
Baglio, S. R., et al. (2012). "Mesenchymal stem cell secreted vesicles 
provide novel opportunities in (stem) cell-free therapy." Front 
Physiol 3: 359.

Mesenchymal stem cells (MSCs) are adult multipotent cells that 
give rise to various cell types of the mesodermal germ layer. MSCs are 
of great interest in the field of regenerative medicine and cancer 
therapy because of their unique ability to home to damaged and 
cancerous tissue. These cells also regulate the immune response and 
contribute to reparative processes in different pathological 
conditions, including musculoskeletal and cardiovascular diseases. The 
use of MSCs for tissue repair was initially based on the hypothesis 
that these cells home to and differentiate within the injured tissue 
into specialized cells. However, it now appears that only a small 
proportion of transplanted MSCs actually integrate and survive in host 
tissues. Thus, the predominant mechanism by which MSCs participate in 
tissue repair seems to be related to their paracrine activity. Indeed, 
MSCs provide the microenvironment with a multitude of trophic and 
survival signals including growth factors and cytokines. Recent 
discoveries suggest that lipid microvesicles released by MSCs may also 
be important in the physiological function of these cells. Over the 
past few years the biological relevance of micro- and nano-vesicles 
released by cells in intercellular communication has been established. 
Alongside the conventional mediators of cell secretome, these 
sophisticated nanovesicles transfer proteins, lipids and, most 
importantly, various forms of RNAs to neighboring cells, thereby 
mediating a variety of biological responses. The physiological role of 
MSC-derived vesicles (MSC-MVs) is currently not well understood. 
Nevertheless, encouraging results indicate that MSC-MVs have similar 
protective and reparative properties as their cellular counterparts in 
tissue repair and possibly anti-cancer therapy. Thus, MSC-MVs 
represent a promising opportunity to develop novel cell-free therapy 
approaches that might overcome the obstacles and risks associated with 
the use of native or engineered stem cells.

Biancone, L., et al. (2012). "Therapeutic potential of mesenchymal 
stem cell-derived microvesicles." Nephrol Dial Transplant 27(8): 
3037-3042.

Several studies have demonstrated that mesenchymal stem cells 
have the capacity to reverse acute and chronic kidney injury in 
different experimental models by paracrine mechanisms. This paracrine 
action may be accounted for, at least in part, by microvesicles (MVs) 
released from mesenchymal stem cells, resulting in a horizontal 
transfer of mRNA, microRNA and proteins. MVs, released as exosomes 
from the endosomal compartment, or as shedding vesicles from the cell 
surface, are now recognized as being an integral component of the 
intercellular microenvironment. By acting as vehicles for information 
transfer, MVs play a pivotal role in cell-to-cell communication. This 
exchange of information between the injured cells and stem cells has 
the potential to be bi-directional. Thus, MVs may either transfer 
transcripts from injured cells to stem cells, resulting in 

MSC EXOSOMES



reprogramming of their phenotype to acquire specific features of the 
tissue, or conversely, transcripts could be transferred from stem 
cells to injured cells, restraining tissue injury and inducing cell 
cycle re-entry of resident cells, leading to tissue self-repair. Upon 
administration with a therapeutic regimen, MVs mimic the effect of 
mesenchymal stem cells in various experimental models by inhibiting 
apoptosis and stimulating cell proliferation. In this review, we 
discuss whether MVs released from mesenchymal stem cells have the 
potential to be exploited in novel therapeutic approaches in 
regenerative medicine to repair damaged tissues, as an alternative to 
stem cell-based therapy.

Hass, R. and A. Otte (2012). "Mesenchymal stem cells as all-round 
supporters in a normal and neoplastic microenvironment." Cell Commun 
Signal 10(1): 26.

Mesenchymal stem cells (MSC) represent a heterogeneous 
population exhibiting stem cell-like properties which are distributed 
almost ubiquitously among perivascular niches of various human tissues 
and organs. Organismal requirements such as tissue damage determine 
interdisciplinary functions of resident MSC including self-renewal, 
migration and differentiation, whereby MSC support local tissue 
repair, angiogenesis and concomitant immunomodulation. However, growth 
of tumor cells and invasion also causes local tissue damage and injury 
which subsequently activates repair mechanisms and consequently, 
attracts MSC. Thereby, MSC exhibit a tissue-specific functional 
biodiversity which is mediated by direct cell-to-cell communication 
via adhesion molecule signaling and by a tightly regulated exchange of 
a multifactorial panel of cytokines, exosomes, and micro RNAs. Such 
interactions determine either tumor-promoting or tumor-inhibitory 
support by MSC. Moreover, fusion with necrotic/apoptotic tumor cell 
bodies contributes to re-program MSC into an aberrant phenotype also 
suggesting that tumor tissue in general represents different types of 
neoplastic cell populations including tumor-associated stem cell-like 
cells. The present work summarizes some functional characteristics and 
biodiversity of MSC and highlights certain controversial interactions 
with normal and tumorigenic cell populations, including associated 
modulations within the MSC microenvironment.

Iglesias, D. M., et al. (2012). "Stem cell microvesicles transfer 
cystinosin to human cystinotic cells and reduce cystine accumulation 
in vitro." PLoS One 7(8): e42840.

Cystinosis is a rare disease caused by homozygous mutations of 
the CTNS gene, encoding a cystine efflux channel in the lysosomal 
membrane. In Ctns knockout mice, the pathologic intralysosomal 
accumulation of cystine that drives progressive organ damage can be 
reversed by infusion of wildtype bone marrow-derived stem cells, but 
the mechanism involved is unclear since the exogeneous stem cells are 
rarely integrated into renal tubules. Here we show that human 
mesenchymal stem cells, from amniotic fluid or bone marrow, reduce 
pathologic cystine accumulation in co-cultured CTNS mutant fibroblasts 



or proximal tubular cells from cystinosis patients. This paracrine 
effect is associated with release into the culture medium of stem cell 
microvesicles (100-400 nm diameter) containing wildtype cystinosin 
protein and CTNS mRNA. Isolated stem cell microvesicles reduce target 
cell cystine accumulation in a dose-dependent, Annexin V-sensitive 
manner. Microvesicles from stem cells expressing CTNS(Red) transfer 
tagged CTNS protein to the lysosome/endosome compartment of cystinotic 
fibroblasts. Our observations suggest that exogenous stem cells may 
reprogram the biology of mutant tissues by direct microvesicle 
transfer of membrane-associated wildtype molecules.

Lai, R. C., et al. (2012). "Proteolytic Potential of the MSC Exosome 
Proteome: Implications for an Exosome-Mediated Delivery of Therapeutic 
Proteasome." Int J Proteomics 2012: 971907.

Mesenchymal stem cells (MSCs) are used in many of the current 
stem cell-based clinical trials and their therapeutic efficacy has 
increasingly been attributed to secretion of paracrine factors. We 
have previously demonstrated that a therapeutic constituent of this 
secretion is exosome, a secreted bilipid membrane vesicle of ~50-100 
nm with a complex cargo that is readily internalized by H9C2 
cardiomyocytes. It reduces infarct size in a mouse model of myocardial 
ischemia/reperfusion (MI/R) injury. We postulate that this therapeutic 
efficacy is derived from the synergy of a select permutation of 
individual exosome components. To identify protein candidates in this 
permutation, the proteome was profiled and here we identified 20S 
proteasome as a protein candidate. Mass spectrometry analysis detected 
all seven alpha and seven beta chains of the 20S proteasome, and also 
the three beta subunits of "immunoproteasome" with a very high 
confidence level. We demonstrated that a functional proteasome 
copurified with MSC exosomes with a density of 1.10-1.18 g/mL, and its 
presence correlated with a modest but significant reduction in 
oligomerized protein in a mouse model of myocardial infarction. 
Circulating proteasomes in human blood also copurified with exosomes. 
Therefore, 20S proteasome is a candidate exosome protein that could 
synergize with other constituents to ameliorate tissue damage.

Mokarizadeh, A., et al. (2012). "Phenotypic modulation of auto-
reactive cells by insertion of tolerogenic molecules via MSC-derived 
exosomes." Vet Res Forum 3(4): 257-261.

Auto-reactive cells-mediated immune responses are responsible 
for the current tissue damages during autoimmunity. Accordingly, 
functional modulation of auto-reactive cells has been a pivotal aim in 
many of recent studies. In the current study, we investigated the 
possibility for insertion of regulatory molecules onto auto-reactive 
cells through exosomal nano-shuttles as a novel approach for phenotype 
modification of auto-reactive cells. The exosomes were isolated from 
supernatant of mesenchymal stem cells culture. Resultant exosomes co-
cultured with lymphocytes were harvested from established EAE mice in 
the presence of antigenic MOG35-55 peptide. After 24 hr, insertion of 
exosomal tolerogenic molecules (PD-L1, TGF-beta, galectin-1) onto 



auto-reactive cells were explored through flow cytometry. The potency 
of exosomal inserted membrane molecules to modulate phenotype of auto-
reactive lymphocytes was assessed upon ELISA test for their-derived 
cytokines IFN-gamma and IL-17. Incorporation of exosomal molecules 
into lymohocytes' membrane was confirmed by flow cytometric analyses 
for surface levels of mentioned molecules. Additionally, the decreased 
secretion of IFN-gamma and IL-17 were detected in exosome pre-treated 
lymphocytes upon stimulation with MOG peptide. Mesenchymal stem cells 
-derived exosomes showed to be efficient organelles for insertion of 
bioactive tolerogenic molecules onto auto-reactive cells and 
modulation of their phenotypes.

Thebaud, B. and D. J. Stewart (2012). "Exosomes: cell garbage can, 
therapeutic carrier, or trojan horse?" Circulation 126(22): 2553-2555.

Katsuda, T., et al. (2013). "The therapeutic potential of mesenchymal 
stem cell-derived extracellular vesicles." Proteomics 13(10-11): 
1637-1653.

Extracellular vesicles (EVs), membrane vesicles that are 
secreted by a variety of mammalian cell types, have been shown to play 
an important role in intercellular communication. The contents of EVs, 
including proteins, microRNAs, and mRNAs, vary according to the cell 
type that secreted them. Accordingly, researchers have demonstrated 
that EVs derived from various cell types play different roles in 
biological phenomena. Considering the ubiquitous presence of 
mesenchymal stem cells (MSCs) in the body, MSC-derived EVs may take 
part in a wide range of events. In particular, MSCs have recently 
attracted much attention due to the therapeutic effects of their 
secretory factors. MSC-derived EVs may therefore provide novel 
therapeutic approaches. In this review, we first summarize the wide 
range of functions of EVs released from different cell types, 
emphasizing that EVs echo the phenotype of their parent cell. Then, we 
describe the various therapeutic effects of MSCs and pay particular 
attention to the significance of their paracrine effect. We then 
survey recent reports on MSC-derived EVs and consider the therapeutic 
potential of MSC-derived EVs. Finally, we discuss remaining issues 
that must be addressed before realizing the practical application of 
MSC-derived EVs, and we provide some suggestions for enhancing their 
therapeutic efficiency.

Lai, R. C., et al. (2013). "Exosomes for drug delivery - a novel 
application for the mesenchymal stem cell." Biotechnol Adv 31(5): 
543-551.

Exosomes are the most extensively characterized class of 
secreted membrane vesicles that carry proteins and RNAs for 
intercellular communication. They are increasingly seen as possible 
alternatives to liposomes as drug delivery vehicles. Like liposomes, 
they could deliver their cargo across the plasma membrane and provide 
a barrier against premature transformation and elimination. In 
addition, these naturally-occurring secreted membrane vesicles are 



less toxic and better tolerated in the body as evidenced by their 
ubiquitous presence in biological fluids, and have an intrinsic homing 
ability. They are also amenable to in vivo and in vitro loading of 
therapeutic agents, and membrane modifications to enhance tissue-
specific homing. Here we propose human mesenchymal stem cells as the 
ideal cell source of exosomes for drug delivery. Mesenchymal stem cell 
transplantation for various disease indications has been extensively 
tested and shown to be safe in numerous clinical trials. These cells 
are also prolific producers of immunologically inert exosomes. 
Immortalization of these cells does not compromise the quantity or 
quality of exosome production, thus enabling infinite and reproducible 
exosome production from a single cell clone.

Wang, X. Q., et al. (2013). "[Research progress of mesenchymal stem 
cell-derived microvesicle]." Zhongguo Shi Yan Xue Ye Xue Za Zhi 21(1): 
227-230.

Mesenchymal stem cell-derived microvesicle (MSC-MV) is a 
membrane secretory system which includes microparticle and exosome, 
and MSC-MV is released by MSC in resting or activated state. MSC-MV 
selectively package the biological active substances such as lipids, 
proteins, mRNA and miRNA but not loads them randomly. It has 
definitive effect of reducing tissue injury, promoting morphological 
and functional recovery of the injured tissue, and this effect is 
probably mediated by miRNA. What is more, the MSC-MV may also possess 
the biological function of immunological regulation, modulation of 
cell growth and differentiation. The generation, constitution, and 
function of MSC-MV are reviewed in this article.

Yeo, R. W., et al. (2013). "Mesenchymal stem cell: an efficient mass 
producer of exosomes for drug delivery." Adv Drug Deliv Rev 65(3): 
336-341.

Advances in biomedical research have generated an 
unprecedented number of potential targets for therapeutic intervention 
to treat disease or delay disease progression. Unfortunately, many of 
these targets are not druggable as they are intracellular, present in 
many cell types, poorly soluble or rapidly inactivated. Although 
synthetic drug vehicles have successfully circumvented many of these 
problems, natural particulates such as exosomes that intrinsically 
possess many attributes of a drug delivery vehicle are highly 
attractive as potentially better alternatives. Of the cell types known 
to produce exosomes, the readily available proliferative, 
immunosuppressive and clinically tested human mesenchymal stem cell 
(MSC) is the most prolific producer. Its exosomes are therapeutic in 
animal model of disease and exhibit immunosuppressive activity. The 
quality and quantity of exosome production is not compromised by 
immortalization to create a permanent MSC cell line. Therefore, MSC is 
well suited for mass production of exosomes that are ideal for drug 
delivery.

Choi, M., et al. (2014). "Therapeutic use of stem cell transplantation 



for cell replacement or cytoprotective effect of microvesicle released 
from mesenchymal stem cell." Mol Cells 37(2): 133-139.

Idiopathic pulmonary fibrosis (IPF) is the most common and 
severe type of idiopathic interstitial pneumonias (IIP), and which is 
currently no method was developed to restore normal structure and 
function. There are several reports on therapeutic effects of adult 
stem cell transplantations in animal models of pulmonary fibrosis. 
However, little is known about how mesenchymal stem cell (MSC) can 
repair the IPF. In this study, we try to provide the evidence to show 
that transplanted mesenchymal stem cells directly replace fibrosis 
with normal lung cells using IPF model mice. As results, transplanted 
MSC successfully integrated and differentiated into type II lung cell 
which express surfactant protein. In the other hand, we examine the 
therapeutic effects of microvesicle treatment, which were released 
from mesenchymal stem cells. Though the therapeutic effects of MV 
treatment is less than that of MSC treatment, MV treatment 
meaningfully reduced the symptom of IPF, such as collagen deposition 
and inflammation. These data suggest that stem cell transplantation 
may be an effective strategy for the treatment of pulmonary fibrosis 
via replacement and cytoprotective effect of microvesicle released 
from MSCs.

Feng, Y., et al. (2014). "[Biological characteristics of exosomes 
secreted by human bone marrow mesenchymal stem cells]." Zhongguo Shi 
Yan Xue Ye Xue Za Zhi 22(3): 595-599.

This study was aimed to explore the immunoregulatory function 
and capability supporting the angiogenesis of exosomes secreted by 
bone marrow mesenchymal stem cells (BMMSC) from healthy persons. 
Supernatant of BMMSC (P4-P6) was collected for exosome purification. 
Transmission electron microscopy (TEM) and Western blot were used to 
identify the quality of isolated exosomes. The amount of exosomes was 
quantified through bicinchoninic acid (BCA) protein assay. Human 
peripheral blood mononuclear cells (PBMNC) were isolated from healthy 
donor and added with isolating exosomes. After co-cultured for 72 h, 
IFN-gamma from the co-culture system was detected by ELISA. The 
expression of miRNA-associated with immunity were detected by real-
time reverse transcription polymerase chain reaction (Real-time RT-
PCR). The interactions between exosomes and human umbilical vein 
endothelial cells (HUVEC) were observed with confocal microscopy. 
Subconfluent HUVEC were harvested and treated with the indicated 
concentration of exosomes. Nude mice were injected subcutaneously with 
exosomes or PBS as control to verify the ability of angiogenesis. The 
results showed that diameter range of exosomes was range from 40 to 
160 nm. The isolated exosomes expressed the CD9. There was 
approximately linear relation between the secretion of exosomes and 
cell density. The exosomes suppressed the production of IFN-gamma from 
PBMNC, and contained miRNA associated with immune regulation such as 
miR301, miR22 and miR-let-7a. Exosomes induced vascular tube formation 
in vitro and vascularization of Matrigel plugs in vivo. It is 
concluded that the BMMSC-derived exosomes can regulate immunity and 



support vascularization.

Hemeda, H., et al. (2014). "Evaluation of human platelet lysate versus 
fetal bovine serum for culture of mesenchymal stromal cells." 
Cytotherapy 16(2): 170-180.

Culture media for therapeutic cell preparations-such as 
mesenchymal stromal cells (MSCs)-usually comprise serum additives. 
Traditionally, fetal bovine serum is supplemented in basic research 
and in most clinical trials. Within the past years, many laboratories 
adapted their culture conditions to human platelet lysate (hPL), which 
further stimulates proliferation and expansion of MSCs. Particularly 
with regard to clinical application, human alternatives for fetal 
bovine serum are clearly to be preferred. hPL is generated from human 
platelet units by disruption of the platelet membrane, which is 
commonly performed by repeated freeze and thaw cycles. Such culture 
supplements are notoriously ill-defined, and many parameters 
contribute to batch-to-batch variation in hPL such as different 
amounts of plasma, a broad range of growth factors and donor-specific 
effects. The plasma components of hPL necessitate addition of 
anticoagulants such as heparins to prevent gelatinization of hPL 
medium, and their concentration must be standardized. Labels for 
description of hPL-such as "xenogen-free," "animal-free" and "serum 
free"-are not used consistently in the literature and may be 
misleading if not critically assessed. Further analysis of the precise 
composition of relevant growth factors, attachment factors, microRNAs 
and exosomes will pave the way for optimized and defined culture 
conditions. The use of hPL has several advantages and disadvantages: 
they must be taken into account because the choice of cell culture 
additive has major impact on cell preparations.

Liang, X., et al. (2014). "Paracrine mechanisms of mesenchymal stem 
cell-based therapy: current status and perspectives." Cell Transplant 
23(9): 1045-1059.

Mesenchymal stem cells (MSCs) are one of a few stem cell types 
to be applied in clinical practice as therapeutic agents for 
immunomodulation and ischemic tissue repair. In addition to their 
multipotent differentiation potential, a strong paracrine capacity has 
been proposed as the principal mechanism that contributes to tissue 
repair. Apart from cytokine/chemokine secretion, MSCs also display a 
strong capacity for mitochondrial transfer and microvesicle (exosomes) 
secretion in response to injury with subsequent promotion of tissue 
regeneration. These unique properties of MSCs make them an invaluable 
cell type to repair damaged tissues/organs. Although MSCs offer great 
promise in the treatment of degenerative diseases and inflammatory 
disorders, there are still many challenges to overcome prior to their 
widespread clinical application. Particularly, their in-depth 
paracrine mechanisms remain a matter for debate and exploration. This 
review will highlight the discovery of the paracrine mechanism of 
MSCs, regulation of the paracrine biology of MSCs, important paracrine 
factors of MSCs in modulation of tissue repair, exosome and 



mitochondrial transfer for tissue repair, and the future perspective 
for MSC-based therapy.

Lopatina, T., et al. (2014). "Platelet-derived growth factor regulates 
the secretion of extracellular vesicles by adipose mesenchymal stem 
cells and enhances their angiogenic potential." Cell Commun Signal 12: 
26.

BACKGROUND: Several studies demonstrate the role of adipose 
mesenchymal stem cells (ASCs) in angiogenesis. The angiogenic 
mechanism has been ascribed to paracrine factors since these cells 
secrete a plenty of signal molecules and growth factors. Recently it 
has been suggested that besides soluble factors, extracellular 
vesicles (EVs) that include exosomes and microvesicles may play a 
major role in cell-to-cell communication. It has been shown that EVs 
are implicated in the angiogenic process. RESULTS: Herein we studied 
whether EVs released by ASCs may mediate the angiogenic activity of 
these cells. Our results demonstrated that ASC-derived EVs induced in 
vitro vessel-like structure formation by human microvascular 
endothelial cells (HMEC). EV-stimulated HMEC when injected 
subcutaneously within Matrigel in SCID mice formed vessels. Treatment 
of ASCs with platelet-derived growth factor (PDGF) stimulated the 
secretion of EVs, changed their protein composition and enhanced the 
angiogenic potential. At variance of EVs released in basal conditions, 
PDGF-EVs carried c-kit and SCF that played a role in angiogenesis as 
specific blocking antibodies inhibited in vitro vessel-like structure 
formation. The enhanced content of matrix metalloproteinases in PDGF-
EVs may also account for their angiogenic activity. CONCLUSIONS: Our 
findings indicate that EVs released by ASCs may contribute to the ASC-
induced angiogenesis and suggest that PDGF may trigger the release of 
EVs with an enhanced angiogenic potential.

Yu, B., et al. (2014). "Exosomes derived from mesenchymal stem cells." 
Int J Mol Sci 15(3): 4142-4157.

The functional mechanisms of mesenchymal stem cells (MSCs) 
have become a research focus in recent years. Accumulating evidence 
supports the notion that MSCs act in a paracrine manner. Therefore, 
the biological factors in conditioned medium, including exosomes and 
soluble factors, derived from MSC cultures are being explored 
extensively. The results from most investigations show that MSC-
conditioned medium or its components mediate some biological functions 
of MSCs. Several studies have reported that MSC-derived exosomes have 
functions similar to those of MSCs, such as repairing tissue damage, 
suppressing inflammatory responses, and modulating the immune system. 
However, the mechanisms are still not fully understood and the results 
remain controversial. Compared with cells, exosomes are more stable 
and reservable, have no risk of aneuploidy, a lower possibility of 
immune rejection following in vivo allogeneic administration, and may 
provide an alternative therapy for various diseases. In this review, 
we summarize the properties and biological functions of MSC-derived 
exosomes and discuss the related mechanisms.



Akyurekli, C., et al. (2015). "A systematic review of preclinical 
studies on the therapeutic potential of mesenchymal stromal cell-
derived microvesicles." Stem Cell Rev 11(1): 150-160.

BACKGROUND: The therapeutic potential of mesenchymal stromal 
cells (MSCs) may be largely mediated by paracrine factors contained in 
microvesicles (MV) released from intracellular endosomes. A systematic 
review of controlled interventional animal studies was performed to 
identify models of organ injury where clinical translation of MSC-
derived microvesicle therapy appears most promising as regenerative 
therapy. METHODS: A total of 190 published articles were identified in 
our systematic search of electronic databases (MEDLINE, EMBASE, 
PUBMED). After screening for eligibility, a total of 17 controlled 
studies testing MSC-derived MVs as therapeutic interventions in animal 
models of disease underwent comprehensive review, quality assessment, 
and data extraction. RESULTS: Thirteen studies addressed the 
regenerative potential following organ injury. Six studies were 
included on acute kidney injury, 4 on myocardial infarction and 
reperfusion injury, 1 on hind limb ischemia, 1 on liver injury, and 1 
on hypoxic lung injury. Four studies addressed immunological effects 
of MSC-derived MVs on inhibiting tumor growth. Twelve studies (71%) 
provided explicit information regarding the number of animals 
allocated to treatment or control groups. Five studies (29%) randomly 
assigned animals to treatment or control groups and only 1 study (6%) 
reported on blinding. Therapeutic intervention involved isolation of 
exosomes (40-100 nm) in eight studies, while nine studies tested 
unfractionated microvesicles (<1,000 nm). In studies of tissue 
regeneration, all 13 reported that treatment with MSC-derived MVs 
improved at least one major/clinical parameter associated with organ 
dysfunction. Three of 4 studies evaluating the inhibition of tumor 
growth reported benefit. CONCLUSIONS: In preclinical studies, the use 
of MSC-derived MVs is strongly associated with improved organ function 
following injury and may be useful for inhibiting tumor growth. 
Improved preclinical study quality in terms of treatment allocation 
reporting, randomization and blinding will accelerate needed progress 
towards clinical trials that should assess feasibility and safety of 
this therapeutic approach in humans.

Gyorgy, B., et al. (2015). "Therapeutic applications of extracellular 
vesicles: clinical promise and open questions." Annu Rev Pharmacol 
Toxicol 55: 439-464.

This review provides an updated perspective on rapidly 
proliferating efforts to harness extracellular vesicles (EVs) for 
therapeutic applications. We summarize current knowledge, emerging 
strategies, and open questions pertaining to clinical potential and 
translation. Potentially useful EVs comprise diverse products of 
various cell types and species. EV components may also be combined 
with liposomes and nanoparticles to facilitate manufacturing as well 
as product safety and evaluation. Potential therapeutic cargoes 
include RNA, proteins, and drugs. Strategic issues considered herein 



include choice of therapeutic agent, means of loading cargoes into 
EVs, promotion of EV stability, tissue targeting, and functional 
delivery of cargo to recipient cells. Some applications may harness 
natural EV properties, such as immune modulation, regeneration 
promotion, and pathogen suppression. These properties can be enhanced 
or customized to enable a wide range of therapeutic applications, 
including vaccination, improvement of pregnancy outcome, and treatment 
of autoimmune disease, cancer, and tissue injury.

Kourembanas, S. (2015). "Exosomes: vehicles of intercellular 
signaling, biomarkers, and vectors of cell therapy." Annu Rev Physiol 
77: 13-27.

Mesenchymal stem cells (MSCs), whose mechanism of action is 
predominantly paracrine, are being widely tested for the treatment of 
a variety of human diseases. No one factor has been proven sufficient 
to mediate the therapeutic effects of MSCs. However, exosomes--
membrane vesicles secreted by many cells, including MSCs--are 
appealing candidates as vectors of their efficacy. Exosomes can 
transport and deliver a large cargo of proteins, lipids, and nucleic 
acids and can modify cell and organ function. In addition to their key 
role as vehicles of intercellular communication, exosomes are 
increasingly recognized as biomarkers and prognosticators of disease. 
Moreover, they have the potential to be used as vehicles of gene and 
drug delivery for clinical application. This article reviews the 
biogenesis of exosomes, their molecular composition, and their role as 
messengers of intercellular communication, focusing on their potential 
as therapeutic vectors for stem cell therapy.

Lai, R. C., et al. (2015). "Mesenchymal stem cell exosomes." Semin 
Cell Dev Biol 40: 82-88.

MSCs are an extensively used cell type in clinical trials 
today. The initial rationale for their clinical testing was based on 
their differentiation potential. However, the lack of correlation 
between functional improvement and cell engraftment or differentiation 
at the site of injury has led to the proposal that MSCs exert their 
effects not through their differentiation potential but through their 
secreted product, more specifically, exosomes, a type of extracellular 
vesicle. We propose here that MSC exosomes function as an extension of 
MSC's biological role as tissue stromal support cells. Like their cell 
source, MSC exosomes help maintain tissue homeostasis for optimal 
tissue function. They target housekeeping biological processes that 
operate ubiquitously in all tissues and are critical in maintaining 
tissue homeostasis, enabling cells to recover critical cellular 
functions and begin repair and regeneration. This hypothesis provides 
a rationale for the therapeutic efficacy of MSCs and their secreted 
exosomes in a wide spectrum of diseases. Here, we give a brief 
introduction of the biogenesis of MSC exosomes, review their 
physiological functions and highlight some of their biochemical 
potential to illustrate how MSC exosomes could restore tissue 
homeostasis leading to tissue recovery and repair.



Li, X., et al. (2015). "[PROGRESS OF MESENCHYMAL STEM CELL-DERIVED 
Exosomes IN TISSUE REPAIR]." Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi 
29(2): 234-238.

OBJECTIVE: To comprehensively analyze the recent advancements 
in the field of mesenchymal stem cells (MSCs) derived exosomes (MSCs-
exosomes) in tissue repair. METHODS: The literature about MSCs-
exosomes in tissue repair was reviewed and analyzed. RESULTS: Exosomes 
are biologically active microvesicles released from MSCs which are 
loaded with functional proteins, RNA, and microRNA. Exosomes can 
inhibit apoptosis, stimulate proliferation, alter cell phenotype in 
tissue repair of several diseases through cell-to-cell communication. 
CONCLUSION: MSCs-exosomes is a novel source for the treatment of 
tissue repair. Further research of MSCs-exosomes biofunction, 
paracellular transport, and treatment mechanism will help the 
transform to clinical application.

Pascucci, L., et al. (2015). "Horse adipose-derived mesenchymal 
stromal cells constitutively produce membrane vesicles: a 
morphological study." Histol Histopathol 30(5): 549-557.

Mesenchymal stromal cells (MSCs) are multipotent somatic cells 
that can differentiate into a variety of mature cell types. Over 
recent years, their biological in vitro and in vivo properties have 
elicited great expectations in the field of regenerative medicine, 
immunotherapy and tumour treatment. An increasing number of 
experimental observations suggest that their biological effects are 
probably related to a paracrine mechanism via the release of trophic 
factors and cytokines as well as through the production of membrane 
vesicles (MVs). These are nanometric membrane-bound structures, 
comprising shedding vesicles (SV) and exosomes (Ex), that enclose and 
transfer signalling molecules to target cells. We hypothesized that 
MVs may be implicated in the biological effects of MSCs from horse 
adipose tissue (E-AdMSCs), a type of MSC that has been extensively 
studied in recent years for its remarkable efficacy in tissue 
regeneration. By means of electron microscopy, we ascertained, for the 
first time, that equine adipose-derived MSCs constitutively produce 
MVs (E-Ad-MSCs). The analysis of MVs separated by ultracentrifugation 
allowed us to describe their general morphological features. Through 
the examination of cell monolayers by TEM, additionally, we 
distinguished the different pathways of SV and Ex formation, 
demonstrating that both fractions are produced by E-AdMSC. The 
accurate description of MV heterogeneous morphological characteristics 
led us to emphasize the possible implications of the relationship 
between different morphologies versus different functions. The data 
presented in this paper has an additional value, as they can be 
noteworthy for horses as well as for other mammalian species, 
including humans.

Peltzer, J., et al. (2015). "[Paracrine properties of Mesenchymal 
Stromal Cells]." Bull Acad Natl Med 199(4-5): 501-514.



Mesenchymal stromal cells are multipotent cells found in a 
large number of adult tissues. Their ability to participate in the 
repair of these damaged tissues is the origin of the enthusiasm that 
they elicit in the field of cell therapy. It gradually became apparent 
that their ability to change a pathological environment is more 
related to their ability to modulate the behavior of other cell types 
than their capacity of diferentiation. Recent years have expanded the 
scope of our knowledge about their way of communication with their 
environment but also the amount of information that they receive from 
this environment. In this brief review, we will present some of the 
mechanisms by which MSCs can communicate remotely with other cell 
types and how it currently appears possible to direct the secretion 
pattern of these cells.

Rani, S., et al. (2015). "Mesenchymal Stem Cell-derived Extracellular 
Vesicles: Toward Cell-free Therapeutic Applications." Mol Ther 23(5): 
812-823.

Mesenchymal stem (stromal) cells (MSCs) are multipotent cells 
with the ability to differentiate into several cell types, thus 
serving as a cell reservoir for regenerative medicine. Much of the 
current interest in therapeutic application of MSCs to various disease 
settings can be linked to their immunosuppressive and anti-
inflammatory properties. One of the key mechanisms of MSC anti-
inflammatory effects is the secretion of soluble factors with 
paracrine actions. Recently it has emerged that the paracrine 
functions of MSCs could, at least in part, be mediated by 
extracellular vesicles (EVs). EVs are predominantly released from the 
endosomal compartment and contain a cargo that includes miRNA, mRNA, 
and proteins from their cells of origin. Recent animal model-based 
studies suggest that EVs have significant potential as a novel 
alternative to whole cell therapies. Compared to their parent cells, 
EVs may have a superior safety profile and can be safely stored 
without losing function. In this article, we review current knowledge 
related to the potential use of MSC-derived EVs in various diseases 
and discuss the promising future for EVs as an alternative, cell-free 
therapy.

Rossol-Allison, J. and C. J. Ward (2015). "Exosomes to the Rescue." J 
Am Soc Nephrol 26(10): 2303-2304.

Zhang, J., et al. (2015). "[Exosomes Derived from Mesenchymal Stem 
Cells--the Future Ideal Vector of Biological Therapy]." Zhongguo Shi 
Yan Xue Ye Xue Za Zhi 23(4): 1179-1183.

MSC-exosomes are homogeneous menbrane vesicles with diameter 
40-100 nm, derived from mesenchymal stem cells at physiological or 
pathology conditions. MSC-exosomes contain a great quantity and a wide 
variety of bioactive substances, such as proteins and miRNA. MSC-
exosomes transfer bioactive substances to recipient cells to affect 
their functions through membrane fusion or endocytosis, which like the 
storage pools of signal vehicles for cell-to-cell comunication in 



vivo. MSC-exosomes can mimic the beneficial effect of MSC treatment, 
such as the promotion of tissue repair or the immune regulation. The 
biological property and functions of MSC-exosomes are reviwed in this 
article.

Kadekar, D., et al. (2016). "Conditioned Medium from Placental 
Mesenchymal Stem Cells Reduces Oxidative Stress during the 
Cryopreservation of Ex Vivo Expanded Umbilical Cord Blood Cells." PLoS 
One 11(10): e0165466.

BACKGROUND: The limited cell dose in umbilical cord blood 
(UCB) necessitates ex vivo expansion of UCB. Further, the effective 
cryopreservation of these expanded cells is important in widening 
their use in the clinics. During cryopreservation, cells experience 
oxidative stress due to the generation of reactive oxygen species 
(ROS). Conditioned medium from mesenchymal stem cells (MSCs-CM) has 
been shown to alleviate the oxidative stress during wound healing, 
Alzheimer's disease and ischemic disease. This premise prompted us to 
investigate the influence of MSCs-CM during cryopreservation of 
expanded UCB cells. METHODOLOGY/PRINCIPLE FINDINGS: CM-was collected 
from cord/placental MSCs(C-MSCs-CM, P-MSC-CM). UCB CD34+cells were 
expanded as suspension cultures in serum free medium containing 
cytokines for 10 days. Cells were frozen with/without C-MSCs-CM and or 
P-MSCs-CM in the conventional freezing medium containing 20%FCS 
+10%DMSO using a programmable freezer and stored in liquid nitrogen. 
Upon revival, cells frozen with MSCs-CM were found to be superior to 
cells frozen in conventional medium in terms of viability, 
CD34+content and clonogenecity. Priming of revived cells for 48 hrs 
with MSCs-CM further improved their transplantation ability, as 
compared to those cultured without MSCs-CM. P-MSCs-CM radically 
reduced the oxidative stress in cryopreserved cells, resulting in 
better post thaw functionality of CD34+ cells than with C-MSCs-CM. The 
observed cryoprotective effect of MSCs-CM was primarily due to anti-
oxidative and anti-apoptotic properties of the MSCs-CM and not because 
of the exosomes secreted by them. CONCLUSIONS/SIGNIFICANCE: Our data 
suggest that MSCs-CM can serve as a valuable additive to the freezing 
or the priming medium for expanded UCB cells, which would increase 
their clinical applicability.

Konala, V. B., et al. (2016). "The current landscape of the 
mesenchymal stromal cell secretome: A new paradigm for cell-free 
regeneration." Cytotherapy 18(1): 13-24.

The unique properties of mesenchymal stromal/stem cells (MSCs) 
to self-renew and their multipotentiality have rendered them 
attractive to researchers and clinicians. In addition to the 
differentiation potential, the broad repertoire of secreted trophic 
factors (cytokines) exhibiting diverse functions such as 
immunomodulation, anti-inflammatory activity, angiogenesis and anti-
apoptotic, commonly referred to as the MSC secretome, has gained 
immense attention in the past few years. There is enough evidence to 
show that the one important pathway by which MSCs participate in 



tissue repair and regeneration is through its secretome. Concurrently, 
a large body of MSC research has focused on characterization of the 
MSC secretome; this includes both soluble factors and factors released 
in extracellular vesicles, for example, exosomes and microvesicles. 
This review provides an overview of our current understanding of the 
MSC secretome with respect to their potential clinical applications.

Lai, R. C., et al. (2016). "MSC secretes at least 3 EV types each with 
a unique permutation of membrane lipid, protein and RNA." J Extracell 
Vesicles 5: 29828.

Mesenchymal stem cell (MSC), a widely used adult stem cell 
candidate for regenerative medicine, has been shown to exert some of 
its therapeutic effects through the secretion of extracellular 
vesicles (EVs). These homogenously sized EVs of 100-150 etam exhibited 
many exosome-like biophysical and biochemical properties and carry 
both proteins and RNAs. Recently, exosome-associated proteins in this 
MSC EV preparation were found to segregate primarily to those EVs that 
bind cholera toxin B chain (CTB), a GM1 ganglioside-specific ligand, 
and pulse-chase experiments demonstrated that these EVs have endosomal 
origin and carried many of the exosome-associated markers. Here, we 
report that only a fraction of the MSC EV proteome was found in CTB-
bound EVs. Using Annexin V (AV) and Shiga toxin B subunit (ST) with 
affinities for phosphatidylserine and globotriaosylceramide, 
respectively, AV- and a ST-binding EV were identified. CTB-, AV- and 
ST-binding EVs all carried actin. However, the AV-binding EVs carried 
low or undetectable levels of the exosome-associated proteins. Only 
the ST-binding EVs carried RNA and EDA-containing fibronectin. 
Proteins in AV-binding EVs were also different from those released by 
apoptotic MSCs. CTB- and AV-binding activities were localized to the 
plasma membrane and cytoplasm of MSCs, while ST-binding activity was 
localized to the nucleus. Together, this study demonstrates that cells 
secrete many types of EVs. Specifically, MSCs secrete at least 3 
types. They can be differentially isolated based on their affinities 
for membrane lipid-binding ligands. As the subcellular sites of the 
binding activities of these ligands and cargo load are different for 
each EV type, they are likely to have a different biogenesis pathway 
and possibly different functions.

Marote, A., et al. (2016). "MSCs-Derived Exosomes: Cell-Secreted 
Nanovesicles with Regenerative Potential." Front Pharmacol 7: 231.

Exosomes are membrane-enclosed nanovesicles (30-150 nm) that 
shuttle active cargoes between different cells. These tiny 
extracellular vesicles have been recently isolated from mesenchymal 
stem cells (MSCs) conditioned medium, a population of multipotent 
cells identified in several adult tissues. MSCs paracrine activity has 
been already shown to be the key mediator of their elicited 
regenerative effects. On the other hand, the individual contribution 
of MSCs-derived exosomes for these effects is only now being 
unraveled. The administration of MSCs-derived exosomes has been 
demonstrated to restore tissue function in multiple diseases/injury 



models and to induce beneficial in vitro effects, mainly mediated by 
exosomal-enclosed miRNAs. Additionally, the source and the culture 
conditions of MSCs have been shown to influence the regenerative 
responses induced by exosomes. Therefore, these studies reveal that 
MSCs-derived exosomes hold a great potential for cell-free therapies 
that are safer and easier to manipulate than cell-based products. 
Nevertheless, this is an emerging research field and hence, further 
studies are required to understand the full dimension of this complex 
intercellular communication system and how it can be optimized to take 
full advantage of its therapeutic effects. In this mini-review, we 
summarize the most significant new advances in the regenerative 
properties of MSCs-derived exosomes and discuss the molecular 
mechanisms underlying these effects.

Motavaf, M., et al. (2016). "Therapeutic application of mesenchymal 
stem cell-derived exosomes: A promising cell-free therapeutic strategy 
in regenerative medicine." Cell Mol Biol (Noisy-le-grand) 62(7): 
74-79.

Mesenchymal stem cells have emerged as promising therapeutic 
candidates in regenerative medicine. The mechanisms underlying 
mesenchymal stem cells regenerative properties were initially 
attributed to their engraftment in injured tissues and their 
subsequent transdifferentiation to repair and replace damaged cells. 
However, studies in animal models and patients indicated that the low 
number of transplanted mesenchymal stem cells localize to the target 
tissue and transdifferentiate to appropriate cell lineage. Instead the 
regenerative potential of mesenchymal stem cells has been found - at 
least in part - to be mediated via their paracrine actions. Recently, 
a secreted group of vesicles, called "exosome" has been identified as 
major mediator of mesenchymal stem cells therapeutic efficacy. In this 
review, we will summarize the current literature on administration of 
exosomes released by mesenchymal stem cells in regenerative medicine 
and suggest how they could help to improve tissue regeneration 
following injury.

Narayanan, R., et al. (2016). "Hijacking the Cellular Mail: Exosome 
Mediated Differentiation of Mesenchymal Stem Cells." Stem Cells Int 
2016: 3808674.

Bone transplantation is one of the most widely performed 
clinical procedures. Consequently, bone regeneration using mesenchymal 
stem cells and tissue engineering strategies is one of the most widely 
researched fields in regenerative medicine. Recent scientific 
consensus indicates that a biomimetic approach is required to achieve 
proper regeneration of any tissue. Exosomes are nanovesicles secreted 
by cells that act as messengers that influence cell fate. Although 
exosomal function has been studied with respect to cancer and 
immunology, the role of exosomes as inducers of stem cell 
differentiation has not been explored. We hypothesized that exosomes 
can be used as biomimetic tools for regenerative medicine. In this 
study we have explored the use of cell-generated exosomes as tools to 



induce lineage specific differentiation of stem cells. Our results 
indicate that proosteogenic exosomes isolated from cell cultures can 
induce lineage specific differentiation of naive MSCs in vitro and in 
vivo. Additionally, exosomes can also bind to matrix proteins such as 
type I collagen and fibronectin enabling them to be tethered to 
biomaterials. Overall, the results from this study show the potential 
of cell derived exosomes in bone regenerative medicine and opens up 
new avenues for future research.

Pashoutan Sarvar, D., et al. (2016). "Mesenchymal Stem Cell-Derived 
Exosomes: New Opportunity in Cell-Free Therapy." Adv Pharm Bull 6(3): 
293-299.

Mesenchymal stromal/stem cells (MSCs) are involved in tissue 
homeostasis through direct cell-to-cell interaction, as well as 
secretion of soluble factors. Exosomes are the sort of soluble 
biological mediators that obtained from MSCs cultured media in vitro. 
MSC-derived exosomes (MSC-DEs) which produced under physiological or 
pathological conditions are central mediators of intercellular 
communications by conveying proteins, lipids, mRNAs, siRNA, ribosomal 
RNAs and miRNAs to the neighbor or distant cells. MSC-DEs have been 
tested in various disease models, and the results have revealed that 
their functions are similar to those of MSCs. They have the supportive 
functions in organisms such as repairing tissue damages, suppressing 
inflammatory responses, and modulating the immune system. MSC-DEs are 
of great interest in the scope of regenerative medicine because of 
their unique capacity to the regeneration of the damaged tissues, and 
the present paper aims to introduce MSC-DEs as a novel hope in cell-
free therapy.

Rager, T. M., et al. (2016). "Exosomes secreted from bone marrow-
derived mesenchymal stem cells protect the intestines from 
experimental necrotizing enterocolitis." J Pediatr Surg 51(6): 
942-947.

PURPOSE: Treatment options for necrotizing enterocolitis (NEC) 
remain inadequate. Bone marrow-derived mesenchymal stem cells (BM-
MSCs) can protect the intestines from NEC. Exosomes are nanoparticle-
sized vesicles with important cell signaling capabilities. The 
objective of this study was to determine whether BM-MSC-derived 
exosomes can prevent NEC. METHODS: Rat pups were either breast fed 
(Group 1) or subjected to experimental NEC and randomized to receive 
either no treatment (Group 2) or an intraperitoneal (IP) injection of 
PBS (Group 3), BM-MSC (Group 4), or BM-MSC-derived exosomes (Group 5). 
Histologic injury grade and intestinal permeability were determined. 
The effect of BM-MSC-derived exosomes on IEC-6 intestinal epithelial 
cells in an in vitro scrape model of wound healing was also 
determined. RESULTS: Animals exposed to NEC that were either untreated 
or received PBS alone had an NEC incidence of 46% and 41%, 
respectively (p=0.61). Compared to untreated pups, the incidence of 
NEC was significantly lower in pups treated with either BM-MSC (9%, 
p=0.0003) or MB-MSC-derived exosomes (13%, p=0.0008). Similar results 



were found for intestinal permeability. Wound healing in IEC-6 cells 
was significantly increased by BM-MSC-derived exosomes. CONCLUSION: 
BM-MSC-derived exosomes protect the intestines from NEC and may 
represent a novel, cell-free, preventative therapy for NEC in the 
future.

Sabapathy, V. and S. Kumar (2016). "hiPSC-derived iMSCs: NextGen MSCs 
as an advanced therapeutically active cell resource for regenerative 
medicine." J Cell Mol Med 20(8): 1571-1588.

Mesenchymal stem cells (MSCs) are being assessed for 
ameliorating the severity of graft-versus-host disease, autoimmune 
conditions, musculoskeletal injuries and cardiovascular diseases. 
While most of these clinical therapeutic applications require 
substantial cell quantities, the number of MSCs that can be obtained 
initially from a single donor remains limited. The utility of MSCs 
derived from human-induced pluripotent stem cells (hiPSCs) has been 
shown in recent pre-clinical studies. Since adult MSCs have limited 
capability regarding proliferation, the quantum of bioactive factor 
secretion and immunomodulation ability may be constrained. Hence, the 
alternate source of MSCs is being considered to replace the commonly 
used adult tissue-derived MSCs. The MSCs have been obtained from 
various adult and foetal tissues. The hiPSC-derived MSCs (iMSCs) are 
transpiring as an attractive source of MSCs because during 
reprogramming process, cells undergo rejuvination, exhibiting better 
cellular vitality such as survival, proliferation and differentiations 
potentials. The autologous iMSCs could be considered as an 
inexhaustible source of MSCs that could be used to meet the unmet 
clinical needs. Human-induced PSC-derived MSCs are reported to be 
superior when compared to the adult MSCs regarding cell proliferation, 
immunomodulation, cytokines profiles, microenvironment modulating 
exosomes and bioactive paracrine factors secretion. Strategies such as 
derivation and propagation of iMSCs in chemically defined culture 
conditions and use of footprint-free safer reprogramming strategies 
have contributed towards the development of clinically relevant cell 
types. In this review, the role of iPSC-derived mesenchymal stromal 
cells (iMSCs) as an alternate source of therapeutically active MSCs 
has been described. Additionally, we also describe the role of iMSCs 
in regenerative medical applications, the necessary strategies, and 
the regulatory policies that have to be enforced to render iMSC's 
effectiveness in translational medicine.

Spees, J. L., et al. (2016). "Mechanisms of mesenchymal stem/stromal 
cell function." Stem Cell Res Ther 7(1): 125.

The past decade has seen an explosion of research directed 
toward better understanding of the mechanisms of mesenchymal stem/
stromal cell (MSC) function during rescue and repair of injured organs 
and tissues. In addition to delineating cell-cell signaling and 
molecular controls for MSC differentiation, the field has made 
particular progress in defining several other mechanisms through which 
administered MSCs can promote tissue rescue/repair. These include: 1) 



paracrine activity that involves secretion of proteins/peptides and 
hormones; 2) transfer of mitochondria by way of tunneling nanotubes or 
microvesicles; and 3) transfer of exosomes or microvesicles containing 
RNA and other molecules. Improved understanding of MSC function holds 
great promise for the application of cell therapy and also for the 
development of powerful cell-derived therapeutics for regenerative 
medicine. Focusing on these three mechanisms, we discuss MSC-mediated 
effects on immune cell responses, cell survival, and fibrosis and 
review recent progress with MSC-based or MSC-derived therapeutics.

Altanerova, U., et al. (2017). "Exosomes of human mesenchymal stem/
stromal/medicinal signaling cells." Neoplasma 64(6): 809-815.

In this review, we intend to explore the potential therapeutic 
effects of exosomes released from mesenchymal stem/stromal cells 
(MSCs). MSCs gained credibility as a therapeutic tool due to their 
potential to differentiate into many cell types like osteoblasts, 
chondrocytes, adipocytes, muscular, endothelial, cardiovascular, and 
neurogenic cells. They possess potent wound healing activity due to 
their immunosuppressive and anti-inflammatory properties. MSCs are 
tested in large number of clinical trials for treatment of diseases, 
which do not have adequate therapy at present. MSCs engineered to 
express suicide genes in preclinical studies have shown promising 
tumor targeting therapeutic tool for malignancies difficulty treatable 
at present. It has been increasingly observed in many different kinds 
of regenerative medicine and in MSCs mediated prodrug gene therapy for 
cancer that the intravenously administered of MSCs did not necessarily 
engraft at the site of injury or tumor. The therapeutic effect was 
exerted mainly through a paracrine action of rich secretome released 
from the cells. The main biocomponent of secretome are exosomes - 
naturally occurring membrane nanoparticles of 30-120 nm in diameter 
that mediate intercellular communication by delivering biomolecules 
like mRNA, miRNA into recipient cells. These nanosized exosomes 
derived from MSCs promise to be a new and valuable therapeutic 
strategy in regenerative medicine and cancer therapy compared with 
transplanted exogenous MSCs. Advantage of nanosized exosomes compared 
with administration of exogenous MSCs is multiple. Exosomes are easier 
to preserve and be transferred, have lower immunogenicity and 
therefore are safer for therapeutic administration.

Angulski, A. B., et al. (2017). "The Protein Content of Extracellular 
Vesicles Derived from Expanded Human Umbilical Cord Blood-Derived 
CD133(+) and Human Bone Marrow-Derived Mesenchymal Stem Cells 
Partially Explains Why both Sources are Advantageous for Regenerative 
Medicine." Stem Cell Rev 13(2): 244-257.

Adult stem cells have beneficial effects when exposed to 
damaged tissue due, at least in part, to their paracrine activity, 
which includes soluble factors and extracellular vesicles (EVs). Given 
the multiplicity of signals carried by these vesicles through the 
horizontal transfer of functional molecules, human mesenchymal stem 
cell (hMSCs) and CD133(+) cell-derived EVs have been tested in various 



disease models and shown to recover damaged tissues. In this study, we 
profiled the protein content of EVs derived from expanded human 
CD133(+) cells and bone marrow-derived hMSCs with the intention of 
better understanding the functions performed by these vesicles/cells 
and delineating the most appropriate use of each EV in future 
therapeutic procedures. Using LC-MS/MS analysis, we identified 623 
proteins for expanded CD133(+)-EVs and 797 proteins for hMSCs-EVs. 
Although the EVs from both origins were qualitatively similar, when 
protein abundance was considered, hMSCs-EVs and CD133(+)-EVs were 
different. Gene Ontology (GO) enrichment analysis in CD133(+)-EVs 
revealed proteins involved in a variety of angiogenesis-related 
functions as well proteins related to the cytoskeleton and highly 
implicated in cell motility and cellular activation. In contrast, when 
overrepresented proteins in hMSCs-EVs were analyzed, a GO cluster of 
immune response-related genes involved with immune response-regulating 
factors acting on phagocytosis and innate immunity was identified. 
Together our data demonstrate that from the point of view of protein 
content, expanded CD133(+)-EVs and hMSCs-EVs are in part similar but 
also sufficiently different to reflect the main beneficial paracrine 
effects widely reported in pre-clinical studies using expanded 
CD133(+) cells and/or hBM-MSCs.

Cheng, L., et al. (2017). "Focus on Mesenchymal Stem Cell-Derived 
Exosomes: Opportunities and Challenges in Cell-Free Therapy." Stem 
Cells Int 2017: 6305295.

Mesenchymal stem cells have been at the forefront of 
regenerative medicine for many years. Exosomes, which are nanovesicles 
involved in intercellular communication and the transportation of 
genetic material transportation that can be released by mesenchymal 
stem cells, have been recently reported to play a role in cell-free 
therapy of many diseases, including myocardial infarction, drug 
addiction, and status epilepticus. They are also thought to help 
ameliorate inflammation-induced preterm brain injury, liver injury, 
and various types of cancer. This review highlights recent advances in 
the exploration of mesenchymal stem cell-derived exosomes in 
therapeutic applications. The natural contents, drug delivery potency, 
modification methods, and drug loading methods of exosomes are also 
discussed.

Giebel, B., et al. (2017). "Clinical potential of mesenchymal stem/
stromal cell-derived extracellular vesicles." Stem Cell Investig 4: 
84.

Within the last two decades mesenchymal stem/stromal cells 
(MSCs) emerged after hematopoietic stem cells as the second most 
investigated and applied somatic stem cell entity so far. MSCs mediate 
immunosuppressive as well as pro-regenerative activities. Against the 
initial assumption, MSCs may not primarily exert their therapeutic 
functions in a cellular but rather in a paracrine manner. Here, 
extracellular vesicles (EVs), such as exosomes and microvesicles, have 
been identified as major mediators of these paracrine effects. 



Meanwhile, MSC-EVs have been applied to an increasing amount of 
different animal models and were tested in a patient suffering from 
steroid-refractory acute graft-versus-host disease (acute GvHD) as 
well as in a patient cohort with chronic kidney disease. So far, the 
MSC-EV administration appears to be safe in humans and all tested 
animal models. Improvements were reported in all settings. Thus, MSC-
EVs appear as promising novel therapeutic agents which might help to 
improve disease associated symptoms in millions of patients. Here, we 
review some of the milestones in the field, briefly discuss challenges 
and highlight clinical aspects of acute GvHD and its treatment with 
MSCs and MSC-EVs.

Gonzalez-Villarreal, C., et al. (2017). "How desirable and undesirable 
features of naive or genetically reengineered mesenchymal stem cells 
are being considered in preclinical or clinical assays." J buon 22(4): 
812-830.

The implantation of adult mesenchymal stem cells (MSCs) has 
become a promising alternative in cancer treatments. Accordingly, in 
this article we revised the ultimate advances in the knowledge on the 
MSC-homing mechanism, the cancer cell and MSCs interactions and the 
microvesicles and exosomes used by malignant cells to transport and 
deliver pro-cancer cytokines or microRNA (miRNA), or by MSCs to favor 
or fight cancer progression. In addition, we analyzed the current 
knowledge generated by ongoing or terminated preclinical and clinical 
trials, using naive MSCs as natural anti-cancer living factors or 
gene-engineered MSCs as cytokine delivering vehicles, where anti-
cancer cytokines were chosen and the pro-cancer factors were avoided. 
Finally, we present some concerns about the implantation of MSCs and 
anti-cancer therapies and hypothesize the MSC implantation combines 
with conventional or new therapies to treat cancer.

Jiang, N., et al. (2017). "Exosomes Mediate Epithelium-Mesenchyme 
Crosstalk in Organ Development." ACS Nano 11(8): 7736-7746.

Organ development requires complex signaling by cells in 
different tissues. Epithelium and mesenchyme interactions are crucial 
for the development of skin, hair follicles, kidney, lungs, prostate, 
major glands, and teeth. Despite myriad literature on cell-cell 
interactions and ligand-receptor binding, the roles of extracellular 
vesicles in epithelium-mesenchyme interactions during organogenesis 
are poorly understood. Here, we discovered that approximately 100 nm 
exosomes were secreted by the epithelium and mesenchyme of a 
developing tooth organ and diffused through the basement membrane. 
Exosomes were entocytosed by epithelium or mesenchyme cells with 
preference by reciprocal cells rather than self-uptake. Exosomes 
reciprocally evoked cell differentiation and matrix synthesis: 
epithelium exosomes induce mesenchyme cells to produce dentin 
sialoprotein and undergo mineralization, whereas mesenchyme exosomes 
induce epithelium cells to produce basement membrane components, 
ameloblastin and amelogenenin. Attenuated exosomal secretion by 
Rab27a/b knockdown or GW4869 disrupted the basement membrane and 



reduced enamel and dentin production in organ culture and reduced 
matrix synthesis and the size of the cervical loop, which harbors 
epithelium stem cells, in Rab27a(ash/ash) mutant mice. We then 
profiled exosomal constituents including miRNAs and peptides and 
further crossed all epithelium exosomal miRNAs with literature-known 
miRNA Wnt regulators. Epithelium exosome-derived miR135a activated 
Wnt/beta-catenin signaling and escalated mesenchymal production of 
dentin matrix proteins, partially reversible by Antago-miR135a 
attenuation. Our results suggest that exosomes may mediate epithelium-
mesenchyme crosstalk in organ development, suggesting that these 
vesicles and/or the molecular contents they are transporting may be 
interventional targets for treatment of diseases or regeneration of 
tissues.

Kocan, B., et al. (2017). "Trophic Activity and Phenotype of Adipose 
Tissue-Derived Mesenchymal Stem Cells as a Background of Their 
Regenerative Potential." Stem Cells Int 2017: 1653254.

There has been an increased interest in mesenchymal stem cells 
from adipose tissue, due to their abundance and accessibility with no 
ethical concerns. Their multipotent properties make them appropriate 
for regenerative clinical applications. It has been shown that 
adipose-derived stem cells (ASCs) may differ between the origin sites. 
Moreover, a variety of internal and external factors may affect their 
biological characteristics, as what we aimed to highlight in this 
review. It has been demonstrated that ASCs secrete multiple trophic 
factors that are capable of stimulating cell proliferation and 
differentiation and migration of various cell types. Particular 
attention should be given to exosomes, since it is known that they 
contribute to the paracrine effects of MSCs. Secretion of trophic 
agents by ASCs is thought to be in a greater importance for 
regenerative medicine applications, rather than cells engraftment to 
the site of injury and their differentiation ability. The surface 
marker profile of ASCs seems to be similar to that of the mesenchymal 
stem cells from bone marrow, although some molecular differences are 
observed. Thus, in this review, we have attempted to define trophic 
activity, as well as phenotypic characterization of ASCs, as crucial 
factors for therapeutic usage.

Kusuma, G. D., et al. (2017). "Effect of the Microenvironment on 
Mesenchymal Stem Cell Paracrine Signaling: Opportunities to Engineer 
the Therapeutic Effect." Stem Cells Dev 26(9): 617-631.

Cues from the extracellular environment, including physical 
stimuli, are well known to affect mesenchymal stem cell (MSC) 
properties in terms of proliferation and differentiation. Many 
therapeutic strategies are now targeting this knowledge to increase 
the efficacy of cell therapies, typically employed to repair tissue 
functions in the event of injury, either by direct engraftment into 
the target tissue or differentiation into mature tissues. However, it 
is now envisioned that harnessing the repertoire of factors secreted 
by MSCs (termed the secretome) may provide an alternate to these cell 



therapies. Of current interest are both direct protein secretions and 
two major subpopulations of bioactive extracellular vesicles (EVs), 
namely exosomes and microvesicles. EVs released by MSCs are reflective 
of their cells of origin, able to impact upon the activities of other 
cells in the local microenvironment, making the rational design of MSC 
paracrine activities an encouraging strategy to reproducibly modulate 
cell therapies. The precise mechanisms by which the secretome is 
modulated by the microenvironment, however, remain elusive. 
Controlling MSC growth conditions with oxygen tension, growth factor 
composition, and mechanical properties may serve to directly influence 
paracrine activity. Our growing understanding implicates components of 
the mechanotransduction machinery in translating both mechanical and 
chemical cues from the environment into alterations in gene regulation 
and varied paracrine activity. As technologies are developed to 
manufacture MSCs, advances in bioengineering and novel insight of how 
the extracellular environment affects MSC paracrine activity will play 
a pivotal role in the generation of widespread, successful, clinical 
MSC therapies.

Parayath, N. N. and M. M. Amiji (2017). "Therapeutic targeting 
strategies using endogenous cells and proteins." J Control Release 
258: 81-94.

Targeted drug delivery has become extremely important in 
enhancing efficacy and reducing the toxicity of therapeutics in the 
treatment of various disease conditions. Current approaches include 
passive targeting, which relies on naturally occurring differences 
between healthy and diseased tissues, and active targeting, which 
utilizes various ligands that can recognize targets expressed 
preferentially at the diseased site. Clinical translation of these 
mechanisms faces many challenges including the immunogenic and toxic 
effects of these non-natural systems. Thus, use of endogenous 
targeting systems is increasingly gaining momentum. This review is 
focused on strategies for employing endogenous moieties, which could 
serve as safe and efficient carriers for targeted drug delivery. The 
first part of the review involves cells and cellular components as 
endogenous carriers for therapeutics in multiple disease states, while 
the second part discusses the use of endogenous plasma components as 
endogenous carriers. Further understanding of the biological tropism 
with cells and proteins and the newer generation of delivery 
strategies that exploits these endogenous approaches promises to 
provide better solutions for site-specific delivery and could further 
facilitate clinical translations.

Patel, D. B., et al. (2017). "Impact of cell culture parameters on 
production and vascularization bioactivity of mesenchymal stem cell-
derived extracellular vesicles." Bioeng Transl Med 2(2): 170-179.

Mesenchymal stem cell (MSC)-derived extracellular vesicles 
(EVs) have emerged as potential therapeutic agents for numerous 
applications. EVs offer potential advantages over cell-based therapies 
with regard to safety, stability and clearance profiles, however 



production and potency limitations must be addressed to enable 
eventual translation of EV-based approaches. Thus, we sought to 
examine the role of specific cell culture parameters on MSC EV 
production and bioactivity toward informing rational design parameters 
for scalable EV biomanufacturing. We report significantly reduced MSC 
EV vascularization bioactivity, as measured by an endothelial cell gap 
closure assay, with increasing passage in culture by trypsinization, 
especially beyond passage 4. We further show that increased frequency 
of EV collection yielded higher numbers of EVs from the same initial 
number of MSCs over a 24 hr period. Finally, we demonstrate that 
decreased cell seeding density in culture flasks resulted in increased 
production of EVs per cell in MSCs and other cell types. Overall, 
these studies highlight the need for careful consideration of the 
parameters of cell passage number and cell seeding density in the 
production of therapeutic EVs at laboratory scale and for rational 
design of large-scale EV biomanufacturing schemes.

Phinney, D. G. and M. F. Pittenger (2017). "Concise Review: MSC-
Derived Exosomes for Cell-Free Therapy." Stem Cells 35(4): 851-858.

Mesenchymal stem cell transplantation is undergoing extensive 
evaluation as a cellular therapy in human clinical trials. Because 
MSCs are easily isolated and amenable to culture expansion in vitro 
there is a natural desire to test MSCs in many diverse clinical 
indications. This is exemplified by the rapidly expanding literature 
base that includes many in vivo animal models. More recently, MSC-
derived extracellular vesicles (EVs), which include exosomes and 
microvesicles (MV), are being examined for their role in MSC-based 
cellular therapy. These vesicles are involved in cell-to-cell 
communication, cell signaling, and altering cell or tissue metabolism 
at short or long distances in the body. The exosomes and MVs can 
influence tissue responses to injury, infection, and disease. MSC-
derived exosomes have a content that includes cytokines and growth 
factors, signaling lipids, mRNAs, and regulatory miRNAs. To the extent 
that MSC exosomes can be used for cell-free regenerative medicine, 
much will depend on the quality, reproducibility, and potency of their 
production, in the same manner that these parameters dictate the 
development of cell-based MSC therapies. However, the MSC exosome's 
contents are not static, but rather a product of the MSC tissue 
origin, its activities and the immediate intercellular neighbors of 
the MSCs. As such, the exosome content produced by MSCs appears to be 
altered when MSCs are cultured with tumor cells or in the in vivo 
tumor microenvironment. Therefore, careful attention to detail in 
producing MSC exosomes may provide a new therapeutic paradigm for 
cell-free MSC-based therapies with decreased risk. Stem Cells 
2017;35:851-858.

Vizoso, F. J., et al. (2017). "Mesenchymal Stem Cell Secretome: Toward 
Cell-Free Therapeutic Strategies in Regenerative Medicine." Int J Mol 
Sci 18(9).

Earlier research primarily attributed the effects of 



mesenchymal stem cell (MSC) therapies to their capacity for local 
engrafting and differentiating into multiple tissue types. However, 
recent studies have revealed that implanted cells do not survive for 
long, and that the benefits of MSC therapy could be due to the vast 
array of bioactive factors they produce, which play an important role 
in the regulation of key biologic processes. Secretome derivatives, 
such as conditioned media or exosomes, may present considerable 
advantages over cells for manufacturing, storage, handling, product 
shelf life and their potential as a ready-to-go biologic product. 
Nevertheless, regulatory requirements for manufacturing and quality 
control will be necessary to establish the safety and efficacy profile 
of these products. Among MSCs, human uterine cervical stem cells 
(hUCESCs) may be a good candidate for obtaining secretome-derived 
products. hUCESCs are obtained by Pap cervical smear, which is a less 
invasive and painful method than those used for obtaining other MSCs 
(for example, from bone marrow or adipose tissue). Moreover, due to 
easy isolation and a high proliferative rate, it is possible to obtain 
large amounts of hUCESCs or secretome-derived products for research 
and clinical use.

Beretti, F., et al. (2018). "Amniotic fluid stem cell exosomes: 
Therapeutic perspective." Biofactors 44(2): 158-167.

It is widely accepted that the therapeutic potential of stem 
cells can be largely mediated by paracrine factors, also included into 
exosomes. Thus, stem cell-derived exosomes represent a major 
therapeutic option in regenerative medicine avoiding, if compared to 
stem cells graft, abnormal differentiation and tumor formation. 
Exosomes derived from mesenchymal stem cells (MSC) induce damaged 
tissue repair, and can also exert immunomodulatory effects on the 
differentiation, activation and function of different lymphocytes. 
Therefore, MSC exosomes can be considered as a potential treatment for 
inflammatory diseases and also an ideal candidate for allogeneic 
therapy due to their low immunogenicity. Amniotic fluid stem cells 
(AFSCs) are broadly multipotent, can be expanded in culture, and can 
be easily cryopreserved in cellular banks. In this study, morphology, 
phenotype, and protein content of exosomes released into amniotic 
fluid in vivo and from AFSC during in vitro culture (conditioned 
medium) were examined. We found that AFSC-derived exosomes present 
different molecules than amniotic fluid ones, some of them involved in 
immunomodulation, such transforming growth factor beta and hepatic 
growth factors. The immunomodulatory effect of AFSC's exosomes on 
peripheral blood mononuclear cells stimulated with phytohemagglutinin 
was compared to that of the supernatant produced by such conditioned 
media deprived of exosomes. We present evidence that the principal 
effect of AFSC conditioned media (without exosomes) is the induction 
of apoptosis in lymphocytes, whereas exposure to AFSC-derived exosomes 
decreases the lymphocyte's proliferation, supporting the hypothesis 
that the entire secretome of stem cells differently affects immune-
response. (c) 2017 BioFactors, 44(2):158-167, 2018.



Blazquez, R., et al. (2018). "Murine embryos exposed to human 
endometrial MSCs-derived extracellular vesicles exhibit higher VEGF/
PDGF AA release, increased blastomere count and hatching rates." PLoS 
One 13(4): e0196080.

Endometrial Mesenchymal Stromal Cells (endMSCs) are 
multipotent cells with immunomodulatory and pro-regenerative activity 
which is mainly mediated by a paracrine effect. The exosomes released 
by MSCs have become a promising therapeutic tool for the treatment of 
immune-mediated diseases. More specifically, extracellular vesicles 
derived from endMSCs (EV-endMSCs) have demonstrated a cardioprotective 
effect through the release of anti-apoptotic and pro-angiogenic 
factors. Here we hypothesize that EV-endMSCs may be used as a co-
adjuvant to improve in vitro fertilization outcomes and embryo 
quality. Firstly, endMSCs and EV-endMSCs were isolated and 
phenotypically characterized for in vitro assays. Then, in vitro 
studies were performed on murine embryos co-cultured with EV-endMSCs 
at different concentrations. Our results firstly demonstrated a 
significant increase on the total blastomere count of expanded murine 
blastocysts. Moreover, EV-endMSCs triggered the release of pro-
angiogenic molecules from embryos demonstrating an EV-endMSCs 
concentration-dependent increase of VEGF and PDGF-AA. The release of 
VEGF and PDGF-AA by the embryos may indicate that the beneficial 
effect of EV-endMSCs could be mediating not only an increase in the 
blastocyst's total cell number, but also may promote endometrial 
angiogenesis, vascularization, differentiation and tissue remodeling. 
In summary, these results could be relevant for assisted reproduction 
being the first report describing the beneficial effect of human EV-
endMSCs on embryo development.

Deng, H., et al. (2018). "Lipid, Protein, and MicroRNA Composition 
Within Mesenchymal Stem Cell-Derived Exosomes." Cell Reprogram 20(3): 
178-186.

Mesenchymal stem cells (MSCs) were regarded as one of the most 
promising type of seed cells in tissue engineering due to its easy 
accessibility and multipotent feature of being able to differentiate 
into adipocyte, osteoblast, cardiomyocytes, and neurons. For years, 
MSCs have been applied in treating cardiovascular disease, 
reconstructing kidney injury, and remodeling immune system with 
remarkable achievements. Basic researches revealed that its clinic 
effects are not only due to their pluripotent ability but also through 
their paracrine function that they synthesize and secrete a broad 
spectrum of growth factors and cytokines. Recent studies show that 
exosomes is the main paracrine executor of MSCs. The lipid bilayer of 
exosome maintains its stability and integrity and keeps biological 
potency of biological substance within it. MSC-derived exosomes were 
shown to be successful in treating many diseases, including tumor and 
cardiovascular diseases. However, the exact composition of MSC-derived 
exosomes is not known yet. In this review, we will discuss the lipid, 
protein, and microRNA contents within MSC-derived exosomes based on 
current studies to guide further research and clinical applications of 



MSC-derived exosomes.

Gaceb, A., et al. (2018). "The pericyte secretome: Potential impact on 
regeneration." Biochimie 155: 16-25.

Personalized and regenerative medicine is an emerging 
therapeutic strategy that is based on cell biology and biomedical 
engineering used to develop biological substitutes to maintain normal 
function or restore damaged tissues and organs. The secretory 
capacities of different cell types are now explored as such possible 
therapeutic regenerative agents in a variety of diseases. A secretome 
can comprise chemokines, cytokines, growth factors, but also 
extracellular matrix components, microvesicles and exosomes as well as 
genetic material and may differ depending on the tissue and the 
stimulus applied to the cell. With regard to clinical applications, 
the secretome of mesenchymal stem cells (MSC) is currently the most 
widely explored. However, other cell types such as pericytes may have 
similar properties as MSC and the potential therapeutic possibilities 
of these cells are only just beginning to emerge. In this review, we 
will summarize the currently available data describing the secretome 
of pericytes and its potential implications for tissue regeneration, 
whereby we especially focus on brain pericytes as potential new target 
cell for neuroregeneration and brain repair.

Gebraad, A., et al. (2018). "Monocyte-derived extracellular vesicles 
stimulate cytokine secretion and gene expression of matrix 
metalloproteinases by mesenchymal stem/stromal cells." Febs j 285(12): 
2337-2359.

Intercellular communication is essential in bone remodelling 
to ensure that new bone is formed with only temporary bone loss. 
Monocytes (MCs) and osteoclasts actively take part in controlling bone 
remodelling by providing signals that promote osteogenic 
differentiation of mesenchymal stem/stromal cells (MSCs). 
Extracellular vesicles (EVs) have attracted attention as regulators of 
bone remodelling. EVs facilitate intercellular communication by 
transferring a complex cargo of biologically active molecules to 
target cells. In the present study, we evaluated the potency of EVs 
from MCs and osteoclasts to induce a lineage-specific response in 
MSCs. We analysed gene expression and protein secretion by both 
adipose tissue-derived MSCs and bone marrow-derived MSCs after 
stimulation with EVs from lipopolysaccharide-activated primary human 
MCs and (mineral-resorbing) osteoclasts. Isolated EVs were enriched in 
exosomes (EVs of endosomal origin) and were free of cell debris. MC- 
and osteoclast-derived EVs were taken up by adipose tissue-derived 
MSCs. EVs from activated MCs promoted the secretion of cytokines by 
MSCs, which may represent an immunomodulatory mechanism. MC-derived 
EVs also upregulated the expression of genes encoding for matrix 
metalloproteinases. Therefore, we hypothesize that MCs facilitate 
tissue remodelling through EV-mediated signalling. We did not observe 
a significant effect of osteoclast-derived EVs on gene expression or 
protein secretion in MSCs. EV-mediated signalling might represent an 



additional mode of cell-cell signalling during the transition from 
injury and inflammation to bone regeneration and play an important 
role in the coupling between bone resorption and bone formation. 
DATABASE: Gene expression data are available in the GEO database under 
the accession number GSE102401.

Gurung, S., et al. (2018). "The Transcriptome of Human Endometrial 
Mesenchymal Stem Cells Under TGFbetaR Inhibition Reveals Improved 
Potential for Cell-Based Therapies." Front Cell Dev Biol 6: 164.

Mesenchymal stem/stromal cells (MSCs) are multipotent cells 
with favorable properties for cell therapies and regenerative 
medicine. Human endometrium harbors a small population of 
perivascular, clonogenic MSCs (eMSCs) identified by the SUSD2 marker. 
As for other MSCs, eMSCs require extensive in vitro expansion to 
generate clinically relevant numbers of cells, resulting in 
spontaneous differentiation, replicative senescence and cell death, 
decreasing therapeutic potency. We previously demonstrated that 
A83-01, a TGF-beta receptor inhibitor, maintained eMSC clonogenicity, 
promoted proliferation, prevented apoptosis and maintained MSC 
function in vitro. Here we compare the transcriptome of passaged eMSCs 
from six women cultured with and without A83-01 for 7 days. We 
identified 1206 differentially expressed genes (DEG) using a false 
discovery rate cut-off at 0.01 and fold change >2. Significant 
enrichment of genes involved in anti-inflammatory responses, 
angiogenesis, cell migration and proliferation, and collagen fibril 
and extracellular matrix organization were revealed. TGF-beta, Wnt and 
Akt signaling pathways were decreased. Anti-fibrotic and anti-
apoptotic genes were induced, and fibroblast proliferation and 
myofibroblast related genes were downregulated. We found increased MSC 
potency genes (TWIST1, TWIST2, JAG1, LIFR, and SLIT2) validating the 
enhanced potency of A83-01-treated eMSCs, and importantly no 
pluripotency gene expression. We also identified eMSCs' potential for 
secreting exosomes, possibly explaining their paracrine properties. 
Angiogenic and cytokine protein arrays confirmed the angiogenic, anti-
fibrotic and immunomodulatory phenotype of A83-01-treated eMSCs, and 
increased angiogenic activity was functionally demonstrated in vitro. 
eMSCs culture expanded with A83-01 have enhanced clinically relevant 
properties, suggesting their potential for cell-therapies and 
regenerative medicine applications.

Jiang, B., et al. (2018). "Mesenchymal stem cells derived from human 
pluripotent cells, an unlimited and quality-controllable source, for 
therapeutic applications." Stem Cells.

Despite of the long discrepancy over their definition, 
heterogeneity, and functions, mesenchymal stromal/stem cells (MSCs) 
have proved to be a key player in tissue repair and homeostasis. 
Generally, somatic tissue-derived MSCs (st-MSCs) are subject to 
quality variations related to donated samples and biosafety concern 
for transmission of potential pathogens from the donors. In contrast, 
human pluripotent stem cells (hPSCs) are unlimited in supply, clear in 



the biological background, and convenient for quality control, genetic 
modification and scale-up production. We, and others, have shown that 
hPSCs can differentiate in 2D or 3D to MSCs (ps-MSCs) via embryonic 
(mesoderm and neural crest) or extraembryonic (trophoblast) cell types 
under serum-containing or xeno-free and defined conditions. Compared 
to st-MSCs, ps-MSCs appear less mature, proliferate faster, express 
lower levels of inflammatory cytokines, and respond less to 
traditional protocols for st-MSC differentiation to other cell types, 
especially adipocytes. Nevertheless, ps-MSCs are capable of immune 
modulation and treatment of an increasing number of animal disease 
models via mitochondria transfer, paracrine, exosomes, and direct 
differentiation, and can be potentially used as a universal and 
endless therapy for clinical application. This review summarizes the 
progress on ps-MSCs and discusses perspectives and challenges for 
their potential translation to the clinic. (c) AlphaMed Press 2018.

Keshtkar, S., et al. (2018). "Mesenchymal stem cell-derived 
extracellular vesicles: novel frontiers in regenerative medicine." 
Stem Cell Res Ther 9(1): 63.

Mesenchymal stem cells (MSCs) are multipotent stem cells that 
have gained significant attention in the field of regenerative 
medicine. The differentiation potential along with paracrine 
properties of MSCs have made them a key option for tissue repair. The 
paracrine functions of MSCs are applied through secreting soluble 
factors and releasing extracellular vesicles like exosomes and 
microvesicles. Extracellular vesicles are predominantly endosomal in 
origin and contain a cargo of miRNA, mRNA, and proteins that are 
transferred from their original cells to target cells. Recently it has 
emerged that extracellular vesicles alone are responsible for the 
therapeutic effect of MSCs in plenty of animal diseases models. Hence, 
MSC-derived extracellular vesicles may be used as an alternative MSC-
based therapy in regenerative medicine. In this review we discuss MSC-
derived extracellular vesicles and their therapeutic potential in 
various diseases.

Nooshabadi, V. T., et al. (2018). "The extracellular vesicles-derived 
from mesenchymal stromal cells: A new therapeutic option in 
regenerative medicine." J Cell Biochem 119(10): 8048-8073.

Mesenchymal stem cells (MSCs) are adult multipotent cells that 
due to their ability to homing to damaged tissues and differentiate 
into specialized cells, are remarkable cells in the field of 
regenerative medicine. It's suggested that the predominant mechanism 
of MSCs in tissue repair might be related to their paracrine activity. 
The utilization of MSCs for tissue repair is initially based on the 
differentiation ability of these cells; however now it has been 
revealed that only a small fraction of the transplanted MSCs actually 
fuse and survive in host tissues. Indeed, MSCs supply the 
microenvironment with the secretion of soluble trophic factors, 
survival signals and the release of extracellular vesicles (EVs) such 
as exosome. Also, the paracrine activity of EVs could mediate the 



cellular communication to induce cell-differentiation/self-renewal. 
Recent findings suggest that EVs released by MSCs may also be critical 
in the physiological function of these cells. This review provides an 
overview of MSC-derived extracellular vesicles as a hopeful 
opportunity to advance novel cell-free therapy strategies that might 
prevail over the obstacles and risks associated with the use of native 
or engineered stem cells. EVs are very stable; they can pass the 
biological barriers without rejection and can shuttle bioactive 
molecules from one cell to another, causing the exchange of genetic 
information and reprogramming of the recipient cells. Moreover, 
extracellular vesicles may provide therapeutic cargo for a wide range 
of diseases and cancer therapy.

Patel, D. B., et al. (2018). "Towards rationally designed 
biomanufacturing of therapeutic extracellular vesicles: impact of the 
bioproduction microenvironment." Biotechnol Adv 36(8): 2051-2059.

Extracellular vesicles (EVs), including exosomes, 
microvesicles, and others, have emerged as potential therapeutics for 
a variety of applications. Pre-clinical reports of EV efficacy in 
treatment of non-healing wounds, myocardial infarction, 
osteoarthritis, traumatic brain injury, spinal cord injury, and many 
other injuries and diseases demonstrate the versatility of this 
nascent therapeutic modality. EVs have also been demonstrated to be 
effective in humans, and clinical trials are underway to further 
explore their potential. However, for EVs to become a new class of 
clinical therapeutics, issues related to translation must be 
addressed. For example, approaches originally developed for cell 
biomanufacturing, such as hollow fiber bioreactor culture, have been 
adapted for EV production, but limited knowledge of how the cell 
culture microenvironment specifically impacts EVs restricts the 
possibility for rational design and optimization of EV production and 
potency. In this review, we discuss current knowledge of this issue 
and delineate potential focus areas for future research towards 
enabling translation and widespread application of EV-based 
therapeutics.

Phan, J., et al. (2018). "Engineering mesenchymal stem cells to 
improve their exosome efficacy and yield for cell-free therapy." J 
Extracell Vesicles 7(1): 1522236.

Through traditional medicine, there were diseases and 
disorders that previously remained untreated or were simply thought to 
be incurable. Since the discovery of mesenchymal stem cells (MSCs), 
there has been a flurry of research to develop MSC-based therapy for 
diseases and disorders. It is now well-known that MSCs do not 
typically engraft after transplantation and exhibit their therapeutic 
effect via a paracrine mechanism. In addition to secretory proteins, 
MSCs also produce extracellular vesicles (EVs), membrane-bound 
nanovesicles containing proteins, DNA and RNA. The secreted vesicles 
then interact with target cells and deliver their contents, imparting 
their ultimate therapeutic effect. Unlike the widely studied cancer 



cells, the yield of MSC-exosomes is a limiting factor for large-scale 
production for cell-free therapies. Here we summarise potential 
approaches to increase the yield of such vesicles while maintaining or 
enhancing their efficacy by engineering the extracellular environment 
and intracellular components of MSCs.

Poltavtseva, R. A., et al. (2018). "Myths, reality and future of 
mesenchymal stem cell therapy." Cell Tissue Res.

Mesenchymal stem cell (MSC) therapy represents an alternative 
approach for tissue regeneration and inflammation control. In spite of 
a huge amount of preclinical data that has been accumulated on the 
therapeutic properties of MSCs, there are many conflicting results, 
possibly due to differences in the properties of MSCs obtained from 
different sources or underestimated mechanisms of MSC in vivo 
behavior. This review consolidates the in vivo effects of MSC therapy, 
discusses the fate of MSCs after intravascular and local delivery and 
proposes possible trends in MSC therapy.

Quesenberry, P. and L. R. Goldberg (2018). "A New Stem Cell Biology: 
Transplantation and Baseline, Cell Cycle and Exosomes." Adv Exp Med 
Biol 1056: 3-9.

Hematopoietic stem cell biology has focused on stem cell 
purification and the definition of the regulation of purified stem 
cells in a hierarchical system. Work on the whole unpurified murine 
marrow cell population has indicated that a significant number of 
hematopoietic stem cells, rather than being dormant, are actively 
cycling, always changing phenotype and therefore resistant to 
purification efforts by current approaches. The bulk of cycling marrow 
stem cells are discarded with the standard lineage negative, stem cell 
marker positive separations. Therefore, the purified stem cells do not 
appear to be representative of the total hematopoietic stem cell 
population. In addition, baseline hematopoiesis does not appear to be 
determined by the transplantable stem cells but rather by many short-
lived clones of varying differentiation potential. These systems 
appear to be impacted by tissue derived extracellular vesicles and a 
number of other variables. Thus hematopoietic stem cell biology is now 
at a fascinating new beginning with great promise.

Ren, K. (2018). "Exosomes in perspective: a potential surrogate for 
stem cell therapy." Odontology.

Exosomes as a unique subtype of small extracellular vesicles 
(sEVs) have attracted increasing interest in recent years in the 
fields of mesenchymal stromal cell (MSC) research. Studies have 
confirmed that exosomes derived from MSCs preserve immunosuppressive 
phenotype and can mimic therapeutic benefits of their parent cells. 
This review briefly summarizes most recent findings on the potential 
of exosomes as an alternative of therapeutic MSCs, focusing on the 
role of MSCs and their secreted exosomes in regulation of immune 
cells, preclinical and clinical evidence of therapeutic outcomes of 
MSC exosomes, and the biodistribution and pharmacokinetic profile of 



systemically administered exosomes. It is appreciated that exosomes 
from MSCs of different sources have variable contents including 
inflammatory mediators, tropic factors, signaling molecules, and 
nucleic acids (DNA, mRNA, microRNA and long non-coding RNA). Diverse 
functions of exosomes derived from different sources are expected. 
More importantly, exosomes isolated in vitro may not mirror that from 
in vivo, where donor MSCs are exposed to specific disease or injury-
related conditions. Simulating in vivo microenvironment by 
pretreatment of MSCs with relevant chemical mediators may lead to 
their secretion of therapeutically more efficient exosomes/sEVs. 
However, we know very little about the key molecules involved and the 
differences between exosomes released under different conditions. 
These issues would be of tremendous interest to preclinical research 
that pursues exosome biology-underlain therapeutic mechanisms of MSCs. 
Further studies are expected to demonstrate the superiority of MSC-
derived exsomes/sEVs as a pharmaceutical entity with regard to 
efficacy, safety, and practicability.

Sharma, S., et al. (2018). "Proteomic analysis of exosomes reveals an 
association between cell invasiveness and exosomal bioactivity on 
endothelial and mesenchymal cell migration in vitro." Clin Sci (Lond) 
132(18): 2029-2044.

Ovarian cancer has resulted in over 140 000 deaths reported 
annually worldwide. This is often attributed to cellular changes in 
the microenvironment, including increased migration of mesenchymal 
stem cells (MSCs) and endothelial cells (ECs) to facilitate 
metastasis. Recently, the ability of exosomes to communicate signals 
between cells (and promote cancer progression) has been established. 
In the present study, we explored the effect of exosomes on cells 
present in the tumour microenvironment. Exosomes were isolated from 
ovarian cancer cells with different invasive capacity (high = SKOV-3 
and low = OVCAR-3) by differential and buoyant density centrifugation 
and characterised using nanoparticle tracking analysis (NTA), Western 
blot, and EM. Exosome secretion was positively correlated with 
invasiveness of releasing cells. Proteomic analyses identified common 
and unique proteins between exosomes from SKOV-3 and OVCAR-3 with gene 
ontology analyses revealing that these exosomes are involved in the 
regulation of cell migration. Since the tumour microenvironment 
contains multiple cell types, including MSCs and ECs, we examined the 
effect of these exosomes on MSC and EC migration. Exosomes promoted 
MSC and EC migration in a time- and concentration-dependent manner. 
The effect of exosomes isolated from SKOV-3 on cell migration was 
significantly higher compared with exosomes from OVCAR-3. Thus, we 
suggest that exosomes from ovarian cancer cells contain a specific set 
of proteins that are representative of its cell of origin and the 
invasive capacity.

Stanko, P., et al. (2018). "Dental Mesenchymal Stem/Stromal Cells and 
Their Exosomes." Stem Cells Int 2018: 8973613.

Stem cells derived from human dental pulp tissue (DP-MSC) 



differ from the other mesenchymal stem cells prepared from bone marrow 
or adipose tissue due to their embryonic origin from the neural crest 
and are of special interest because of their neurotropic character. 
Furthermore, the therapeutic potential of DP-MSCs is realized through 
paracrine action of extracellularly released components, for which 
exosomes play an important role. In this review, we intend to explore 
the properties of these cells with an emphasis on exosomes. The 
therapeutic applicability of these cells and exosomes in dental 
practice, neurodegenerative diseases, and many other difficultly 
treatable diseases, like myocardial infarction, focal cerebral 
ischemia, acute lung or brain injury, acute respiratory distress 
syndrome, acute inflammation, and several others is concisely covered. 
The use of cellular exosomes as an important diagnostic marker and 
indicator of targeted cancer therapies is also discussed, while the 
importance of stem cells from human exfoliated deciduous teeth as a 
source of evolutionally young cells for future regenerative therapies 
is stressed. We conclude that exosomes derived from these cells are 
potent therapeutic tools for regenerative medicine in the near future 
as clinical administration of DP-MSC-conditioned medium and/or 
exosomes is safer and more practical than stem cells.

Vitha, A. E., et al. (2018). "Characterization and Therapeutic Uses of 
Exosomes: A New Potential Tool in Orthopedics." Stem Cells Dev.

In recent years, regenerative medicine has directed its 
interests onto the use of stem cells to heal human tissue. One 
specific class of cells that has been employed in this field of 
research is mesenchymal stem cells. Due to difficulties with the usage 
of whole stem cells, researchers have turned to an alternative, the 
secretome of these mesenchymal stem cells. In recent years, research 
has explored numerous aspects of the mesenchymal stem cell secretome, 
especially the most promising aspect, exosomes. This review explores a 
variety of interest in exosomes including the classification and 
molecular composition, mechanisms for isolation, and the various 
biological functions. As more is discovered about these exosomes 
different diagnostic and therapeutic uses in the medical field have 
also been explored. A new field attempting to exploit these exosomes 
in clinical practice is orthopedics. While a significant deal of 
research has been carried out, even more is being discovered to allow 
utilization of these vesicles in clinical practice.

Jan, A. T., et al. (2019). "Biology, Pathophysiological Role, and 
Clinical Implications of Exosomes: A Critical Appraisal." Cells 8(2).

Exosomes are membrane-enclosed entities of endocytic origin, 
which are generated during the fusion of multivesicular bodies (MVBs) 
and plasma membranes. Exosomes are released into the extracellular 
milieu or body fluids; this process was reported for mesenchymal, 
epithelial, endothelial, and different immune cells (B-cells and 
dendritic cells), and was reported to be correlated with normal 
physiological processes. The compositions and abundances of exosomes 
depend on their tissue origins and cell types. Exosomes range in size 



between 30 and 100 nm, and shuttle nucleic acids (DNA, messenger RNAs 
(mRNAs), microRNAs), proteins, and lipids between donor and target 
cells. Pathogenic microorganisms also secrete exosomes that modulate 
the host immune system and influence the fate of infections. Such 
immune-modulatory effect of exosomes can serve as a diagnostic 
biomarker of disease. On the other hand, the antigen-presenting and 
immune-stimulatory properties of exosomes enable them to trigger anti-
tumor responses, and exosome release from cancerous cells suggests 
they contribute to the recruitment and reconstitution of components of 
tumor microenvironments. Furthermore, their modulation of 
physiological and pathological processes suggests they contribute to 
the developmental program, infections, and human diseases. Despite 
significant advances, our understanding of exosomes is far from 
complete, particularly regarding our understanding of the molecular 
mechanisms that subserve exosome formation, cargo packaging, and 
exosome release in different cellular backgrounds. The present study 
presents diverse biological aspects of exosomes, and highlights their 
diagnostic and therapeutic potentials.

Sancho-Albero, M., et al. (2019). "Exosome origin determines cell 
targeting and the transfer of therapeutic nanoparticles towards target 
cells." J Nanobiotechnology 17(1): 16.

BACKGROUND: Exosomes are considered key elements for 
communication between cells, but very little is known about the 
mechanisms and selectivity of the transference processes involving 
exosomes released from different cells. RESULTS: In this study we have 
investigated the transfer of hollow gold nanoparticles (HGNs) between 
different cells when these HGNs were loaded within exosomes secreted 
by human placental mesenchymal stem cells (MSCs). These HGNs were 
successfully incorporated in the MSCs exosome biogenesis pathway and 
released as HGNs-loaded exosomes. Time-lapse microscopy and atomic 
emission spectroscopy allowed us to demonstrate the selective transfer 
of the secreted exosomes only to the cell type of origin when studying 
different cell types including cancer, metastatic, stem or 
immunological cells. CONCLUSIONS: In this study we demonstrate the 
selectivity of in vitro exosomal transfer between certain cell types 
and how this phenomenon can be exploited to develop new specific 
vectors for advanced therapies. Specifically, we show how this 
preferential uptake can be leveraged to selectively induce cell death 
by light-induced hyperthermia only in cells of the same type as those 
producing the corresponding loaded exosomes. We describe how the 
exosomes are preferentially transferred to some cell types but not to 
others, thus providing a better understanding to design selective 
therapies for different diseases.

Yuan, O. D., et al. (2019). "Exosomes Derived from Human Primed 
Mesenchymal Stem Cells Induce Mitosis and Potentiate Growth Factor 
Secretion." Stem Cells Dev.

Mesenchymal stem cells (MSCs) facilitate functional recovery 
in numerous animal models of inflammatory and ischemic tissue related 



diseases with a growing body of research suggesting that exosomes 
mediate many of these therapeutic effects. It remains unclear, 
however, which types of proteins are packaged into exosomes as 
compared to the cells from which they are derived. Here, using 
comprehensive proteomic analysis, we demonstrated that human primed 
MSCs secrete exosomes (pMEX) that are packaged with markedly higher 
fractions of specific protein subclasses as compared to their cells of 
origin, indicating regulation of their contents. Notably, we found 
that pMEX are also packaged with substantially elevated levels of 
extracellular associated proteins. Fibronectin was the most abundant 
protein detected and data established that fibronectin mediates the 
mitogenic properties of pMEX. In addition, treatment of SHSY5Y cells 
with pMEX induced the secretion of growth factors known to possess 
mitogenic and neurotrophic properties. Taken together, our 
comprehensive analysis indicates that pMEX are packaged with specific 
protein subtypes which may provide a molecular basis for their 
distinct functional properties.


