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Simple Summary: Platelets express the C-type lectin-like receptor 2 (CLEC-2) that enables binding to 

podoplanin (PDPN) expressing tumor cells and thereby promote metastatic spread. An increased level of 

soluble CLEC-2 was reported in patients with thromboinflammatory and malignant disease, presumably, 

released form activated platelets. In our study, we show that in vitro platelet activation leads to a significant 

decrease of CLEC-2 on platelets and in the plasma. We also found decreased levels of soluble CLEC-2 in plasma 

samples of patients with colorectal carcinoma (stage I to IV), breast cancer or melanoma (stage I to III) compared 

to healthy donors. Interestingly, in glioblastoma patients the plasma level of soluble CLEC-2 was significantly 

higher. We concluded that an increased plasma level of soluble CLEC-2 is not a suitable biomarker of platelet 

activation and tumor progression in most types of cancer.  

Abstract: The C-type lectin-like receptor 2 (CLEC-2) is expressed on platelets and mediates binding to 

podoplanin (PDPN) on various cell types. The binding to circulating tumor cells (CTCs) leads to platelet 

activation and promotes metastatic spread. The increased level of soluble CLEC-2 (sCLEC-2), presumably, 

released from activated platelets was shown in patients with thromboinflammatory and malignant disease. 

However, the functional role of sCLEC-2 and the mechanism of sCLEC-2 release is not known. In this study, 

we focused on the effect of platelet activation on CLEC-2 expression and the sCLEC-2 plasma level in cancer 

patients. First, citrated blood from healthy volunteer donors (n=20) was used to measure the effect of platelet 

stimulation by classical agonists and PDPN on aggregation, CLEC-2 expression on platelets by flow cytometry, 

sCLEC-2 release to the plasma by ELISA and total CLEC-2 expression by Western blot analysis. Second, sCLEC-

2 was determined in plasma samples from healthy donors (285) and patients with colorectal carcinoma (CRC; 

194), melanoma (160), breast cancer (BC; 99) or glioblastoma (49). PDPN caused a significant increase of the 

aggregation response induced by classical agonists. ADP or PDPN stimulation of platelets caused a significant 

decrease of CLEC-2 on platelets and sCLEC-2 in the plasma, whereas, total CLEC-2 in platelet lysates remained 

the same. Thus, the increased plasma level of sCLEC-2 is not a suitable biomarker of platelet activation. In 

patients with CRC (median 0.9 ng/mL), melanoma (0.9 ng/mL) or BC (0.7 ng/mL) we found significantly lower 

sCLEC-2 levels (p<0.0001), whereas, glioblastoma patients displayed higher levels (2.6 ng/mL; p=0.0233) 

compared to healthy controls (2.1 ng/mL). The low sCLEC-2 plasma level observed in most of the tumor entities 
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of our study, presumably, results from the internalization of sCLEC-2 by activated platelets or binding of 

sCLEC-2 to CTC. 

Keywords: platelet function; podoplanin; soluble CLEC-2; cancer thrombosis 

 

1. Introduction 

Platelets are involved in a variety of physiologic and pathophysiologic processes including 

innate immune response, inflammation and atherosclerosis [1–3]. Platelets can interact with innate 

immune cells and secrete cytokines and chemokines [4]. In addition, platelets have significant impact 

on the course of many different tumor diseases [5]. Upon contact with cancer cells or circulating 

tumor cells (CTCs) platelets get activated through a variety of interactions thereby promote cancer 

progression and metastasis [6,7]. The C-type lectin like receptor 2 (CLEC-2) mainly expressed on 

megakaryocytes and platelets is one of the key molecules that enables interaction with other cells 

such as innate immune cells and tumor cells [8,9].  

CLEC-2 consists of a transmembrane domain, an extracellular lectin-like recognition domain 

and a short cytosolic tail, harboring a single YxxL sequence, a hem-immunoreceptor tyrosine-based 

activation motif (hemITAM) [10]. Podoplanin (PDPN) is the most important endogenous ligand of 

CLEC-2 involved in the cell interaction mechanisms [11]. This glycoprotein with a single 

transmembrane domain and four platelet aggregation stimulating domains (PLAG) is expressed on 

many different cells including lymphatic endothelial cells, kidney podocytes and tumor cells 

especially CTCs [12–14]. Platelet aggregation induced by PDPN expressing tumor cells was shown 

to play a role in tumor growth and metastasis [14,15]. Blocking this interaction led to decreased 

metastatic herds, better survival and protection against venous thromboembolism (VTE). 

Patients with ischemic stroke, acute coronary syndrome or coronary artery disease showed 

increased plasma concentration of soluble CLEC-2 (sCLEC-2) [16–18]. Similar observations were 

reported for patients with colorectal cancer (CRC) or glioma [19,20]. It was hypothesized that sCLEC-

2 is released upon platelet activation and, therefore, sCLEC-2 could serve as a plasma biomarker of 

platelet activation [21]. However, the mechanism of sCLEC-2 release is still unclear. In contrast to the 

release of glycoprotein VI, CLEC-2 is not cleaved by ADAM10/17 [22]. Furthermore, CLEC-2 is not 

shed or internalized following platelet activation and is maintained on microparticles from activated 

platelets [23]. The antibody-induced downregulation of CLEC-2 was observed in mice platelets and 

megakaryocytes caused through internalization without evidence for ectodomain shedding [24]. 

To further elucidate the effect of platelet activation and the mechanism of sCLEC-2 release we 

first performed in vitro studies on platelets from healthy individuals. We measured the CLEC-2 

expression on platelets and the sCLEC-2 plasma concentration after stimulation of platelets using 

ADP and PDPN. Second, as an in vivo model for sCLEC-2 release, we measured sCLEC-2 in patients 

with different solid tumor entities including colorectal carcinoma, mamma carcinoma, melanoma 

and glioblastoma. 

2. Materials and Methods 

2.1. Blood Samples 

Citrated blood samples from 20 healthy volunteer donors were used for aggregometry and the 

in vitro studies with flow cytometry, ELISA and Western blot analysis. At the time of blood collection, 

the donors had no medication affecting platelet function in the past 10 days. Platelet-rich plasma 

(PRP) was prepared from citrated blood by centrifugation for 15 minutes at 200 g in a swingout rotor 

within three hours after blood collection. For the in vitro platelet stimulation experiments 500 µL PRP 

from healthy donors was incubated without agonist or with 5 µM ADP ADP (möLab GmbH, 

Langenfeld, Germany) or PDPN (1 µg and 5 µg recombinant human glycosylated PDPN protein; 

Sino Biological Inc.; Biozol GmbH, Eiching, Germany) at room temperature for 30 minutes with slight 
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agitation. The PRP samples were then directly subjected to flow cytometry, ELISA and Western blot 

analysis.  

For the determination of the sCLEC-2 plasma level, EDTA blood samples were obtained from of 

285 randomized healthy blood donors already used for a previous study [25]. Plasma samples from 

patients with colorectal cancer (CRC; n=194), melanoma (160) and breast cancer (BC; 99) were 

provided by the National Center for Tumor Diseases (NCT) Heidelberg. Samples from 49 

glioblastoma patients were collected at the Center for Neurooncology, Comprehensive Cancer 

Center, Tübingen. All donors and patients gave informed consent to provide blood samples for 

research purposes. The study protocols were in accordance with the Declaration of Helsinki and 

approved by the ethical committee of the Medical Faculty Mannheim of the Heidelberg University 

(ethical approval codes: 2016-615N-MA, 2016-657N-MA). 

2.2. Aggregometry 

The platelet aggregation response was measured using light transmission aggregometry (LTA) 

in the PAP-8 system (möLab GmbH). In pilot experiments, we used PDPN in different concentrations 

and incubation times for the stimulation of platelets, which did not lead to a platelet aggregation 

response (results no shown). Therefore, PDPN was used as a co-agonist together with classical 

agonists ADP, arachidonic acid (AA) and collagen (COL) to stimulate platelet and determine the 

aggregation response for 10 minutes. As given in the results ADP, AA and COL were used in 

standard concentration and 5 times lower than standard. The primary aggregation (PA %) values 

were used for data analysis and statistical evaluation. 

2.3. Flow Cytometry 

Flow cytometry was used to measure the expression of CLEC-2 and the activation marker CD62P 

(P-selectin) on platelets of healthy donors. Following antibodies were used: monoclonal anti-CD62P 

(PE-conjugated, clone AK-4, IgG1; BD Biosciences, Heidelberg, Germany) and monoclonal anti-

CLEC-2 (FITC-conjugated, clone 17D9, IgG2b; Thermo Fisher Scientific, Darmstadt, Germany). For in 

vitro platelet stimulation we used ADP and recombinant human glycosylated PDPN protein. 

Unstimulated as well as ADP and PDPN stimulated PRP was assessed unstained and double-stained 

for CLEC-2 (FITC) and CD62P (PE) by using a FACS-Canto II system (BD Biosciences). All events 

detected in the stained samples were gated according to the side and forward scatter and further 

analyzed for mean fluorescence intensity (MFI) in each fluorescence channel. The results were 

evaluated and processed for graphical presentation with the FlowJo software (FlowJo, LLC; Ashland, 

OR, USA). 

2.4. ELISA for sCLEC-2 

A commercial ELISA kit (RayBiotech; Hoelzel Diagnostika GmbH, Cologne, Germany) was used 

to measure the sCLEC-2 in plasma samples from the in vitro stimulation experiments and in the 

plasma samples from the healthy blood donors and the tumor patients. Unstimulated as well as ADP 

and PDPN stimulated PRP was centrifuged for 10 minutes at 1,000 g. The plasma in the supernatant 

was transferred to another tube and further processed for ELISA according to the standard protocol. 

The platelet pellet was further processed for Western blot analysis. The sCLEC-2 concentration was 

measured in all plasma samples in duplicate according to the standard protocol of the ELISA kit. 

Standardization of the optical density (OD) measured at 450 nm was achieved by using a dilution 

series of the recombinant CLEC-2 protein provided with the kit. The linear range of the standard 

curve was 0.1-48 ng/mL sCLEC 2 with a significant correlation (r2 = 0.9984). 

2.5. Western Blot 

Pellets of the unstimulated as well as ADP and PDPN stimulated platelets were resuspended in 

cold lysis buffer (RIPA buffer including protease inhibitor cocktail; Santa Cruz Biotechnology, Inc., 

Heidelberg, Germany) followed by incubation on ice for 30 minutes. After shock freezing in liquid 
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nitrogen followed by thawing, ultrasound treatment and centrifugation 10 minutes at 12,000 g, the 

supernatant (platelet lysate) was transferred to another tube. The total protein concentration of the 

lysates was determined by using a Bradford protein assay (Quick Start™ Bradford Protein Assay; 

Bio-Rad Laboratories GmbH, Feldkirchen, Germany). The sample volume corresponding to 25 µg 

total protein was calculated and mixed with electrophoresis sample buffer (Santa Cruz Biotechnology 

Inc.). After heat denaturation for 5 minutes at 100 °C the samples were loaded on 8.75 % 

polyacrylamid gels (PAGE) and electrophoresed for 50 minutes at 25 V/cm. The separated proteins 

were blotted onto nitrocellulose membranes (Bio-Rad) by electric field transfer. After incubation of 

the blots in blocking solution (UltraCruz® Blocking Reagent; Santa Cruz Biotechnology Inc.) for 1 

hour, the primary antibody (goat anti-human CLEC1B polyclonal antibody; Invitrogen, Darmstadt, 

Germany) was added and incubated over night at 4 °C with constant agitation. Then, the blots were 

washed and incubated with the secondary antibody (mouse anti-goat HRP-conjugated; Santa Cruz 

Biotechnology Inc.) for one hour at room temperature. After repeated washing steps, we added 

Luminol and peroxide solution and measured our blots using the Epi Chemi II Darkroom (UVP 

laboratory products, Upland, California, USA). For relative quantification of the CLEC-2 protein 

band, the blots were stained for beta-actin (monoclonal anti-actin antibody, HRP-conjugated; Santa 

Cruz Biotechnology Inc.) as reference protein. Quantitative analysis of the protein bands was 

accomplished by the ImageJ program. 

2.6. Statistical Analysis 

T-tests and further statistical analysis were performed using Excel (Microsoft Corp., Redmond, 

WA, USA) and PRISM 8 (GraphPad Software, Boston MA, USA). P values < 0.05 were considered as 

statistically significant. 

3. Results 

First, we investigated the effect of PDPN on the platelet aggregation response of heathy donors. 

Second, ADP and PDPN were used as agonists for in vitro stimulation of platelets from healthy 

donors to analyze the expression of CLEC-2 on platelets, in plasma and in platelet lysates. The third 

part of our investigation included the measurement of sCLEC-2 in plasma samples from healthy 

controls and patients with different tumor entities. 

3.1. PDPN Is a Co-Agonist for Platelet Aggregation 

Platelets from 20 healthy volunteer donors were stimulated for aggregation using classical 

agonists ADP, AA and COL at the corresponding standard concentration for LTA and 5 times lower 

concentration. To determine the effect of PDPN we applied 1 µg and 5 µg of the recombinant protein 

to the samples with 225 µL PRP. PDPN on its own did not induce a platelet aggregation response 

(data not shown). Only the classical agonists induced platelet aggregation (Figure 1). As expected, 

the aggregation response was dose-dependently reduced when using the 5-fold lower agonist 

concentration. The co-stimulation with 5 µg PDPN caused a significant increase of the primary 

aggregation induced by all classical agonists, while 1 µg showed no effect (Table 1). 
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Figure 1. Aggregation response of healthy donors (n=20) upon stimulation of platelets with classical 

agonists ADP, AA and COL and PDPN as co-agonist. The primary aggregation (PA) is given in % 

and corresponded to the maximum aggregation in all measurements. Box plots show the 25th–75th 

percentile with the median indicated by the line inside each box and whiskers represent the 1.5 

interquartile range. The use of 5 µg PDPN caused a significant (*p<0.05) increase of the aggregation 

response (n=10). 

Table 1. Statistical evaluation of the primary aggregation (PA; %). 

Agonist no PDPN 1 µg PDPN 5 µg PDPN p-value1 p-value2 

ADP (1 µM) 74 ± 8 73 ± 6 79 ± 10 0.7242 0.0829 

ADP (5 µM) 85 ± 11 84 ± 12 89 ± 11 0.7905 0.0253 

AA (25 µg) 76 ± 7 78 ± 6 84 ± 10 0.2642 0.0072 

AA (125 µg) 85 ± 11 87 ± 13 91 ± 12 0.1578 0.0110 

COL (2 µM) 72 ± 8 73 ± 7 77 ± 7 0.9671 0.0005 

COL (10 µM) 82 ± 6 83 ± 7 88 ± 10 0.1236 0.0062 
1paired T-test for the significance of the difference between no PDPN and 1 µg PDPN; 2paired T-test for the 

significance of the difference between no PDPN and 5 µg PDPN. 

3.2. The CLEC-2 Expression Is Decreased upon Platelet Stimulation 

The expression of CLEC-2 and the activation marker CD62P was determined on platelets 

without stimulation and after stimulation with ADP and PDPN. The results from flow cytometry 

revealed a significant decrease of the CLEC-2 expression upon ADP and PDPN stimulation of the 

platelets (Figure 2). As expected, the CD62P expression was increased upon ADP and PDPN 

stimulation. 
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(a) (b) 

Figure 2. Results from flow cytometry for the detection of CLEC-2 and CD62P expression on platelets: 

(a) Representative result from one donor indicating decrease of CLEC-2 and increase of CD62P 

expression upon ADP- and PDPN-stimulation; (b) Summary of the results from 20 healthy donors. 

The decrease of CLEC-2 expression and the increase of CD62P expression was significant (*; p<0.001) 

for ADP and PDPN stimulation. 

In order to prove whether the reduced CLEC-2 expression upon platelet activation was caused 

by shedding of CLEC-2 and release to the plasma, sCLEC-2 was measured in the supernatant of the 

ADP- and PDPN-stimulated PRP. Platelet activation was associated with a significant decrease of 

sCLEC-2 in the plasma (Figure 3a). Whereas, the relative quantification of total CLEC-2 in the platelet 

lysates indicated a comparable protein concentration (Figure 3b).  

  
(a) (b) 

Figure 3. Measurement of sCLEC-2 in plasma (a) and total CLEC-2 in platelet lysates (b) after ADP- 

and PDPN-stimulation. (a) sCLEC-2 levels in unstimulated (w/o), ADP and PDPN stimulated PRP by 

using ELISA; (b) relative quantification of total CLEC-2 in platelet lysates without activation and ADP 

and PDPN stimulation by Western blot analysis and Actin as reference protein. Box plots show the 

25th–75th percentile with the median indicated by the line inside each box and whiskers represent 

the 1.5 interquartile range. The decrease of sCLEC-2 upon stimulation was significant (*; p<0.001), 

whereas, the total CLEC-2 protein concentration was comparable. 
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These data suggest that shedding and degradation of CLEC-2 upon platelet activation is rather 

unlikely (Table 2). Given that overall expression levels do not change, internalization of CLEC-2 in 

platelets could be the cause. 

Table 2. Statistic evaluation of the platelet in vitro studies. 

 No agonist ADP PDPN p-value1 p-value2 

CLEC2 (MFI) 792 ± 373 259 ± 154 158 ± 77 <0.0001 <0.0001 

CD62P (MFI) 661 ± 292 2948 ± 1021 4496 ± 1957 <0.0001 <0.0001 

sCLEC-2 (ng/mL) 6.3 ± 2.6 3.6 ± 1.7 3.8 ± 1.7 0.0002 0.0006 

Total CLEC-2 (ratio)* 0.83 ± 0.41 0.87 ± 0.42 0.74 ± 0.31 0.8518 0.6785 
1paired T-test for the significance of the difference between no agonist and ADP stimulation; 2paired T-test for 

the significance of the difference between no agonist and PDPN stimulation; *the ratio of the CLEC-2 and the 

Actin protein bands were used as a measure of the total CLEC-2 content. 

3.3. The Plasma Level of sCLEC-2 Is Lower in Tumor Patients than in Healthy Controls 

Previous studies reported increased sCLEC-2 plasma levels in patients with inflammatory and 

malignant disease and it was hypothesized that sCLEC-2 is released upon platelet activation. 

However, our in vitro studies indicated that platelet activation is not associated with increased but 

rather decreased CLEC-2 expression and sCLEC-2 level in the plasma. To further investigate this in 

vivo, we measured sCLEC-2 in plasma of healthy donors and patients with different solid tumors.  

Compared to healthy controls (HC) we found significantly lower (p<0.0001) sCLEC-2 plasma 

levels in patients with CRC, melanoma and BC (Figure 4). Interestingly, the sCLEC-2 level in 

glioblastoma patients was significantly higher (p=0.0233). A correlation to the tumor stages was 

assessed for CRC and melanoma. All CRC stages I to IV showed significantly lower sCLEC-2 levels 

than HC (Figure 5, Table 3). For the melanoma stages I to III we also found significantly lower sCLEC-

2 levels, whereas, in patients with stage IV tumors the sCLEC-2 level was comparable with HC.  

 

Figure 4. The plasma level of sCLEC-2 in healthy controls (HC; n=285) and patients with colorectal 

cancer (CRC; n=194), melanoma (n=160), breast cancer (BC; n=99) and glioblastoma (n=49). Box plots 

show the 25th–75th percentile with the median indicated by the line inside each box. Whiskers 

represent the 1.5 interquartile range (circles indicate outliers). 
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Figure 5. The plasma level of sCLEC-2 in patients with CRC and melanoma stages I to VI compared 

to healthy controls (HC). N in brackets. Box plots show the 25th–75th percentile with the median 

indicated by the line inside each box. Whiskers represent the 1.5 interquartile range (circles indicate 

outliers). 

Table 3. Statistic evaluation of the sCLEC-2 levels in healthy controls and patients with different 

tumor entities and stages. 

Study group (n) 
sCLEC-2 (ng/mL) 

(median) 

sCLEC-2 (ng/mL) 

(mean ± SD) 
p-value1 

HC (285) 2.1 2.8 ± 2.6  

CRC (194) 

   I (47) 

   II (48) 

   III (49) 

   IV (50) 

0.9 

1.1 

0.8 

0.9 

1.0 

1.1 ± 0.9 

1.3 ± 0.8 

0.8 ± 0.6 

1.0 ± 0.8 

1.3 ± 1.0 

<0.0001 

0.0002 

<0.0001 

<0.0001 

0.0001 

Melanoma (160) 

   I (27) 

   II (33) 

   III (44) 

   IV (56) 

0.9 

0.4 

0.2 

0.6 

2.0 

1.5 ± 2.0 

1.1 ± 1.9 

0.8 ± 1.3 

1.0 ± 1.7 

2.5 ± 2.1 

<0.0001 

0.0016 

<0.0001 

<0.0001 

0.4319 

BC (99) 0.7 1.2 ± 1.3 <0.0001 

Glioblastoma (49) 2.6 3.7 ± 3.3 0.0233 
1independent T-test for the significance of the difference between HC and the patient group; values are given for 

all CRC and melanoma and for the stage subgroups I to IV. 

In summary, the in vivo data from patients revealed significantly lower sCLEC-2 plasma levels 

compared to heathy controls for all tumor entities analyzed except melanoma stage IV and 

glioblastoma. The latter displayed higher sCLEC-2 levels. 

4. Discussion 

It has been clearly demonstrated that binding of PDPN to CLEC-2 leads to an activation of 

platelets. However, with regard to platelet aggregation PDPN was only a weak agonist that enhanced 
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stimulation by other agonists such as ADP, AA or collagen. In contrast to other platelet receptors 

such as CD62P or GPVI we showed that the CLEC-2 expression on platelets and the sCLEC-2 level in 

the plasma is decreased upon platelet activation. Thus, shedding of CLEC-2 upon platelet activation 

is rather excluded. We hypothesize that platelet activation cause the internalization of CLEC-2 

including uptake of sCLEC-2 from the plasma. The reported antibody induced internalization of 

CLEC-2 in mouse platelets could represent a similar mechanism [24]. However, the findings from our 

in vitro studies are contradictory to reported increased sCLEC-2 plasma levels in patients with 

thromboinflammatory diseases that are associated with increased platelet activation [16–22]. These 

studies proposed sCLEC-2 as plasma biomarker for platelet activation [21]. It remains unclear 

whether the difference in the in vitro conditions in our studies and the in vivo conditions or the 

pathologic conditions account for the contradictory results.  

Increased sCLEC-2 plasma levels were also reported for colorectal cancer and glioma [19,20]. 

The CLEC-2/PDPN-mediated binding of platelets to CTCs further promotes the crucial role of CLEC-

2 in progression and metastasizing of tumors [7,12,13]. The CLEC-2/PDPN axis was discussed as a 

promising drug target for cancer treatment [26,27]. Antibody-mediated inhibition of the interaction 

between tumor PDPN and platelet CLEC-2 blocked growth and pulmonary metastasis of human 

malignant melanoma [28].  

In contrast to previous reports, we observed significantly lower sCLEC-2 plasma levels in cancer 

patients compared to healthy donors. Zang et al. showed higher sCLEC-2 levels in CRC patients 

compared to healthy controls [19]. Moreover, the patients with liver metastases displayed higher 

CLEC-2 levels than patients without metastases. In our study, the sCLEC-2 level in patients with CRC 

at stage I to IV was significantly lower than in healthy controls. The same was true for melanoma 

stages I to III. The 56 patients with stage IV melanoma displayed sCLEC-2 levels comparable with 

healthy donors but significantly higher compared to stage I to III melanoma. Melanoma patients have 

a considerably higher risk of suffering from VTE than patients with CRC or BC [29–31]. In stage IV 

melanoma a prevalence of VTE of 25 % was observed [29]. Glioblastoma was the only tumor entity 

in our study that was associated with higher sCLEC-2 levels and confirmed the observation of 

previous reports [20]. A correlation between sCLEC-2 levels and PDPN expression was reported in 

patients with high-grade gliomas [32]. Interestingly, high PDPN expression in primary brain tumors 

induces platelet aggregation and is associated with increased risk of VTE [33]. As shown in a mouse 

model blocking PDPN specifically on glioblastoma cells could represent a novel strategy to prevent 

platelet aggregation and thereby reduce the risk of VTE in glioma [34]. However, tumor progression 

occurs independently of PDPN and blocking of PDPN does not represent a promising anti-cancer 

therapeutic approach [35]. Taking the observations from our in vitro platelet stimulation experiments 

into account, the significantly lower levels of sCLEC-2 in the plasma of cancer patients may result 

from the internalization of sCLEC-2 by activated platelets. Binding of sCLEC-2 to PDPN on CTC 

should also be considered. 

Cancer-associated VTE is associated with an increased risk of mortality independent of the 

cancer characteristics. Nowadays, the use of direct oral anticoagulants (DOACs) is the most effective 

therapy for managing VTE in the general population and is also recommended for cancer patients 

[for review see 36]. Anti-platelet therapy using aspirin can reduce both the long-term risk of cancer 

and the risk of cancer metastasis for some solid tumors [36–38]. The ADD-ASPIRIN trial is a phase 

III, double-blind, placebo controlled, randomized trial that investigates whether regular aspirin use 

after standard therapy prevents recurrence and prolongs survival in participants with non-metastatic 

CRC, BC, gastro-oesophageal or prostate cancer [39]. A better understanding of the mechanisms how 

platelets promote tumor growth and progression is a prerequisite for the development of novel anti-

cancer therapies. 

5. Conclusions 

Based on our in vitro studies on platelets from healthy individuals we showed that the CLEC-2 

expression on platelets and the sCLEC-2 level in the plasma is decreased upon platelet activation. 

Uptake and internalization of the receptor is the proposed mechanism. Therefore, we conclude that 
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an increased plasma level of sCLEC-2 is not a suitable biomarker of platelet activation. We also found 

decreased levels of sCLEC-2 plasma samples of patients with CRC, BC and melanoma stage I to III 

compared to healthy controls. Glioblastoma was the only tumor entity in our study with significantly 

higher sCLEC-2 levels. CLEC-2 and the ligand PDPN might play a significant role in the development 

and progression of glioblastoma as already hypothesized by other studies. The low sCLEC-2 plasma 

level observed in most of the tumor entities of our study, presumably, results from the internalization 

of sCLEC-2 by activated platelets or binding of sCLEC-2 to CTC. 
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