an 

initial induction of VEGF in acute hypoxia, and after the induction of the initial sprout, subsequent 

angiogenesis is sustained by other regulators such as bFGF, PDGF, angiopoietin 1, etc. The 

appreciation that the contents of serum may not reflect the contingent of platelet proteins was a very 

important milestone [5]. If the contents of serum does not reflect the full set of angiogenesis regulators 

in platelets [5] as had been presumed previously [72,75,81–83], then serum is not superior to plasma 

for this particular purpose. Since the majority of the relevant proteins remain associated with the  

clot [5,84], serum is only as good as plasma for measurement of angiogenesis regulators.  

There may not be a single biomarker that could inform on the angiogenic potential of a tumor. We 

proposed that the process of angiogenesis involves a sequential, spatially and temporally controlled, 

sequestration and release of angiogenesis regulators into and from platelets [53]. While this reciprocal 

interaction of platelets with the various tissue components may not be limited to tumor angiogenesis, it 

may be present in other physiological processes such as pulmonary hypertension [85], systemic 

sclerosis [86], or surgery [4,5]. However, our earlier study [4] indicates that, at least during surgery, 

the platelet response differs both in degree of protein sequestration in platelets as well as in the 

duration of this sequestration. The platelet angiogenic proteome of a mouse bearing dormant tumor 

contains numerous proteins, and the ratios of these proteins are distinctly different from those present 

in platelets of a mouse bearing angiogenic tumor [4,5], tumor of a different tissue of origin [4], or 

sham surgical wound. 

6. Conclusions  

In spite of the development of high-resolution imaging, and in spite of sensitive assays for detection 

of disseminated and circulating tumor cells, detecting clinically occult primary tumors or 

micrometastases still remains a major challenge. Tumors are currently being diagnosed with diameter 

that is usually larger than 0.5 cm and therefore they already contain over 109 cancer cells [12]. These 

tumors can be referred to as being in a ‘late’ stage of tumor progression and may be shedding tumor 

cells into the circulation. The early detection of tumors that are likely to progress would be a crucial 

determinant of survival in patients with cancer, and have significant therapeutic implications.  

The clinically available diagnostic markers such as circulating cancer proteins (PSA, CEA or 

dopamine metabolites), circulating tumor cells or angiogenesis regulators, are only now being 

evaluated for early cancer diagnosis and none have proven sufficiently reliable. Our hope is that with 

further development of early platelet biomarkers and with identification of specific markers of 

dormancy, it may become possible to detect and treat cancer years before our patients become 

symptomatic, or even before the anatomical location of the cancer is feasible. However, crucial 

information such as the predictive markers for the fate of dormant tumors is still missing. Although 

several clinical trials are in progress to estimate risk of recurrence and prevalence of tumor  
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dormancy [12], it is still impossible to predict which dormant tumors will eventually grow, and which 

will remain dormant.  

The ability of platelets to sequester markers related to cancer is a new discovery [4,5]. A successful 

implementation of the platelet angiogenesis proteome in the screening, monitoring and treatment of 

cancer will require basic and clinical studies to validate this new method. The ability to generate 

selective platelet releasates by manipulating protease-activated receptors may provide new 

opportunities for research and applications of tissue engineering and may aid in therapeutic strategies 

to promote or inhibit angiogenesis. 

Since a shift in angiogenic potential is one of the hallmarks of tumors exiting the dormancy period, 

it is reasonable to assume that if platelets can selectively take up angiogenesis regulators in a manner 

that reflects the presence of tumors before the tumors are clinically evident, then analysis of the 

“platelet angiogenesis proteome” may be used for very early detection primary cancers, or cancer 

recurrence. We hope that the ability to detect clinically relevant cancer before a patient becomes 

symptomatic will provide a new avenue for early therapeutic intervention with novel agents. While the 

use of standard chemotherapy, radiation or surgery may not have been justifiable in the asymptomatic, 

clinically well patient with cancer, the recent emergence of non-toxic biological response modifiers 

holds a promise of “cancer without disease” [8], the unfinished work of angiogenesis pioneer Judah 

Folkman, M.D., cut short by his untimely death in January 2008.  
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