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Abstract

:

Intercellular communication is an essential hallmark of multicellular organisms and can be mediated through direct cell–cell contact or transfer of secreted molecules. In the last two decades, a third mechanism for intercellular communication has emerged that involves intercellular transfer of extracellular vesicles (EVs). EVs are membranous vesicles of 30–5000 nm in size. Based on their dimension and biogenesis, EVs can be divided into different categories, such as microvesicles, apoptotic bodies, ectosomes, and exosomes. It has already been demonstrated that protein changes, expressed on the surfaces or in the content of these vesicles, may reflect the status of producing cells. For this reason, EVs, and exosomes in particular, are considered ideal biomarkers in several types of disease—from cancer diagnosis to heart rejection. This aspect opens different opportunities in EVs clinical application, considering the importance given to liquid biopsy in the recent years. Furthermore, extracellular vesicles can be natural or engineered carriers of cytoprotective or cytotoxic factors and applied, as a therapeutic tool, from regenerative medicine to target cancer therapy. This is of pivotal importance in the so called “era of the 4P medicine”. This Editorial focuses on recent findings pertaining to EVs in different medical areas, from biomarkers to therapeutic applications.
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1. Introduction


Intercellular communication is essential in multicellular organisms and can be mediated through direct cell–cell contact or transfer of secreted molecules [1]. In the last two decades, a third mechanism for intercellular communication, that involves the intercellular transfer of extracellular vesicles (EVs), has emerged [2]. EVs are membrane vesicles of 30–1000 nm in size. They can be isolated in vitro from cell-conditioned medium, as well as from different body fluids (e.g., such as plasma, urine, breast milk) [3]. Based on their dimension EVs can be divided into different categories: small vesicles, such as exosome (<200 nm), and large vesicles, such as microvesicles (MVs), ectosomes/oncosomes (200–1000 nm) [4]. EVs are also categorized based on their biogenesis. EVs can be released either through the outward budding of the plasma membrane, termed shedding microvesicles (MVs), or ectosomes [5]. The other mechanism involves the inward budding of the endosomal membrane, resulting in the formation of multivesicular bodies (MVBs), with exosomes released by fusion of the outer MVB membrane to the plasma membrane [6].



EVs are loaded with a diverse range of proteins, some of which are common to most EVs subsets released from most cell types, such as the membrane-bound tetraspanins CD9, CD81, and CD63 [4]. Others, instead, are detected in EVs derived from only a specific subset of cell types. This is due to their capability of carrying different markers from the cell of origin. For such reasons EVs have been recently pointed out as one of the main characters for liquid biopsy (biomarkers) and therapeutic application.




2. EVs as Biomarkers


These shuttled markers may be proteins, as well as nucleic acids and lipids, and are sheltered and conserved in their original stability, structure and sequence [7]. Moreover, EVs cargoes have been analyzed and characterized from many sources, with their identities used to investigate the biogenesis of the vesicles and to develop diagnostic biomarker panels for human disease [8]. In fact, the circulating EVs, both in peripheral blood and other biological fluids, such as cerebrospinal fluid and urine [9,10], are dynamically monitorable and reflect the physiological and pathophysiological characteristics of the parental cell. In addition, their concentration in biological fluids seems to be disease-state dependent [11,12,13]. Thanks to these features, EVs, and exosomes in particular, have been identified as reliable biomarkers for diagnostic and minimal residual disease monitoring purposes. Moreover, their prognostic impacts have been demonstrated in different clinical settings, such as cardiac [14], neurological and neurodegenerative [15,16,17], immune and autoimmune [18,19], oncological [20] and onco-hematological diseases [11,21], and pregnancy complications [22]. Nevertheless, the isolation and characterization of EVs and exosomes’ cargoes remained a big challenge for years because of the low quantity. In particular, the challenge of protein cargo identification from exosomes preparations was the lack of amplification techniques compared to nucleic acids investigation. However, thanks to rapid improvements in proteomic technologies, such as mass spectrometry [23] and Raman technology [12,23], EVs protein characterization is not only feasible, but of great interest from a biological and medical point of view.



Regarding their isolation, the possibility to isolate a specific subset of exosomes or EVs released by a specific cell population is of pivotal importance in order to increase the sensitivity of the markers detection, and to improve the specificity of the investigation [24,25]. In recent years, different approaches have been described and compared with ultra-centrifuge or conventional isolation kits. In particular, many efforts have been focused on the immuno-selection of exosomes based on the binding of specific antigens expressed on their membrane [25] or on peptide affinity. These methods normally involve antibodies that are either conjugated to beads (i.e., magnetic) or conjugated with a secondary antibody bead. This aspect presents a particular impact in oncology and onco-hematology diseases because it enables the scientists to detect active malignant cells [19,26,27], overcoming the need of their localization. In addition, the isolation of a specific EVs population released by pathogenic cells seems of great interest in the screening of people considered under risk of development of particular diseases [28,29]. Moreover, the feasibility of the isolation of a specific exosomes or vesicles population opens the opportunity to set up effective liquid biopsy approaches, in order to reduce invasive and painful conventional tissue biopsies [30,31,32]—in particular for the very challenging anatomical districts such as the brain [33,34]. In fact, in diseases affecting the central nervous system, neurologists have no access to the diseased tissue, with the exception of extreme cases requiring a cerebral biopsy. Therefore, EVs released by neural and non-neural cells are considered as possible vehicles of both clinical and biological information. In addition to the anatomical challenge, central nervous system diseases are disadvantaged by the very reduced amount of EVs released by neural cells. Therefore, brain specific EVs are very diluted, if present, in peripheral biological fluids, increasing the limit of EVs biomarkers detection by current available technologies [35]. In this scenario, immuno-selection of exosomes seems the most suitable approach in order to overcome this limit. These approaches have been explored in different studies focused on central nervous system disease. EVs markers for extra-cranial (CD62E+) and intra-cranial (CD31+CD42b−PS+) localization of the stenosis have been recognized in the case of stroke and stroke mimics. Other specific markers useful for the isolation of EVs released by neural cell populations are L1CAM and CD171. The isolation of EVs exposing these markers on their surface opened the possibility to better estimate the time of stroke and the clinical severity. In the future, the routinely available and standardized detection techniques for specific EVs sub-populations may result as an additional tool to improve therapeutic strategies, or to better stratify the patients’ risk [36,37]. Additionally, in brain tumors, the feasibility of overcoming a conventional tissue biopsy and of following disease progression through EVs is based on the detection limits. Up to now, some central nervous system tumor-EVs specific markers have already been identified, and they may help the set-up of valuable liquid biopsy approaches in future clinical neurology [38].



Therefore, the synergy between the isolation and enrichment strategies and the new technologies for the analysis of proteins and nucleic acids, such as proteomics and genomics, are increasing the present clinical application of the EVs and exosomes as reliable biomarkers, and are the bases for the future.




3. EVs as Therapeutic Tools


The capability of these vesicles to carry messages and information to target cells inspired the scientists in using exosomes and EVs as potential shutters for drug delivery. Compared to the synthetic carriers, such as LNPs or polymeric micelles, that present toxicity problems, EVs are safe. Furthermore, EVs possess the unique ability to cross tissue and cellular barriers [39]. Loading of molecules into extracellular vesicles is a strategy that combines the physiological activity of the extracellular vesicles with the apported modification. For example, modification of EVs from mesenchymal stem cells (MSCs) will result in a double effect: the inhibitory effects on immune responses exerted by MSCs derived EVs [40] plus the drug activity. This type of strategy was successfully used in a mouse model of pancreatic cancer. EVs derived from MSCs and loaded with high amounts of anti-KRASG12D siRNA showed a significant increase in mouse survival [41].



EVs can also be engineered to target specific organs. Indeed, the fate of this carrier, when not locally injected, remains elusive. Mentkowski et al., for example, modified cardiosphere derived cells in order to express Lamp2b, an exosome membrane protein, fused to a cardiomyocyte specific peptide (CMP). Such a stratagem increased retention of the exosome by cardiomyocyte, compared to the naive one, and resulted in higher cardioprotection activity [42].



As suggested previously, EVs derived from stem or progenitor cells can also be used unmodified, thanks to their ability to deliver exogenous therapeutic cargo [43].



The evidence that extracellular vesicles secreted by certain cells could be used for therapeutic application, especially in the regenerative medicine field, derives from previous studies on cell therapy. For example, in the cardiovascular field, researchers initially thought that the cardioprotective properties of mesenchymal stem cells (MSCs), injected into the injured heart, resulted from their differentiation into healthy myocardium [44]. However, different studies later showed that such effects were due to the paracrine activity exploited by MSCs, and in particular from the vesicular part [45]. Furthermore, EVs possess numerous advantages over cell-based therapies in the context of regenerative medicine, such as less limitation related to safety and feasibility of canonical cell transplantation like cell engraftment, survival and immunocompatibility. Moreover, EVs can be easily stored and transported for long periods. Additionally, the injection of EVs does not present risk of tumor generation because they are unable to replicate.



The current “state of the art” of extracellular vesicles fractions used as a therapeutic agent has presented different active clinical trials. Phase-1 and phase-2 clinical trials (ClinicalTrials.gov Identifier: NCT01159288) have evaluated the safety and ability of autologous dendritic cell-derived exosomes, loaded with tumor antigens, to activate tumor-specific cytotoxic T cells in cancer patients [46]. There are also active trials with unmodified stem or progenitor cells EVs. For example, an early phase-1 clinical trial using adipose derived stem cell exosomes in treatment for periodontitis is now recruiting patients for safety evaluation (ClinicalTrials.gov Identifier: NCT4270006). A position paper from the International Society of Extracellular Vesicle (ISEV) highlighted safety and regulatory aspects that must be considered for pharmaceutical manufacturing and clinical application [47].



A concrete future of EVs application in therapy seems not so far away. The scientific community is moving fast, but for a future effective and safe translation of EVs-based therapies into clinical practice, a high level of cooperation between researchers, clinicians and competent authorities should not be neglected.




4. Conclusions


In the end, we hope the reviews and articles presented in this Special Issue of Biology will help to shed light on the relevance of extracellular vesicles in different human diseases. Steady research on the components and functions of extracellular vesicles would facilitate the use of extracellular vesicles in diagnostics and therapeutics. Finally, we appreciate the efforts of all contributors to this Special Issue.







Author Contributions


S.B. Manuscript writing and final approval. C.B. Manuscript writing and final approval. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mittelbrunn, M.; Sánchez-Madrid, F. Intercellular communication: Diverse structures for exchange of genetic information. Nat. Rev. Mol. Cell Biol. 2012, 13, 328–335. [Google Scholar] [CrossRef] [PubMed]

	



Raposo, G.; Stahl, P.D. Extracellular vesicles: A new communication paradigm? Nat. Rev. Mol. Cell Biol. 2019, 20, 509–510. [Google Scholar] [CrossRef] [PubMed]

	



Barile, L.; Vassalli, G. Exosomes: Therapy delivery tools and biomarkers of diseases. Pharm. Ther. 2017, 174, 63–78. [Google Scholar] [CrossRef] [PubMed]

	



Théry, C.; Witwer, K.W.; Aikawa, E.; Alcaraz, M.J.; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.; Arab, T.; Archer, F.; Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): A position statement of the International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750. [Google Scholar] [CrossRef]

	



Muralidharan-Chari, V.; Clancy, J.W.; Sedgwick, A.; D’Souza-Schorey, C. Microvesicles: Mediators of extracellular communication during cancer progression. J. Cell Sci. 2010, 123, 1603–1611. [Google Scholar] [CrossRef]

	



Théry, C.; Ostrowski, M.; Segura, E. Membrane vesicles as conveyors of immune responses. Nat. Rev. Immunol. 2009, 9, 581–593. [Google Scholar] [CrossRef]

	



Urabe, F.; Urabe, F.; Ito, K.; Kimura, T.; Egawa, S.; Ochiya, T. Extracellular vesicles as biomarkers and therapeutic targets for cancer. Am. J. Physiol. 2019, 318, C29–C39. [Google Scholar] [CrossRef]

	



Schey, K.L.; Luther, J.M.; Rose, K.L. Proteomics characterization of exosome cargo. Methods 2015, 87, 75–82. [Google Scholar] [CrossRef]

	



Simeone, P.; Bologna, G.; Lanuti, P.; Pierdomenico, L.; Guagnano, M.T.; Pieragostino, D.; Del Boccio, P.; Vergara, D.; Marchisio, M.; Miscia, S.; et al. Extracellular Vesicles as Signaling Mediators and Disease Biomarkers across Biological Barriers. Int. J. Mol. Sci. 2020, 21, 2514. [Google Scholar] [CrossRef]

	



Li, M.; Zeringer, E.; Barta, T.; Schageman, J.; Cheng, A.; Vlassov, A.V. Analysis of the RNA content of the exosomes derived from blood serum and urine and its potential as biomarkers. Philos. Trans. R. Soc. B Biol. Sci. 2014, 369, 20130502. [Google Scholar] [CrossRef]

	



Bernardi, S.; Zanaglio, C.; Farina, M.; Polverelli, N.; Malagola, M.; Russo, D. dsDNA from extracellular vesicles (EVs) in adult AML. Ann. Hematol. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Rikkert, L.G.; Beekman, P.; Caro, J.; Coumans, F.A.W.; Enciso-Martinez, A.; Jenster, G.; Le Gac, S.; Lee, W.; Van Leeuwen, T.G.; Loozen, G.B.; et al. Cancer-ID: Toward Identification of Cancer by Tumor-Derived Extracellular Vesicles in Blood. Front. Oncol. 2020, 10, 608. [Google Scholar] [CrossRef] [PubMed]

	



Castellani, C.; Burrello, J.; Fedrigo, M.; Burrello, A.; Bolis, S.; Di Silvestre, D.; Tona, F.; Bottio, T.; Biemmi, V.; Toscano, G.; et al. Circulating extracellular vesicles as a noninvasive biomarker of rejection in heart transplant. J. Heart Lung Transpl. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Mahadev, K.; Wu, X.; Donnelly, S.; Ouedraogo, R.; Eckhart, A.D.; Goldstein, B.J. Adiponectin inhibits vascular endothelial growth factor-induced migration of human coronary artery endothelial cells. Cardiovasc. Res. 2008, 78, 376–384. [Google Scholar] [CrossRef] [PubMed]

	



Hornung, S.; Dutta, S.; Bitan, G. CNS-Derived Blood Exosomes as a Promising Source of Biomarkers: Opportunities and Challenges. Front. Mol. Neurosci. 2020, 13, 2020. [Google Scholar] [CrossRef] [PubMed]

	



Lee, S.; Mankhong, S.; Kang, J.-H. Extracellular Vesicle as a Source of Alzheimer’s Biomarkers: Opportunities and Challenges. Int. J. Mol. Sci. 2019, 20, 1728. [Google Scholar] [CrossRef]

	



Vacchi, E.; Burrello, J.; Di Silvestre, D.; Burrello, A.; Bolis, S.; Mauri, P.; Vassalli, G.; Cereda, C.W.; Farina, C.; Barile, L.; et al. Immune profiling of plasma-derived extracellular vesicles identifies Parkinson disease. Neurol. Neuroimmunol. Neuroinflamm. 2020, 7, e866. [Google Scholar] [CrossRef]

	



Li, N.; Zhao, L.; Wei, Y.; Ea, V.L.; Nian, H.; Wei, R. Recent advances of exosomes in immune-mediated eye diseases. Stem Cell Res. 2019, 10, 278. [Google Scholar] [CrossRef]

	



Wermuth, P.J.; Piera-Velazquez, S.; Jimenez, S.A. Exosomes isolated from serum of systemic sclerosis patients display alterations in their content of profibrotic and antifibrotic microRNA and induce a profibrotic phenotype in cultured normal dermal fibroblasts. Clin. Exp. Rheumatol. 2017, 35, 21–30. [Google Scholar]

	



Foroni, C.; Zarovni, N.; Bianciardi, L.; Bernardi, S.; Triggiani, L.; Zocco, D.; Venturella, M.; Chiesi, A.; Valcamonico, F.; Berruti, A. When Less Is More: Specific Capture and Analysis of Tumor Exosomes in Plasma Increases the Sensitivity of Liquid Biopsy for Comprehensive Detection of Multiple Androgen Receptor Phenotypes in Advanced Prostate Cancer Patients. Biomedicines 2020, 8, 131. [Google Scholar] [CrossRef]

	



Kontopoulou, E.; Strachan, S.; Reinhardt, K.; Kunz, F.; Walter, C.; Walkenfort, B.; Jastrow, H.; Hasenberg, M.; Giebel, B.; Von Neuhoff, N.; et al. Evaluation of dsDNA from extracellular vesicles (EVs) in pediatric AML diagnostics. Ann. Hematol. 2020, 99, 459–475. [Google Scholar] [CrossRef] [PubMed]

	



Pillay, P.; Moodley, K.; Moodley, J.; Mackraj, I. Placenta-derived exosomes: Potential biomarkers of preeclampsia. Int. J. Nanomed. 2017, 12, 8009–8023. [Google Scholar] [CrossRef] [PubMed]

	



Raimondo, F.; Morosi, L.; Chinello, C.; Magni, F.; Pitto, M. Advances in membranous vesicle and exosome proteomics improving biological understanding and biomarker discovery. Proteomics 2011, 11, 709–720. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, W.; Jiang, L.; Diefenbach, R.J.; Campbell, D.H.; Walsh, B.J.; Packer, N.H.; Wang, Y. Enabling Sensitive Phenotypic Profiling of Cancer-Derived Small Extracellular Vesicles Using Surface-Enhanced Raman Spectroscopy Nanotags. ACS Sens. 2020, 5, 764–771. [Google Scholar] [CrossRef] [PubMed]

	



Beekman, P.; Enciso-Martinez, A.; Rho, H.S.; Pujari, S.P.; Lenferink, A.; Zuilhof, H.; Terstappen, L.W.M.M.; Otto, C.; Le Gac, S. Immuno-capture of extracellular vesicles for individual multi-modal characterization using AFM, SEM and Raman spectroscopy. Lab Chip 2019, 19, 2526–2536. [Google Scholar] [CrossRef]

	



Zarovni, N.; Corrado, A.; Guazzi, P.; Zocco, D.; Lari, E.; Radano, G.; Muhhina, J.; Fondelli, C.; Gavrilova, J.; Chiesi, A. Integrated isolation and quantitative analysis of exosome shuttled proteins and nucleic acids using immunocapture approaches. Methods 2015, 87, 46–58. [Google Scholar] [CrossRef] [PubMed]

	



Bernardi, S.; Foroni, C.; Zanaglio, C.; Re, F.; Polverelli, N.; Turra, A.; Morello, E.; Farina, M.; Cattina, F.; Gandolfi, L.; et al. Feasibility of tumor-derived exosome enrichment in the onco-hematology leukemic model of chronic myeloid leukemia. Int. J. Mol. Med. 2019, 44, 2133–2144. [Google Scholar] [CrossRef]

	



Bernardi, S.; Malagola, M.; Polverelli, N.; Russo, D. Exosomes in Chronic Myeloid Leukemia: Are We Reading a New Reliable Message? Acta Haematol. 2020, 1–2. [Google Scholar] [CrossRef]

	



Wang, S.; Kojima, K.; Mobley, J.A.; West, A.B. Proteomic analysis of urinary extracellular vesicles reveal biomarkers for neurologic disease. EBioMedicine 2019, 45, 351–361. [Google Scholar] [CrossRef]

	



Wang, Y.; Xie, Y.; Zhang, A.; Wang, M.; Fang, Z.; Zhang, J. Exosomes: An emerging factor in atherosclerosis. Biomed. Pharm. 2019, 115, 108951. [Google Scholar] [CrossRef]

	



Malagola, M.; Bernardi, S.; Polverelli, N.; Russo, D. Minimal residual disease monitoring in acute myeloid leukaemia: Are we ready to move from bone marrow to peripheral blood? Br. J. Haematol. 2020, 190, 135–136. [Google Scholar] [CrossRef] [PubMed]

	



Shang, M.; Ji, J.S.; Song, C.; Gao, B.J.; Jin, J.G.; Kuo, W.P.; Kang, H. Extracellular Vesicles: A Brief Overview and Its Role in Precision Medicine. Adv. Struct. Saf. Stud. 2017, 1660, 1–14. [Google Scholar] [CrossRef]

	



Fernández-Lázaro, D.; Garcia, J.L.; García, A.C.; Del Castillo, A.C.; Hueso, M.V.; Cruz-Hernández, J.J. Clinical Perspective and Translational Oncology of Liquid Biopsy. Diagnostics 2020, 10, 443. [Google Scholar] [CrossRef] [PubMed]

	



Pérez-González, R.; Gauthier, S.A.; Kumar, A.; Saito, M.; Saito, M.; Levy, E. A Method for Isolation of Extracellular Vesicles and Characterization of Exosomes from Brain Extracellular Space. Adv. Struct. Saf. Stud. 2016, 1545, 139–151. [Google Scholar] [CrossRef]

	



Colombo, E.; Borgiani, B.; Verderio, C.; Furlan, R. Microvesicles: Novel Biomarkers for Neurological Disorders. Front. Physiol. 2012, 3. [Google Scholar] [CrossRef]

	



Jung, K.-H.; Chu, K.; Lee, S.-T.; Park, H.-K.; Bahn, J.-J.; Kim, N.-H.; Kim, J.; Kim, M.; Lee, S.K.; Roh, J.-K. Circulating endothelial microparticles as a marker of cerebrovascular disease. Ann. Neurol. 2009, 66, 191–199. [Google Scholar] [CrossRef]

	



Badhwar, A.; Haqqani, A.S. Biomarker potential of brain-secreted extracellular vesicles in blood in Alzheimer’s disease. Alzheimer’s Dement. Diagn. Assess. Dis. Monit. 2020, 12, e12001. [Google Scholar] [CrossRef]

	



Vella, L.J.; Scicluna, B.J.; Cheng, L.; Bawden, E.G.; Masters, C.L.; Ang, C.-S.; Williamson, N.A.; McLean, C.; Barnham, K.J.; Hill, A.F. A rigorous method to enrich for exosomes from brain tissue. J. Extracell. Vesicles 2017, 6, 1348885. [Google Scholar] [CrossRef]

	



Ha, D.; Yang, N.; Nadithe, V. Exosomes as therapeutic drug carriers and delivery vehicles across biological membranes: Current perspectives and future challenges. Acta Pharm. Sin. B 2016, 6, 287–296. [Google Scholar] [CrossRef]

	



Shigemoto-Kuroda, T.; Oh, J.Y.; Kim, D.-K.; Jeong, H.J.; Park, S.Y.; Lee, H.J.; Park, J.W.; Kim, T.W.; An, S.Y.; Prockop, D.J.; et al. MSC-derived Extracellular Vesicles Attenuate Immune Responses in Two Autoimmune Murine Models: Type 1 Diabetes and Uveoretinitis. Stem Cell Rep. 2017, 8, 1214–1225. [Google Scholar] [CrossRef]

	



Mendt, M.; Kamerkar, S.; Sugimoto, H.; McAndrews, K.M.; Wu, C.-C.; Gagea, M.; Yang, S.; Blanko, E.V.R.; Peng, Q.; Ma, X.; et al. Generation and testing of clinical-grade exosomes for pancreatic cancer. JCI Insight 2018, 3. [Google Scholar] [CrossRef] [PubMed]

	



Mentkowski, K.I.; Lang, J.K. Exosomes Engineered to Express a Cardiomyocyte Binding Peptide Demonstrate Improved Cardiac Retention in Vivo. Sci. Rep. 2019, 9, 10041. Available online: https://www.nature.com/articles/s41598-019-46407-1 (accessed on 6 August 2020). [CrossRef] [PubMed]

	



Van Der Pol, E.; Böing, A.N.; Harrison, P.; Sturk, A.; Nieuwland, R. Classification, Functions, and Clinical Relevance of Extracellular Vesicles. Pharm. Rev. 2012, 64, 676–705. [Google Scholar] [CrossRef] [PubMed]

	



Wang, C.-C.; Chen, C.-H.; Lin, W.-W.; Hwang, S.-M.; Hsieh, P.C.; Lai, P.-H.; Yeh, Y.-C.; Chang, Y.; Sung, H.-W. Direct intramyocardial injection of mesenchymal stem cell sheet fragments improves cardiac functions after infarction. Cardiovasc. Res. 2007, 77, 515–524. [Google Scholar] [CrossRef] [PubMed]

	



He, N.; Zhang, Y.; Zhang, S.; Wang, D.; Ye, H. Exosomes: Cell-Free Therapy for Cardiovascular Diseases. J. Cardiovasc. Transl. Res. 2020, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



Pitt, J.M.; André, F.; Amigorena, S.; Soria, J.-C.; Eggermont, A.M.M.; Kroemer, G.; Zitvogel, L. Dendritic cell-derived exosomes for cancer therapy. J. Clin. Investig. 2016, 126, 1224–1232. [Google Scholar] [CrossRef]

	



Lener, T.; Gimona, M.; Aigner, L.; Börger, V.; Buzas, E.; Camussi, G.; Chaput, N.; Chatterjee, D.; Court, F.A.; Del Portillo, H.A.; et al. Applying extracellular vesicles based therapeutics in clinical trials—An ISEV position paper. J. Extracell. Vesicles 2015, 4, 30087. [Google Scholar] [CrossRef]







© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  biology-09-00258


  
    		
      biology-09-00258
    


  




  





media/file0.png





