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Résumé 

Inflammation of adipose tissue is a contributing factor to many chronic 

diseases associated with obesity. We previously showed that 

micronutrients such as vitamin D (VD) limited this metabolic 

inflammation by decreasing inflammatory markers expression 

including miR-155 (microRNA-155) or miR-146a in different in vitro 

and in vivo models. These miRNAs could be incorporated into 

extracellular vesicles (EVs) in order to modulate the activity of target 

cells. Nevertheless, the role of VD on the miRNAs contained in EVs 

from adipose tissue in inflammatory conditions remains unclear. In this 

study, we used a human model of SGBS (Simpson-Golabi-Behmel 

syndrome) adipocytes preincubated with 1,25(OH)2D (the active form 

of VD) before an inflammatory stress with tumor necrosis factor α 

(TNFα). First, we confirmed by quantitative PCR that the expression of 

classical inflammatory factors (TNFα and chemokine ligand 2 

[CCL2/MCP1]), miR-146a, and miR-155 was increased significantly 

under inflammatory conditions in SGBS cells and that VD prevented 

this up-regulation. Secondly, transmission electron microscope imaging 

of EVs preparations in supernatant allowed visualization of small and 

large vesicles under these conditions. Then, EVs were obtained with 

isolation kit and the expression of miR-155 and miR-146a were 

measured. The expression of miR-155 under TNFα effect was 

increased in EVs while miR-146a was not detected. Moreover, we also 

showed that the TNFα-mediated expression of miR-155 in EVs was 

significantly reduced by a VD pre-incubation of cells. Using miRNA 

PCR array, we also identified 33 miRNAs, organized in 5 clusters that 

were differentially regulated by TNFα and VD. Bioinformatic analysis 

of biological pathways revealed that the different miRNAs targeting 

genes that are involved in important cell process such as the regulation 

of transcription or protein phosphorylation. In conclusion, these results 

support for the first time that VD modulated the expression of miRNAs 



in EVs from adipocytes, which could represent a new mechanism of 

regulation of inflammation by micronutrients. 
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Résumé 

Diffuse alveolar hemorrhage (DAH) is a life-threatening complication of 

systemic lupus erythematosus and small vessel vasculitis. We previously 

showed that neutrophil extracellular traps (NETs) were associated with the 

pathogenesis of pristane-induced DAH and demonstrated that neutrophil 

NOD-like receptor family pyrin domain containing 3 (NLRP3) 

inflammasome assembly participated in NET generation under sterile 

stimulation. We investigated whether NLRP3 inflammasome assembly in 

neutrophils may drive pulmonary NETosis in a mouse model of pristane-

induced DAH.C57BL/6J mice received a single intraperitoneal injection of 

0.5mL of pristane. Neutrophil NLRP3 inflammasome assembly and NETs 

were characterized by immunofluorescence staining of apoptosisassociated 

speck-like protein a CARD (ASC), co-staining of DNA, and citrullinated 

histones, respectively. Clinical status of mice was assessed 11 days after 

pristane injection by measurement of arterial oxygen saturation and of 

weight loss; severity of lung injury was determined using a quantification 

score from hematoxylin-eosin-stained slides.Pristane induced ASC speck 

formation in neutrophils and we confirmed that NLRP3 inflammasome was 

involved in NET generation after pristane stimulation in vitro. NLRP3 

deficiency reduced the severity of pristane-induced DAH in female, but not 

male mice. Interestingly, NLRP3 deficiency reduced the number of 

neutrophils and NETs in the lungs of females compared to males.Our 

results suggest a link between female sex-specific NLRP3 inflammasome 

activation and subsequent pulmonary NETosis in the development of 

pristane-induced DAH. Therefore, we identified NLRP3 inflammasome as 

a potential new therapeutic target in this severe complication of pro-female 

autoimmune disease for which specific inhibitors of NLRP3 are currently 

developed. 
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Résumé 

Introduction The inflammasome NLRP3 is involved in the inflammatory 

processes of several cardiac diseases. Recently, GBP5 and 6 transcripts 

have been found to be specifically deregulated in immune-related 
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myocarditis, but the mechanism of action remains unclear. 

Cardiomyocyte dysfunction during the cardiotoxic reaction probably 

results from the combined action of cytokines secreted by T 

lymphocytes reactivated by ICIs and inflammatory molecules released 

by endocardial and vascular endothelial cells. Our hypothesis is that 

cardiac dysfunction in immune-mediated myocarditis is linked to 

activation of the NLRP3 inflammasome in cardiac cells in this 

inflammatory context. Objective Our aim is to unravel the regulatory 

mechanisms of the NLRP3 inflammasome in response to cytokines 

known to be secreted during ICI-related myocarditis, and to characterise 

the role of paracrine effects of endothelial cells in cardiomyocyte 

dysfunction. Method hiPSC-derived cardiomyocytes (hiPSC-CM) and 

endothelial cells (hiPSC-EC) were stimulated by different inflammatory 

cytokines (IFN-γ, RANTES, Granzyme B and IL-1β). We studied 

several groups: healthy individual (1 clone from 1 individual), 

melanoma patients who reported immuno-mediated myocarditis (13 

clones from 5 patients), and melanoma patients who did not report 

cardiotoxicity after immunotherapy (7 clones from 3 patients). Results 

IFN-γ affects the viability of cardiac cells by activating the JAK/STAT 

inflammatory pathway, and by overexpressing NLRP3 inflammasome 

transcripts such as nlrp3, nlrc5 and caspase-1. This effect is associated to 

overexpression of the MHC and PD-L1 proteins, as described in 

humans. IFN-γ alone did not induce significant differences between 

groups on these targets. We have developed a flow cytometry 

multiplexing protocol to characterise apoptosis associated with caspase 

activity, in particular NLRP3 inflammasome-associated caspase-1, 

metabolic deregulation and oxidative stress. The results are currently 

being analysed after stimulation by inflammatory cytokines IFN-γ, 

RANTES, Granzyme B and IL-1β. Conclusion hiPSC-CM and hiPSC-

EC respond to IFN-γ by activating inflammatory pathways, in particular 

the NLRP3 inflammasome, leading to cell death. Our work unravels the 

mechanisms associated with cardiotoxicity, triggered by inflammatory 

cytokines released during the cardiotoxic response to ICIs, thus 

clarifying the role of the two cardiac cell types in the cardiac 

dysfunction observed in immuno-mediated myocarditis in patients. 
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Résumé 

BACKGROUND: Endothelial activation promotes the release of 

procoagulant extracellular vesicles and inflammatory mediators from 

specialized storage granules. Endothelial membrane exocytosis is 

controlled by phosphorylation. We hypothesized that the absence of 

PTP1B (protein tyrosine phosphatase 1B) in endothelial cells promotes 

venous thromboinflammation by triggering endothelial membrane 

fusion and exocytosis. METHODS: Mice with inducible endothelial 

deletion of PTP1B (End.PTP1B-KO) underwent inferior vena cava 

ligation to induce stenosis and venous thrombosis. Primary endothelial 

cells from transgenic mice and human umbilical vein endothelial cells 

were used for mechanistic studies. RESULTS: Vascular ultrasound and 

histology showed significantly larger venous thrombi containing higher 

numbers of Ly6G (lymphocyte antigen 6 family member G)-positive 

neutrophils in mice with endothelial PTP1B deletion, and intravital 

microscopy confirmed the more pronounced neutrophil recruitment 

following inferior vena cava ligation. RT2 PCR profiler array and 



immunocytochemistry analysis revealed increased endothelial 

activation and adhesion molecule expression in primary End.PTP1B-

KO endothelial cells, including CD62P (P-selectin) and VWF (von 

Willebrand factor). Pretreatment with the NF-κB (nuclear factor kappa 

B) kinase inhibitor BAY11-7082, antibodies neutralizing CD162 (P-

selectin glycoprotein ligand-1) or VWF, or arginylglycylaspartic acid 

integrin-blocking peptides abolished the neutrophil adhesion to 

End.PTP1B-KO endothelial cells in vitro. Circulating levels of annexin 

V+ procoagulant endothelial CD62E+ (E-selectin) and neutrophil 

(Ly6G+) extracellular vesicles were also elevated in End.PTP1B-KO 

mice after inferior vena cava ligation. Higher plasma MPO 

(myeloperoxidase) and Cit-H3 (citrullinated histone-3) levels and 

neutrophil elastase activity indicated neutrophil activation and 

extracellular trap formation. Infusion of End.PTP1B-KO extracellular 

vesicles into C57BL/6J wild-type mice most prominently enhanced the 

recruitment of endogenous neutrophils, and this response was blunted 

in VWF-deficient mice or by VWF-blocking antibodies. Reduced 

PTP1B binding and tyrosine dephosphorylation of SNAP23 

(synaptosome-associated protein 23) resulting in increased VWF 

exocytosis and neutrophil adhesion were identified as mechanisms, all 

of which could be restored by NF-κB kinase inhibition using BAY11-

7082. CONCLUSIONS: Our findings show that endothelial PTP1B 

deletion promotes venous thromboinflammation by enhancing SNAP23 

phosphorylation, endothelial VWF exocytosis, and neutrophil 

recruitment. 
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Résumé 

Flow cytometry (FCM) offers a multiparametric technology capable of 

characterizing single extracellular vesicles (EVs). However, most flow 

cytometers are designed to detect cells, which are larger than EVs. 

Whereas cells exceed the background noise, signals originating from 

EVs partly overlap with the background noise, thereby making EVs 

more difficult to detect than cells. This technical mismatch together with 

complexity of EV-containing fluids causes limitations and challenges 

with conducting, interpreting and reproducing EV FCM experiments. To 

address and overcome these challenges, researchers from the 

International Society for Extracellular Vesicles (ISEV), International 

Society for Advancement of Cytometry (ISAC), and the International 

Society on Thrombosis and Haemostasis (ISTH) joined forces and 

initiated the EV FCM working group. To improve the interpretation, 

reporting, and reproducibility of future EV FCM data, the EV FCM 



working group published an ISEV position manuscript outlining a 

framework of minimum information that should be reported about an 

FCM experiment on single EVs (MIFlowCyt-EV). However, the 

framework contains limited background information. Therefore, the goal 

of this compendium is to provide the background information necessary 

to design and conduct reproducible EV FCM experiments. This 

compendium contains background information on EVs, the interaction 

between light and EVs, FCM hardware, experimental design and 

preanalytical procedures, sample preparation, assay controls, instrument 

data acquisition and calibration, EV characterization, and data reporting. 

Although this compendium focuses on EVs, many concepts and 

explanations could also be applied to FCM detection of other particles 

within the EV size range, such as bacteria, lipoprotein particles, milk fat 

globules, and viruses. 
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Résumé 

ObjectiveIL-1β is a leaderless cytokine with poorly known secretory 

mechanisms that is barely detectable in serum of patients, including 

those with an IL-1β-mediated disease such as systemic juvenile 

idiopathic arthritis (sJIA). Leukocyte microvesicles (MVs) may be a 

mechanism of IL-1β secretion. The first objective of our study was to 

characterize IL-1β-positive MVs obtained from macrophage cell culture 

supernatants and to investigate their biological functions in vitro and in 

vivo. The second objective was to detect circulating IL-1β-positive MVs 

in JIA patients.MethodsMVs were purified by serial centrifugations 

from PBMCs, or THP-1 differentiated into macrophages, then 

stimulated with LPS ± ATP. MV content was analyzed for the presence 

of IL-1β, NLRP3 inflammasome, caspase-1, P2X7 receptor, and tissue 

factor (TF) using ELISA, Western blot, or flow cytometry. MV 

biological properties were studied in vitro by measuring VCAM-1, 

ICAM-1, and E-selectin expression after HUVEC co-culture and factor-

Xa generation test was realized. In vivo, MVs’ ability to recruit 

leukocytes in a murine model of peritonitis was evaluated. Plasmatic IL-

1β-positive MVs were studied ex vivo in 10 active JIA patients using 

flow cytometry.ResultsTHP-1-derived macrophages stimulated with 



LPS and ATP released MVs, which contained NLRP3, caspase-1, and 

the 33-kDa precursor and 17-kDa mature forms of IL-1β and bioactive 

TF. IL-1β-positive MVs expressed P2X7 receptor and released soluble 

IL-1β in response to ATP stimulation in vitro. In mice, MVs induced a 

leukocyte peritoneal infiltrate, which was reduced by treatment with the 

IL-1 receptor antagonist. Finally, IL-1β-positive MVs were detectable in 

plasma from 10 active JIA patients.ConclusionMVs shed from activated 

macrophages contain IL-1β, NLRP3 inflammasome components, and 

TF, and constitute thrombo-inflammatory vectors that can be detected in 

the plasma from active JIA patients. 
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Résumé 

Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is 

characterized by a severe ADAMTS13 deficiency due to the presence 

of anti-ADAMTS13 autoantibodies, with subsequent accumulation of 

circulating ultra-large von Willebrand Factor (VWF) multimers. The 

role of endothelial cell activation as a trigger of the disease has been 

suggested in animal models but remains to be demonstrated in humans. 

We prospectively obtained plasma from the first plasma exchange of 25 

patients during iTTP acute phase. iTTP but not control plasma, induced 

a rapid VWF release and P-selectin exposure on dermal human micro-

vascular endothelial cell (HMVEC-d) surface, associated with 

angiopoietin-2 and endothelin-1 secretion, consistent with Weibel-

Palade bodies exocytosis. Calcium (Ca2+) blockade significantly 

decreased VWF release, whereas iTTP plasma induced a rapid and 

sustained Ca2+ flux in HMVEC-d which correlated in retrospect, with 

disease severity and survival in 62 iTTP patients. F(ab)'2 fragments 

purified from the immunoglobulin G (IgG) fraction of iTTP plasma 

mainly induced endothelial cell (EC) activation with additional minor 

roles for circulating free heme and nucleosomes, but not for 

complement. Furthermore, two anti-ADAMTS13 monoclonal 

antibodies purified from iTTP patient B cells, but not serum from 

hereditary TTP, induced endothelial Ca2+ flux associated with Weibel-

Palade bodies exocytosis in vitro, whereas inhibition of endothelial 

ADAMTS13 expression using small interference RNA, significantly 

decreased the stimulating effects of iTTP IgG. In conclusion, Ca2+-

mediated endothelial cell activation constitutes a second "hit" of iTTP, 

is correlated with the severity of the disease and may constitute a 

possible therapeutic target. 
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Résumé 

Microvesicles (MVs) have previously been shown to exert 

profibrinolytic capacity, which is increased in patients with septic 

shock (SS) with a favorable outcome. We therefore hypothesized that 

the plasmin generation capacity (PGC) could confer to MVs a 

protective effect supported by their capacity to lyse a thrombus, and we 

investigated the mechanisms involved. Using a MV-PGC kinetic assay, 

ELISA and flow cytometry, we found that granulocyte MVs (Gran-

MVs) from SS patients display a heterogeneous PGC profile driven by 

the uPA (urokinase)/uPAR system. In vitro, these MVs lyse a thrombus 

according to their MV-PGC levels in a uPA/uPAR-dependent manner, 

as shown in a fluorescent clot lysis test and a lysis front retraction 

assay. Fibrinolytic activators conveyed by MVs contribute to 

approximately 30% of the plasma plasminogenolytic capacity of SS 

patients. In a murine model of SS, the injection of high PGC Gran-MVs 

significantly improved mouse survival and reduced the number of 

thrombi in vital organs. This was associated with a modification of the 

mouse coagulation and fibrinolysis properties toward a more 

fibrinolytic profile. Interestingly, mouse survival was not improved 

when soluble uPA was injected. Finally, using a multiplex array on 

plasma from SS patients, we found that neutrophil elastase correlates 



with the effect of high-PGC-capacity plasma and modulates the Gran-

MV plasmin generation capacity by cleaving uPA-PAI-1 complexes. In 

conclusion, we show that high PGC level displayed by Gran-MVs 

reduce thrombus formation and improve survival conferring to Gran-

MVs a protective role in a murine model of sepsis. 
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Résumé 

Background: Triple Negative Breast Cancers (TNBC) are the most 

aggressive breast cancers and lead to poor prognoses. This is due to a 

high resistance to therapies, mainly because of the presence of Cancer 

Stem Cells (CSCs). Plasticity, a feature of CSCs, is acquired through 

the Epithelial to Mesenchymal Transition (EMT), a process that has 

http://doi.org/10.1182/blood.2021013328


been recently shown to be regulated by a key molecule, CD146. Of 

interest, CD146 is over-expressed in TNBC. Methods: The MDA-

MB-231 TNBC cell line was used as a model to study the role of 

CD146 and its secreted soluble form (sCD146) in the development 

and dissemination of TNBC using in vitro and in vivo studies. 

Results: High expression of CD146 in a majority of MDA-MB-231 

cells leads to an increased secretion of sCD146 that up-regulates the 

expression of EMT and CSC markers on the cells. These effects can 

be blocked with a specific anti-sCD146 antibody, M2J-1 mAb. M2J-1 

mAb was able to reduce tumour development and dissemination in a 

model of cells xenografted in nude mice and an experimental model 

of metastasis, respectively, in part through its effects on CSC. 

Conclusion: We propose that M2J-1 mAb could be used as an 

additional therapeutic approach to fight TNBC. 
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Résumé 

Newly recognized polymorphonuclear neutrophil (PMNs) functions 

include the ability to release subcellular mediators such as neutrophil-

derived extracellular vesicles (NDEVs) involved in immune and 

thrombo-inflammatory responses. Elevation of their plasmatic level has 

been reported in a variety of infectious and cardiovascular disorders, but 

the clinical use of this potential biomarker is hampered by 

methodological issues. Although flow cytometry (FCM) is currently 

used to detect NDEVs in the plasma of patients, an extensive 

characterization of NDEVs has never been done. Moreover, their 

detection remains challenging because of their small size and low 

antigen density. Therefore, the objective of the present study was first to 

establish a surface antigenic signature of NDEVs detectable by FCM 

and therefore to improve their detection in biological fluids by 

developing a strategy allowing to overcome their low fluorescent signal 

and reduce the background noise. By testing a large panel of 54 

antibody specificities already reported to be positive on PMNs, we 

identified a profile of 15 membrane protein markers, including 4 

(CD157, CD24, CD65 and CD66c) never described on NDEVs. Among 

them, CD15, CD66b and CD66c were identified as the most sensitive 

and specific markers to detect NDEVs by FCM. Using this antigenic 

signature, we developed a new strategy combining the three best 

antibodies in a cocktail and reducing the background noise by size 

exclusion chromatography (SEC). This strategy allowed a significant 

improvement in NDEVs enumeration in plasma from sepsis patients and 

made it feasible to efficiently sort NDEVs from COVID-19 patients. 

Altogether, this work opens the door to a more valuable measurement of 

NDEVs as a potential biomarker in clinical practice. A similar strategy 

could also be applied to improve detection by FCM of other rare 

subpopulations of EVs generated by tissues with limited access, such as 

vascular endothelium, cancer cells or placenta. 
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Résumé 

Venous thrombo-embolism (VTE) disease is the second most common 

cause of mortality in cancer patients, and evaluation and prevention of 

thrombosis risk is essential. VTE-associated risk varies according to the 

type of tumor disease. Oral cancer is the most frequent type of head and 

neck cancer, and it represents approximately 2.1% of all cancers 

https://onlinelibrary.wiley.com/doi/abs/10.1002/jev2.12204
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worldwide. Most tumors are squamous cell carcinomas and are mainly 

due to tobacco and alcohol abuse. VTE risk associated with oral 

squamous cell carcinoma (OSCC) is low. However, many studies have 

shown that OSCC has the following biological features of cancers 

associated with a high thrombosis risk: modified thrombosis and 

fibrinolysis mechanisms; strong expression of procoagulant proteins; 

secretion of procoagulant microparticles; and production of 

procoagulant cytokines. Using an original mouse model of tongue 

squamous cell carcinoma, our study aimed to clarify this paradoxical 

situation. First, we showed that OSCC tumors have a pro-aggregatory 

phenotype and a high local thrombosis risk. Second, we found that 

tongue tumor mice do not have an elevated systemic thrombosis risk 

(the risk of an "at distance" thrombosis event such as lower extremity 

deep venous thrombosis or pulmonary embolism) and even show a 

reduction in risk. Third, we demonstrated that tongue tumor mice show 

a reduction in platelet reactivity, which explains the low systemic 

thrombosis risk. Finally, we found that tongue tumor mice present 

granule pool deficiency, thereby explaining the reduction in platelet 

reactivity and systemic thrombosis risk. 
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Résumé 

Platelets promote metastasis, however, their role in tumor growth 

remains controversial. Here, we investigated the effect of platelet 

interactions with colorectal tumor cells. Platelets extravasated into the 

tumor microenvironment and interacted with tumor cells in a cadherin-

6-dependent manner. The interaction induced platelet spreading, 

release of their granule content, and the generation of three types of 

microparticles (iMP) that expressed platelet markers, tumor markers, or 

both. The presence of iMPs was confirmed in colorectal cancer tissue 

specimens. Platelets significantly reduced tumor growth and increased 

intratumoral macrophages. This was mediated by iMP recruitment of 

macrophages via the chemoattractants RANTES, MIF, CCL2, and 

CXCL12 and activation of their tumor cell killing capacity through 

IFNγ and IL4, which led to cell-cycle arrest of tumor cells in a p21-

dependent manner. In contrast, in the bloodstream, iMPs activated 

endothelial cells and platelets and induced epithelial-to-mesenchymal 

transition of tumor cells, promoting metastasis. Altogether, these 

results indicate that depending on the environment, local or 

bloodstream, the consequences of the interactions between platelets and 

a tumor may promote or prevent cancer progression. SIGNIFICANCE: 

Tumor cell interaction with platelets produces chimeric extracellular 

vesicles that suppress primary tumor growth by activating tumor-

eliminating macrophages, while promoting metastasis through EMT 

and endothelial activation. 
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Résumé 

Extracellular vesicles (EVs) are small, heterogeneous and difficult to 

measure. Flow cytometry (FC) is a key technology for the measurement 

of individual particles, but its application to the analysis of EVs and 

other submicron particles has presented many challenges and has 

produced a number of controversial results, in part due to limitations of 

instrument detection, lack of robust methods and ambiguities in how 

data should be interpreted. These complications are exacerbated by the 

field's lack of a robust reporting framework, and many EV-FC 

manuscripts include incomplete descriptions of methods and results, 

contain artefacts stemming from an insufficient instrument sensitivity 

and inappropriate experimental design and lack appropriate calibration 

and standardization. To address these issues, a working group (WG) of 

EV-FC researchers from ISEV, ISAC and ISTH, worked together as an 

EV-FC WG and developed a consensus framework for the minimum 

information that should be provided regarding EV-FC. This framework 

incorporates the existing Minimum Information for Studies of EVs 

(MISEV) guidelines and Minimum Information about a FC experiment 

(MIFlowCyt) standard in an EV-FC-specific reporting framework 

(MIFlowCyt-EV) that supports reporting of critical information related 

to sample staining, EV detection and measurement and experimental 

design in manuscripts that report EV-FC data. MIFlowCyt-EV provides 

a structure for sharing EV-FC results, but it does not prescribe specific 

protocols, as there will continue to be rapid evolution of instruments 

and methods for the foreseeable future. MIFlowCyt-EV accommodates 

this evolution, while providing information needed to evaluate and 

compare different approaches. Because MIFlowCyt-EV will ensure 

consistency in the manner of reporting of EV-FC studies, over time we 

expect that adoption of MIFlowCyt-EV as a standard for reporting EV- 

FC studies will improve the ability to quantitatively compare results 

from different laboratories and to support the development of new 

instruments and assays for improved measurement of EVs. 
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Résumé 

Diffuse alveolar hemorrhage (DAH) is a life-threatening complication 

of systemic lupus erythematosus (SLE) and systemic vasculitis. 

Although initially described to have antibacterial properties, increasing 

evidence suggests that neutrophil extracellular traps (NETs) have a 

detrimental role in both autoimmune diseases and acute lung injury. We 

investigated whether NETs could be detected in a murine model of 



pristane-induced lupus DAH and contribute to lung injury. Such NETs 

might constitute a therapeutic target. NETs were characterized by 

immunofluorescence staining of DNA, neutrophil elastase and 

citrullinated histones. Evaluation of lung injury was performed by 

haematoxylin-eosin staining and a quantification program. Clinical 

status of the mice was assessed by measurement of arterial oxygen 

saturation and survival curves after recombinant human 

deoxyribonuclease-1 (Rh-DNase-1) inhalations or polymorphonuclear 

neutrophil (PMN) depletion. Pristane was found to promote NETs 

formation in vitro and in vivo. Treatment of mice with Rh-DNase-1 

inhalations cleared NETs and reduced lung injury. Clinical status 

improved significantly, with increased arterial oxygenation and 

survival. Following PMN depletion, NETs were absent with a 

subsequent reduction of lung injury and improved arterial oxygenation. 

These results support a pathogenic role of PMNs and NETs in lung 

injury during pristane-induced DAH. Targeting NETs with Rh-DNase-

1 inhalations could constitute an interesting adjuvant therapy in human 

DAH. 
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Résumé 

Human immunodeficiency virus type 1 (HIV-1) infection promotes a 

generalized activation of host responses that involves not only CD4 T 

cells, but also cells of the microenvironment, which are not directly 

infected, such as endothelial cells. The mechanisms triggering HIV-1-

associated vascular alterations remain poorly understood. Extracellular 

vesicles (EVs), implicated in cell-to-cell communication, have been 

recently described as carriers of microRNAs (miRNAs). Here, we show 

that miR-146b-5p is upregulated in both CD4 T cells, CD4 T cell-

derived EVs and circulating EVs obtained from antiretroviral therapy-

naive HIV-1-infected patients. We further demonstrate that EVs from T 

cell line overexpressing miR-146b-5p mimics (miR-146b-EVs): 1) 

protect their miRNA cargo from RNase degradation, 2) transfer miR-

146b-5p mimics into endothelial cells and 3) reduce endothelial 

inflammatory responses in vitro and in vivo in the lungs of mice 

through the downregulation of nuclear factor-κB-responsive molecules. 

These data advance our understanding on chronic inflammatory 

responses affecting endothelial homeostasis, in infectious and non-

infectious diseases and pave the way for potential new anti-

inflammatory strategies. 
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Résumé 

AIMS: The progression of atherosclerosis is based on the continued 

recruitment of leukocytes in the vessel wall. The previously described 

role of CD146 in leukocyte infiltration suggests an involvement for this 

adhesion molecule in the inflammatory response. In this study, we 

investigated the role of CD146 in leukocyte recruitment by using an 

experimental model of atherogenesis. METHODS AND RESULTS: 

The role of CD146 was explored in atherosclerosis by crossing CD146-

/- mice with ApoE-/- mice. CD146 -/-/ApoE -/- and ApoE -/- mice were 

fed a Western diet for 24 weeks and were monitored for aortic wall 

thickness using high frequency ultrasound. The arterial wall was 

significantly thicker in CD146-deficient mice. After 24 weeks of 

Western diet, a significant increase of atheroma in both total aortic 

lesion and aortic sinus of CD146-null mice was observed. In addition, 

atherosclerotic lesions were more inflammatory since plaques from 

CD146-deficient mice contained more neutrophils and macrophages. 

This was due to up-regulation of RANTES secretion by macrophages in 



CD146-deficient atherosclerotic arteries. This prompted us to further 

address the function of CD146 in leukocyte recruitment during acute 

inflammation by using a second experimental model of peritonitis 

induced by thioglycollate. Neutrophil recruitment was significantly 

increased in CD146-deficient mice 12 h after peritonitis induction and 

associated with higher RANTES levels in the peritoneal cavity. In 

CD146-null macrophages, we also showed that increased RANTES 

production was dependent on constitutive inhibition of the p38-MAPK 

signaling pathway. Finally, Maraviroc, a RANTES receptor antagonist, 

was able to reduce atherosclerotic lesions and neutrophilia in CD146-

deficient mice to the same level as that found in ApoE -/- mice. 

CONCLUSIONS: Our data indicate that CD146 deficiency is 

associated with the upregulation of RANTES production and increased 

inflammation of atheroma, which could influence the atherosclerotic 

plaque fate. Thus, these data identify CD146 agonists as potential new 

therapeutic candidates for atherosclerosis treatment. 
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Résumé 

The pathophysiology of systemic sclerosis (SSc) involves early 

endothelial and immune activation, both preceding the onset of fibrosis. 

We previously identified soluble fractalkine and circulating endothelial 

microparticles (EMPs) as biomarkers of endothelial inflammatory 

activation in SSc. Fractalkine plays a dual role as a membrane-bound 

adhesion molecule expressed in inflamed endothelial cells (ECs) and as 

a chemokine involved in the recruitment, transmigration, and cytotoxic 

activation of immune cells that express CX3CR1, the receptor of 

fractalkine, namely CD8 and γδ T cells and natural killer (NK) cells. 

We aimed to quantify circulating cytotoxic immune cells and their 

expression of CX3CR1. We further investigated the expression profile 

of NK cells chemokine receptors and activation markers and the 

potential of NK cells to induce EC activation in SSc. We performed a 

monocentric study (NCT 02636127) enrolling 15 SSc patients [15 

females, median age of 55 years (39-63), 11 limited cutaneous form and 

4 diffuse] and 15 healthy controls. Serum fractalkine levels were 

significantly increased in SSc patients. Circulating CD8 T cells 

numbers were decreased in SSc patients with no difference in their 

CX3CR1 expression. Circulating γδ T cells and NK cells numbers were 

preserved. CX3CR1 expression in CD8 and γδ T cells did not differ 

between SSc patients and controls. The percentage and level of 

CX3CR1 expression in NK cells were significantly lowered in SSc 

patients. Percentages of CXCR4, NKG2D, CD69-expressing NK cells, 

and their expression levels were decreased in NK cells. Conversely, 

CD16 level expression and percentages of CD16+ NK cells were 

preserved. The exposure of human microvascular dermic EC line 

(HMVEC-d) to peripheral blood mononuclear cells resulted in similar 

NK cells degranulation activity in SSc patients and controls. We further 

showed that NK cells purified from the blood of SSc patients induced 

enhanced release of EMPs than NK cells from controls. This study 

evidenced a peculiar NK cells phenotype in SSc characterized by 

decreased chemokine and activation receptors expression, that might 

reflect NK cells involvement in the pathogenic process. It also 

highlighted the role of NK cells as a potent mechanism inducing 

endothelial activation through enhanced EMPs release. 
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Résumé 
Among extracellular vesicles, leukocyte-derived microvesicles (LMVs) 

have emerged as complex vesicular structures. Primarily identified as 
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procoagulant entities, they were more recently ascribed to plasmin 

generation capacity (MV-PGC). The objectives of this work were (1) to 

develop a new hybrid bio-assay combining the specific isolation of 

LMVs and measurement of their PGC, and compare its performance to 

the original method based on centrifugation, (2) to validate MV-PGC in 

septic shock, combining increased levels of LMVs and fibrinolytic 

imbalance. Using plasma sample spiked with LMVs featuring different 

levels of PGC, we demonstrated that CD15-beads specifically extracted 

LMVs. The MV dependency of the test was demonstrated using 

electron microscopy, high speed centrifugation, nanofiltration and 

detergent-mediated solubilization and the MV-PGC specificity using 

plasmin-specific inhibitors, or antibodies blocking elastase or uPA. 

Thanks to a reaction booster (ε-ACA), we showed that the assay was 

more sensitive and reproducible than the original method. Moreover, it 

exhibited a good repeatability, inter-operator and inter-experiment 

reproducibility. The new immunomagnetic bio-assay was further 

validated in patients with septic shock. As a result, we showed that 

MV-PGC values were significantly lower in septic shock patients who 

died compared to patients who survived, both at inclusion and 24 h later 

(1.4 [0.8-3.0] vs 3.1 [1.7-18] A405 × 10-3/min, p = 0.02; 1.4 [1-1.6] vs 

5.2 [2.2-16] A405 × 10-3/min, p = 0.004). Interestingly, combining 

both MV-PGC and PAI-1 in a ratio significantly improved the 

predictive value of PAI-1. This strategy, a hybrid capture bioassay to 

specifically measure LMV-PGC using for the first time, opens new 

perspectives for measuring subcellular fibrinolytic potential in clinical 

settings with fibrinolytic imbalance. 
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Résumé 

CD146 is an adhesion molecule present on many tumors (melanoma, 

kidney, pancreas, breast, ...). In addition, it has been shown to be 

expressed on vascular endothelial and smooth muscle cells. Generating 

an antibody able to specifically recognize CD146 in cancer cells 

(designated as tumor CD146), but not in normal cells, would thus be of 

major interest for targeting tumor CD146 without affecting the vascular 

system. We thus generated antibodies against the extracellular domain 

of the molecule produced in cancer cells and selected an antibody that 

specifically recognizes tumor CD146. This antibody (TsCD146 mAb) 

was able to detect CD146-positive tumors in human biopsies and in 

vivo, by PET imaging, in a murine xenograft model. In addition, 

TsCD146 mAb antibody was able to specifically detect CD146-positive 

cancer microparticles in the plasma of patients. TsCD146 mAb 

displayed also therapeutic effects since it was able to reduce the growth 



of human CD146-positive cancer cells xenografted in nude mice. This 

effect was due to a decrease in the proliferation and an increase in the 

apoptosis of CD146-positive cancer cells after TsCD146-mediated 

internalization of the cell surface CD146. Thus, TsCD146 mAb could 

be of major interest for diagnostic and therapeutic strategies against 

CD146-positive tumors in a context of personalized medicine. 
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Résumé 

Background Microparticles are extracellular vesicles resulting from the 

budding of cellular membranes that have a high potential as emergent 

biomarkers; however, their clinical relevance is hampered by 

methodological enumeration concerns and a lack of standardization. 

Flow cytometry (FCM) remains the most commonly used technique 

with the best capability to determine the cellular origin of single MPs. 

However, instruments behave variably depending on which scatter 

parameter, (Forward (FSC) or Side scatter (SSC)), provides the best 

resolution to discriminate submicron particles. To overcome this 

problem, a new approach, based on two sets of selected beads adapted to 

FSC or SSC optimized instruments, was recently proposed to 

reproducibly enumerate platelet-derived MP counts among instruments 

with different optical systems. Objective The objective was to evaluate 

this strategy in an international workshop that included 44 laboratories 

accounting for 52 cytometers of 14 types. Methods/Results Using 

resolution capability and background noise level as criteria to qualify 

the instruments, the standardization strategy proved to be compatible 

with 85% (44/52) instruments. All instruments correctly ranked the 

PMP levels of two platelet-free plasma samples. The inter-laboratory 

variability of PMP counts was 37% and 28% for each sample. No 

difference was found between instruments using forward or side 

scattered light as the relative sizing parameter. Conclusions Despite 

remaining limitations, this study is the first to demonstrate a real 

potential of bead-based strategies for standardization of MP 

enumeration across different FCM platforms. Additional standardization 

efforts are still mandatory to evaluate MP clinical relevance at a 

multicenter level. 
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Résumé 

Senescent cells may exert detrimental effect on microenvironment 

through the secretion of soluble factors and the release of extracellular 

vesicles, such as microparticles, key actors in ageing and 

cardiovascular diseases. We previously reported that sirtuin-1 (SIRT1) 

deficiency drives accelerated senescence and dysfunction of endothelial 

colony-forming cells (ECFC) in PT neonates. Because preterm birth 

(PT) increases the risk for cardiovascular diseases during neonatal 

period as well as at adulthood, we hypothesized that SIRT1 deficiency 

could control the biogenesis of microparticles as part of a senescence-

associated secretory phenotype (SASP) of PT-ECFC and investigated 

the related molecular mechanisms. Compared to control ECFC, PT-

ECFC displayed a SASP associated with increased release of 

endothelial microparticles (EMP), mediating a paracrine induction of 

senescence in naïve endothelial cells. SIRT1 level inversely correlated 



with EMP release and drives PT-ECFC vesiculation. Global 

transcriptomic analysis revealed changes in stress response pathways, 

specifically the MAPK pathway. We delineate a new epigenetic 

mechanism by which SIRT1 deficiency regulates 

MKK6/p38MAPK/Hsp27 pathway to promote EMP biogenesis in 

senescent ECFC. These findings deepen our understanding of the role 

of ECFC senescence in the disruption of endothelial homeostasis and 

provide potential new targets towards the control of cardiovascular risk 

in individuals born preterm. 
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Résumé 

Essentials The clinical enumeration of microparticles (MPs) is 

hampered by a lack of standardization. A new strategy to standardize 

MP counts by flow cytometry was evaluated in a multicenter study. No 

difference was found between instruments using forward or side scatter 

as the trigger parameter. This study demonstrated that beads can be 

used as a standardization tool for MPs. Click to hear the ISTH 

Academy's webinar on microvesicles SUMMARY: Background 

Microparticles (MPs) are extracellular vesicles resulting from the 

budding of cellular membranes that have a high potential as emergent 

biomarkers; however, their clinical relevance is hampered by 

methodological enumeration concerns and a lack of standardization. 

Flow cytometry (FCM) remains the most commonly used technique 

with the best capability to determine the cellular origin of single MPs. 

However, instruments behave variably depending on which scatter 

parameter (forward (FSC) or side scatter (SSC)) provides the best 

resolution to discriminate submicron particles. To overcome this 

problem, a new approach, based on two sets of selected beads adapted 

to FSC or SSC-optimized instruments, was recently proposed to 

reproducibly enumerate platelet-derived MP counts among instruments 

with different optical systems. Objective The objective was to evaluate 

this strategy in an international workshop that included 44 laboratories 

accounting for 52 cytometers of 14 types. Methods/Results Using 

resolution capability and background noise level as criteria to qualify 

the instruments, the standardization strategy proved to be compatible 

with 85% (44/52) of instruments. All instruments correctly ranked the 

platelet MP (PMP) levels of two platelet-free plasma samples. The 

inter-laboratory variability of PMP counts was 37% and 28% for each 

sample. No difference was found between instruments using forward or 



side-scattered light as the relative sizing parameter. Conclusions 

Despite remaining limitations, this study is the first to demonstrate a 

real potential of bead-based strategies for standardization of MP 

enumeration across different FCM platforms. Additional 

standardization efforts are still mandatory to evaluate MPs' clinical 

relevance at a multicenter level. 
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Résumé 

Although progress was made in in vitro fertilization (IVF) techniques, 

the majority of embryos transferred fail to implant. Morphology 

embryo scoring is the standard procedure for most of IVF centres for 

choosing the best embryo, but remains limited since even the embryos 

classified as "top quality" may not implant. As it has been shown that i) 

CD146 is involved in embryo implantation and ii) membrane form is 

shed to generate soluble CD146 (sCD146), we propose that sCD146 in 

embryo supernatants may constitute a new biomarker of embryo 

selection. Immunocytochemical staining showed expression of CD146 

in early embryo stages and sCD146 was detected by ELISA and 

Western-blot in embryo supernatants from D2. We retrospectively 

studied 126 couples who underwent IVF attempt. The embryo culture 

medium from each transferred embryo (n = 222) was collected for 

measurement of sCD146 by ELISA. Significantly higher sCD146 

concentrations were present in embryo supernatants that did not implant 

(n = 185) as compared to those that successfully implanted (n = 37) 

(1310 +/- 1152 pg.mL-1 vs. 845+/- 1173 pg.mL-1, p = 0.024). 

Sensitivity analysis performed on single embryo transfers (n = 71) 

confirmed this association (p = 0.0054). The computed ROC curve 

established that the optimal sCD146 concentration for embryo 

implantation is under 1164 pg.mL-1 (sensitivity: 76%, specificity: 48%, 

PPV: 25% and NPV: 92%). Over this sCD146 threshold, the 

implantation rate was significantly lower (9% with sCD146 levels 

>1164 pg.ml-1 vs. 22% with sCD146 levels ≤ 1164 pg.mL-1, p = 0.01). 

Among the embryos preselected by morphologic scoring, sCD146 

determination could allow a better selection of the embryo(s), thus 

improving the success of elective single embryo transfer. This study 

establishes the proof of concept for the use of sCD146 as a biomarker 

for IVF by excluding the embryo with the highest sCD146 level. A 

multicentre prospective study will now be necessary to further establish 

its use in clinical practice. 
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Résumé 

Microparticles are plasma membrane vesicles produced by apoptotic or 

activated cells and resting cancer cells. The concentration, origin and 

procoagulant properties of circulating microparticles are reported to 

differ according to pathological settings (inflammation, cancer and 

cardiovascular diseases). In case of cancer, different studies have 

http://doi.org/10.1371/journal.pone.0173724


reported a variation in the concentration of circulating microparticles, 

with an increase in procoagulant and tumor-associated antigen-bearing 

microparticles. However, the cancer specificity of these results remains 

unknown. The objective was to establish a specific signature of 

colorectal and pancreatic cancers (CRC, PC) by characterizing 

circulating microparticles. Patients presenting with CRC, PC, 

inflammatory bowel or pancreatic diseases, and healthy subjects, were 

prospectively included. Circulating microparticles were analyzed by 

flow cytometry, combining the analysis of Annexin V-positive with 

characterization of their origin and determination of their procoagulant 

activities. We included 85, 36, 15, 18 and 20 patients presenting with 

CRC, PC, inflammatory bowel or pancreatic diseases, and healthy 

subjects, respectively. Here, we depict a specific signature, which 

differed between CRC, PC, associated inflammatory bowel and 

pancreatic diseases and healthy subjects. Furthermore, in patients with 

remission, this signature returned to the levels observed in associated 

inflammatory or healthy patients. Our results indicate that circulating 

microparticles differ depending on the evolution of a cancer. The 

analysis of the circulating microparticles reveals the specificity of the 

signature and can be used as a new complex biomarker reflecting the 

evolution of the disease. 
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Résumé 

Clinical determination of MP counts using flow cytometry has not been 

fully accepted yet due to the lack of standardization protocols. In the 

past 5 years, we have proposed two versions of a method with 

reproducible PMP counts in plasma samples. Both methods use 

forward scatter (FSC)-based threshold set with reference beads of 

appropriate sizes; first using 0.5 µm beads and later with 0.3 µm beads. 

Both systems provide reproducible PMP counts. However, this 

technique works only with some of currently used commercial flow 

cytometers. Instruments with limited resolution or generating 

heterogeneous FSC signals are excluded. Such performances are 

incompatible with the required interinstrument standardization. Here 

we show that (i) flow cytometers with sub-optimal FSC capabilities 

generally have higher SSC resolution and background rejection 

capacity, and (ii) that the same biological entities, "dim and bright 

PMP," both can be counted using alternative strategies, either as 

previously described, based on FSC measurements, or as presented 



here, based on SSC detection. The critical element in the 

standardization protocol is the use of different sizes of reference beads. 

This study was designed to permit simultaneous access to both FSC- 

and SSC-optimized platforms. A new range of about 0.17-0.6 µm eq. 

(µm-equivalents) is proposed for an alternative SSC-based MP gate 

generating the same PMP counts as those obtained in the previously 

proposed 0.3-1 µm eq. FSC-based MP gate. The two equivalent 

standardization options reconcile intrinsically different scattering 

behaviors between SSC- and FCS--triggered instruments and open the 

opportunity for multicenter studies in the future. 
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Résumé 

Pleural biomarkers allowing to mini-invasively discriminate benign 

from malignant pleural effusions are needed. Among potential 

candidates, microparticles (MPs) are extracellular vesicles that 

vectorize antigen derived from the parent cell. We hypothesized that 

tumor-derived MPs could be present in the pleural liquid and help to 

identify patients with malignant pleural effusions. Using highly 

sensitive flow cytometry and cryo-electron microscopy, we showed that 

large amounts of MPs from hematopoïetic and vascular origin could be 

detectable in pleural fluids. Their level did not differ between benign (n 

= 14) and malignant (n = 71) pleural effusions. Analysis of selected 

tumoral associated antigens (podoplanin, mucin 1 and EpCAM, 

epithelial-cell-adhesion-molecule) evidenced for the first time the 

presence of tumor-derived MPs expressing EpCAM in malignant 

pleural fluids only (Specificity = 93%, Sensitivity = 49% and 45% for 

flow cytometry and ELISA, respectively). The detection of EpCAM-

positive-MPs (EpCAM + MPs) by flow cytometry showed a better 

specificity and sensitivity than ELISA to distinguish between pleural 

carcinoma and the others malignant pleural effusions (MPE; Sp: 96% 

vs 89%; Se: 79% vs 66%). Combining EpCAM+ MPs and cytology 

improved the diagnosis of MPE compared to cytology alone. This study 

establishes the basis for using EpCAM+ MPs as a promising new 



biomarker that could be added to the armamentarium to mini-invasively 

identify patients with malignant pleural effusions. 
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Résumé 

The level of circulating platelet-, erythrocyte-, leucocyte- and 

endothelial-derived microparticles detected by high-sensitivity flow 

cytometry was investigated in 37 β-thalassaemia major patients 

receiving a regular transfusion regimen. The phospholipid procoagulant 

potential of the circulating microparticles and the microparticle-

dependent tissue factor activity were evaluated. A high level of 

circulating erythrocyte- and platelet-microparticles was found. In 

contrast, the number of endothelial microparticles was within the 

normal range. Platelet microparticles were significantly higher in 

splenectomized than in non-splenectomized patients, independent of 

platelet count (P < 0·001). Multivariate analysis indicated that 

phospholipid-dependent procoagulant activity was influenced by both 

splenectomy (P = 0·001) and platelet microparticle level (P < 0·001). 

Erythrocyte microparticles were not related to splenectomy, appear to 

be devoid of proper procoagulant activity and no relationship between 

their production and haemolysis, dyserythropoiesis or oxidative stress 

markers could be established. Intra-microparticle labelling with anti-

HbF antibodies showed that they originate only partially (median of 

28%) from thalassaemic erythropoiesis. In conclusion, when β-

thalassaemia major patients are intensively transfused, the procoagulant 

activity associated with thalassaemic erythrocyte microparticles is 

probably diluted by transfusions. In contrast, platelet microparticles, 

being both more elevated and more procoagulant, especially after 



splenectomy, may contribute to the residual thrombotic risk reported in 

splenectomized multi-transfused β-thalassaemia major patients. 
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Résumé 

BACKGROUND: Endothelial colony-forming cells (ECFCs) represent 

a subpopulation of circulating endothelial progenitor cells that have 

been implicated in vascular repair. However, no study has evaluated 

the role of ECFCs in endothelial injury leading to thrombus formation. 

OBJECTIVE: We investigated the kinetics, mechanisms and role of 

ECFC recruitment in the dynamics of thrombus formation and 

stabilization. METHODS AND RESULTS: Using digital intravital 

microscopy in living mice, we show that ECFCs, but not mature 

endothelial cells, adhere to sites of laser-induced injury and do not 

affect the kinetics of thrombus formation. This interaction occurs once 

the platelet thrombus has been stabilized, and is dependent on the 

presence of neutrophils but not platelets or fibrin. In vitro, the 

interaction of the activated neutrophils with activated endothelial cells 

is a prerequisite for the capture of ECFCs. Neutrophils activate ECFCs 

and increase their angiogenic properties, such as their ability to migrate 

and to form pseudocapillaries. This newly identified interaction of 

ECFCs with the neutrophils is mediated by the P-selectin glycoprotein 

ligand-1 (PSGL-1)/L-selectin axis both in vitro and in vivo. 

CONCLUSIONS: This study is the first demonstration that neutrophils 

present at the site of injury recruit ECFCs via PSGL-1/L-selectin. This 

interaction between neutrophils and ECFCs could play a key role in the 

regeneration of injured vessels in pathophysiologic conditions. 
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Résumé 

Epidemiological and experimental studies indicate that early vascular 

dysfunction occurs in low-birth-weight subjects, especially preterm 

(PT) infants. We recently reported impaired angiogenic activity of 

endothelial colony-forming cells (ECFCs) in this condition. We 

hypothesized that ECFC dysfunction in PT might result from premature 

senescence and investigated the underlying mechanisms. Compared 

with ECFCs from term neonates (n = 18), ECFCs isolated from PT (n = 

29) display an accelerated senescence sustained by growth arrest and 

increased senescence-associated β-galactosidase activity. Increased 

p16(INK4a) expression, in the absence of telomere shortening, 

indicates that premature PT-ECFC aging results from stress-induced 

senescence. SIRT1 level, a nicotinamide adenine dinucleotide-

dependent deacetylase with anti-aging activities, is dramatically 

decreased in PT-ECFCs and correlated with gestational age. SIRT1 

deficiency is subsequent to epigenetic silencing of its promoter. 

Transient SIRT1 overexpression or chemical induction by resveratrol 

treatment reverses senescence phenotype, and rescues in vitro PT-

ECFC angiogenic defect in a SIRT1-dependent manner. SIRT1 

overexpression also restores PT-ECFC capacity for neovessel 

formation in vivo. We thus demonstrate that decreased expression of 

SIRT1 drives accelerated senescence of PT-ECFCs, and acts as a 

critical determinant of the PT-ECFC angiogenic defect. These findings 

lay new grounds for understanding the increased cardiovascular risk in 

individuals born prematurely and open perspectives for therapeutic 

strategy. 
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Résumé 

The melanoma cell adhesion molecule (CD146) contains a circulating 

proteolytic variant (sCD146), which is involved in inflammation and 

angiogenesis. Its circulating level is modulated in different pathologies, 

but its intracellular transduction pathways are still largely unknown. 

Using peptide pulldown and mass spectrometry, we identified 

angiomotin as a sCD146-associated protein in endothelial progenitor 

cells (EPC). Interaction between angiomotin and sCD146 was 

confirmed by enzyme-linked immunosorbent assay (ELISA), 

homogeneous time-resolved fluorescence, and binding of sCD146 on 

both immobilized recombinant angiomotin and angiomotin-transfected 

cells. Silencing angiomotin in EPC inhibited sCD146 angiogenic 

effects, i.e. EPC migration, proliferation, and capacity to form 

capillary-like structures in Matrigel. In addition, sCD146 effects were 

inhibited by the angiomotin inhibitor angiostatin and competition with 

recombinant angiomotin. Finally, binding of sCD146 on angiomotin 

triggered the activation of several transduction pathways that were 

identified by antibody array. These results delineate a novel signaling 

pathway where sCD146 binds to angiomotin to stimulate a 

proangiogenic response. This result is important to find novel target 

cells of sCD146 and for the development of therapeutic strategies based 

on EPC in the treatment of ischemic diseases. 
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Résumé 

BACKGROUND: We recently assigned a new fibrinolytic function to 

cell-derived microparticles in vitro. In this study we explored the 

relevance of this novel property of microparticles to the in vivo 

situation. DESIGN AND METHODS: Circulating microparticles were 

isolated from the plasma of patients with thrombotic thrombocytopenic 

purpura or cardiovascular disease and from healthy subjects. 

Microparticles were also obtained from purified human blood cell 

subpopulations. The plasminogen activators on microparticles were 

identified by flow cytometry and enzyme-linked immunosorbent 

assays; their capacity to generate plasmin was quantified with a 

chromogenic assay and their fibrinolytic activity was determined by 

zymography. RESULTS: Circulating microparticles isolated from 

patients generate a range of plasmin activity at their surface. This 

property was related to a variable content of urokinase-type 

plasminogen activator and/or tissue plasminogen activator. Using 

distinct microparticle subpopulations, we demonstrated that plasmin is 

generated on endothelial and leukocyte microparticles, but not on 

microparticles of platelet or erythrocyte origin. Leukocyte-derived 

microparticles bear urokinase-type plasminogen activator and its 

receptor whereas endothelial microparticles carry tissue plasminogen 

activator and tissue plasminogen activator/inhibitor complexes. 

CONCLUSIONS: Endothelial and leukocyte microparticles, bearing 

respectively tissue plasminogen activator or urokinase-type 

plasminogen activator, support a part of the fibrinolytic activity in the 

circulation which is modulated in pathological settings. Awareness of 

this blood-borne fibrinolytic activity conveyed by microparticles 

provides a more comprehensive view of the role of microparticles in the 

hemostatic equilibrium. 

Date Dec 2012 

Langue eng 

Titre 

abrégé 
Leukocyte- and endothelial-derived microparticles 

Catalogue 

de bibl. 
PubMed 

Extra Number: 12 

Volume 97 

Pages 1864-1872 

Publication Haematologica 

DOI 10.3324/haematol.2012.066167  

http://doi.org/10.3324/haematol.2012.066167


Numéro 12 

Abrév. de 

revue 
Haematologica 

ISSN 1592-8721 

Date 

d'ajout 
13/12/2021 10:35:21 

Modifié le 13/12/2021 10:35:21 

• Marqueurs : 
o Cardiovascular Diseases 

o Endothelium, Vascular 

o Humans 

o Cell-Derived Microparticles 

o Flow Cytometry 

o Leukocytes 

o Fibrinolysis 

o Enzyme-Linked Immunosorbent Assay 

o Cells, Cultured 

o Fibrinolysin 

o Urokinase-Type Plasminogen Activator 

o Case-Control Studies 

o Purpura, Thrombotic Thrombocytopenic 

o Renal Artery 

o Tissue Plasminogen Activator 

Pièces jointes 

o PubMed entry  

o Texte intégral  

• High-sensitivity flow cytometry provides access to 

standardized measurement of small-size 

microparticles--brief report 

Type de 

document 
Article de revue 

Auteur Stéphane Robert 

Auteur Romaric Lacroix 

Auteur Philippe Poncelet 

Auteur Karim Harhouri 

Auteur Tarik Bouriche 

Auteur Coralie Judicone 

Auteur Jennifer Wischhusen 

Auteur Laurent Arnaud 

Auteur Françoise Dignat-George 



Résumé 

OBJECTIVE: Cellular microparticles (MP) are promising biomarkers 

in many pathological situations. Although flow cytometry (FCM) is 

widely used for their measurement, it has raised controversies because 

the smallest MP size falls below the detection limit of standard FCM 

(sd-FCM). Following recent technological improvements leading to 

high sensitivity FCM (hs-FCM), our objectives were (1) to evaluate the 

potential of hs-FCM for extended MP detection, (2) to set up a 

standardized protocol for MP enumeration, and (3) to compare MP 

counts obtained with both sensitivity levels. METHODS AND 

RESULTS: Compared with sd-FCM, hs-FCM displayed improved 

forward scatter resolution and lower background noise, allowing us to 

discriminate previously undetectable small MP in plasma samples. 

Using fluorescent beads with appropriate sizes (0.1/0.3/0.5/0.9 μm) and 

relative amounts, a new standardized hs-FCM MP protocol was set up 

and provided reproducible MP counts. Applied to coronary patient 

samples, it resulted into 8- to 20-fold increases in MP counts as 

compared with sd-FCM. Interestingly, the ratio between small and large 

MP varied according to clinical status but also depending on MP subset, 

suggesting access to new biological information. CONCLUSIONS: 

Recent improvements in FCM provide access to previously 

undetectable MP and represent a new opportunity to enhance their 

impact as biomarkers in clinical practice. 
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Résumé 

BACKGROUND: Microparticles (MP) are small vesicles of 0.1-1 μm, 

released in response to activation or apoptosis. Over the past decade, 

they received an increasing interest both as biomarkers and biovectors 

in coagulation, inflammation and cancer. Clinical studies were 

conducted to assess their contribution to the identification of patients at 

cardiovascular risk. However, among the limitation of such studies, 

pre-analytical steps remains an important source of variability and 

artifacts in MP analysis. OBJECTIVES: Because data from the 

literature are insufficient to establish recommendations, the objective of 

the present study was to assess the impact of various pre-analytical 

parameters on MP measurement. These parameters included the type of 

collection tube, phlebotomy conditions, transportation practices, 

centrifugation steps and freezing. METHODS: MP were assessed by 

three methods: flow cytometry using a standardized approach, a 

thrombin generation test (Calibrated Automated Thrombogram(®)) and 

a procoagulant phospholipid-dependent clotting time assay (STA(®) -

Procoag-PPL). RESULTS: The main results show that the three major 

pre-analytical parameters which impact on MP-related data are the 

delay before the first centrifugation, agitation of the tubes during 

transportation and the centrifugation protocol. CONCLUSIONS: Based 

on both this work and literature data, we propose a new protocol that 

needs to be validated on a larger scale before being applied for 

multicenter studies. 
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Résumé 

Sterile inflammation resulting from cell death is due to the release of 

cell contents normally inactive and sequestered within the cell; 

fragments of cell membranes from dying cells also contribute to sterile 

inflammation. Endothelial cells undergoing stress-induced apoptosis 

release membrane microparticles, which become vehicles for 

proinflammatory signals. Here, we show that stress-activated 

endothelial cells release two distinct populations of particles: One 

population consists of membrane microparticles (<1 μm, annexin V 

positive without DNA and no histones) and another larger (1-3 μm) 

apoptotic body-like particles containing nuclear fragments and histones, 

representing apoptotic bodies. Contrary to present concepts, endothelial 

microparticles do not contain IL-1α and do not induce neutrophilic 

chemokines in vitro. In contrast, the large apoptotic bodies contain the 

full-length IL-1α precursor and the processed mature form. In vitro, 

these apoptotic bodies induce monocyte chemotactic protein-1 and IL-8 

chemokine secretion in an IL-1α-dependent but IL-1β-independent 

fashion. Injection of these apoptotic bodies into the peritoneal cavity of 

mice induces elevated serum neutrophil-inducing chemokines, which 

was prevented by cotreatment with the IL-1 receptor antagonist. 

Consistently, injection of these large apoptotic bodies into the 

peritoneal cavity induced a neutrophilic infiltration that was prevented 

by IL-1 blockade. Although apoptosis is ordinarily considered 

noninflammatory, these data demonstrate that nonphagocytosed 

endothelial apoptotic bodies are inflammatory, providing a vehicle for 

IL-1α and, therefore, constitute a unique mechanism for sterile 

inflammation. 
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Résumé 

BACKGROUND: In obesity, metabolic stress and inflammation in 

injured tissues could favour enhanced shedding of procoagulant 

microparticles (MPs). At sites of endothelium injury, the swift 

recruitment of procoagulant leukocyte-derived MPs enables the 

initiation of blood coagulation and thrombus growth. OBJECTIVES: In 

obese females, we sought to evaluate the impact of a very low-calorie 

diet (VLCD) on procoagulant MP levels, fibrinolytic status, 

inflammation and endothelium damage. METHODS: Circulating 

biomarkers of vascular damage, fibrinolytic status, platelet activation 

and inflammation were measured before, 30 and 90 days after starting a 

short-term VLCD. MPs were measured by flow cytometry and capture 

assays. Their procoagulant potential was quantified using functional 

prothrombinase assays and their cellular origin were determined using 

flow cytometry (endothelium, platelet, leukocyte, lymphocyte and 

erythrocyte-derived MP) or capture assays. RESULTS: A total of 24 

obese females (39 ± 10 years) with a mean body mass index of 35 ± 4  

kg m(-2) were prospectively enroled. Procoagulant leukocyte-derived 

MPs were associated with the waist circumference at baseline (r=0.534; 

P=0.010) and at 90 days follow-up (r=0.487; P=0.021). At 90 days, 

weight reduction (-9.8%) was associated with a lowering of blood 

pressure, improvement of metabolic parameters and a significant 

reduction of plasminogen activator inhibitor-1 (PAI-1) (-38%), 

procoagulant platelet-derived MPs (-43%), leukocyte-derived MPs (-

28%) and leptin (-32%) levels. CONCLUSION: In obese females, a 

short-term VLCD results in an overall improvement of the haemostatic 

balance characterized by the reduction of PAI-levels, diminished 

release of platelet and leukocyte-derived MPs and a reduction in leptin 

levels, an adipocyte-derived cytokine. 
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Résumé 

BACKGROUND AND AIMS: The Metabolic Syndrome (MetS) is 

associated with increased cardiovascular risk. Circulating 

microparticles (MP) are involved in the pathogenesis of 

atherothrombotic disorders and are raised in individual with CVD. We 

measured their level and cellular origin in subjects with MetS and 

analyzed their associations with 1/anthropometric and biological 

parameters of MetS, 2/inflammation and oxidative stress markers. 

METHODS AND RESULTS: Eighty-eight subjects with the MetS 

according to the NCEP-ATPIII definition were enrolled in a bicentric 

study and compared to 27 healthy controls. AnnexinV-positive MP 

(TMP), MP derived from platelets (PMP), erythrocytes (ErMP), 

endothelial cells (EMP), leukocytes (LMP) and granulocytes (PNMP) 

were determined by flow cytometry. MetS subjects had significantly 

higher counts/μl of TMP (730.6±49.7 vs 352.8±35.6), PMP 

(416.0±43.8 vs 250.5±23.5), ErMP (243.8±22.1 vs 73.6±19.6) and 

EMP (7.8±0.8 vs 4.0±1.0) compared with controls. LMP and PNMP 

were not statistically different between groups. Multivariate analysis 

demonstrated that each criterion for the MetS influenced the number of 

TMP. Waist girth was a significant determinant of PMP and EMP level 

and blood pressure was correlated with EMP level. Glycemia positively 

correlated with PMP level whereas dyslipidemia influenced EMP and 

ErMP levels. Interestingly, the oxidative stress markers, plasma 

glutathione peroxydase and urinary 8-iso-prostaglandin F(2) α, 

independently influenced TMP and PMP levels whereas inflammatory 

markers did not, irrespective of MP type. CONCLUSION: Increased 

levels of TMP, PMP, ErMP and EMP are associated with individual 

metabolic abnormalities of MetS and oxidative stress. Whether MP 

assessment may represent a marker for risk stratification or a target for 

pharmacological intervention deserves further investigation. 
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Résumé 

Circulating microparticles are submicron vesicles released from cell 

membranes in response to activation or apoptosis. Acknowledgment of 

their role both as markers and pathogenic effectors in thrombosis, 

inflammation, and the spread of cancer has increased the interest of 

their measurement in clinical practice. However, assessment of their 

clinical use is impeded by technological issues. Among the different 

methodologies available, flow cytometry is the most commonly used 

technique. This review addresses flow cytometry limitations in 

microparticle measurement that may be subdivided into three domains: 

sizing, probing, and counting. This article also covers the various 

standardization strategies and technological improvements that have 

been proposed to overcome these limitations. New tools using size-

calibrated beads and recent progress in instrumentation have opened 

new avenues to improve detection of microparticle populations of 

smaller sizes. Significant optimization in microparticle detection is also 

http://doi.org/10.1111/j.1538-7836.2011.04387.x


expected from the use of new fluorescent dyes and the establishment of 

practical recommendations. Finally, absolute counting of 

microparticles will also benefit from adapted bead-based strategies or, 

alternatively, from the generalized availability of volumetric systems. 

Overall, recent technological improvements maintain flow cytometry 

as a highly competitive analytical method to measure microparticles. 

Challenging these evolutions in pathological situations is a mandatory 

step to validate their real impact in clinical practice. 
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Résumé 

BACKGROUND: Patients suffering from chronic kidney diseases 

(CKD) exhibit cardiovascular diseases and profound endothelial 

dysfunction. CKD patients have reduced numbers of endothelial 

progenitor cells, but little is known about the factors influencing these 

numbers. OBJECTIVES: Among these factors, we hypothesized that 

uremic toxins and vascular injury affect endothelial progenitor cells. 

PATIENTS/METHODS: Thirty-eight hemodialysis patients were 

investigated and compared with 21 healthy controls. CD34+CD133+ 

immature progenitors, CD34+KDR+ endothelial progenitors cells 

(EPC) and myeloid EPC (mEPC) were counted in peripheral blood. 

Levels of uremic toxins beta(2)-microglobulin, indole-3 acetic acid, 

indoxylsulfate, p-cresylsulfate and homocysteine were measured. 

Vascular injury was assessed in hemodialysis (HD) patients by 

measuring aortic pulse wave velocity and plasma levels of endothelial 

microparticles. In vitro experiments were performed to study the effect 

of uremic toxins on apoptosis of progenitor cells. RESULTS AND 

CONCLUSIONS: CD34+CD133+ immature progenitor cell number 

was negatively correlated with the levels of uremic toxins beta(2)-

microglobulin and indole-3 acetic acid. In vitro, indole-3 acetic acid 

induced apoptosis of CD133+ cells. These data indicate uremic toxins 

have a deleterious role on progenitor cells, early in the differentiation 

process. Moreover, mEPC number was positively correlated with 

markers of vascular injury-pulse wave velocity and endothelial 

microparticle levels. This suggests that vascular lesions could stimulate 

progenitor cell mobilization, even in a context of reduced EPC induced 

by CKD. In conclusion, uremic toxins and vascular injury appear to 

affect endothelial progenitor cell biology in CKD. 
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Résumé 

OBJECTIVES: During inflammation, cell adhesion molecules are 

modulated or redistributed for leukocyte transmigration. Among 

molecules at the interendothelial junction, CD146 is involved in cell-

cell cohesion and permeability, but its role in monocyte transmigration 

is unknown. METHODS AND RESULTS: TNF enhanced CD146 

expression at the junction and apical membrane of human umbilical 

veins endothelial cells (HUVECs) through CD146 synthesis and 

intracellular store redistribution. In addition, TNF increased the release 

of a soluble form (sCD146) through a metalloproteinase-dependent 

mechanism. The redistribution of CD146 to the junction led us to 

investigate its role in monocyte transmigration using THP1 and freshly 

isolated monocytes. Evidence that CD146 contributes to monocyte 

transmigration was provided by inhibition experiments using anti-

CD146 antibodies and CD146 siRNA in HUVECs. In addition, sCD146 

specifically bound both monocytes and HUVECs and dose-dependently 

increased monocyte transmigration. Assessment of sCD146 binding on 

immobilized CD146 failed to evidence any homophilic interaction. 

Together, our data suggest endothelial CD146 binds heterophilically 

with a yet unknown ligand on monocytes. CONCLUSIONS: Our 

results demonstrate that CD146 is regulated by the inflammatory 

cytokine TNF and that CD146 and sCD146 are both involved in 

monocyte transendothelial migration during inflammation. 
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Résumé 

Microparticles are small vesicles playing a crucial role in cell 

communication by promoting prothrombotic and proinflammatory 

responses. However, the molecular mechanisms underlying their release 

are still elusive. We previously established that thrombin promoted the 

generation of endothelial microparticles (EMPs). In the present study, 

gene profiling identified TRAIL/Apo2L, a cytokine belonging to the 

tumor necrosis factor-alpha superfamily, as a target of thrombin. 

Thrombin increased the expression of cell-associated and soluble forms 

of TRAIL (sTRAIL) in HMEC-1 cells and human umbilical vein 

endothelial cells (HUVECs). Blocking TRAIL by specific antibodies or 

by small interfering RNA reduced both the number and the 

procoagulant activity of EMPs released by thrombin. Consistent with an 



involvement of sTRAIL in thrombin-induced EMP release, we showed 

that (1) exogenously added sTRAIL generated procoagulant EMPs; (2) 

supernatants from thrombin-stimulated endothelial cells induced EMP 

release by HMEC-1 cells and HUVECs, whereas those recovered from 

TRAIL knockdown endothelial cells displayed no effect. 

TRAIL/TRAIL-R2 complex mediated EMP release by initiating the 

recruitment of adaptor proteins and the activation of nuclear factor 

kappaB. Moreover, sTRAIL modulated intercellular adhesion 

molecule-1 and interleukin-8 expression induced by thrombin by a 

downstream pathway involving nuclear factor kappaB activation. Our 

data reveal a novel mechanism controlling EMP release and identify 

TRAIL as a key partner in the pathway linking coagulation and 

inflammation elicited by thrombin. 
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Résumé 

Microparticles (MP) are important players in cardiovascular disorders. 

Renal transplantation significantly improves the survival of 

hemodialyzed patients, in part because cardiovascular disease (CVD) 

progression is lessened. We hypothesized that the beneficial effect of 

renal transplantation on cardiovascular outcome might involve 

decreased levels of circulating MP. We evaluated the kinetics of MP 

subpopulations and their procoagulant activity (MP-PCA) in 52 

patients before and 3, 6, 9 and 12 months after graft with reference to 

50 healthy controls and we evaluated the impact of cardiovascular 

complications. During the follow-up, the increased levels of MP 

observed before graft were significantly decreased and reached normal 

values with different kinetics according to their cellular origin whereas 

MP-PCA remained significantly higher than in controls. From 

multivariate analysis, the levels of MP were negatively correlated with 

renal function. At 12 months, the decrease in MP and MP-PCA was 

more pronounced in patients without history of CVD than those with. 

In conclusion, we demonstrated that renal graft is associated with 

decreased levels of MP levels and MP-PCA, even more pronounced so 

in patients without history of CVD. Therefore, we suggest that MP 



lowering could be involved in the vascular dysfunction improvements 

reported after transplantation. 
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Résumé 

BACKGROUND: Platelet microparticles (PMPs) have proved useful to 

identify patients with vascular risk. However, PMP counting, which is 

currently done by flow cytometry (FCM), needs to be standardized. 

OBJECTIVES: The objectives were (i) to standardize FCM settings for 

PMP counts on a routine instrument (Cytomics FC500) using size-

calibrated fluorescent beads; (ii) to determine intra-instrument and 

inter-instrument reproducibility; and (iii) to establish PMP values in 

healthy subjects. METHODS: Using a blend of size-calibrated 

fluorescent beads (0.5 and 0.9 mum) in a fixed numerical ratio 

(Megamix), we gated PMPs in a restricted size window. To test intra-

instrument and inter-instrument reproducibility, annexin V and CD41 

coexpression were used to count PMPs in frozen aliquots of the same 

platelet-free plasma (PFP) over 4 months and in PFP from 10 healthy 

subjects on three independent flow cytometers. RESULTS: This 

calibrated-bead strategy allowed full long-term control of the FCM-

based microparticle protocol and reproducible PMP counts over time 

[coefficient of variation (CV) < 10%]. Optimal settings were easily 

transferred from one instrument to another, using Megamix as a stable 

template. Similar PMP counts (CV < 12%) were obtained using the 

three instruments. With such a standardized FCM protocol, PMP values 

were established in healthy subjects (n = 60) with significantly higher 

levels in women than in men [median (1st quartile to 3rd quartile): 

1775 microL(-1) (1014-3039 microL(-1)) vs. 656 microL(-1) (407-962 

microL(-1))]. CONCLUSIONS: The present strategy provides a new 

option for PMP count standardization and thus opens the way for 

multicenter studies. 
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Résumé 

Endothelial dysfunction occurs in hemodialysis and kidney-

transplanted patients and can be enhanced by immunosuppressive 

therapy. Circulating endothelial cells (CEC), endothelial microparticles 

(EMP) and sVCAM-1 provide information on endothelium activation 

and damage. We compared the impact of two immunosuppressive 

regimens (CsA/Aza vs. Tac/MMF) on the kinetics of CEC, EMP and 

sVCAM-1 levels in 52 patients, both before graft and 3, 6, 9 and 12 

months after graft, in reference to 50 healthy controls. CEC, EMP and 

sVCAM-1 levels were significantly decreased 1 year after 

transplantation (M12) as compared to pretransplant values. At M12, 



CEC and sVCAM-1 levels were significantly higher than those of 

controls whereas EMP reached normal values. Nine months postgraft, 

lower CEC and normalized EMP levels were found in patients 

receiving cyclosporine microemulsion/ azathioprine (CsA/Aza) when 

compared to patients treated with tacrolimus/ mycophenolate mofetil 

(Tac/MMF). Multivariate analysis evidenced positive correlations 

between CEC and history of cardiovascular diseases and between EMP 

and cytomegalovirus infection at M12. In conclusion, our combined 

analysis of endothelial injury markers confirms the favorable impact of 

renal transplantation on endothelium, and show that CEC levels 

discriminate treatment-associated endothelial toxicity. These results 

enlighten the potential of these noninvasive blood biomarkers in 

indexing vascular injury and optimize therapeutic options. 
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Résumé 

The regulation of plasmin generation on cell surfaces is of critical 

importance in the control of vascular homeostasis. Cell-derived 

microparticles participate in the dissemination of biological activities. 

However, their capacity to promote plasmin generation has not been 

documented. In this study, we show that endothelial microparticles 

(EMPs) from tumor necrosis factor alpha (TNFalpha)-stimulated 

endothelial cells served as a surface for the generation of plasmin. The 

generation of plasmin involved expression of urokinase-type 

plasminogen activator (uPA) and its receptor (uPAR) at the surface of 

EMPs and was further increased by their ability to bind exogenous uPA 

on uPAR. Plasminogen was activated at the surface of EMPs in a dose-

dependent, saturable, and specific manner as indicated by the inhibition 

of plasmin formation by epsilon-amino-caproic acid (epsilon-ACA) 

and carboxypeptidase B. EMP-induced plasmin generation affects tube 

formation mediated by endothelial progenitor cells. However, low 

amounts of EMPs increased tube formation, whereas higher 

concentrations inhibited it. Prevention of these effects by inhibitors of 

either uPA or plasmin underscore the key role of EMP-induced plasmin 

generation. In conclusion, we demonstrated that EMPs act as vectors 

supporting efficient plasmin generation and dissemination, a new 



pathway in the regulation of endothelial proteolytic activities with 

potential involvement in inflammation, angiogenesis, and 

atherosclerosis. 
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