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Abstract

A microparticles (MPs) submicron membrane vesicle, expresses a panel 
of oxidized phospholipids and proteins that plays a vital role in the normal 
haemostatic response to vascular injury. An important role in clinical diseases 
is also observed. In nearly all thrombotic diseases increased platelet-derived 
MP, endothelial cell-derived MP and monocyte-derived MP concentrations are 
reported. However, a clear importance of MPs in varied clinical conditions still 
remains disputed. Many studies have reported that the MPs cellular origin and 
composition are based on the type of disease, the disease state and medical 
treatment. Additionally, many different functions have also been attributed to 
MPs. Thus, the number and variety of clinical disorders related with elevated 
MPs is currently swelling.
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be elevated by inflammatory conditions [14-15]. A major feature in 
atherosclerosis is adhesion of monocytes to endothelial cells, followed 
by sub-endothelial transmigration. Cytokines, such as IL-1β and 
TNF-α, affect this process by inducing synthesis or up-regulation 
of leukocyte-endothelial adhesion molecules. [12]. Furthermore, 
treatment of endothelial cells and monocytes with PDMPs prior to 
co-incubation modulates monocyte-endothelial cell interactions, by 
increasing the expression of adhesion molecules on both cell types 
[12].

Circulating MPs of platelet & leukocytic origins promotes 
recruitment of inflammatory cells and induces cellular adhesiveness 
through up-regulation of cytokines and cyto-adhesions in endothelial 
cells and monocytes [16]. At high shear stress, PDMP rolling enables 
delivery of RANTES to inflamed endothelium, thus favouring 
adhesion of monocytes and infiltration of plaques. Development and 
progression of atherosclerotic plaques are associated with apoptotic 
cell death, thus explaining the presence of a considerable amount of 
procoagulant MPs within plaques. Furthermore, enhanced apoptosis 
or activation of leukocytes, SMCs, and endothelium contribute 
to the accumulation of MPs [17]. Compared with their circulating 
counterpart, MPs trapped within the plaque are present at much 
higher concentrations and display higher thrombogenic potential. In 
plaques, most of these MPs are from activated leukocytes, a hallmark 
of inflammation, and from erythrocytes, indicating occurrence of 
intra-plaque haemorrhage, which is a marker of vulnerability of 
plaques [17]. Atherosclerotic plaques also contain a considerable 
amount of SMC-derived MPs and EDMPs. Circulating MPs can 
result in vascular inflammation, endothelial dysfunction, leukocyte 
adhesion, and recruitment. This could contribute to plaque growth or 
stent-induced vascular inflammation [18].

Thrombocytopenia
Some anti-platelet antibodies can influence complement-

mediated formation of PDMPs and initiate platelet destruction [19-
20]. Antiphospholipid antibodies are found in antiphospholipid 
antibody syndrome (APS). These phospholipids are abundant on 

Introduction
Microparticles (MPs), small membrane-derived vesicles, are 

formed by several vascular or peripheral blood cells in response to 
cellular activation or  apoptosis [1]. MPs disperse varied bioactive 
effectors developing from the parent cells. Therefore, MPs could 
change vascular function and may induce biological responses 
involved in vascular homeostasis [2]. Most of the MPs in human 
blood originate from platelets [3]. Increased levels of MPs found 
in a number of situations such as in inflammation, angiogenesis 
and transport [4-5]. In this review, author tries to summarize the 
microparticles various functions and role in clinical settings.

Microparticles in Health and Disease
MPs role and coagulation 

MPs were initially thought to be related to disease due to their 
expression of phospholipids (procoagulants). Microparticles support 
generation of thrombin and might be involved in diffuse intravascular 
coagulation. Berckmans et al. [6] reported that microparticles in blood 
of healthy individuals support thrombin generation via TF- and FVII-
independent pathways, and it may have an anticoagulant function. 
Monocyte-derived MPs (MDMPs) also play a part in development 
of platelets and fibrin-rich thrombus at sites of vascular injury by the 
recruitment of cells and accumulation of TF [7-8]. Del Conde et al. [9] 
suggest a mechanism by which all of the membrane-bound reactions 
of the coagulation system can be localized to the surface of activated 
platelets. MP surface contains proteins that inhibit coagulation and 
raises the possibility of MPs eventual contribution to an anticoagulant 
pathway [10-12]. Other mechanisms contributing to the regulation of 
MP procoagulant properties depends on the balance between TNF-α 
and anti-inflammatory cytokines, such as interleukin (IL)-10. Indeed, 
endogenous IL-10 was recently noted to deregulate TF expression in 
monocytes and TF-bound MDMP release, impeding generation of 
thrombin [13].

Atherothrombosis and MPs
Production of EDMPs, PDMPs and leukocyte-derived MPs can 
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activated platelets, apoptotic cells, and MPs. Level of MPs is raised in 
patients with APS rather than thrombosis is compared with healthy 
controls [21-22].

Galli et al. [23] carried out a study of PDMPs in thrombotic 
thrombocytopenic purpura and hemolytic uremic syndrome (HUS) 
patients by flow cytometry and noted an increased levels of PMPs in 
peripheral thrombocytopenia’s and suggest that their presence may 
be clinically relevant, particularly in the microangiopathic forms. 
Jimenez et al. [24] measured endothelial microparticles (EMPs) 
generated from cultured renal and brain microvascular endothelial 
cells (MVECs) and also evaluated the effect of TTP plasma on them 
by using flow cytometry. They noted that released procoagulant EMP 
may play a role in the pathogenesis of TTP. Assay of EMP may be a 
functional marker of disease activity and endothelial injury in TTP 
and other thrombotic disorders. Nomura et al. [25] observed MP levels 
in patients following allogeneic stem cell transplantation and found 
only one of the 21 patients who were studied developed TMA/TTP, a 
continuous rise in platelets, EDMPs, and MDMPs was observed in all 
of the patients, for up to 4 weeks following transplantation.

Cardiovascular diseases
Microparticles role as biological messengers is buttressed by 

their differential and particular involvement in the pathophysiology 
of different cardiovascular disorders. Various studies have proposed 
a link between microparticles and different pathological conditions, 
mainly with the development of cardiovascular diseases. 

Viera AJ et al. [26] noted that MPs may have clinical applications 
including usefulness as biomarkers, their use in enhancing 
cardiovascular disease risk prediction, and also as potential targets 
of therapy. Augustine et al. [27] have noted a slight increase in MP 
derived from different cell types immediately after the test followed 
by a rapid MP clearance from the circulation during the next hour in 
response to cardiac stress. Sarlon-Bartoli et al. [28] analyzed whether 
the plasmatic level of leukocyte-derived microparticles (LMP) is 
related with unstable plaques in patients with high-grade carotid 
stenosis and noted that LMP constitute a promising biomarker related 
with plaque vulnerability. These results provide clues for identifying 
asymptomatic subjects that are most at risk of neurologic events.

Morel et al. [29] have assessed the levels of LMP and EMP within 
occluded coronary arteries of ST-segment elevation myocardial 
infarction patients treated with primary angioplasty and has 
compared them with the levels of MP in peripheral blood. They 
reported an increase in MP within arteries, indicating the importance 
of those vesicles in the development of coronary atherothrombosis. 
Jeanneteau et al. [30,31]  have evaluated in rats and humans the 
role of MP in the mechanism of remote ischemic conditioning 
(RIC), which has been described as an infraction-related cardio 
protective strategy. No differences were noted in the total number 
of MP in the group of animals undergoing RIC as compared to the 
control group. After phenotypic characterization of MP, elevations 
in the endothelial and Annexin V+ (apoptotic) subpopulations 
were reported in the RIC group. Similarly, elevations in EMP and 
Annexin V+ MP were found in the group of individuals submitted 
to RIC. Porto et al. [32]  have evaluated the concentrations of MP 
in ST-segment elevation myocardial infarction patients undergoing 
primary percutaneous coronary intervention, and the relationship of 

those vesicles with micro-vascular obstruction. They noted that the 
MP subpopulations assessed (PMP and EMP) showed higher levels 
within the coronary arteries as compared to those in aortic blood. In 
addition, a greater release of both MP subpopulations was reported 
in the impaired coronary artery than in ascending aorta, indicating 
local MP production. Kaabi et al. [33] have evaluated the relationship 
between the levels of MP and treatment of stable coronary artery 
disease patients with external counter pulsation (ECP). That therapy 
has been observed effectual and safe for patients with refractory 
angina pectoris. They found an increase in PMP after ECP therapy, 
and no difference in EMP and MPM levels. Bernal-Mizrachi et al. 
[34] evaluate two species of EMPs (CD31+ and CD51+) in coronary 
artery disease patients and have noted that CD31+/CD42- EMP were 
more frequently expressed in patients of myocardial infarction and 
unstable angina, and CD51+ EMP were released in similar amounts 
both in acute and chronic events.

Diabetes mellitus
A few studies have reported higher concentrations of PMP related 

to diabetes mellitus. Ogata et al. [35] noted the levels of PMP in 92 
patients with diabetic retinopathy and reported increased release of 
PMP in diabetic patients as compared to that in healthy individuals, 
and the increase was higher the more severe the retinopathy. Lumsden 
et al. [36] have evaluated patients with type 2 diabetes mellitus after 
acute coronary syndrome that had reduced levels of EMP and no PMP 
changes. He also submitted few unpredicted findings, which disagree 
with nearly all studies, can result from concomitant medications used 
by patients [37-39]. Some other studies have noted that the increase 
in the expression of adhesion molecules is linked with the monocytes 
activation leading to diabetic retinopathy progression. That data 
recommended that measuring the levels of MPM can be a handy 
biomarker of diabetic retinopathy progression [40]. Nomura S et al. 
also noted dynamic role of MPs in type 2-diabetes [41].

Conclusion
This study tries to summarize the literature that is relevant to 

MPs, including a growing list of clinical disorders that are linked 
with increased MP levels. In the beginning, MPs were thought to be 
little particles with procoagulant activity but the possibility that MPs 
(where they are formed) evoke cellular responses in the immediate 
microenvironments is now under observation.

References
1. Jy W, Horstman LL, Jimenez JJ, Ahn YS, Biró E, Nieuwland R, et al. 

Measuring circulating cell-derived microparticles. J Thromb Haemost. 2004; 
2: 1842-1851.

2. Morel O, Toti F, Hugel B, Bakouboula B, Camoin-Jau L, Dignat-George F, 
et al. Procoagulant microparticles: disrupting the vascular homeostasis 
equation? Arterioscler Thromb Vasc Biol. 2006; 26: 2594-2604.

3. Mesri M, Altieri DC. Endothelial cell activation by leukocyte microparticles. J 
Immunol. 1998; 161: 4382-4387.

4. Mack M, Kleinschmidt A, Brühl H, Klier C, Nelson PJ, Cihak J, et al. Transfer 
of the chemokine receptor CCR5 between cells by membrane-derived 
microparticles: a mechanism for cellular human immunodeficiency virus 1 
infection. Nat Med. 2000; 6: 769–775.

5. Boulanger CM, Scoazec A, Ebrahimian T, Henry P, Mathieu E, Tedgui A, et 
al. Circulating microparticles from patients with myocardial infarction cause 
endothelial dysfunction. Circulation. 2001; 104: 2649-2652.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336124/#CR94
http://europepmc.org/abstract/med/8701402/?whatizit_url=http://europepmc.org/search/?page=1&query=%22hemolytic uremic syndrome%22
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336124/#CR95
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336124/#CR96
http://www.ncbi.nlm.nih.gov/pubmed/?term=Viera AJ%5BAuthor%5D&cauthor=true&cauthor_uid=22789878
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4375661/#r32
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4375661/#r33
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4375661/#r37
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4375661/#r38
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4375661/#r41
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4375661/#r45
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nomura S%5BAuthor%5D&cauthor=true&cauthor_uid=19531024
http://www.ncbi.nlm.nih.gov/pubmed/15456497
http://www.ncbi.nlm.nih.gov/pubmed/15456497
http://www.ncbi.nlm.nih.gov/pubmed/15456497
http://www.ncbi.nlm.nih.gov/pubmed/16990554
http://www.ncbi.nlm.nih.gov/pubmed/16990554
http://www.ncbi.nlm.nih.gov/pubmed/16990554
http://www.ncbi.nlm.nih.gov/pubmed/9780216
http://www.ncbi.nlm.nih.gov/pubmed/9780216
http://www.ncbi.nlm.nih.gov/pubmed/10888925
http://www.ncbi.nlm.nih.gov/pubmed/10888925
http://www.ncbi.nlm.nih.gov/pubmed/10888925
http://www.ncbi.nlm.nih.gov/pubmed/10888925
http://www.ncbi.nlm.nih.gov/pubmed/11723013
http://www.ncbi.nlm.nih.gov/pubmed/11723013
http://www.ncbi.nlm.nih.gov/pubmed/11723013


J Fam Med 3(2): id1054 (2016)  - Page - 03

Virendra Kumar Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

6. Berckmans RJ, Nieuwland R, Boing AN, Romijn FP, Hack CE, Sturk A. Cell-
derived microparticles circulate in healthy humans and support low grade 
thrombin generation. Thromb Haemost. 2001; 85: 639–646.

7. Falati S, Liu Q, Gross P, Merrill-Skoloff G, Chou J, Vandendries E, et al. 
Accumulation of tissue factor into developing thrombi in vivo is dependent 
upon microparticle P-selectin glycoprotein ligand 1 and platelet P-selectin. J 
Exp Med. 2003; 197: 1585-1598.

8. Lösche W. Platelets and tissue factor. Platelets. 2005; 16: 313-319.

9. Del Conde I, Shrimpton CN, Thiagarajan P, López JA. Tissue-factor-bearing 
microvesicles arise from lipid rafts and fuse with activated platelets to initiate 
coagulation. Blood. 2005; 106: 1604-1611.

10. Steppich B, Mattisek C, Sobczyk D, Kastrati A, Schömig A, Ott I. Tissue factor 
pathway inhibitor on circulating microparticles in acute myocardial infarction. 
Thromb Haemost. 2005; 93: 35–39.

11. Pérez-Casal M, Downey C, Fukudome K, Marx G, Toh CH. Activated protein 
C induces the release of microparticle-associated endothelial protein C 
receptor. Blood. 2005; 105: 1515-1522.

12. Keuren JF, Magdeleyns EJ, Govers-Riemslag JW, Lindhout T, Curvers 
J. Effects of storage-induced platelet microparticles on the initiation and 
propagation phase of blood coagulation. Br J Haematol. 2006; 134: 307-313.

13. Poitevin S, Cochery-Nouvellon E, Dupont A, Nguven P. Monocyte IL-10 
produced in response to lipopolysaccharide modulates thrombin generation 
by inhibiting tissue factor expression and release of active tissue factor-bound 
microparticles. Thromb Haemost. 2007; 97: 598–607.

14. Joop K, Berckmans RJ, Nieuwland R, Berkhout J, Romijin FP, Hack CE, et 
al. Microparticles from patients with multiple organ dysfunction syndrome and 
sepsis support coagulation through multiple mechanisms. Thromb Haemost. 
2001; 85: 810–820.

15. Daniel L, Fakhouri F, Joly D, Mouthon L, Nusbaum P, Grunfeld JP, et al. 
Increase of circulating neutrophil and platelet microparticles during acute 
vasculitis and hemodialysis. Kidney Int. 2006; 69: 1416-1423.

16. Barry OP, FitzGerald GA. Mechanisms of cellular activation by platelet 
microparticles. Thromb Haemost. 1999; 82: 794-800.

17. Leroyer AS, Isobe H, Lesèche G, Castier Y, Wassef M, Mallat Z, et al. Cellular 
origins and thrombogenic activity of microparticles isolated from human 
atherosclerotic plaques. J Am Coll Cardiol. 2007; 49: 772-777.

18. Chironi G, Simon A, Hugel B, Del Pino M, Gariepy J, Freyssinet JM, 
et al. Circulating leukocyte-derived microparticles predict subclinical 
atherosclerosis burden in asymptomatic subjects. Arterioscler Thromb Vasc 
Biol. 2006; 26: 2775-2780.

19. Nagahama M, Nomura S, Ozaki Y, Yoshimura C, Kagawa H, Fukuhara S. 
Platelet activation markers and soluble adhesion molecules in patients with 
systemic lupus erythematosus. Autoimmunity. 2001; 33: 85-94.

20. Pereira J, Alfaro G, Goycoolea M, Quiroga T, Ocqueteau M, Massardo L, et al. 
Circulating platelet-derived microparticles in systemic lupus erythematosus. 
Association with increased thrombin generation and procoagulant state. 
Thromb Haemost. 2006; 95: 94–99.

21. Nagahama M, Nomura S, Kanazawa S, Ozaki Y, Kagawa H, Fukuhara 
S. Significance of anti-oxidized LDL antibody and monocyte-derived 
microparticles in anti-phospholipid antibody syndrome. Autoimmunity. 2003; 
36: 125-131.

22. Dignat-George F, Camoin-Jau L, Sabatier F, Arnoux D, Anfosso F, Bardin 
N, et al. Endothelial microparticles: a potential contribution to the thrombotic 
complications of the antiphospholipid syndrome. Thromb Haemost. 2004; 91: 
667–673.

23. Galli M, Grassi A, Barbui T. Platelet-derived microparticles in thrombotic 
thrombocytopenic purpura and hemolytic uremic syndrome. Thromb 
Haemost. 1996; 75: 427–431.

24. Jimenez JJ, Jy W, Mauro LM, Horstman LL, Ahn YS. Elevated endothelial 

microparticles in thrombotic thrombocytopenic purpura: findings from brain 
and renal microvascular cell culture and patients with active disease. Br J 
Haematol. 2001; 112: 81-90.

25. Nomura S, Ishii K, Kanazawa S, Inami N, Uoshima N, Ishida H, et al. 
Significance of elevation in cell-derived microparticles after allogeneic stem 
cell transplantation: transient elevation of platelet-derived microparticles in 
TMA/TTP. Bone Marrow Transplant. 2005; 36: 921-922.

26. Viera AJ, Mooberry M, Key NS. Microparticles in cardiovascular disease 
pathophysiology and outcomes. J Am Soc Hypertens. 2012; 6: 243-252.

27. Augustine D, Ayers LV, Lima E, Newton L, Lewandowski AJ, Davis EF, et al. 
Dynamic release and clearance of circulating microparticles during cardiac 
stress. Circ Res. 2014; 114: 109-113.

28. Sarlon-Bartoli G, Bennis Y, Lacroix R, Piercecchi-Marti MD, Bartoli MA, 
Arnaud L, et al. Plasmatic level of leukocyte-derived microparticles is 
associated with unstable plaque in asymptomatic patients with high-grade 
carotid stenosis. J Am Coll Cardiol. 2013; 62: 1436–1441.

29. Morel O, Pereira B, Averous G, Faure A, Jesel L, Germain P, et al. Increased 
levels of procoagulant tissue factor-bearing microparticles within the occluded 
coronary artery of patients with ST-segment elevation myocardial infarction: 
role of endothelial damage and leukocyte activation. Atherosclerosis. 2009; 
204: 636-641.

30. Faille D, Frere C, Cuisset T, Quilici J, Moro PJ, Morange PE, et al. CD11b+ 
leukocite microparticles are associated with high-risk angiographic lesions 
and recurrent cardiovascular events in acute coronary syndromes. J Thromb 
Haemost. 2011; 9: 1870–1873.

31. Jeanneteau J, Hibert P, Martinez MC, Tual-Chalot S, Tamareille S, Furber A, 
et al. Microparticle release in remote ischemic conditioning mechanism. Am J 
Physiol Heart Circ Physiol. 2012; 303: H871-877.

32. Porto I, Biasucci LM, de Maria GL, Leone AM, Niccoli G, Burzotta F, et 
al. Intracoronary microparticles and microvascular obstruction in patiens 
with ST elevation myocardial infarction undergoing primary percutaneous 
intervention. Eur Heart J. 2012; 33: 2928–2938.

33. Kaabi AA, Traupe T, Stutz M, Buchs N, Heller M. Cause or effect of 
atherogenesis: compositional alterations of microparticles from CAD patients 
undergoing external counterpulsation therapy. Plos One. 2012; 7: e46822.

34. Bernal-Mizrachi L, Jy W, Jimenez JJ, Pastor J, Mauro LM, Horstman LL, et 
al. High levels of circulating endothelial microparticles in patients with acute 
coronary syndromes. Am Heart J. 2003; 145: 962-970.

35. Ogata N, Imaizumi M, Nomura S, Shozu A, Arichi M, Matsuoka M, et al. 
Increased levels of platelet-derived microparticles in patients with diabetic 
retinopathy. Diabetes Res Clin Pract. 2005; 68: 193-201.

36. Lumsden NG, Andrews KL, Bobadilla M, Moore XL, Sampson AK, Shaw 
JA, et al. Endothelial dysfunction in patients with type 2 diabetes post acute 
coronary syndrome. Diab Vasc Dis Res. 2013; 10: 368-374.

37. Tramontano AF, Lyubarova R, Tsiakos J, Palaia T, Deleon JR, Ragolia L. 
Circulating endothelial microparticles in diabetes mellitus. Mediators Inflamm. 
2010; 2010: 250476.

38. Koga H, Sugiyama S, Kugiyama K, Watanabe K, Fukushima H, Tanaka T, 
et al. Elevated levels of VE-cadherin-positive endothelial microparticles in 
patients with type 2 diabetes mellitus and coronary artery disease. J Am Coll 
Cardiol. 2005; 45: 1622-1630.

39. Feng B, Chen Y, Luo Y, Chen M, Li X, Ni Y. Circulating level of microparticles 
and their correlation with arterial elasticity and endothelium-dependent 
dilation in patients with type 2 diabetes mellitus. Atherosclerosis. 2010; 208: 
264-269.

40. Ogata N, Nomura S, Shouzu A, Imaizumi M, Arichi M, Matsumura M. 
Elevation of monocyte-derived microparticles in patients with diabetic 
retinopathy. Diabetes Res Clin Pract. 2006; 73: 241-248.

41. Nomura S. Dynamic role of microparticles in type 2 diabetes mellitus. Curr 
Diabetes Rev. 2009; 5: 245-251.

http://www.ncbi.nlm.nih.gov/pubmed/11341498
http://www.ncbi.nlm.nih.gov/pubmed/11341498
http://www.ncbi.nlm.nih.gov/pubmed/11341498
http://www.ncbi.nlm.nih.gov/pubmed/12782720
http://www.ncbi.nlm.nih.gov/pubmed/12782720
http://www.ncbi.nlm.nih.gov/pubmed/12782720
http://www.ncbi.nlm.nih.gov/pubmed/12782720
http://www.ncbi.nlm.nih.gov/pubmed/16194860
http://www.ncbi.nlm.nih.gov/pubmed/15741221
http://www.ncbi.nlm.nih.gov/pubmed/15741221
http://www.ncbi.nlm.nih.gov/pubmed/15741221
http://www.ncbi.nlm.nih.gov/pubmed/15630488
http://www.ncbi.nlm.nih.gov/pubmed/15630488
http://www.ncbi.nlm.nih.gov/pubmed/15630488
http://www.ncbi.nlm.nih.gov/pubmed/15486064
http://www.ncbi.nlm.nih.gov/pubmed/15486064
http://www.ncbi.nlm.nih.gov/pubmed/15486064
http://www.ncbi.nlm.nih.gov/pubmed/16848773
http://www.ncbi.nlm.nih.gov/pubmed/16848773
http://www.ncbi.nlm.nih.gov/pubmed/16848773
http://www.ncbi.nlm.nih.gov/pubmed/17393023
http://www.ncbi.nlm.nih.gov/pubmed/17393023
http://www.ncbi.nlm.nih.gov/pubmed/17393023
http://www.ncbi.nlm.nih.gov/pubmed/17393023
http://www.ncbi.nlm.nih.gov/pubmed/11372673
http://www.ncbi.nlm.nih.gov/pubmed/11372673
http://www.ncbi.nlm.nih.gov/pubmed/11372673
http://www.ncbi.nlm.nih.gov/pubmed/11372673
http://www.ncbi.nlm.nih.gov/pubmed/16531979
http://www.ncbi.nlm.nih.gov/pubmed/16531979
http://www.ncbi.nlm.nih.gov/pubmed/16531979
http://www.ncbi.nlm.nih.gov/pubmed/10605784
http://www.ncbi.nlm.nih.gov/pubmed/10605784
http://www.ncbi.nlm.nih.gov/pubmed/17306706
http://www.ncbi.nlm.nih.gov/pubmed/17306706
http://www.ncbi.nlm.nih.gov/pubmed/17306706
http://www.ncbi.nlm.nih.gov/pubmed/17038634
http://www.ncbi.nlm.nih.gov/pubmed/17038634
http://www.ncbi.nlm.nih.gov/pubmed/17038634
http://www.ncbi.nlm.nih.gov/pubmed/17038634
http://www.ncbi.nlm.nih.gov/pubmed/11264787
http://www.ncbi.nlm.nih.gov/pubmed/11264787
http://www.ncbi.nlm.nih.gov/pubmed/11264787
http://www.ncbi.nlm.nih.gov/pubmed/16543967
http://www.ncbi.nlm.nih.gov/pubmed/16543967
http://www.ncbi.nlm.nih.gov/pubmed/16543967
http://www.ncbi.nlm.nih.gov/pubmed/16543967
http://www.ncbi.nlm.nih.gov/pubmed/12911278
http://www.ncbi.nlm.nih.gov/pubmed/12911278
http://www.ncbi.nlm.nih.gov/pubmed/12911278
http://www.ncbi.nlm.nih.gov/pubmed/12911278
http://www.ncbi.nlm.nih.gov/pubmed/15045126
http://www.ncbi.nlm.nih.gov/pubmed/15045126
http://www.ncbi.nlm.nih.gov/pubmed/15045126
http://www.ncbi.nlm.nih.gov/pubmed/15045126
http://www.ncbi.nlm.nih.gov/pubmed/8701402
http://www.ncbi.nlm.nih.gov/pubmed/8701402
http://www.ncbi.nlm.nih.gov/pubmed/8701402
http://www.ncbi.nlm.nih.gov/pubmed/11167788
http://www.ncbi.nlm.nih.gov/pubmed/11167788
http://www.ncbi.nlm.nih.gov/pubmed/11167788
http://www.ncbi.nlm.nih.gov/pubmed/11167788
http://www.ncbi.nlm.nih.gov/pubmed/16113658
http://www.ncbi.nlm.nih.gov/pubmed/16113658
http://www.ncbi.nlm.nih.gov/pubmed/16113658
http://www.ncbi.nlm.nih.gov/pubmed/16113658
http://www.ncbi.nlm.nih.gov/pubmed/22789878
http://www.ncbi.nlm.nih.gov/pubmed/22789878
http://www.ncbi.nlm.nih.gov/pubmed/24141170
http://www.ncbi.nlm.nih.gov/pubmed/24141170
http://www.ncbi.nlm.nih.gov/pubmed/24141170
http://www.ncbi.nlm.nih.gov/pubmed/23707318
http://www.ncbi.nlm.nih.gov/pubmed/23707318
http://www.ncbi.nlm.nih.gov/pubmed/23707318
http://www.ncbi.nlm.nih.gov/pubmed/23707318
http://www.ncbi.nlm.nih.gov/pubmed/19091315
http://www.ncbi.nlm.nih.gov/pubmed/19091315
http://www.ncbi.nlm.nih.gov/pubmed/19091315
http://www.ncbi.nlm.nih.gov/pubmed/19091315
http://www.ncbi.nlm.nih.gov/pubmed/19091315
http://www.ncbi.nlm.nih.gov/pubmed/21707910
http://www.ncbi.nlm.nih.gov/pubmed/21707910
http://www.ncbi.nlm.nih.gov/pubmed/21707910
http://www.ncbi.nlm.nih.gov/pubmed/21707910
http://www.ncbi.nlm.nih.gov/pubmed/22886414
http://www.ncbi.nlm.nih.gov/pubmed/22886414
http://www.ncbi.nlm.nih.gov/pubmed/22886414
http://www.ncbi.nlm.nih.gov/pubmed/22453653
http://www.ncbi.nlm.nih.gov/pubmed/22453653
http://www.ncbi.nlm.nih.gov/pubmed/22453653
http://www.ncbi.nlm.nih.gov/pubmed/22453653
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3466210/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3466210/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3466210/
http://www.ncbi.nlm.nih.gov/pubmed/12796750
http://www.ncbi.nlm.nih.gov/pubmed/12796750
http://www.ncbi.nlm.nih.gov/pubmed/12796750
http://www.ncbi.nlm.nih.gov/pubmed/15936460
http://www.ncbi.nlm.nih.gov/pubmed/15936460
http://www.ncbi.nlm.nih.gov/pubmed/15936460
http://www.ncbi.nlm.nih.gov/pubmed/23673378
http://www.ncbi.nlm.nih.gov/pubmed/23673378
http://www.ncbi.nlm.nih.gov/pubmed/23673378
http://www.ncbi.nlm.nih.gov/pubmed/20634911
http://www.ncbi.nlm.nih.gov/pubmed/20634911
http://www.ncbi.nlm.nih.gov/pubmed/20634911
http://www.ncbi.nlm.nih.gov/pubmed/15893178
http://www.ncbi.nlm.nih.gov/pubmed/15893178
http://www.ncbi.nlm.nih.gov/pubmed/15893178
http://www.ncbi.nlm.nih.gov/pubmed/15893178
http://www.ncbi.nlm.nih.gov/pubmed/19674745
http://www.ncbi.nlm.nih.gov/pubmed/19674745
http://www.ncbi.nlm.nih.gov/pubmed/19674745
http://www.ncbi.nlm.nih.gov/pubmed/19674745
http://www.ncbi.nlm.nih.gov/pubmed/16584800
http://www.ncbi.nlm.nih.gov/pubmed/16584800
http://www.ncbi.nlm.nih.gov/pubmed/16584800
http://www.ncbi.nlm.nih.gov/pubmed/19531024
http://www.ncbi.nlm.nih.gov/pubmed/19531024

	Title
	Abstract
	Introduction
	Microparticles in Health and Disease
	MPs role and coagulation 
	Atherothrombosis and MPs
	Thrombocytopenia
	Cardiovascular diseases
	Diabetes mellitus

	Conclusion
	References

