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Introduction 
Heart Failure (HF) remains a broadly spreading cardiovascular 

disease with high incidences of morbidity and mortality that has 

been demonstrated continuous arise worldwide [1, 2]. The 

innate mechanisms mediated a nature evolution of HF are 

actively investigated, while several phases of molecular 

interplaying in this settings are under recognized [3]. As known, 

endothelial dysfunction is considered a key cause for vascular 

tone disorders, tissue injury, and target organ damage that are 

suitable for HF and closely associates with clinical outcomes 

and prognosis [4]. Various autocrine and paracrine mechanisms 

are involved in the pathogenesis of endothelial dysfunction [5]. 

One of them is realize of Endothelial-Derived Microparticles 

(EMPs) contributed in cell-to-cell interaction, cellular fusion, 

and transport of active molecules, regulator peptides, miRNA, 

hormones, proinflammatory cytokines, and they therefore play a 

pivotal role in endothelial communication, angiogenesis, 

neovascualrization, tissue reparation, and vascular tone 

mediating [6-8]. It has been suggested that various 

comorbidities, such as metabolic disorders, inflammatory and 

autoimmune state, infections, stress, and pregnancy, may induce 

endothelial dysfunction and provoke tissue damage through 

mediating of EMP secretion several originated and their effect 

of target cells [9]. However, the causative role of imbalance 

between different phenotypes of EMPs that is forming with 

comorbidities in evolution of HF is still unclear. The review is 

depicted the role of several phenotypes of EMPs in realize of 

comorbidity state effects on endothelial function among HF 

patients. 
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 Abstract 
Development of Heart Failure (HF) associates with 

endothelial dysfunction that considered a key cause for 

tissue injury, and target organ damage. Endothelial 

Microparticles (EMPs) are small membrane vesicles that 

originate from activated or apoptotic endothelial cells and 

play a pivotal role in cell-to-cell communication, cellular 

fusion, and transport of biological active molecules. EMPs 

contribute in different types of biological effects depending 

on their origin. EMPs derived from activated endothelial 

cells may mediate tissue and vascular repair; induce 

angiogenesis, neovascularization, and cell differentiation. 

EMPs originated from apoptotic particles support 

inflammation, oxidative injury, reprogramming, 

intercellular communication of the target cells. Balance 

between both phenotypes of microparticles in circulation is 

frequently mediated by HF stage, aging, as well as 

comorbidity states. The review is depicted the role of 

several phenotypes of EMPs in realize of comorbidity state 

effects on endothelial function among HF patients. 
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Biological function of endothelial-derived microparticles 

EMPs are membrane small vesicles derived from endothelial 

cell in response to injury, activation or apoptosis [10, 11]. A 

wide spectrum of triggers (eg, inflammatory cytokines, hypoxia, 

thrombin, shear stress, direct cytotoxic agents) leads to 

endothelial cell activation via intracellular Ca2+ overload and 

phosphatidylserine accumulation, which induce the specific 

disruption of the cell membrane [12]. As result in this process 

membrane of endothelial cells appears to be asymmetrical and 

subsequently lead to an invagination of inner cell surface and 

forming microvesicles from endothelial cell membrane 

fragments. Overall, the mechanisms involved in the remodeling 

of the plasma membrane are complex, and affects cytoskeleton 

of the endothelial cells with switching genome mechanisms 

[13]. 

 

Microparticles are defined as small microvesicles (diameter 

100-1000 nm) derived from activated and apoptotic endothelial 

cells [14]. Although knowledge on EMPs is sufficiently limited 

due to their sub-micrometer size and to intrinsic limitations in 

methods applied for their determination [15], it has been 

suggested that EMPs are powerful regulator of several 

biological processes, i.e. reparation, angiogenesis, 

neovascularization, immunity, thrombosis, inflammation [16, 

17]. As known, circulating EMPs are considered a storage pool 

of bioactive vascular effectors because contain regulating 

proteins, peptides, active molecules, mRNA, miRNA, 

hormones, growth factors (transforming growth factor beta and 

vascular endothelial growth factor), inflammatory components 

(matrix mettaloproteinases) [18-20]. Depending their origin 

(activated endothelial cells or apoptotic particles) EMPs 

contribute in different types of biological effects. It has been 

postulated that activated phenotype of circulating EMPs 

mediates tissue and vascular repair, angiogenesis, 

neovascularization, cell differentiation and growth, but 

apoptotic phenotype of EMPs support inflammation, oxidative 

injury, reprogramming, intercellular communication and 

phenotype modification of the target cells (mononuclears, 

endothelial cells, dendritic cells,), thrombosis, and direct 

endothelial damage [21]. Interestingly, the resulting biological 

effect of circulating EMPs depends on balance between both 

phenotypes of microparticles in circulation [22, 23]. Recent 

clinical investigations allow us to suggest that comorbidities 

coexisted with cardiac failure worse endothelial function 

through imbalance between proangiogenic and apoptotic EMPs, 

while exact molecular mechanism of these effects is still 

incompletely understood and is required further studies [24-27]. 

 

Circulating endothelial-derived microparticles and heart 

failure 

Recent studies have shown an elevation of circulating EMPs in 

heart failure [28, 29], while etiology of this setting does not 

effect of the number of EMPs [30]. Although concentration of 

circulating EMPs is considered a possible marker of endothelial 

damage in HF, the apoptotic EMPs to activated EMPs ration or 

apoptotic EMPs to circulating endothelial progenitor cell ratio 

have the most predictive value for HF patients [25, 26, 31]. 

Therefore, diabetes mellitus, inflammation state, atherosclerosis 

and uric acid may contribute in elevation of apoptotic-derived 

EMPs and decrease in activated-derived EMPs [32]. Aging is 

discussed as powerful risk factor of HF in general population. In 

fact, increased procoagulant activity in elderly subjects may 

probably relate with level of circulating microparticles [33]. 

Moreover, EMPs are components of the angiogenic response 

that is altered with age and mediates endothelial dysfunction 

development and vascular aging [34]. In this setting deficiency 

of circulating endothelial progenitor cells and increased 

apoptotic EMPs are obviously key players in HF among senior 

population [35, 36]. Metabolic diseases, such as diabetes 

mellitus, hyperuricemia, insulin resistance, may negatively 

effect on mobbing and differentiation of endothelial progenitor 

cells with angiogenic capacity and therefore potentiate secretion 

of apoptotic-derived EMPs that leads to altered profile of EMPs 

[37, 38]. In this context, imbalance between different 

phenotypes of EMPs is able to support endothelial injury and 

affect the progression of HF [39, 40]. Although this hypothesis 

appears to be attractive, it is required to confirmation in large 

clinical investigations. 
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In conclusion, circulating EMPs are cellular markers of 

endothelial damage, vascular integrity disorders, inflammatory 

activity, hypercoagulation, and worsening of vascular reparation 

in HF with possible predictive value. Imbalance between 

apoptitic- and activated-derived EMPs that is suitable for HF 

may relate to comorbidities. The altered profile of EMPs may be 

considered a diagnostic tool for risk stratification among HF 

subjects.  

 

References 
1. Santulli G. (2013) Epidemiology of cardiovascular disease 

in the 21st century: updated numbers and updated facts. 

JCvD; 1: 1-2. 

2. Ramani GV, Uber PA, Mehra MR. (2010) Chronic heart 

failure: contemporary diagnosis and management. Mayo 

Clin Proc; 85: 180-195. 

3. Savino JA 3rd, Kosmas CE, Wagman G, Vittorio TJ. 

(2013) Evolution of the chronic congestive heart failure 

paradigm. Cardiol Rev; 21: 121-126. 

4. Doehner W. (2014) A direct link between haemodynamic 

failure and inflammatory activation in heart failure: the 

simplified approach to heart failure and to creation of life. 

Eur Heart J; 35:413-415. 

5. Mause SF, Weber C. (2010) Microparticles: protagonists of 

a novel communication network for intercellular 

information exchange. Circ Res; 107:1047–1057. 

6. Lynch SF, Ludlam CA. (2007) Plasma microparticles and 

vascular disorders. Br J Haematol ;137:36–48 

7. Ahn YS. (2005) Cell-derived microparticles: Miniature 

envoys with many faces. J Thromb Haemost; 3:884–887. 

8. Vlassov AV, Magdaleno S, Setterquist R, Conrad R. (2012) 

Exosomes: current knowledge of their composition, 

biological functions, and diagnostic and therapeutic 

potentials. Biochim Biophys Acta; 1820: 940–948. 

9. Inal JM, Ansa-Addo EA, Stratton D, Kholia S, Antwi-

Baffour SS,  et al. (2012) Microvesicles in health and 

disease. Arch Immunol Ther Exp; 60:107–121. 

10. VanWijk MJ, VanBavel E, Sturk A, Nieuwland R. (2003) 

Microparticles in cardiovascular diseases. Cardiovasc Res; 

59: 277–287. 

11. Helbing T, Olivier C, Bode C, Moser M, Diehl P. (2014) 

Role of microparticles in endothelial dysfunction and 

arterial hypertension. World J Cardiol; 6: 1135-1139. 

12. Morel O, Jesel L, Freyssinet JM, Toti F. (2011) Cellular 

mechanisms underlying the formation of circulating 

microparticles. Arterioscler Thromb Vasc Biol ; 31:15–26. 

13. Faille D, El-Assaad F, Mitchell AJ, Alessi MC, Chimini G, 

et al. (2012) Endocytosis and intracellular processing of 

platelet microparticles by brain endothelial cells. J Cell Mol 

Med; 16:1731-1738. 

14. Dragovic RA, Gardiner C, Brooks AS, Tannetta DS, 

Ferguson DJ, et al. (2011) Sizing and phenotyping of 

cellular vesicles using Nanoparticle Tracking Analysis. 

Nanomedicine; 7: 780–788. 

15. Robert S, Lacroix R, Poncelet P, Harhouri K, Bouriche T, 

et al. (2012) High-sensitivity flow cytometry provides 

access to standardized measurement of small-size 

microparticles - brief report. Arterioscler Thromb Vasc 

Biol; 32: 1054–1058. 

16. Morel O, Morel N, Jesel L, Freyssinet JM, Toti F. (2011) 

Microparticles: a critical component in the nexus between 

inflammation, immunity, and thrombosis. Semin 

Immunopathol; 33:469–486. 

17. Tetta C, Bruno S, Fonsato V, Deregibus MC, Camussi G. 

(2011) The role of microvesicles in tissue repair. 

Organogenesis; 7: 105–115. 

18. Morel O, Toti F, Hugel B, Freyssinet JM. (2004) Cellular 

microparticles: a disseminated storage pool of bioactive 

vascular effectors. Curr Opin Hematol;11:156–164. 

19. Morel O, Toti F, Hugel B, Bakouboula B, Camoin-Jau L, et 

al. (2006) Procoagulant microparticles: disrupting the 

vascular homeostasis equation. Arterioscler Thromb Vasc 

Biol; 26: 2594–2604. 

20. Owens AP, Mackman N. (2011) Microparticles in 

hemostasis and thrombosis. Circ Res; 108: 1284–1297. 

Volume 1 • Issue 2 • 108                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/HHOA-1-108


 
   http://dx.doi.org/10.14437/HHOA-1-108            Page 4 of 5 
 

 

Citation: Alexander E. Berezin (2014) Circulating Microparticles in Heart Failure: Relation to Comorbidities and Aging. Heart 

Health Open Access 1:108 

21. Markiewicz M, Richard E, Marks N, Ludwicka-Bradley A. 

(2013) Impact of endothelial microparticles on coagulation, 

inflammation, and angiogenesis in age-related vascular 

diseases. J Aging Res; 2013: 734509. 

22. Chironi GN, Boulanger CM, Simon A, Dignat-George F, 

Freyssinet JM, et al. (2009) Endothelial microparticles in 

diseases. Cell Tissue Res; 335: 143-151. 

23. Wang J, Chen S, Ma X, Cheng C, Xiao X, et al. (2013) 

Effects of endothelial progenitor cell-derived microvesicles 

on hypoxia/reoxygenation-induced endothelial dysfunction 

and apoptosis. Oxid Med Cell Longev; 2013:572729 

24. Agouni A, Andriantsitohaina R, Martinez MC. (2014) 

Microparticles as biomarkers of vascular dysfunction in 

metabolic syndrome and its individual components. Curr 

Vasc Pharmacol; 12: 483-492. 

25. Berezin AE, Kremzer AA., Samura TA., 

MartovitskayaYuV. (2014) Circulating Endothelial-Derived 

Apoptotic Microparticles in the Patients with Ischemic 

Symptomatic Chronic Heart Failure: Relevance of Pro-

Inflammatory Activation and Outcomes. Int Cardiovasc 

Res J; 8: 116-123. 

26. Berezin AE, Kremzer AA, Samura TA, Martovitskaya YV, 

Malinovskiy YV, et al. (2014) Predictive value of apoptotic 

microparticles to mononuclear progenitor cells ratio in 

advanced chronic heart failure patients. J Cardiol pii: 

S0914-5087(14)00200-7. doi: 10.1016/j.jjcc.2014.06.014. 

[Epub ahead of print] 

27. Fink K, Feldbrügge L, Schwarz M, Bourgeois N, Helbing 

T, et al. (2011) Circulating annexin V positive 

microparticles in patients after successful cardiopulmonary 

resuscitation. Crit Care; 15: R251 

28. Faure V, Dou L, Sabatier F, Cerini C, Sampol J, Berland Y, 

et al. Elevation of circulating endothelial microparticles in 

patients with chronic renal failure. JThrombHaemost 2006; 

4: 566-573. 

29. Berezin AE, Kremzer AA, Samura TA, Martovitskaya YV. 

(2014) Circulating endothelial-derived apoptotic 

microparticles in the patients with ischemic symptomatic 

chronic heart failure: relevance of pro-inflammatory 

activation and outcomes. Int Cardiovasc Res J; 8:116-123. 

30. Ivak P, Pitha J, Wohlfahrt P, Kralova Lesna I, Stavek P, et 

al. (2014) Endothelial dysfunction expressed as endothelial 

microparticles in patients with end-stage heart failure. 

Physiol Res; 63 Suppl 3: S369-373. 

31. Sinning J, Losch J, Walenta K, Böhm M, Nickenig G, et al. 

(2011) Circulating CD31+/Annexin V+ microparticles 

correlate with cardiovascular outcomes. European Heart 

Journal; 32: 2034–2041. 

32. Montoro-García S, Shantsila E, Tapp LD, López-Cuenca A, 

Romero AI, et al. (2013) Small-size circulating 

microparticles in acute coronary syndromes: relevance to 

fibrinolytic status, reparative markers and outcomes. 

Atherosclerosis; 227: 313-322. 

33. Forest A, Pautas E, Ray P, et al. (2010) Circulating 

microparticles and procoagulant activity in elderly patients. 

Journals of Gerontology A; 65:414–420. 

34. Reed MJ, Edelberg JM. (2004) Impaired angiogenesis in 

the aged. Science of Aging Knowledge Environment; 

2004:p. pe7. 

35. Heiss C, Keymel S, Niesler U, Ziemann J, Kelm M, et al. 

(2005) Impaired progenitor cell activity in age-related 

endothelial dysfunction. Journal of the American College of 

Cardiology; 45:1441–1448. 

36. Edelberg JM, Reed MJ. (2003) Aging and angiogenesis. 

Frontiers in Bioscience; 8:s1199–s1209 

37. Hill JM, Zalos G, Halcox JPJ, Schenke WH, Waclawiw 

MA, et al. (2003) Circulating endothelial progenitor cells, 

vascular function, and cardiovascular risk. N Engl J Med; 

348: 593–600. 

38. Kurtzman N1, Zhang L, French B, Jonas R, Bantly A, et al. 

(2013) Personalized cytomic assessment of vascular health: 

Evaluation of the vascular health profile in diabetes 

mellitus. Cytometry B Clin Cytom; 84: 255-266. 

39. Morel O, Jesel L, Abbas M, Morel N. (2013) Prothrombotic 

changes in diabetes mellitus. Semin Thromb Hemost; 

39:477-488. 

Volume 1 • Issue 2 • 108                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/HHOA-1-108


 
   http://dx.doi.org/10.14437/HHOA-1-108            Page 5 of 5 
 

 

Citation: Alexander E. Berezin (2014) Circulating Microparticles in Heart Failure: Relation to Comorbidities and Aging. Heart 

Health Open Access 1:108 

40. Chen YL, Chen CH, Wallace CG, Wang HT, Yang CC, et 

al. (2014) Levels of Circulating Microparticles in Patients 

with Chronic Cardiorenal Disease. J Atheroscler Thromb 

[Epub ahead of print]. 

 

 

Volume 1 • Issue 2 • 108                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/HHOA-1-108

	Abstract
	Keywords
	Corresponding Author
	Introduction
	Biological function of endothelial-derived microparticles
	Circulating endothelial-derived microparticles and heart failure
	References

