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Abstract
Heart failure (HF) remains to be a serious public and health problem, which associate with higher morbidity, 

mortality and disability. Although there are high-quality developed clinical recommendations regarding prevention and 
treatment of HF, patients with HF have experienced the poor clinical outcomes. Currently transfer of drugs using 
extracellular vesicles (EVs) into target cells in vivo is promising methods for attenuation of cardiac remodeling and 
ischemia. The mini review is presented data confirming the role of specific novel delivery drug systems released wide 
spectrum of biological active molecules based on EVs’ releasing in HF. The use of EV systems might allow localized 
and sustained cytokine release and consequently a prolonged biological effect with induction of tissue regeneration 
and revascularization in HF.
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Introduction
Heart failure (HF) continues to have a sufficient impact on 

morbidity, mortality and disability in developed countries [1,2]. 
Although improving the management of HF remains a priority for 
health care services, the outcome of HF patients remains poor despite 
modern pharmacological and none-pharmacological therapies 
including established devices, i.e., cardiac resynchronization therapy 
devices and implantable defibrillator/cardioverters [3-6]. Meanwhile, 
it has suggested that functionality and repair ability of target cells in 
heart and vessels could be regulated specifically by direct cell-to-cell 
cooperation using appropriate extracellular microvesicles expressed 
on their surfaces complimentary receptors and antigens [7]. The target 
cells could recognize the vesicles with cargo of drugs and thereby target 
transfer of the drug into cells might occur. In this context, the methods 
to deliver the drugs into cells involved in the pathogenesis of HF based 
on extracellular vesicle transfer might appear to be promised. The aim 
of the mini review: to determine the role of specific novel delivery drug 
systems released wide spectrum of biological active molecules based on 
EVs’ releasing in HF.

Definition of Extracellular Vesicles
The extracellular vesicles (EVs) are phospholipid-based 

endogenously produced particles (30-1000 nm in diameter), which 
contain cell-specific collections of proteins, glycoproteins, lipids, 
nucleic acids and other molecules [8]. Abundant cells including 
cardiomyocites, blood cells, endothelial cells, immune cells, and even 
tumor cells are capable to secrete EVs of different size and compositions 
[9]. Depending on their origin EVs are graduated to follow subsets, i.e., 
the exosomes (30–100 nm in diameter), the microvesicles (50–1000 
nm in diameter), ectosomes (100–350 nm in diameter), small-size MPs 
(<50 nm in diameter) know n as membrane particles and apoptotic 
bodies (1-5 µm in diameter) [10].

The majority (more than 90%) of EVs in healthy controls are of 
platelet origin, whereas less than 10% originate from granulocytes and 
less than 5% from endothelial cells, red blood cells and monocytes [11-
13]. Since all types of particles contain surface proteins derived from 
their cell of origin (including antigen-presenting cells), while there are 
additional biomarkers confirming origin of the EVs. Recently EVs are 
considered a cargo for various molecules. Indeed, EVs carry proteins, 
RNA, micro-RNA, and DNA fragments from their cells of origin to 

other parts of the body via blood and other body fluids. Within last 
decade it has become to know that EVs would act as information 
transfer for target cells [12]. Growing evidence supports the idea that 
regarding association between immune pattern of EVs originated from 
different cells (endothelial cells, mononuclears, dendritic cells, platelets) 
and nature evolution of various diseases including CV diseases, cancer, 
sepsis, eclampsia, autoimmune and metabolic states, etc. [13,14].

Nanoparticles as Promising Drug Delivery Systems
Despite many drugs suffer from serious problems concerning 

insolubility, instability in biological environments; poor uptake into 
cells and tissues [15], EVs can be designed as drug delivery systems 
[7,10]. By now, exogenously constructed nanoparticles prepared on 
modified albumin structure, dendrons, polymers, peptides, nucleic 
acids, lipids, and human EVs are used to bind drugs and deliver it to 
the cells [16]. Therefore, there are carbon-based drug delivery systems, 
and systems prepared on gold nanoparticles [17]. It has suggested 
that EVs prepared from modified albumin or lipid-polymers might 
have several advantages compared with other EVs. The particular 
advantages of albumin used in drug delivery systems include ready 
availability, ease of chemical modification, good biocompatibility, 
and low immunogenicity. Lipid-polymeric nanoparticles have been 
explored to produce EVs due to their features and applications, i.e., 
as high drug entrapment, physical-chemical stability and controlled 
release properties [18].

There is large body evidence that the human EVs could be used 
as therapeutic vehicles and as targets for the treatment of HF [19-
22]. Vicencio JM et al. [19] presented the results clarifying the 
role of exosomes in deliver of endogenous protective signals to the 
myocardium by a pathway involving toll-like receptor-4 and classic 
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cardioprotective heart shock proteins - HSPs (HSP27, HSP70). By 
now, exosomal microRNAs transportation has been found to deliver 
signals to mediate cardiac repair after acute myocardial infarction 
[20]. However, the exosomes quality and quantities are variable under 
different pathological conditions including myocardial infarction and 
HF. Overall these findings open serious perspectives for translation of 
remote ischemic preconditioning to clinical practice and provide new 
insights for the therapeutics to cardiac remodeling [21,22]. Furthermore, 
EVs represent a proven, experienced transportation system that 
provides a safe haven for circulating small molecules with a built-in 
docking system [23]. Sufficient number of hopes and speculations are 
existed around the use of nanosize drug delivery systems prepared 
on human EVs or exogenously constructed nanoparticles. However, 
the regulatory approvals that have been received for several albumin-
based therapeutic agents suggest that this approach will continue to be 
successfully explored. 

The Results of Animal Studies Regarding Use of EV 
Delivery Systems

Recently it has been found that EVs secreted by transplanted cells 
may exhibit their paracrine therapeutic effects on target cells in HF 
following myocardial infarction decreasing infarct size and improving 
cardiac function [24-27]. Moreover, EVs may be a cargo for drugs 
needed to be useful in attenuation of cardiac function. Al Kindi et 
al. [25] reported that use of new drug delivery system for milrinone 
using EVs in animal model of end-stage HF can prolong the effects of 
milrinone and improve global cardiac systolic function. Lu et al. [26] 
have evaluated the cardioprotective activity of placental growth factor 
(PGF) delivered through direct injection and a nanoparticle-based 
system model of acute myocardial infarction. Authors found that poly 
lactic-co-glycolic acid (PLGA)-based PGF-carrying nanoparticles 
may improve cardiac function in rats and exert the cardioprotective 
effect through regulating metalloproteinase-mediated myocardial 
tissue remodeling. The use of the EV system might allow localized and 
sustained cytokine release and consequently a prolonged biological 
effect with induction of tissue revascularization in HF [27]. Indeed, 
Formiga et al. [28] compared the effect of delivery of poly (lactic-
co-glycolic acid) (PLGA) EVs loaded with VEGF (165) [vascular 
endothelial growth factor] with free-VEGF or control empty EVs in 
a rat model of ischemia-reperfusion. Investigators concluded that 
PLGA EVs were promising cytokine delivery system for treatment of 
myocardial ischemia and cardiac dysfunction. Overall, novel drug-
delivery systems might be effective therapeutic tool in HF and other 
CV diseases.

Kervadec et al. [29] have reported that in this post-infarct HF animal 
model either human embryonic stem cell-derived cardiovascular 
progenitors or their secreted EVs enhance recovery of cardiac pump 
function and similarly affect cardiac gene expression patterns that 
could be related to this recovery. Authors concluded that paracrine 
effect in cell-based therapies is sufficient to functional recovery for 
post-infarction-related chronic HF, whereas exact mechanisms by 
which EVs improve cardiac function remain to be not fully determined.

By now, there are innovations regarding integrated application 
of our novel porous silicon EVs carrying adeno-associated virus 
nanoparticles, and the use of our ex vivo lung perfusion/ventilation 
system for the modulation of pro-inflammatory cytokines initiated by 
ischemic pulmonary conditions prior to organ transplant that often 
lead to complications [30]. Whether similar novel methods would 
be effective in HF patients are nor fully clear, while these results are 

undoubtedly intriguing. Therefore, there is evidence regarding use of 
acetalated dextran MPs as a delivery tool for therapeutics to the heart 
after myocardial infarction [31]. Indeed, the EVs may release model 
proteins, myoglobin, and a sensitive growth factor, basic fibroblast 
growth factor, which are essential for attenuation of cardiac remodeling. 
Remarkably, transfer of drugs using EVs into target cells in vivo is 
promising, whereas large clinical investigations are required [32].

Clinical Perspectives and Future Directions
The one of serious obstacle to implement of nano drug delivery 

systems is the lack of tissue or cell specificity that is suitable exogenous 
EVs. This is a leading problem associated with a risk of unexpected side 
effects or toxicity after their clinical application. Unfortunately, there 
are no FDA approvals or clinical trials in process to resolve situation 
around toxicity of drug delivery systems. Despite the many advantages 
of the drug delivery systems used in the failing human heart, there 
are not the regulatory approvals for evaluation of clinical efficacy of 
several drug delivery systems based on nanosized particles except lipid-
polymeric nanoparticles and albumin-based EVs. However, a lot of 
clinical investigations are required to explain the advantages of different 
drug delivery systems. 

Conclusion
Future perspectives regarding EVs’ utilization might relate to use 

of specific novel delivery drug systems released wide spectrum of 
biological active molecules that would be useful in cardiac remodeling 
attenuation.

References

1. van Riet EE, Hoes AW, Wagenaar KP, Limburg A, Landman MA, et al. (2016) 
Epidemiology of heart failure: The prevalence of heart failure and ventricular 
dysfunction in older adults over time. A systematic review. Eur J Heart Fail 18: 
242-252.

2. Burban M, Meyer G, Olland A, Séverac F, Yver B, et al. (2016) An Intravenous 
Bolus of EPA: DHA 6: 1 Protects against myocardial ischemia-reperfusion-
induced shock. Shock.

3. Rathore SS, Masoudi FA, Wang Y, Curtis JP, Foody JM, et al. (2006) Socio-
economic status, treatment, and outcomes among elderly patients hospitalized 
with heart failure: Findings from the National Heart Failure Project. Am Heart 
J 152: 371-378. 

4. Brouwers FP, de Boer RA, van der Harst P, Voors AA, Gansevoort RT, et al. 
(2013) Incidence and epidemiology of new onset heart failure with preserved 
vs. reduced ejection fraction in a community-based cohort: 11 year follow-up of 
PREVEND. Eur Heart J 34: 1424-1431. 

5. Hawkins NM, Virani SA, Sperrin M, Buchan IE, McMurray JJ, et al. (2015) 
Predicting heart failure decompensation using cardiac implantable electronic 
devices: A review of practices and challenges. Eur J Heart Fail. 

6. McMurray JJ (2015) Improving outcomes in heart failure: A personal 
perspectiveâ€. Eur Heart J 36: 3467-3470.

7. Mukherjee B (2013) Nanosize drug delivery system. Curr Pharm Biotechnol 
14: 1221.

8. Cocucci E, Meldolesi J (2015) Ectosomes and exosomes: shedding the 
confusion between extracellular vesicles. Trends Cell Biol 25: 364-372.

9. Colombo M, Raposo G, Théry C (2014) Biogenesis, secretion and intercellular 
interactions of exosomes and other extracellular vesicles. Annu Rev Cell Dev 
Biol 30: 255-289. 

10. Sarkar S, Dasgupta AK (2015) Microparticle of drug and nanoparticle: a 
biosynthetic route. Pharmacol Res Perspect 3: e00188.

11. Berezin A (2016) “Impaired immune phenotype” of endothelial cell-
derived microparticles: the missed link between diabetes-related states 
and cardiovascular complications? Journal of Data Mining in Genomics & 
Proteomics 7: 195-197. 

http://www.ncbi.nlm.nih.gov/pubmed/26727047
http://www.ncbi.nlm.nih.gov/pubmed/26727047
http://www.ncbi.nlm.nih.gov/pubmed/26727047
http://www.ncbi.nlm.nih.gov/pubmed/26727047
http://www.ncbi.nlm.nih.gov/pubmed/27058043
http://www.ncbi.nlm.nih.gov/pubmed/27058043
http://www.ncbi.nlm.nih.gov/pubmed/27058043
http://www.ncbi.nlm.nih.gov/pubmed/16875925
http://www.ncbi.nlm.nih.gov/pubmed/16875925
http://www.ncbi.nlm.nih.gov/pubmed/16875925
http://www.ncbi.nlm.nih.gov/pubmed/16875925
http://www.ncbi.nlm.nih.gov/pubmed/23470495
http://www.ncbi.nlm.nih.gov/pubmed/23470495
http://www.ncbi.nlm.nih.gov/pubmed/23470495
http://www.ncbi.nlm.nih.gov/pubmed/23470495
http://www.ncbi.nlm.nih.gov/pubmed/26663507
http://www.ncbi.nlm.nih.gov/pubmed/26663507
http://www.ncbi.nlm.nih.gov/pubmed/26663507
http://www.ncbi.nlm.nih.gov/pubmed/26578200
http://www.ncbi.nlm.nih.gov/pubmed/26578200
http://www.ncbi.nlm.nih.gov/pubmed/25106648
http://www.ncbi.nlm.nih.gov/pubmed/25106648
http://www.ncbi.nlm.nih.gov/pubmed/25683921
http://www.ncbi.nlm.nih.gov/pubmed/25683921
http://www.ncbi.nlm.nih.gov/pubmed/26516592
http://www.ncbi.nlm.nih.gov/pubmed/26516592
http://www.omicsonline.org/open-access/impaired-immune-phenotype-of-endothelial-cellderived-micro-particles-the-missing-link-between-diabetesrelated-states-and-risk-of-c-2153-0602-1000195.php?aid=71809
http://www.omicsonline.org/open-access/impaired-immune-phenotype-of-endothelial-cellderived-micro-particles-the-missing-link-between-diabetesrelated-states-and-risk-of-c-2153-0602-1000195.php?aid=71809
http://www.omicsonline.org/open-access/impaired-immune-phenotype-of-endothelial-cellderived-micro-particles-the-missing-link-between-diabetesrelated-states-and-risk-of-c-2153-0602-1000195.php?aid=71809
http://www.omicsonline.org/open-access/impaired-immune-phenotype-of-endothelial-cellderived-micro-particles-the-missing-link-between-diabetesrelated-states-and-risk-of-c-2153-0602-1000195.php?aid=71809


Citation: Berezin AE (2016) Utilization of Novel Delivery Drug Systems Based on Release of Extracellular Vesicles in Heart Failure. Cell Dev Biol 5: 
173. doi:10.4172/2168-9296.1000173

Page 3 of 3

Volume 5 • Issue 2 • 1000173Cell Dev Biol
ISSN: 2168-9296 CDB, an open access journal

12. Berezin A (2016) Impaired pattern of endothelial cell-derived microparticles
in heart failure patients with preserved and reduced left ventricular ejection
fraction. J Mol Biomark Diagn 7: 288-289.

13. Berezin A (2016) Impaired phenotype of endothelial cell-derived micro particles: 
The missed link in heart failure development? Biomark J 2: 14-19. 

14. Berezin A, Kremzer A, Berezina T, Martovotskaya Yu, Gromenko O (2016)
Pattern of endothelial progenitor cells and apoptotic endothelial cell-derived
microparticles in chronic heart failure patients with preserved and reduced left
ventricular ejection fraction. EBioMedicine 4: 86-94. 

15. Karimi M, Bahrami S, Ravari SB, Zangabad PS (2016) Albumin nanostructures 
as advanced drug delivery systems. Expert Opin Drug Deliv.

16. Ramezanpour M, Leung SS, Delgado-Magnero KH, Bashe BY, Thewalt J,
et al. (2016) Computational and experimental approaches for investigating
nanoparticle-based drug delivery systems. Biochim Biophys Acta 1858: 1688-
1709. 

17. Lee WH, Loo CY, Traini D, Young PM (2015) Nano- and micro-based inhaled
drug delivery systems for targeting alveolar macrophages. Expert Opin Drug
Deliv 12: 1009-1026.

18. Sgorla D, Bunhak ÉJ, Cavalcanti OA, Fonte P, et al. (2016) Exploitation of lipid-
polymeric matrices at nanoscale for drug delivery applications. Expert Opin
Drug Deliv .

19. Vicencio JM, Yellon DM, Sivaraman V, Das D, Boi-Doku C, et al. (2015) Plasma 
exosomes protect the myocardium from ischemia-reperfusion injury. J Am Coll
Cardiol 65: 1525-1536.

20. Yuan MJ, Maghsoudi T, Wang T (2016) Exosomes mediate the intercellular
communication after myocardial infarction. Int J Med Sci 13: 113-116.

21. Tapuria N, Kumar Y, Habib MM, Abu Amara M, Seifalian AM, et al. (2008)
Remote ischemic preconditioning: A novel protective method from ischemia
reperfusion injury - a review. J Surg Res 150: 304-330. 

22. Przyklenk K, Whittaker P (2011) Remote ischemic preconditioning: Current
knowledge, unresolved questions and future priorities. J Cardiovasc Pharmacol 
Ther 16: 255-259. 

23. EL Andaloussi S, Mager I, Breakefield XO, Wood MJ (2013) Extracellular 
vesicles: Biology and emerging therapeutic opportunities. Nat Rev Drug Discov 
12: 347-357. 

24. Kang Y, Wu J, Yin G, Huang Z, Yao Y, et al. (2008) Preparation, characterization 
and in vitro cytotoxicity of indomethacin-loaded PLLA/PLGA microparticles
using supercritical CO2 technique. Eur J Pharm Biopharm 70: 85-97.

25. Al Kindi H, Paul A, You Z, Nepotchatykh O, Schwertani A, et al. (2014)
Sustained release of milrinone delivered via microparticles in a rodent model of 
myocardial infarction. J Thorac Cardiovasc Surg 148: 2316-2323. 

26. Lu ZX, Mao LL, Lian F, He J, Zhang WT, et al. (2014) Cardioprotective activity 
of placental growth factor in a rat model of acute myocardial infarction:
Nanoparticle-based delivery versus direct myocardial injection. BMC
Cardiovasc Disord 14: 53. 

27. Hall JL (2015) Exosomes decrease infarct size. J Am Coll Cardiol 65: 1537-
1538.

28. Formiga FR, Pelacho B, Garbayo E, Abizanda G, Gavira JJ, et al. (2010)
Sustained release of VEGF through PLGA microparticles improves
vasculogenesis and tissue remodeling in an acute myocardial ischemia-
reperfusion model. J Control Release 147: 30-37. 

29. Kervadec A, Bellamy V, El Harane N, Arakélian L, Vanneaux V, et al. (2016)
Cardiovascular progenitor-derived extracellular vesicles recapitulate the
beneficial effects of their parent cells in the treatment of chronic heart failure. J 
Heart Lung Transplant.

30. McConnell KI, Rhudy J, Yokoi K, Gu J, Mack A, et al. (2014) Enhanced
gene delivery in porcine vasculature tissue following incorporation of adeno-
associated virus nanoparticles into porous silicon microparticles. J Control
Release 194: 113-121. 

31. Suarez S, Grover GN, Braden RL, Christman KL, Almutairi A (2013) Tunable
protein release from acetalated dextran microparticles: A platform for delivery of 
protein therapeutics to the heart post-MI. Biomacromolecules 14: 3927-3935.

32. Yu W, Zhang N, Li C (2009) Saccharide modified pharmaceutical nanocarriers 
for targeted drug and gene delivery. Curr Pharm Des 15: 3826-3836.

http://www.ebiomedicine.com/article/S2352-3964%2816%2930014-7/abstract
http://www.ebiomedicine.com/article/S2352-3964%2816%2930014-7/abstract
http://www.ebiomedicine.com/article/S2352-3964%2816%2930014-7/abstract
http://biomarkers.imedpub.com/impaired-phenotype-of-endothelial-cellderived-micro-particles-the-missed-link-in-heart-failure-development.pdf
http://biomarkers.imedpub.com/impaired-phenotype-of-endothelial-cellderived-micro-particles-the-missed-link-in-heart-failure-development.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26981573
http://www.ncbi.nlm.nih.gov/pubmed/26981573
http://www.ncbi.nlm.nih.gov/pubmed/26981573
http://www.ncbi.nlm.nih.gov/pubmed/26981573
http://www.ncbi.nlm.nih.gov/pubmed/27216915
http://www.ncbi.nlm.nih.gov/pubmed/27216915
http://www.ncbi.nlm.nih.gov/pubmed/26930298
http://www.ncbi.nlm.nih.gov/pubmed/26930298
http://www.ncbi.nlm.nih.gov/pubmed/26930298
http://www.ncbi.nlm.nih.gov/pubmed/26930298
http://www.ncbi.nlm.nih.gov/pubmed/25912721
http://www.ncbi.nlm.nih.gov/pubmed/25912721
http://www.ncbi.nlm.nih.gov/pubmed/25912721
http://www.ncbi.nlm.nih.gov/pubmed/27110648
http://www.ncbi.nlm.nih.gov/pubmed/27110648
http://www.ncbi.nlm.nih.gov/pubmed/27110648
http://www.ncbi.nlm.nih.gov/pubmed/25881934
http://www.ncbi.nlm.nih.gov/pubmed/25881934
http://www.ncbi.nlm.nih.gov/pubmed/25881934
http://www.ncbi.nlm.nih.gov/pubmed/26941569
http://www.ncbi.nlm.nih.gov/pubmed/26941569
http://www.ncbi.nlm.nih.gov/pubmed/19040966
http://www.ncbi.nlm.nih.gov/pubmed/19040966
http://www.ncbi.nlm.nih.gov/pubmed/19040966
http://www.ncbi.nlm.nih.gov/pubmed/21821525
http://www.ncbi.nlm.nih.gov/pubmed/21821525
http://www.ncbi.nlm.nih.gov/pubmed/21821525
http://www.ncbi.nlm.nih.gov/pubmed/23584393
http://www.ncbi.nlm.nih.gov/pubmed/23584393
http://www.ncbi.nlm.nih.gov/pubmed/23584393
http://www.ncbi.nlm.nih.gov/pubmed/18495445
http://www.ncbi.nlm.nih.gov/pubmed/18495445
http://www.ncbi.nlm.nih.gov/pubmed/18495445
http://www.ncbi.nlm.nih.gov/pubmed/25175952
http://www.ncbi.nlm.nih.gov/pubmed/25175952
http://www.ncbi.nlm.nih.gov/pubmed/25175952
http://www.ncbi.nlm.nih.gov/pubmed/24742302
http://www.ncbi.nlm.nih.gov/pubmed/24742302
http://www.ncbi.nlm.nih.gov/pubmed/24742302
http://www.ncbi.nlm.nih.gov/pubmed/24742302
http://www.ncbi.nlm.nih.gov/pubmed/25881935
http://www.ncbi.nlm.nih.gov/pubmed/25881935
http://www.ncbi.nlm.nih.gov/pubmed/20643169
http://www.ncbi.nlm.nih.gov/pubmed/20643169
http://www.ncbi.nlm.nih.gov/pubmed/20643169
http://www.ncbi.nlm.nih.gov/pubmed/20643169
http://www.ncbi.nlm.nih.gov/pubmed/27041495
http://www.ncbi.nlm.nih.gov/pubmed/27041495
http://www.ncbi.nlm.nih.gov/pubmed/27041495
http://www.ncbi.nlm.nih.gov/pubmed/27041495
http://www.ncbi.nlm.nih.gov/pubmed/25180449
http://www.ncbi.nlm.nih.gov/pubmed/25180449
http://www.ncbi.nlm.nih.gov/pubmed/25180449
http://www.ncbi.nlm.nih.gov/pubmed/25180449
http://www.ncbi.nlm.nih.gov/pubmed/24053580
http://www.ncbi.nlm.nih.gov/pubmed/24053580
http://www.ncbi.nlm.nih.gov/pubmed/24053580
http://www.ncbi.nlm.nih.gov/pubmed/19925431
http://www.ncbi.nlm.nih.gov/pubmed/19925431

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Definition of Extracellular Vesicles 
	Nanoparticles as Promising Drug Delivery Systems 
	The Results of Animal Studies Regarding Use of EV Delivery Systems 
	Clinical Perspectives and Future Directions 
	Conclusion
	References

