
HAL Id: inserm-00851463
https://inserm.hal.science/inserm-00851463

Submitted on 14 Aug 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Membrane microvesicles: a circulating source for
fibrinolysis, new antithrombotic messengers.

Laurent Plawinski, Eduardo Anglés-Cano

To cite this version:
Laurent Plawinski, Eduardo Anglés-Cano. Membrane microvesicles: a circulating source for fibri-
nolysis, new antithrombotic messengers.. Haematologica, 2013, 98 (7), pp.e75-6. �10.3324/haema-
tol.2013.088948�. �inserm-00851463�

https://inserm.hal.science/inserm-00851463
https://hal.archives-ouvertes.fr


 1

Membrane microvesicles: a circulating source for fibrinolysis, new antithrombotic 

messengers 

 

1Laurent Plawinski, 2,3 Eduardo Anglés-Cano 
 
 
1 CNRS UMR 5248 Imagerie Moléculaire et Nanobiotechnologie, Université de Bordeaux, 
Allée de St Hilaire Bât B14, 33600 Talence, France. 
l.plawinski@cbmn.u-bordeaux.fr 
 
2 Université Paris Descartes, Sorbonne Paris Cité 

3 Inserm UMR_S765, Paris, France 

 
 
  
 
Corresponding author: 

Dr. Eduardo ANGLES-CANO 
Inserm UMR_S765 Thrombosis: epidemiology, pathophysiology, and innovative therapies 
Faculté de Sciences Pharmaceutiques & Biologiques 
4 Avenue de l'Observatoire 
75270 PARIS cedex 06, France 
Eduardo.Angles-Cano@inserm.fr 
 

 

 

 

Word count: 996 

Number of references: 13 

Scientific category: Haemostasis, Thrombosis, and Vascular Biology 

 



 2

Thrombus lysis is the consequence of a restricted number of reactions localised on the surface 

of fibrin and cell membranes. A functional defect or an insufficient fibrinolytic response may 

lead to thrombosis with severe or fatal clinical consequences. Despite this clinical exigency 

and a real progress in the knowledge of the different components of this system (plasminogen 

activators, inhibitors and receptors) including structure-function relationship unveiled by the 

crystal structure of plasminogen, the functional evaluation of fibrinolysis still remains a 

challenge in haemostasis. The absolute requirement of a template for molecular assembly of 

plasminogen and its activators (tPA or uPA) restricts the formation of plasmin onto the 

surface of fibrin and cells. In contrast, during fibrinolysis plasmin and tPA released from the 

clot are immediately neutralised by their respective inhibitors, α2-antiplasmin and 

plasminogen activator inhibitor 1, PAI-1. It is therefore almost impossible to detect 

fibrinolytic activity in plasma with current methods or to measure the degree of fibrinolysis 

directly on clots unavailable in a clinical setting.  

Interestingly, it was recently discovered that circulating membrane microvesicles, which 

behave as messengers of cell activation, might be indicators of the fibrinolytic response to an 

inflammatory or prothrombotic process.1, 2 These fibrinolytic microvesicles transport at their 

membrane the plasminogen activators expressed by the cell of origin: tPA from endothelial 

cells and uPA from leukocytes.3 These microvesicles generate plasmin in situ upon binding of 

plasminogen to carboxy-terminal lysine residues of membrane receptors. Thus, co-assembly 

of plasminogen and its activator onto the same surface is required to trigger the fibrinolytic or 

proteolytic process classically described on cell membranes and fibrin. 

We recently discovered that moving surfaces such as microvesicles might also participate in a 

new mechanism of plasmin formation requiring a cross-talk between two different surfaces.2 

In this fibrinolytic cross-talk, one of the surfaces bearing uPA/uPAR (leukocyte or its 

microvesicles) can recognize and activate plasminogen carried by the other surface (platelets, 
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fibrin or extracellular matrix). Plasminogen thus bound adopts an open conformation that is 

readily transformed into plasmin. Recently published studies4-6 are in agreement with these 

hitherto unknown fibrinolytic pathway and potentially novel biomarkers in clinical practice.  

 

Relevance of the fibrinolytic cross-talk mechanism 

This novel mechanism of plasmin formation at the surface of platelets, extracellular matrix or 

fibrin by microvesicles bearing uPA raises the question of its involvement in different 

pathophysiological situations:  

 

Fibrinolysis: recanalisation of occluded vessels 

Platelets and derived microvesicles do not bear plasminogen activators. However, they 

can immobilise plasminogen on their surface via carboxy-terminal lysine residues-

dependent interactions.7 Platelets may thus contribute to increase the concentration of 

plasminogen within the clot. Microvesicles bearing uPA could then cross-talk with 

platelet-bound plasminogen thus allowing in situ plasmin formation and re-

canalisation of an occluded vessel. Similarly, activation of plasminogen bound to 

fibrin by leukocytes bearing uPA plays a role in endogenous fibrinolysis.6 

 

Cell migration and angiogenesis 

Aside from its fibrinolytic function, plasmin formation by the uPA/uPAR system is 

involved in tissue remodelling and plays a critical role in cell migration and 

angiogenesis. The ability of microvesicles to generate plasmin influences and 

modulates the repair process of endothelial progenitor cells. Small amounts of 

microvesicles bearing the uPA/uPAR system promote cell migration and angiogenesis 
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whereas at high concentrations excess plasmin leads to matrix degradation, decreased 

cell adhesiveness and finally apoptosis.1 

 

Dissemination of cancer cells  

Platelet microvesicles may promote metastasis and angiogenesis, 8 and high amounts 

of uPA/uPAR were associated with matrix degradation and loss of cell adhesion in 

advanced metastatic cancers.9 It is interesting to note that the described 

fibrinolytic/proteolytic cross-talk mechanism is only possible in the presence of uPA, 

which has been found on microvesicles emitted by cancer cells.  

 

Conclusion and potential applications 

The structure and function of the plasminogen activation system and its role in the 

maintenance of haemostasis and thrombosis prevention is now well established. However, 

detection of a dysfunction of this system remains a major challenge in clinical practice. 

Actually, plasminogen activators circulate at extremely low concentrations as inactive 

complexes with PAI-1 whereas active plasminogen activators are exclusively located on the 

cell membrane or fibrin. Since most measurements performed in plasma or its euglobulin 

fraction do not take into account the contribution of surface-bound plasminogen activators, it 

is impossible to quantify a lack of tPA or uPA activity that may be the cause of a fibrinolytic 

insufficiency. The recent discovery of fibrinolytic microvesicles and their role in fibrinolytic 

cross-talk, opened up new perspectives. We propose that the fibrinolytic activity conveyed by 

microvesicles could be the real source of fibrinolysis in circulating blood. These 

microvesicles would act on and within the clot, thus explaining the lack of systemic 

fibrinolysis. We suggest that the fibrinolytic activity of endothelial and leukocyte 

microvesicles compensates locally the activity of procoagulant microvesicles. Spontaneous 
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re-canalization in 15-20% ST-segment elevation myocardial infarction,10 could be thus 

explained by fibrinolytic microvesicles counterbalancing procoagulant microvesicles. At the 

opposite, a failure of timely fibrinolytic response by microvesicles would result in persistence 

of occluding thrombi. Accordingly, the functional balance between these two types of 

microvesicles would result in a physiological haemostatic response, while the lack of 

fibrinolytic microvesicles may allow thrombus formation. Within this context, it will be 

possible to use microvesicles as vectors of fibrinolysis and pericellular proteolysis. The 

existence of a hemorrhagic syndrome (Quebec platelet disorder) caused by profibrinolytic 

platelets having an abnormal expression of uPA is consistent with this hypothesis.11 

Transgenic mice that express uPA in their platelets are resistant to arterial thrombosis and 

transfusion of these platelets to control mice prevents occlusive arterial thrombi formation.12 

Similarly, addition of fibrinolytic microvesicles to plasma or euglobulins decreases the 

microplate clot lysis time in a concentration-dependent manner (unpublished results). 

Although the venous occlusion test induces the release of fibrinolytic microvesicles, the 

majority of fibrinolytic assays including the euglobulin clot lysis time, exclude microvesicle-

bound plasminogen activators (unpublished results). Thus, development of a new test for the 

detection of fibrinolytic microvesicles directly in plasma is promising as it will bring a new 

light to both the pathophysiology of fibrinolysis and the management of thrombosis in clinical 

practice.13 



 6

References 

 

1. Lacroix R, Sabatier F, Mialhe A, Basire A, Pannell R, Borghi H, et al. Activation of 

plasminogen into plasmin at the surface of endothelial microparticles: a mechanism 

that modulates angiogenic properties of endothelial progenitor cells in vitro. Blood. 

2007;110(7):2432-9. 

2. Dejouvencel T, Doeuvre L, Lacroix R, Plawinski L, Dignat-George F, Lijnen HR, et al. 

Fibrinolytic cross-talk: a new mechanism for plasmin formation. Blood. 

2010;115(10):2048-56. 

3. Lacroix R, Plawinski L, Robert S, Doeuvre L, Sabatier F, Martinez de Lizarrondo S, et 

al. Leukocyte- and endothelial-derived microparticles: a circulating source for 

fibrinolysis. Haematologica. 2012;97(12):1864-72. 

4. Lishko VK, Yermolenko IS, Ugarova TP. Plasminogen on the surfaces of fibrin clots 

prevents adhesion of leukocytes and platelets. J Thromb Haemost. 2010;8(4):799-

807. 

5. Baeten KM, Richard MC, Kanse SM, Mutch NJ, Degen JL, Booth NA. Activation of 

single-chain urokinase-type plasminogen activator by platelet-associated 

plasminogen: a mechanism for stimulation of fibrinolysis by platelets. J Thromb 

Haemost. 2010;8(6):1313-22. 

6. Bai X, Weitz JI, Gross PL. Leukocyte urokinase plasminogen activator receptor and 

PSGL1 play a role in endogenous arterial fibrinolysis. Thromb Haemost. 

2009;102(6):1212-8. 

7. Miles LA, Plow EF. Binding and activation of plasminogen on the platelet surface. J 

Biol Chem. 1985;260(7):4303-11. 

8. Janowska-Wieczorek A, Wysoczynski M, Kijowski J, Marquez-Curtis L, Machalinski B, 

Ratajczak J, et al. Microvesicles derived from activated platelets induce metastasis 

and angiogenesis in lung cancer. Int J Cancer. 2005;113(5):752-60. 

9. Dass K, Ahmad A, Azmi AS, Sarkar SH, Sarkar FH. Evolving role of uPA/uPAR system 

in human cancers. Cancer Treat Rev. 2008;34(2):122-36. 

10. Huisse MG, Lanoy E, Tcheche D, Feldman LJ, Bezeaud A, Angles-Cano E, et al. 

Prothrombotic markers and early spontaneous recanalization in ST-segment 

elevation myocardial infarction. Thromb Haemost. 2007;98(2):420-6. 

11. Hayward CP, Rivard GE. Quebec platelet disorder. Expert Rev Hematol. 

2011;4(2):137-41. 

12. Kufrin D, Eslin DE, Bdeir K, Murciano JC, Kuo A, Kowalska MA, et al. Antithrombotic 

thrombocytes: ectopic expression of urokinase-type plasminogen activator in 

platelets. Blood. 2003;102(3):926-33. 

13. Belle C, Gellon G, Plawinski L, Doeuvre L, Anglés-Cano E, inventors; Centre National 

de la Recherche Scientifique (CNRS),Université de Caen Basse-Normandie 

Université Joseph Fourier assignee. Grafted dinuclear metal complexes, and use 

thereof as cellular microparticle sensors. France patent FR patent 

WO/2012/127175. 2012 Sept 27. 

 
 


