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Extracellular vesicles derived from pancreatic cancer cells BXPC3 or breast cancer cells MCF7 induce a permanent procoagulant shift to endothelial cells
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The endothelium could be a potential target of cancer cell derived extracellular vesicles (CaCe-dEV). We investigated in vitro the effect of CaCe-dEV on the hemostatic balance of endothelial cells. Extracellular vesicles released from pancreas adenocarcinoma cells (BXPC3) or human breast cancer cells (MCF7) were isolated by differential centrifugation. Human umbilical vein endothelial cells (HUVEC) were cultured for 72 h in the presence or absence of CaCe-dEV. Subsequently, they were washed and re-cultivated over three cycles to get daughter cell generations (DG) which were not exposed to CaCe-dEV. Thrombin generation of normal platelet poor plasma (PPP) added in wells carrying HUVEC was assessed by the Calibrated Automated Thrombogram ® . Tissue factor activity (TFa) and procoagulant phospholipid clotting time were assessed. Some traces of TFa were displayed by non-exposed HUVEC (0.18±0.03 pM) and their EVs (1.2±1.0 pM). Non-exposed HUVEC did not induce any detectable thrombin generation. BXPC3-dEV displayed significantly higher TFa as compared to MCF7-dEV (45±5 pM versus 4.6±2.3pM respectively; p<0.05). HUVEC exposed to CaCe-dEV enhanced thrombin generation. BXPC3-dEV induced significantly higher thrombin generation as compared to those exposed to MCF7-dEV. The procoagulant properties of HUVEC, acquired upon exposure to CaCe-dEV were transferred to DG.

In conclusion, CaCe-dEV lead to a procoagulant shift of endothelial cells which, upon exposure, display TFa and enhance thrombin generation which is transferred to DG of HUVEC. The potency of CaCe-dEV to induce procoagulant shift of HUVEC depends on the histological type of the cancer cells. The procoagulant shift of endothelial cells which is transferable to DG could be an additional mechanism -together with cancer-induced blood hypercoagulability -in the pathogenesis of cancer associated thrombosis.

Introduction

Blood hypercoagulability is a common systemic alteration in patients that predisposes to venous thromboembolism (VTE) which is a frequent complication deteriorating patients' quality of life and survival [START_REF] Falanga | Epidemiology, risk and outcomes of venous thromboembolism in cancer[END_REF]. According to Virchow triad, hypercoagulability is one of the three conditions necessary for thrombogenesis. Vascular injury and blood flow alteration are essential for thrombosis. Cancer cells lead to blood borne hypercoagulability, either by direct activation of blood coagulation or indirectly by triggering inflammation process. Elucidation of the mechanisms by which cancer cells induce activation of endothelial cells is of major importance in the comprehension of pathogenesis of cancer-associated thrombosis (CAT). Intercellular communication -an important process in cancer cell biology and metastasisresults either through direct contact between cells and cancer cells or by release of either soluble substances or even extracellular vesicles that interact with target cells [START_REF] Moore | The emerging role of exosome and microvesicle-(EMV-) based cancer therapeutics and immunotherapy[END_REF][START_REF] Rustom | Nanotubular highways for intercellular organelle transport[END_REF][START_REF] Morel | Cellular microparticles: A disseminated storage pool of bioactive vascular effectors[END_REF][START_REF] Horstman | New horizons in the analysis of circulating cell-derived microparticles[END_REF][START_REF] Zwicker | Tissue factor-bearing microparticles and cancer[END_REF][START_REF] Lynch | Plasma microparticles and vascular disorders[END_REF]. Tumor cells are capable of shedding tissue factor (TF) as cell-derived microparticles [START_REF] Tesselaar | Microparticle-associated tissue factor activity: a link between cancer and thrombosis?[END_REF][START_REF] Zwicker | Tumor-derived tissue factor-bearing microparticles are associated with venous thromboembolic events in malignancy[END_REF]. Tissue factor may be over-expressed by tumor cells and is also detected in tumor-associated vasculature. Several studies showed high levels of TF in cancer patients. However, any direct correlation between TF levels and VTE risk has not been established [START_REF] Falanga | Mechanisms and risk factors of thrombosis in cancer[END_REF][START_REF] Syrigos | Prospective Assessment of Clinical Risk Factors and Biomarkers of Hypercoagulability for the Identification of Patients with Lung Adenocarcinoma at Risk for Cancer-Associated Thrombosis: The Observational ROADMAP-CAT Study[END_REF].

Extracellular vesicles (EVs), which include microparticles and exosomes, are formed by cytoskeleton structural rearrangements, shed from cell membranes upon activation or apoptosis. They vary in their size and their phospholipid and protein composition and express mainly cell membrane proteins, which reflect those of their cell of origin. Furthermore, as EVs formation engulfs some cytoplasm during membrane bending, they may also contain proteins and mRNA [START_REF] Ratajczak | Embryonic stem cell-derived microvesicles reprogram hematopoietic progenitors: Evidence for horizontal transfer of mRNA and protein delivery[END_REF][START_REF] Baj-Krzyworzeka | Tumour-derived microvesicles carry several surface determinants and mRNA of tumour cells and transfer some of these determinants to monocytes[END_REF]. By this way, EVs may transfer signals and receptors between different cell types, thus, inducing signaling and response in distant cells. Extracellular vesicles may possess procoagulant properties because they express either procoagulant phospholipids or TF or both. Several studies have established a link between EVs counts in plasma and the VTE risk suggesting that the procoagulant properties of EVs could have some relevance in the pathogenesis of thrombosis [START_REF] Berckmans | Cell-derived microparticles circulate in healthy humans and support low grade thrombin generation[END_REF][START_REF] Sinauridze | Platelet microparticle membranes have 50-to 100-fold higher specific procoagulant activity than activated platelets[END_REF][START_REF] Kagawa | Expression of functional tissue factor on small vesicles of lipopolysaccharide-stimulated human vascular endothelial cells[END_REF][START_REF] Bal | Factors influencing the level of circulating procoagulant microparticles in acute pulmonary embolism[END_REF][START_REF] Bucciarelli | Circulating microparticles and risk of venous thromboembolism[END_REF][START_REF] Ye | Circulating tissue factor positive microparticles in patients with acute recurrent deep venous thrombosis[END_REF]. Though, the mechanism by which cancer cell derived EV are implicated in thrombogenesis has not been fully investigated. Our group recently showed that the presence of cancer cell-derived EVs (CaCe-dEV) in plasma microenvironment together with cancer cells is a necessary condition for induction of hypercoagulability [START_REF] Rousseau | Procoagulant microparticles derived from cancer cells have determinant role in the hypercoagulable state associated with cancer[END_REF]. Endothelial cells lining vessels wall are essential for vascular haemostatic balance, consequently their activation is required for thrombogenesis. Therefore, this study aimed to investigate the source of endothelial cell-associated TF. In an in vitro experimental model the endothelial cells were exposed to CaCe-dEV. The acquisition of procoagulant phenotype by exposed endothelial cells as well as by their daughter generation was studied. The study also evaluated de novo expression of TF by endothelial cells following exposure to CaCe-dEV in daughter endothelial cell generations.

Materials and methods

Cell cultures

Cancer cells: BXPC3, a human pancreatic adenocarcinoma cell line and MCF7, breast adenocarcinoma cell line, were obtained from American Type Culture Collection (ATCC, Rockville, MD, USA). In preliminary experiments cancer cells derived from pancreatic cancer (BXPC3), breast cancer (MDA-MB231, MCF7, BT20), colon cancer (HT29, HCT-116) and ovarian cancer (IGROV1) were studied with respect to their effect on thrombin generation in human normal plasma platelet poor plasma (PPP). Among the above mentioned cancer cell lines studied at equal cell count, the BXPC3 and MCF7 cells showed the highest and lowest impact on thrombin generation respectively. Since these cell lines stem from cancers with substantially different biological profiles and thrombogenicity, they were evaluated as appropriate to set up an experimental model with high and low procoagulant stimulus. Cells were expanded and cultured as described elsewhere [START_REF] Rousseau | Procoagulant microparticles derived from cancer cells have determinant role in the hypercoagulable state associated with cancer[END_REF]. A volume of 100 μl cell suspension (50 cells/μl) was placed in 96-well plates and cells were incubated for 24 h at 37˚C in a 100% humidified atmosphere with 5% CO2. After 24 h incubation, BXPC3 and MCF7 cells reached 80% of confluence and were assessed according to the experimental protocol. Under these conditions, the two cancer cell lines induced similar levels of thrombin generation in normal platelet poor plasma (PPP). Some preliminary experiments were performed in order to define optimal methodological processes for cancer cell preparation. According to the standardized method trypsin was introduced into the culture medium to detach cells from the culture flasks [START_REF] Rousseau | Procoagulant microparticles derived from cancer cells have determinant role in the hypercoagulable state associated with cancer[END_REF]. To rule out any potential interference of trypsin on the capacity of cancer cells to trigger thrombin generation a series of experiments were done by detaching cells mechanically using a cell scraper. The comparison of the two methods showed that the viability, the proliferation rate and the potential of the BXPC3 and MCF7 cells was not influenced by the method of detachment (data not shown). We also confirmed that the concentration of fetal bovine serum (ranging from 1% to 10%) and the incubation time (ranging from 5 h to 72 h) did not significantly influence the procoagulant potential of the cancer cells (data not shown). For the studied cancer cell lines, a plateau effect on thrombin generation was observed at cell numbers higher than 50 cells/μl. Cells were only used if the apoptotic fraction was inferior to 2%.

Endothelial cells: Primary human umbilical vein cells (HUVEC) were used. HUVEC were cultured in endothelial cell growth media EGM-2 (from Clonetics San Diego, CA, USA) containing 2% fetal bovine serum. Cells of 2 nd passage were used for the experiments. Cells were cultured in 25 cm 2 culture flasks at 37˚C in a 100% humidified atmosphere with 5% CO2 and were used for experiments at a confluence of 80%. For thrombin generation assessment, the same experimental protocol was used for the HUVEC (50 cells/μl) as for BXPC3 and MCF7 cells.

Isolation of cancer cell-derived extracellular vesicles

The isolation of CaCe-dEV was done according to the method described by Lacroix et al [START_REF] Lacroix | Impact of pre-analytical parameters on the measurement of circulating microparticles: Towards standardization of protocol[END_REF]. CaCe-dEV were isolated from conditioned media, containing 2% of fetal bovine serum and supplements, from confluent BXPC3, MCF7, HUVEC cells by differential centrifugation, as described elsewhere [START_REF] Rousseau | Procoagulant microparticles derived from cancer cells have determinant role in the hypercoagulable state associated with cancer[END_REF]. Briefly, culture supernatants (cell conditioned media) were collected and centrifuged at 1000 x g for 10 min to pellet whole cells and debris. The collected supernatant was re-centrifuged at 20000 x g for 1 h at 4˚C to pellet the CaCe-dEV. The clear CaCe-dEV suspension was further centrifuged at 20000 x g for 1h at 4˚C. The number of EV was measured with flow cytometry and standardized for the mixing experiments. Due to the variability of the EV regarding their dimensions and their activity and also the limitations of the available assays for the measurement of EV count we acknowledge that the flow cytometry assay warrants an approximate count of EV in each experiment.

Normal human plasma

For thrombin generation experiments, commercially available samples of fresh frozen normal platelet poor plasma (Ref 00539) were purchased from Stago (Genevilliers France).

Coagulation assays

Specific TF activity: BXPC3, MCF7 and HUVEC cells were washed three times in PBS and suspended in PBS at a final concentration of 100 cells/μl (as described elsewhere [START_REF] Gerotziafas | Tissue factor over-expression by human pancreatic cancer cells BXPC3 is related to higher prothrombotic potential as compared to breast cancer cells MCF7[END_REF]). Finally the samples were centrifuged at 1000 x g for 30 min and the supernatants were collected and kept frozen at -80˚C until assessment. Tissue factor activity (TFa) was measured in the absence or presence of 100 cells/ μl in normal PPP. Tissue factor activity was assessed with a non-commercialized in house chromogenic method developed by Stago [START_REF] Van Dreden | Plasma thrombomodulin activity, tissue factor activity and high levels of circulating procoagulant phospholipid as prognostic factors for acute myocardial infarction[END_REF][START_REF] Schneider | Increased levels of tissue factor activity and procoagulant phospholipids during treatment of children with acute lymphoblastic leukaemia[END_REF]. The assay measures the ability of TF-FVIIa to activate factor X to factor Xa using a one-stage kinetic chromogenic method. The proteolytic activity of the complex TF-FVIIa was quantified by the amount of FXa produced and measured with a specific FXa substrate. Specificity of the assay for TFa has been controlled and warranted by the manufacturer.

Procoagulant phospholipid-dependent clotting time (Procoag-PPL):

Procoagulant phospholipids were measured with STA ® Procoag-PPL, (Diagnostica Stago, Asnières, France) according to the manufacturer's instructions [START_REF] Chaari | Impact of breast cancer stage, time from diagnosis and chemotherapy on plasma and cellular biomarkers of hypercoagulability[END_REF].

Calibrated Automated Thrombogram assay:

In each well of the micro-plate, 80 μl of PPP samples were mixed with saline (20 μl). Thrombin generation was initiated by adding 20 μl triggering solution containing CaCl2 (16.7 mM final concentration) and fluorogenic substrate (Z-Gly-Gly-Arg-AMC, 417 μM final concentration). Thrombin generation was assessed with the Calibrated Automated Thrombogram assay (Thrombinoscope b.v., Diagnostica Stago, Asnières, France) as described elsewhere [START_REF] Gerotziafas | Towards a standardization of thrombin generation assessment: The influence of tissue factor, platelets and phospholipids concentration on the normal values of Thrombogram-Thrombinoscope assay[END_REF]. Among thrombogram parameters we analyzed the mean rate index (MRI), which reflects the rate of the propagation phase of thrombin generation and calculated by the formula MRI=Peak/ (ttPeak -lag-time). This parameter includes the lag-time, time to Peak (ttPeak) and Peak.

Thrombin generation in the presence of an anti-TF antibody:

In separate experiments, 50 μl of the working suspension of HUVEC exposed to CaCe-dEV (in a volume yielding count of 100 cells/µl) were mixed with 50 μl of a solution containing an anti-TF mouse monoclonal antibody 4509 (American Diagnostica, Neuville-sur-Oise, France). An isotype mouse IgG1 (100 μg/ml) or saline were used in control experiments. Cells were incubated with the anti-TF antibody or the isotype IgG1 for 15 min at 37°C and then 20 μl of this suspension were mixed with 180 μl of PPP. The number of HUVEC exposed to CaCe-dEV in plasma assessed for thrombin generation was 50 per μl. The experimental conditions were defined after conducting preliminary experiments on thrombin generation, with variable concentrations of the cells and the anti-TF monoclonal antibody. Cells were used at the lower active concentration in plasma and antibody was employed at the concentration of 40 μg/ml. Impact of anti-TF antibody on thrombin generation were triggered in normal PPP by BXPC3 or MCF7 cells triggered in presence of MP-Reagent ® to eliminate any interaction of the phospholipid concentration.

Thrombin generation in the presence of Annexin V:

In separate experiments, 50 μl of the working suspension of HUVEC exposed to CaCE-dEV (in a volume yielding count of 100 cells/µl) were mixed with 50 μl of a solution containing 500nM annexin V (Sigma) or saline used in control experiments. Cells were incubated with annexin V or saline for 15 min at 37°C and then 20 μl of this suspension were mixed with 180 μl of PPP. The number of HUVEC exposed to CaCe-dEV in plasma assessed for thrombin generation was 50 per μl.

Quantitative Real Time-PCR for TF gene expression

Total RNA from mother and daughter generations of HUVEC exposed or not to CaCe-dEV was extracted using Trizol Reagent (Molecular Research Center, Cincinnati, USA). RNA concentration and purity were determined by UV absorption at 260 nm and 280 nm (Nanodrop). Retro-transcription of RNA to cDNA was realized with the following reagents: random primers (Invitrogen, Carlsbad, USA), 5X Reaction Buffer (Thermo Scientific #EP0451), dNTP Mix (Thermo Scientific #R0192), RNase Out Ribonuclease (Invitrogen, Carlsbad, USA) and Revertaid reverse transcriptase (Thermo Scientific #EP0451). Quantitative mRNA expression was determined by real-time PCR analysis (STRATAGENE MX3000) using SYBR Green GoTaq qPCR Master (Promega, Madison, USA). The expression of TF mRNA was normalized to the expression of β-actin. The primers used were: TF-forward: 5'-TGTAGAAAGGCAGGAGTGG; TF reverse: 5'-AGGGTCTTCATGCTCCGAAA; β-actin forward: 5'-GGACTTCGAGCAAGAGATGG; β-actin reverse: 5'-AGCACTGTGTTGGCGTACAG. Following the RT-PCR reaction, the Ct values for TF were normalized against the Ct values for β-actin for the corresponding sample. The exact quantities of TF mRNA for each sample were then determined from the standard curve prepared using the in vitro-transcribed TF mRNA.

Experimental system set-up

Cell-based model for thrombin generation. The studied cell lines (BXPC3, MCF7 or HUVEC) following detachment from the culture flasks, were expanded in the wells of microtiter plates suitable for thrombin generation assessment where they were incubated for 24 hours. Afterwards, 80 µl of normal PPP were added in each well and thrombin generation was assessed as described above. In the control experiments, wells were filled with culture medium without cells and treated in the same way as the experiments. Saline (20 μl) was used in the control experiment. In additional control experiments, thrombin generation was assessed in plasma spiked with increasing concentration of lymphocytes from healthy donors and was compared to thrombin generation obtained after calcification of normal plasma. Each experiment was repeated 5 times. No significant difference was found between the two experimental procedures (data not shown). In preliminary experiments, we also verified that the culture medium (solution of RPMI, glutamine, penicillin, streptomycin and fetal calf serum) did not influence thrombin generation process of normal PPP.

Endothelial cell exposure to CaCe-dEV. Separate pellets containing CaCe-dEV obtained from conditioned medium of BXPC3 or MCF7 cell lines were re-suspended in 1 ml of EBM-2 medium and incubated for 72 hours with HUVEC adhered in 25 cm 2 culture flasks. HUVEC exposed for 72 hours to CaCe-dEV are defined as "mother generation" (MG). After 72h incubation and while cells were at 50% to 80% confluence, the exposed MG HUVEC were washed with PBS, trypsinized and re-cultured in 25 cm 2 culture flasks without CaCe-dEV for 48 hours. After this interval, and while the confluence was 60% -70% the cells were trypsinized and transferred to new 25 cm 2 culture flasks where they were cultured until they reached confluence 60%-70%. Cells at this phase were designed as 1 st daughter generation (DG1). The same procedure was repeated 2 times yelding 2 nd and 3 rd daughter generations (DG2 and DG3 respectively). In preliminary experiments, as described above, we confirmed that detachment of MG and DG of HUVEC using trypsin does not influence the viability, proliferation rate and procoagulant properties.

Cell-induced thrombin generation. Thrombin generation was initiated and recorded as follows: Adhesive cancer cell lines (BXPC3, MCF7) and HUVEC exposed or not to CaCe-dEV were expanded in the wells of microtiter plates suitable for thrombin generation assessment (as described above). In the control experiments, wells were filled with culture medium without any cells and were treated in the same way as the experiments. At 50% confluence the cancer cells (BXPC3 or MCF7) and the HUVEC exposed or not to CaCe-dEV plates were washed 3 times with PBS and once with saline. Then, 80 μl of Pool Plasma PPP (Stago, Asnieres, France) were added in each well and thrombin generation was assessed as described above. In the positive control experiment, wells were filed with 80 µl of Pool Plasma PPP and 20 µl of PPP-Reagent (PPP-R) containing 5pM TF -4µM PPL (Stago, Asnieres, France). In the negative control experiment wells were filed with 80 µl of Pool Plasma PPP and 20 µl of NaCl 0.9%.

Statistical analysis

Results are shown as mean ± standard deviation. Values had normal distribution and a paired One-way ANOVA test was applied to control changes in the studied parameters in the different experimental conditions. The level of statistical significance was set at 0.05. Twosided values of p<0.05 were considered as statistically significant. SPSS statistical package (version 21.0 IBM) was used for statistical analysis.

Results

Procoagulant activity of CaCe-dEV and HUVEC cells or HUVEC-dEV

The addition of CaCe-dEV to normal PPP led to a significant reduction of the lag-time and to a significant increase of the Peak and MRI as compared to the control experiment. At equal counts BXPC3-dEV had significantly bigger impact on the lag-time, Peak and MRI than MCF7-dEV. HUVEC cell or HUVEC-dEV did not show any significant effect on thrombin generation as compared to the control (Table I). The CaCe-dEV presented significant TFa. The level of TFa displayed by BXPC3-dEV was more than 7-fold higher to MCF7-dEV. The levels of TFa hold by HUVEC or HUVEC-dEV were very low -being at the same magnitude as compared to the normal PPP. The Procoag-PPL clotting time was longer in the presence of HUVEC-dEV, MCF7-dEV or BXPC3-dEV and HUVEC cells as compared to the control experiment revealing the presence of a faint amount of procoagulant phospholipids (Table I).

Acquisition of procoagulant phenotype by HUVEC exposed to CaCe-dEV

The HUVEC exposed to BXPC3-dEV acquired a procoagulant profile. The MG HUVEC exposed to BXPC3-dEV induced significant decrease of the lag-time and significant increase of Peak and MRI of thrombin generation as compared to the control experiment (MG HUVEC nonexposed to CaCe-dEV). The MG HUVEC exposed to MCF7-dEV did not significantly modify the lag-time, the Peak and the MRI of thrombin generation as compared to the control experiment with the MG of non-exposed HUVEC (Table II; representative thrombograms are shown in Figure 1). The MG HUVEC exposed to HUVEC-dEV did not significantly modify the lag-time, the Peak and the MRI of thrombin generation as compared to the control experiment with the MG of non-exposed HUVEC.

The MG HUVEC exposed to BXPC3-dEV, abundantly displayed TFa as compared to nonexposed MG HUVEC (25±3 pM versus 0.18±0.03 respectively; p<0.001) (Figure 2). The MG HUVEC exposed to BXPC3-dEV showed significantly shorter Procoag-PPL ® as compared to non-exposed cells (56±2 sec versus 102±10 sec. respectively; p<0.001). The MG HUVEC exposed to MCF7-dEV displayed significantly increased TFa as compared to non-exposed cells (0.75±0.2 pM versus 0.18±0.03 respectively; p<0.001) (Figure 2). The MG HUVEC exposed to MCF7-dEV showed reduced Procoag-PPL ® clotting time as compared to nonexposed cells (65±3 sec versus 102±10 sec respectively; p<0.001). Though, the MG HUVEC exposed to MCF7-dEV showed significantly lower TFa and longer Procoag-PPL ® clotting time as compared to MG HUVEC exposed to BXPC3-dEV.

The MG HUVEC exposed to HUVEC-dEV showed similar levels of TFa as compared to nonexposed MG HUVEC (0.15±0.3 pM versus 0.18±0.03 respectively; p>0.05) (Figure 2). The MG HUVEC exposed to HUVEC-dEV showed similar Procoag-PPL ® clotting time as compared to that of non-exposed cells (98±6 sec versus 102±10 sec. respectively).

Impact of anti-TF monoclonal antibodies or annexin V on thrombin generation triggered by HUVEC exposed to CaCe-dEV

The anti-TF antibody significantly prolonged the lag-time and decreased the MRI and the Peak of thrombin generation in the presence of HUVEC (control experiment). In the presence of HUVEC exposed to BXPC3-dEV the anti-TF antibody increased by 3-fold the lagtime, decreased by 3.5-folds the Peak of thrombin and attenuated by about 4.5 folds the MRI of thrombin generation.

In the presence of HUVEC exposed to MCF7-dEV the anti-TF antibody increased by 1.5-fold the lag-time, decreased by 1.4-folds the Peak of thrombin and attenuated by about 2.3 folds the MRI of thrombin generation (Table III). Annexin V did not change thrombogram parameters in the presence of HUVEC (control experiment). In the presence of HUVEC exposed to BXPC3-dEV annexin V increased by 1.5fold the lag-time, decreased by 1.3-folds the Peak of thrombin and attenuated by about 1.4 folds the MRI of thrombin generation. In the presence of HUVEC exposed to MCF7-dEV annexin V increased by 1.3-folds the lag-time, decreased by 1.2-folds the Peak of thrombin and attenuated by about 1.3 folds the MRI of thrombin generation.

Transfer of procoagulant phenotype to daughter generations of HUVEC

Procoagulant phenotype analysis

Daughter generations from MG HUVEC exposed to HUVEC-dEV did not show any significant change in TFa levels as compared to DG HUVEC non-exposed to HUVEC-dEV. In DG1 to DG3 no change in TFa levels and Procoag-PPL ® clotting time was observed in comparison with MG HUVEC (Figure 2). Daughter generations (DG1, DG2, DG3) stemming from MG HUVEC exposed to BXPC3-dEV significantly reduced lag-time and significantly increased Peak and MRI of thrombin generation as compared either to MG or to DG of non-exposed HUVEC (Table II).

The DG1 and DG2 from MG HUVEC exposed to MCF7-dEV did not significantly modify thrombogram parameters as compared to DG from non-exposed HUVEC (Table II). However DG3 from MG HUVEC exposed to MCF7-dEV induced a significant increase of the MRI as compared to the DG3 of non exposed HUVEC.

Daughter generations from MG HUVEC exposed to either BXPC3 or MCF7 derived EV showed significantly higher TFa as compared to DG HUVEC non-exposed to CaCe-dEV (Figure 2). In both lines of HUVEC (exposed either to BXPC3-dEV or MCF7-dEV) the increased levels of TFa persisted to the DG3. The TFa expressed by DG1, DG2, DG3 from MG HUVEC exposed to BXPC3-dEV was significantly higher as compared to TFa expressed by the respective DG from MG HUVEC exposed to MCF7-dEV (Figure 2). The Procoag-PPL ® clotting time did not significantly change in DG1-3 of HUVEC exposed to either BXPC3-dEV or MCF7-dEV.

Discussion

Extracellular vesicles released by cancer cells are major mediators in cell-to-cell communication transferring their contents to cell types that differ from their cell of origin and are implicated into the metastatic process and neoangiogenesis. Extracellular vesicles derived from cancer cells can influence endothelial cell life-cycle and may evade the ligandreceptor system on the cell surface influencing intracellular signaling and protein expression in endothelial cells [START_REF] Bern | Extracellular vesicles: How they interact with endothelium, potentially contributing to metastatic cancer cell implants[END_REF]. In the present study, we hypothesized that contact of CaCe-dEV with endothelial cells induce an alteration of the haemostatic balance of the later that lead to acquisition of a procoagulant phenotype. To explore this hypothesis we evaluated the impact of endothelial cells -upon exposure to CaCe-dEV -on thrombin generation in normal human plasma. The study also evaluated the up-regulation of TF expression within endothelial cells in response to the CaCe-dEV. We also measured their TF activity and gene expression as well as the expression of the procoagulant phospholipids. The two studied cancer cell lines -BXPC3 and MCF7 cells -represent malignancies with different histological characteristics, aggressiveness and thrombogenicity and for this reason were selected after screening several cancer cell lines -including cells from the same type of malignancy. Primary human umbilical vein cells (HUVEC) were used since they are the most commonly used in modelisation experiments of thrombogenesis. Four issues related with impact of CaCe-dEV on the shift of HUVEC hemostatic balance were investigated: a) analysis of the TFdependent procoagulant activity in cancer-derived microparticles b) analysis of the transfer of TF from CaCe-dEV to HUVEC c) acquisition of procoagulant phenotype by HUVEC upon exposure to CaCe-dEV and d) analysis of the transfer of procoagulant properties to daughter generations of HUVEC. Extracellular vesicles, derived from pancreatic cancer cells (BXPC3) and breast cancer cells (MCF7), were used in the experimental system. The procoagulant characteristics of these two cancer cell lines and the corresponding CaCe-dEV have been published elsewhere [START_REF] Rousseau | Procoagulant microparticles derived from cancer cells have determinant role in the hypercoagulable state associated with cancer[END_REF][START_REF] Gerotziafas | Tissue factor over-expression by human pancreatic cancer cells BXPC3 is related to higher prothrombotic potential as compared to breast cancer cells MCF7[END_REF][START_REF] Marchetti | Characterization of the thrombin generation potential of leukemic and solid tumor cells by calibrated automated thrombography[END_REF]. The BXPC3 cells induce significantly higher thrombin generation and display higher amounts of TF as compared to the MCF7 cells [START_REF] Gerotziafas | Tissue factor over-expression by human pancreatic cancer cells BXPC3 is related to higher prothrombotic potential as compared to breast cancer cells MCF7[END_REF]. Accordingly, extracellular vesicles derived from BXPC3 cells induce higher thrombin generation and display significantly higher amounts of TFa as compared to the vesicles derived from the MCF7 cells [START_REF] Chaari | Impact of breast cancer stage, time from diagnosis and chemotherapy on plasma and cellular biomarkers of hypercoagulability[END_REF]. Endothelial cells exposed to BXPC3-dEV or MCF7-dEV presented a significantly higher TF activity as compared to the non-exposed HUVEC. Our study showed that the levels of TF activity expressed by endothelial cells exposed to CaCe-dEV is correlated with the amount of TF expressed by the corresponding extracellular vesicles. The amount of TF expressed by CaCe-dEV is in relationship with the TF activity expressed by the cancer cells of origin and this confirms the data presented by Collier et al [START_REF] Collier | Microparticle-associated tissue factor is recycled by endothelial cells resulting in enhanced surface tissue factor activity[END_REF]. In addition, our study documents that the type of cancer cells from which CaCe-dEV stem is determinant for the intensity of TF expressed by the endothelial cells exposed to the CaCe-dEV. Consequently, BXPC3 cells which express high levels of TFa release extracellular vesicles with high levels of TFa which, in their turn transfer TFa to the target endothelial cells. Likewise, the low level of TFa expressed by endothelial cells exposed to MCF7-dEVs is correlated with the low levels of TFa expressed by the MCF7 cells. These data lead to the conclusion that TF borne by CaCe-dEV is incorporated by the target endothelial cell membrane where it preserves its procoagulant activity. This is translated to enhancement of thrombin generation process. This concept is supported by the data presented by Collier et al who showed that TF-containing microparticles derived from cancer cells are internalized by endothelial cells and the TF moiety is recycled to the cell surface [START_REF] Collier | Microparticle-associated tissue factor is recycled by endothelial cells resulting in enhanced surface tissue factor activity[END_REF]. Similarly, Aharon et al showed that microparticles derived from activated monocytes adhere to endothelial cells, co-localize with the cell surface, penetrate into the cells and stimulate them by gene and protein expressions [START_REF] Tamari | Monocyte-derived microparticles and exosomes induce procoagulant and apoptotic effects on endothelial cells[END_REF]. Moreover, TF has been shown to transfer from leukocyte-derived microparticles to platelets. Therefore, it is possible for cells to contain surface TF derived from other cell types without transcription of TF DNA [START_REF] Rauch | Transfer of tissue factor from leukocytes to platelets is mediated by CD15 and tissue factor[END_REF]. The present study demonstrates for the first time that exposure of endothelial cells to CaCe-dEV results in a procoagulant shift of the hemostatic balance which is transferred to daughter endothelial cells generations which did not have any contact with CaCe-dEV.

Afterwards, we investigated whereas the procoagulant phenotypic alterations induced by the exposure of endothelial cells to CaCe-dEV are associated with changes in their function into the haemostatic balance. To this aim we assessed the impact of endothelial cells on thrombin generation of normal PPP. These experiments showed that the procoagulant potential of endothelial cells exposed to BXPC3-dEV was higher than that of the endothelial cells exposed to MCF7-dEV.

The endothelial cells exposed to BXPC3-dEV significantly accelerated the initiation phase of thrombin generation (shortening of the lag-time). They also enhanced the propagation phase of thrombin generation (increase of the MRI) and resulted into a significant increase of generated thrombin. In contrast, endothelial cells exposed to MCF7-dEV had a limited impact on thrombin generation as compared to the non-exposed endothelial cells. These data indicate that the procoagulant potential of endothelial cells exposed to CaCe-dEV varies in function of the origin of the CaCe-dEV. Moreover it seems possible that there is a threshold of TFa necessary for the manifestation of the capacity of exposed endothelial cells to enhance thrombin generation.

Incubation of HUVEC exposed to CaCe-dEV with a specific anti-TF antibody resulted in inhibition of thrombin generation. This experiment underlined that the procoagulant phenotype acquired upon exposure of endothelial cells to CaCe-dEV is mediated principally by TF. Interestingly, when the phospholipid-mediated activity of HUVEC exposed to CaCe-dEV was blocked with annexin V, thrombin generation was partially reversed. This observation leads to the hypothesis that CaCe-dEV induce remodeling of endothelial cell membrane and exposure of procoagulant phospholipids which amplify thrombin generation.

The procoagulant phenotype of the endothelial cells acquired upon exposure to CaCe-dEV is transmissible to daughter generations of cells. Indeed, following exposure to either BXPC3-dEV or to MCF7-dEV, the increase of TF activity persisted to three daughter generations of endothelial cells. Noteworthy the amount of TFa displayed by daughter generations of endothelial cells initially exposed to either BXPC3 or MCF7-dEV did not significantly change as compared to the mother endothelial cells exposed to CaCe-dEV. In addition, daughter endothelial cells had the same impact on thrombin generation of normal plasma as the mother cells initially exposed to CaCe-dEV. Gene expression analysis documented that daughter generations of endothelial cells exposed to CaCe-dEV express significantly higher levels of TF gene as compared to the endothelial cells non-exposed to CaCe-dEV. It is important to note that the up-regulation of TF gene expression by endothelial cells exposed to either BXPC3-dEV or MCF7-dEV was significant at the second daughter generation of endothelial cells but it was lost at the third indicating that the transfer of TF gene upregulation is a transitory phenomenon. In addition, the over-expression of TF gene by exposed endothelial cells presents some discrepancies in time. The TF gene was upregulated in mother generation of endothelial cells exposed to MCF7-dEV but not to those exposed to BXPC3-dEV. In contrast, it was up-regulated at the first daughter generation of endothelial cells exposed to BXPC3-dEV but this was not the case for the endothelial cells exposed to MCF7-dEV. These discrepancies might reflect some limitations of the experimental protocol applied in the study. We acknowledge that the kinetics of TF gene and TF activity expression by endothelial cells in function of the time of exposure to CaCe-dEV have been evaluated in a specifically designed study. Mersi et al showed that extracellular vesicles derived from leukocytes induce the expression of procoagulant properties of the endothelial cells [START_REF] Mesri | Leukocyte microparticles stimulate endothelial cell cytokine release and tissue factor induction in a JNK1 signaling pathway[END_REF]. On the other hand Yu et al showed that the increased surface TF expression is probably due partly to a direct transfer of TF from CaCe-dEV surface to cellular cytoplasmic membrane. [START_REF] Yu | Contribution of hostderived tissue factor to tumour neovascularization[END_REF] Finally, Aharon et al found increased TF mRNA expression after exposure of endothelial cells to monocyte derived extracellular vescicles [START_REF] Tamari | Monocyte-derived microparticles and exosomes induce procoagulant and apoptotic effects on endothelial cells[END_REF]. The ensemble of these data support the hypothesis that the acquisition of the procoagulant properties by endothelial cells, upon exposure to CaCe-dEV is the resultant of both, the direct transfer of TF and the upregulation of TF gene and synthesis. Until now the major body of published data elucidates many aspects of the mechanisms by which CaCe-dEV modify the proangiogenic properties of endothelial cells [reviewed in [START_REF] Tkach | Communication by Extracellular Vesicles: Where We Are and Where We Need to Go[END_REF][START_REF] Wendler | Extracellular vesicles swarm the cancer microenvironment: From tumor-stroma communication to drug intervention[END_REF]. The CaCe-dEV may induce an inflammatory response to HUVEC leading to a procoagulant imbalance [START_REF] Che | Tissue Factor-Expressing Tumor-Derived Extracellular Vesicles Activate Quiescent Endothelial Cells via Protease-Activated Receptor-1[END_REF]. The data presented herein show for the first time that the procoagulant properties acquired by endothelial cells after exposure to CaCe-dEV are characterized by expression of active TF and enhancement of thrombin generation; two properties which are transmissible to daughter generations of cells. This process represents a sustained potentially procoagulant stimulus at the level of the endothelium and is in relation with the biological characteristics of cancer cells from which the EV derived. The most prominent hypothesis regarding the mechanisms by which CaCe-dEV induce a transmissible over-expression of TF and acquisition of procoagulant activity by endothelial cells are (a) membrane transfer or internalization of the TF borne by CaCe-dEV (b) the activation of endothelium by the CaCe-dEV which induce enhanced synthesis and activity of TF by the endothelial cells by implicating an inflammatory process (c) stimulation of neoangiogenic process in endothelial cells which implicates cytokines upregulation and TF over-expression (d) genetic transformation of endothelial cells resulting to up-regulation of TF gene expression and TF synthesis (e) Another impact of CaCe-dEV on endothelium would be the induction of endothelial cells apoptosis [START_REF] Tamari | Monocyte-derived microparticles and exosomes induce procoagulant and apoptotic effects on endothelial cells[END_REF][START_REF] Pan | Platelet-secreted microRNA-223 promotes endothelial cell apoptosis induced by advanced glycation end products via targeting the insulin-like growth factor 1 receptor[END_REF][START_REF] Bombeli | Apoptotic vascular endothelial cells become procoagulant[END_REF]. Noteworthy, the amount of TFa displayed by the 3 rd generation of HUVEC was significantly lower as compared to that displayed by the mother generation. This difference might indicate a progressive discarding of the TFa brought by the CaCe-dEV or even a gradual recovery from the rate of HUVEC apoptosis after the initial exposure to the CaCe-dEV. These data suggest a mechanism by which TF-containing CaCe-dEV are internalized by endothelial cells and the TF part recycled to the cell surface. Together with the exposure of phosphatidylserine, this is capable of inducing a substantial increase in the procoagulant potential of the surface of endothelial cells.

In conclusion, the present work shows that CaCe-dEV induce a procoagulant shift of the hemostatic balance of endothelial cells by transfer of TF and by inducing up-regulation of TF which persists for at least three daughter generations. The translation of the increased expression of TF activity to a potential of the endothelial cells to enhance thrombin generation requires a threshold of TF. The impact of CaCe-dEV on the up-regulation of TF gene expression and the TF procoagulant activity varies in function of the cells of origin. Extracellular vesicles released by pancreatic cancer cells are more potent inductors than breast cancer cells on TF gene expression and TF activity by endothelial cells.
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 13 Figure 1. Thrombin generation in normal PPP in the presence of mother generation of HUVEC control or HUVEC exposed to CaCe-dEV. Representative thrombogram from one out of 5 experiments. HUVEC: mother generation of HUVEC non-exposed to CaCe-dEV HUVEC+BXPC3-dEV: mother generation of HUVEC exposed to extracellular vesicles derived from BXPC3 cells HUVEC+MCF7-dEV: mother generation of HUVEC exposed to extracellular vesicles derived from MCF7 cells PPP: normal Platelet Poor Plasma
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	Experimental system	Thrombogram parameters Lag-time (min) Peak (nM) MRI (nM/min)	TFa (pM)	Procoag-PPL (sec)
	Not applicable normal PPP (control)	9.8 ± 1.2	160 ± 21	51 ± 11	0.15 ± 0.02	65 ± 12
	HUVEC-cells	7.8 ± 0.9	156 ±12	35 ± 7	0.18 ±0.03	102 ± 10*
	HUVEC-dEV	10.1 ± 0.9	146± 10	32 ± 9	0.14 ±0.04	122 ± 12*
	MCF7-dEV	6.1 ± 0.4*	210 ± 11*	100 ± 13*	4.6 ± 2.4*	114 ± 13*
	BXPC3-dEV	2.2 ± 0.6* $	380 ± 14* $	247 ± 14* $	45 ± 5* $	122 ± 17* $

Table I .

 I Procoagulant profile of CaCe-dEV, HUVEC-dEV and HUVEC cells. Values are mean±sd of 5 experiments BXPC3-dEV: extracellular vesicles derived from BXPC3 cells; MCF7-dEV: extracellular vesicles derived from MCF7 cells; HUVEC-dEV: extracellular vesicles derived from HUVEC cells; PPP: platelet poor plasma. MRI: mean index rate of the propagation phase of thrombin generation; Procoag-PPL: procoagulant phospholipid-dependent clotting time. TFa: Tissue Factor activity; $ p<0.05 versus MCF7-dEV; *p<0.05 versus normal PPP

				MG			DG1			DG2			DG3	
		PPP	HUVEC control	HUVEC +BXPC3-dEV	HUVEC +MCF7-dEV	HUVEC (control)	HUVEC +BXPC3-dEV	HUVEC +MCF7-dEV	HUVEC control	HUVEC+BXPC3-dEV	HUVEC +MCF7-dEV	HUVEC control	HUVEC+BXPC3-dEV	HUVEC+MCF7-dEV
	Lag-time (min)	9.8 ± 1.2	7.8± 0.9*	3.1±0.6 § § § 7.5±0.5	7.9±1.0* 3.5±0.7 $$$ 7.2±0.8 7.5±0.8**	3.9±0.6 £££	7.6±0.5 7.3±0.7**	4.1±0.4°°°	7.1±0.6
	Peak (nM)	160 ± 21	156±12 320±14 § § § 170±15	152±13	338±16 $$$ 175±17 $	156±15	340±18 £££	177±16	160±13	342±14°°°	181±16
	MRI (nM/min)	51.0 ± 11	35±7*	128±10 § § §	47±12	39±8*	139±11 $$$	45±10	33±6*	145±12 £££	50±8 ££	29±4**	157±9°°°	58±8°°°

Table II .

 II Acquisition of procoagulant phenotype by HUVEC after exposure to CaCe-dEV and transfer of the procoagulant properties to daughter generations of HUVEC which were not exposed to CaCe-dEV. Values are mean ±sd of 5 experiments. P<0.05, **p<0.01 p***<0.001 HUVEC control versus normal PPP (of all generations); § p<0.05, § § p<0.01, § § § p<0.001 exposed-HUVEC to CaCe-dEV versus HUVEC control (Mother Generation); $ p<0.05, $$ p<0.01, $$$ p<0.001 exposed-HUVEC to CaCe-dEV versus HUVEC control (Daughter Generation 1); £ p<0.05, ££ p<0.01, £££ p<0.001 exposed-HUVEC to CaCe-dEV versus HUVEC control (Daughter Generation 2); °p<0.05, °°p<0.01, °°°p<0.001 exposed-HUVEC to CaCe-dEV versus HUVEC control (Daughter Generation 3)

		Lag-time (min)		Peak(nM)			MRI (nM/ml)		
			HUVEC	HUVEC		HUVEC	HUVEC		HUVEC	HUVEC
			+BXPC3-	+MCF7-		+BXPC3-	+MCF7-		+BXPC3-	+MCF7-
		HUVEC	dEV	dEV	HUVEC	dEV	dEV	HUVEC	dEV	dEV
	PPP	7.9± 0.8	3.3±0.7	7.7±0.5	156±12	333±15	181±17	35±7	129±12	59±10
	PPP + anti-TF	15.2± 0.9* 9.8±0.7*	12.8±0.6*	136±11	93.6±12*	126±18*	26±8	28±11*	25±10*
	PPP +annexin V 8.8±1.2	4.9±1.3*	10.2±0.8*	148±11	252±14*	152±11*	31±8	91±9*	46±9*
	MG: Mother Generation of HUVEC							
	DG1, DG2, DG3: Daughter Generations 1, 2 and 3 of HUVEC					
	HUVEC: HUVEC control (not exposed to CaCe-dEV)						

*

Table III .

 III Impact of anti-TF antibody (4509) or annexin V on thrombin generation triggered in normal PPP (control) and HUVEC cells in presence of CaCe-dEV.

p<0.05 versus PPP
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Procoagulant genotype analysis

The MG HUVEC exposed to MCF7-dEV showed significantly increased TF gene expression as compared to either non exposed HUVEC or to HUVEC exposed to BXP3-dEV. Noteworthy, the MG HUVEC exposed to BXPC3 did not show any significant difference of TF gene expression as compared to the non-exposed MG HUVEC (Figure 3).

In DG1 the expression of TF gene in non-exposed cells as well as in cells stemming from MG exposed to either BXPC3-dEV or to MCF7-dEV was significantly different as compared to the respective cells of MG. Expression of TF gene in DG1 from MG HUVEC non-exposed to CaCe-dEV significantly decreased. Similarly, TF gene expression significantly decreased in DG1 as compared to MG HUVEC exposed to MCF7-dEV. In contrast, TF gene expression was significantly higher in DG1 as compared to MG HUVEC exposed to BXPC3-dEV (Figure 3).

In DG2 the expression of TF gene remained low in cells from MG HUVEC non-exposed to CaCe-dEV. The expression of TF remained high in cells from MG HUVEC exposed to BXPC3-dEV and increased in cells from MG HUVEC exposed to MCF7-dEV.

In DG3 the expression of TF gene in cells from MG HUVEC non-exposed to CaCe-dEV was lower as compared to that in MG cells. The expression of TF gene in cells from MG HUVEC exposed either to BXPC3-dEV or to MCF7-dEV was slightly lower as compared to that observed at the DG3 cells from MG HUVEC non-exposed to CaCe-dEV (Figure 3).
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