
Oh, S., et al. (2007). "Miniaturized asymmetrical flow field-flow 
fractionation: application to biological vesicles." J Sep Sci 30(7): 
1082-1087.

Asymmetrical flow field-flow fractionation (AFlFFF) has been 
carried out in a miniaturized channel by reducing the channel 
dimensions. Performance of the miniaturized AFlFFF (mAFlFFF) channel 
was evaluated with standard proteins and polystyrene latex spheres 
from nanometer to micrometer size. By reducing the channel dimension, 
proteins or particulate materials can be separated within a few 
minutes without a significant loss in resolution. The mAFlFFF channel 
was applied for the separation of exosomes harvested from immortalized 
human mesenchymal stem cell line. It shows a potential to fractionate 
exosome vesicles according to sizes which can be useful for proteomic 
studies in relation to immunotherapeutic applications.

Chen, T. S., et al. (2011). "Enabling a robust scalable manufacturing 
process for therapeutic exosomes through oncogenic immortalization of 
human ESC-derived MSCs." J Transl Med 9: 47.

BACKGROUND: Exosomes or secreted bi-lipid vesicles from human 
ESC-derived mesenchymal stem cells (hESC-MSCs) have been shown to 
reduce myocardial ischemia/reperfusion injury in animal models. 
However, as hESC-MSCs are not infinitely expansible, large scale 
production of these exosomes would require replenishment of hESC-MSC 
through derivation from hESCs and incur recurring costs for testing 
and validation of each new batch. Our aim was therefore to investigate 
if MYC immortalization of hESC-MSC would circumvent this constraint 
without compromising the production of therapeutically efficacious 
exosomes. METHODS: The hESC-MSCs were transfected by lentivirus 
carrying a MYC gene. The transformed cells were analyzed for MYC 
transgene integration, transcript and protein levels, and surface 
markers, rate of cell cycling, telomerase activity, karyotype, genome-
wide gene expression and differentiation potential. The exosomes were 
isolated by HPLC fractionation and tested in a mouse model of 
myocardial ischemia/reperfusion injury, and infarct sizes were further 
assessed by using Evans' blue dye injection and TTC staining. RESULTS: 
MYC-transformed MSCs largely resembled the parental hESC-MSCs with 
major differences being reduced plastic adherence, faster growth, 
failure to senesce, increased MYC protein expression, and loss of in 
vitro adipogenic potential that technically rendered the transformed 
cells as non-MSCs. Unexpectedly, exosomes from MYC-transformed MSCs 
were able to reduce relative infarct size in a mouse model of 
myocardial ischemia/reperfusion injury indicating that the capacity 
for producing therapeutic exosomes was preserved. CONCLUSION: Our 
results demonstrated that MYC transformation is a practical strategy 
in ensuring an infinite supply of cells for the production of exosomes 
in the milligram range as either therapeutic agents or delivery 
vehicles. In addition, the increased proliferative rate by MYC 
transformation reduces the time for cell production and thereby 
reduces production costs.

ISOLATION AND CHARACTERIZATION



Sokolova, V., et al. (2011). "Characterisation of exosomes derived 
from human cells by nanoparticle tracking analysis and scanning 
electron microscopy." Colloids Surf B Biointerfaces 87(1): 146-150.

Exosomes from three different cell types (HEK 293T, ECFC, MSC) 
were characterised by scanning electron microscopy (SEM), dynamic 
light scattering (DLS) and nanoparticle tracking analysis (NTA). The 
diameter was around 110 nm for the three cell types. The stability of 
exosomes was examined during storage at -20 degrees C, 4 degrees C, 
and 37 degrees C. The size of the exosomes decreased at 4 degrees C 
and 37 degrees C, indicating a structural change or degradation. 
Multiple freezing to -20 degrees C and thawing did not affect the 
exosome size. Multiple ultracentrifugation also did not change the 
exosome size.

Kupcova Skalnikova, H. (2013). "Proteomic techniques for 
characterisation of mesenchymal stem cell secretome." Biochimie 
95(12): 2196-2211.

Mesenchymal stem cells (MSCs) are multipotent cells with a 
substantial potential in human regenerative medicine due to their 
ability to migrate to sites of injury, capability to suppress immune 
response and accessibility in large amount from patient's own bone 
marrow or fat tissue. It has been increasingly observed that the 
transplanted MSCs did not necessarily engraft and differentiate at the 
site of injury but might exert their therapeutic effects through 
secreted trophic signals. The MSCs secrete a variety of autocrine/
paracrine factors, called secretome, that support regenerative 
processes in the damaged tissue, induce angiogenesis, protect cells 
from apoptotic cell death and modulate immune system. The cell culture 
medium conditioned by MSCs or osteogenic, chondrogenic as well as 
adipogenic precursors derived from MSCs has become a subject of 
intensive proteomic profiling in the search for and identification of 
released factors and microvesicles that might be applicable in 
regenerative medicine. Jointly with the methods for MSC isolation, 
expansion and differentiation, proteomic analysis of MSC secretome was 
enabled recently mainly due to the extensive development in protein 
separation techniques, mass spectrometry, immunological methods and 
bioinformatics. This review describes proteomic techniques currently 
applied or prospectively applicable in MSC secretomics, with a 
particular focus on preparation of the secretome sample, protein/
peptide separation, mass spectrometry and protein quantification 
techniques, analysis of posttranslational modifications, immunological 
techniques, isolation and characterisation of secreted vesicles and 
exosomes, analysis of cytokine-encoding mRNAs and bioinformatics.

Lavoie, J. R. and M. Rosu-Myles (2013). "Uncovering the secretes of 
mesenchymal stem cells." Biochimie 95(12): 2212-2221.

Mesenchymal stem cells (MSC) show great promise in a wide 
array of therapeutic applications due mainly to their capacity to 
suppress immune and inflammatory reactions and instigate normal tissue 
repair processes. The secretion of bioactive factors is thought to 



play a predominant role in the mechanisms of action for these 
clinically relevant functions. As such, a large body of MSC research 
has focussed on characterization of the MSC secretome; including both 
soluble factors and factors released in extracellular vesicles (e.g., 
exosomes and microvesicles). This review provides an overview of our 
current knowledge of the MSC secretome in the context of determining 
the clinical relevance of these cells. In addition, the review 
summarizes various approaches that have been utilized to identify 
proteins secreted by MSC and discusses the advantages and limitations 
of different proteomic methods. Finally, we discuss issues that must 
be addressed before the clinical relevance of research into the MSC 
secretome can be realized.

Patel, A. N., et al. (2013). "Mesenchymal stem cell population 
isolated from the subepithelial layer of umbilical cord tissue." Cell 
Transplant 22(3): 513-519.

The therapeutic use of stem cells to treat diseases and 
injuries is a promising tool in regenerative medicine. The umbilical 
cord provides a rich source of stem cells; we have previously reported 
a population of stem cells isolated from Wharton's jelly. In this 
report, we aimed to isolate a novel cell population that was different 
than those found in Wharton's jelly. We isolated stem cells from the 
subepithelial layer of the umbilical cord; the cells could be expanded 
for greater than 90 population doubling and had mesenchymal stem cell 
characteristics, expressing CD9, SSEA4, CD44, CD90, CD166, CD73, and 
CD146 but were negative for STRO-1. The cells can be directionally 
differentiated and undergo osteo-, chondro-, adipo-, and 
cardiogenesis. In addition, we have identified for the first time that 
mesenchymal stem cells isolated from umbilical cord can produce 
microvesicles, termed exosomes. This is the first report describing a 
stem cell population isolated from the subepithelial layer of the 
umbilical cord. Given the growth capacity, multilineage potential, and 
most importantly the low levels of HLA-ABC, we propose that this novel 
cell isolated from the subepithelial layer of umbilical cord is an 
ideal candidate for allogeneic cell-based therapy.

Duchi, S., et al. (2014). "Thiophene-based compounds as fluorescent 
tags to study mesenchymal stem cell uptake and release of taxanes." 
Bioconjug Chem 25(4): 649-655.

Human mesenchymal stem cells (hMSC) are multipotent cells that 
display the unique ability to home and engraft in tumor stroma. This 
remarkable tumor tropic property has generated a great deal of 
interest in many clinical settings. Recently, we showed that hMSC 
represent an excellent base for cell-mediated anticancer therapy since 
they are able to internalize paclitaxel (PTX) and to release it in an 
amount sufficient to inhibit tumor cell proliferation. In order to 
shed light on the dynamics of drug uptake and release, in the present 
paper we describe the synthesis of two novel thiophene-based 
fluorophore-paclitaxel conjugates, namely PTX-F32 and PTX-F35, as 
tools for in vitro drug tracking. We aimed to study the ability of 



these novel derivatives to be efficiently internalized by hMSC and, in 
a properly engineered coculture assay, to be released in the medium 
and taken up by tumor cells. In order to ensure better stability of 
the conjugates toward enzymatic hydrolysis, the selected 
oligothiophenes were connected to the taxol core at the C7 position 
through a carbamate linkage between PTX and the diamino linker. 
Antiproliferative experiments on both tumor cells and stromal cells 
clearly indicate that, in good correlation with the parent compound, 
cells are sensitive to nanomolar concentrations of the fluorescent 
conjugates. Moreover, in the coculture assay we were able to monitor, 
by fluorescence microscopy, PTX-F32 trafficking from hMSC toward 
glioblastoma U87 tumor cells. Our work paves the way for novel 
possibilities to perform extensive and high quality fluorescence-based 
analysis in order to better understand the cellular mechanisms 
involved in drug trafficking, such as microvescicle/exosome mediated 
release, in hMSC vehicle cells.

Franquesa, M., et al. (2014). "Update on controls for isolation and 
quantification methodology of extracellular vesicles derived from 
adipose tissue mesenchymal stem cells." Front Immunol 5: 525.

The research field on extracellular vesicles (EV) has rapidly 
expanded in recent years due to the therapeutic potential of EV. 
Adipose tissue human mesenchymal stem cells (ASC) may be a suitable 
source for therapeutic EV. A major limitation in the field is the lack 
of standardization of the challenging techniques to isolate and 
characterize EV. The aim of our study was to incorporate new controls 
for the detection and quantification of EV derived from ASC and to 
analyze the applicability and limitations of the available techniques. 
ASC were cultured in medium supplemented with 5% of vesicles-free 
fetal bovine serum. The EV were isolated from conditioned medium by 
differential centrifugation with size filtration (0.2 mum). As a 
control, non-conditioned culture medium was used (control medium). To 
detect EV, electron microscopy, conventional flow cytometry, and 
western blot were used. The quantification of the EV was by total 
protein quantification, ExoELISA immunoassay, and Nanosight. Cytokines 
and growth factors in the EV samples were measured by multiplex bead 
array kit. The EV were detected by electron microscope. Total protein 
measurement was not useful to quantify EV as the control medium showed 
similar protein contents as the EV samples. The ExoELISA kits had 
technical troubles and it was not possible to quantify the 
concentration of exosomes in the samples. The use of Nanosight enabled 
quantification and size determination of the EV. It is, however, not 
possible to distinguish protein aggregates from EV with this method. 
The technologies for quantification and characterization of the EV 
need to be improved. In addition, we detected protein contaminants in 
the EV samples, which make it difficult to determine the real effect 
of EV in experimental models. It will be crucial in the future to 
optimize design novel methods for purification and characterization of 
EV.



Madrigal, M., et al. (2014). "A review of therapeutic effects of 
mesenchymal stem cell secretions and induction of secretory 
modification by different culture methods." J Transl Med 12: 260.

The mesenchymal stem cell (MSC) is being broadly studied in 
clinical trials. Contrary to the early paradigm of cell replacement 
and differentiation as a therapeutic mechanism of action, evidence is 
mounting that the secretions of the cells are responsible for their 
therapeutic effects. These secretions include molecules and 
extracellular vesicles that have both local and distant effects. This 
review summarizes the up- and down-regulation of MSC anti-
inflammatory, immune modulating, anti-tumor, and regenerative 
secretions resulting from different stimuli including: a) hypoxia, 
which increases the production of growth factors and anti-inflammatory 
molecules; b) pro-inflammatory stimuli that induce the secretion of 
immune modulating and anti-inflammatory factors; and c) 3 dimensional 
growth which up regulates the production of anti-cancer factors and 
anti-inflammatory molecules compared to monolayer culture. Finally we 
review in detail the most important factors present in conditioned 
medium of MSC that can be considered protagonists of MSC physiological 
effects including HGF, TGF-b, VEGF, TSG-6, PGE2 and galectins 1, and 
9. We conclude that there is potential for the development of 
acellular therapeutic interventions for autoimmune, inflammatory, and 
malignant diseases and tissue regeneration from cellular secretions 
derived from MSCs cultured under the appropriate conditions.

Quesenberry, P. J., et al. (2014). "Cellular phenotype and 
extracellular vesicles: basic and clinical considerations." Stem Cells 
Dev 23(13): 1429-1436.

Early work on platelet and erythrocyte vesicles interpreted 
the phenomena as a discard of material from cells. Subsequently, 
vesicles were studied as possible vaccines and, most recently, there 
has been a focus on the effects of vesicles on cell fate. Recent 
studies have indicated that extracellular vesicles, previously 
referred to as microvesicles or exosomes, have the capacity to change 
the phenotype of neighboring cells. Extensive work has shown that 
vesicles derived from either the lung or liver can enter bone marrow 
cells (this is a prerequisite) and alter their fate toward that of the 
originating liver and lung tissue. Lung vesicles interacted with bone 
marrow cells result in the bone marrow cells expressing surfactants A-
D, Clara cell protein, and aquaporin-5 mRNA. In a similar vein, liver-
derived vesicles induce albumin mRNA in target marrow cells. The 
vesicles contain protein, mRNA, microRNA, and noncoding RNA and 
variably some DNA. This genetic package is delivered to cells and 
alters the phenotype. Further studies have shown that initially the 
altered phenotype is due to the transfer of mRNA and a transcriptional 
modulator, but long-term epigenetic changes are induced through 
transfer of a transcriptional factor, and the mRNA is rapidly degraded 
in the cell. Studies on the capacity of vesicles to restore injured 
tissue have been quite informative. Mesenchymal stem cell-derived 
vesicles are able to reverse the injury to the damaged liver and 



kidney. Other studies have shown that mesenchymal stem cell-derived 
vesicles can reverse radiation toxicity of bone marrow stem cells. 
Extracellular vesicles offer an intriguing strategy for treating a 
number of diseases characterized by tissue injury.

Lamichhane, T. N., et al. (2015). "Exogenous DNA Loading into 
Extracellular Vesicles via Electroporation is Size-Dependent and 
Enables Limited Gene Delivery." Mol Pharm 12(10): 3650-3657.

Extracellular vesicles (EVs) hold immense promise for 
utilization as biotherapeutics and drug delivery vehicles due to their 
nature as biological nanoparticles that facilitate intercellular 
molecular transport. Specifically, EVs have been identified as natural 
carriers of nucleic acids, sparking interest in their use for gene 
therapy and RNA interference applications. So far, small RNAs (siRNA 
and miRNA) have been successfully loaded into EVs for a variety of 
delivery applications, but the potential use of EVs for DNA delivery 
has scarcely been explored. Here, we report that exogenous linear DNA 
can be associated with EVs via electroporation in quantities 
sufficient to yield an average of hundreds of DNA molecules per 
vesicle. We determined that loading efficiency and capacity of DNA in 
EVs is dependent on DNA size, with linear DNA molecules less than 1000 
bp in length being more efficiently associated with EVs compared to 
larger linear DNAs and plasmid DNAs using this approach. We further 
showed that EV size is also determinant with regard to DNA loading, as 
larger microvesicles encapsulated more linear and plasmid DNA than 
smaller, exosome-like EVs. Additionally, we confirmed the ability of 
EVs to transfer foreign DNA loaded via electroporation into recipient 
cells, although functional gene delivery was not observed. These 
results establish critical parameters that inform the potential use of 
EVs for gene therapy and, in agreement with other recent results, 
suggest that substantial barriers must be overcome to establish EVs as 
broadly applicable DNA delivery vehicles.

Stolk, M. and M. Seifert (2015). "Protein contaminations impact 
quantification and functional analysis of extracellular vesicle 
preparations from mesenchymal stromal cells." J Stem Cells Regen Med 
11(2): 44-47.

Extracellular vesicles (EV) awakened interest in the research 
on mesenchymal stromal cells by exploring their paracrine effects. 
However, many isolation protocols use bovine serum albumin (BSA) 
during the preparation of the EV. Therefore, we produced 'sham' BSA-EV 
and tested them in comparison to EV derived from mesenchymal stromal 
cells (MSC-EV). We found that BSA-EV did not express MSC-specific 
surface markers like CD29 and CD90. However, they were capable of 
reducing serum-starvation induced apoptosis in vitro in a kidney 
epithelial cell line to a similar extent as MSC-EV as measured by 
Annexin V/7-Aminoactinomycin D labeling and flow cytometry.

Valente, S., et al. (2015). "Exploring the human mesenchymal stem cell 
tubule communication network through electron microscopy." Ultrastruct 



Pathol 39(2): 88-94.
Cells use several mechanisms to transfer information to other 

cells. In this study, we describe micro/nanotubular connections and 
exosome-like tubule fragments in multipotent mesenchymal stem cells 
(MSCs) from human arteries. Scanning and transmission electron 
microscopy allowed characterization of sinusoidal microtubular 
projections (700 nm average size, 200 microm average length, with 
bulging mitochondria and actin microfilaments); short, uniform, 
variously shaped nanotubular projections (100 nm, bidirectional 
communication); and tubule fragments (50 nm). This is the first study 
demonstrating that MSCs from human arteries constitutively interact 
through an articulate and dynamic tubule network allowing long-range 
cell to cell communication.

Di Rocco, G., et al. (2016). "Towards Therapeutic Delivery of 
Extracellular Vesicles: Strategies for In Vivo Tracking and 
Biodistribution Analysis." Stem Cells Int 2016: 5029619.

Extracellular vesicles (EVs), such as microvesicles and 
exosomes, are membranous structures containing bioactive material 
released by several cells types, including mesenchymal stem/stromal 
cells (MSCs). Increasing lines of evidences point to EVs as paracrine 
mediators of the beneficial effects on tissue remodeling associated 
with cell therapy. Administration of MSCs-derived EVs has therefore 
the potential to open new and safer therapeutic avenues, alternative 
to cell-based approaches, for degenerative diseases. However, an 
enhanced knowledge about in vivo EVs trafficking upon delivery is 
required before effective clinical translation. Only a few studies 
have focused on the biodistribution analysis of exogenously 
administered MSCs-derived EVs. Nevertheless, current strategies for in 
vivo tracking in animal models have provided valuable insights on the 
biodistribution upon systemic delivery of EVs isolated from several 
cellular sources, indicating in liver, spleen, and lungs the 
preferential target organs. Different strategies for targeting EVs to 
specific tissues to enhance their therapeutic efficacy and reduce 
possible off-target effects have been investigated. Here, in the 
context of a possible clinical application of MSC-derived EVs for 
tissue regeneration, we review the existing strategies for in vivo 
tracking and targeting of EVs isolated from different cellular sources 
and the studies elucidating the biodistribution of exogenously 
administered EVs.

Haraszti, R. A., et al. (2016). "High-resolution proteomic and 
lipidomic analysis of exosomes and microvesicles from different cell 
sources." J Extracell Vesicles 5: 32570.

Extracellular vesicles (EVs), including exosomes and 
microvesicles (MVs), are explored for use in diagnostics, therapeutics 
and drug delivery. However, little is known about the relationship of 
protein and lipid composition of EVs and their source cells. Here, we 
report high-resolution lipidomic and proteomic analyses of exosomes 
and MVs derived by differential ultracentrifugation from 3 different 



cell types: U87 glioblastoma cells, Huh7 hepatocellular carcinoma 
cells and human bone marrow-derived mesenchymal stem cells (MSCs). We 
identified 3,532 proteins and 1,961 lipid species in the screen. 
Exosomes differed from MVs in several different areas: (a) The protein 
patterns of exosomes were more likely different from their cells of 
origin than were the protein patterns of MVs; (b) The proteomes of U87 
and Huh7 exosomes were similar to each other but different from the 
proteomes of MSC exosomes, whereas the lipidomes of Huh7 and MSC 
exosomes were similar to each other but different from the lipidomes 
of U87 exosomes; (c) exosomes exhibited proteins of extracellular 
matrix, heparin-binding, receptors, immune response and cell adhesion 
functions, whereas MVs were enriched in endoplasmic reticulum, 
proteasome and mitochondrial proteins. Exosomes and MVs also differed 
in their types of lipid contents. Enrichment in glycolipids and free 
fatty acids characterized exosomes, whereas enrichment in ceramides 
and sphingomyelins characterized MVs. Furthermore, Huh7 and MSC 
exosomes were specifically enriched in cardiolipins; U87 exosomes were 
enriched in sphingomyelins. This study comprehensively analyses the 
protein and lipid composition of exosomes, MVs and source cells in 3 
different cell types.

Lai, R. C., et al. (2016). "Isolation and Characterization of Exosome 
from Human Embryonic Stem Cell-Derived C-Myc-Immortalized Mesenchymal 
Stem Cells." Methods Mol Biol 1416: 477-494.

Mesenchymal stem cells (MSC) are currently the cell type of 
choice in many cell therapy trials. The number of therapeutic 
applications for MSCs registered as product IND submissions with the 
FDA and initiation of registered clinical trials has increased 
substantially in recent years, in particular between 2006 and 2012. 
However, defined mechanisms of action underpinning the therapeutic 
efficacy of MSCs are lacking, but they are increasingly attributed to 
MSC trophic secretion rather than their differentiation potential. A 
promising secreted therapeutic candidate is an extracellular vesicle 
(EV) known as the exosome. The use of exosomes instead of cells as a 
therapeutic agent provides several advantages. A critical advantage is 
the prospect of a conventional pharmaceutical manufacturing process 
that is highly scalable and amenable to the stringent manufacturing 
process. For example, MSCs used as producers of therapeutics, and not 
as therapeutics per se, could be immortalized to generate infinitely 
expansible clonal lines to enhance the reproducible production of 
therapeutic exosomes. In this chapter, we will describe the 
immortalization of MSCs, and the production, isolation, and 
characterization of exosomes from immortalized MSC.

Rad, F., et al. (2016). "Microvesicles preparation from mesenchymal 
stem cells." Med J Islam Repub Iran 30: 398.

BACKGROUND: Extracellular vesicles are particles ranged from 
30 nm to 5mum and subcategorized into three groups; exosomes, 
microvesicles and apoptotic bodies, each of which have different 
biological impact. Lack of a standard method for the detection and 



isolation of MVs has led to a challenging issue that is a worth 
considering. In this study, we isolated MVs from the conditioned 
medium of UC-MSCs by four different schemes of ultracentrifugation. 
METHODS: We examined the efficacy of differential centrifugation 
ranging from 10,000xg to 60,000xg on UCMSCs- derived microvesicles 
yield and purity. The fractions were evaluated by Dynamic Light 
Scattering (DLS) method, total protein quantification and flow 
cytometry. RESULTS: UC-MSCs were spindle cells that adhered to plastic 
culture flasks. These cells expressed MSC markers such as CD44 and 
CD73, whereas were negative for hematopoietic markers CD45 and CD34. 
UC-MSCparticles were successfully isolated. Particles were 
heterogeneous vesicles of approximately 50 to 1250 nm in diameter that 
bear the surface-expressed molecules UC-MSCs such as; CD90, CD106, 
CD166 and CD44, and negative for CD34, CD63, and CD9. According to the 
results of DLS method, centrifugation at 10,000, 20,000, 40,000 and 
60,000 xg, all gave MVs of less than 1000 nm. It is of notion that 
only at the centrifugation rates of 40,000 and 60,000xg, particles of 
less than 100 nm in diameter were also obtained. CONCLUSION: The 
choice of exact speed greatly influences the purity of MVs and their 
yield. Our findings indicate that centrifugation at 20,000xg is 
appropriate for the purification of UC-MSC-MVs.

Sun, L., et al. (2016). "Safety evaluation of exosomes derived from 
human umbilical cord mesenchymal stromal cell." Cytotherapy 18(3): 
413-422.

BACKGROUND AIMS: Mounting evidence shows that non-cell-based 
transplantation of exosomes derived from mesenchymal stromal cells 
(MSCs) has more potential protective and reparative effects than MSCs 
have. However, whether it is safe to transplant MSC exosomes into 
tissues is still not clear. In this study, we evaluated the safety of 
transplantation of exosomes derived from human umbilical cord MSCs 
(hucMSC exosomes). METHODS: hucMSC exosomes were incubated with the 
cardiac blood from a healthy rabbit, and hemolysis was observed. For 
analysis of vascular and muscle stimulation, pyrogen, systemic 
anaphylaxis and hematology indexes, hucMSC exosomes were given to 
rabbits, guinea pigs and rats. The histological changes in the 
vascular and muscle sites of injection in rabbits were analyzed by 
hematoxylin and eosin staining. Allergy symptoms in guinea pigs and 
rectal temperature of rabbits were observed and recorded. To study 
safety in vivo, hucMSC exosomes were infused intravenously into rats 
with acute myocardial infarction. Rats' weight was measured and tail 
vein blood was collected to evaluate liver and renal function. 
RESULTS: hucMSC exosomes had a protective effect on weight loss and 
had no adverse effects on liver or renal function. Other detections, 
such as hemolysis, vascular and muscle stimulation, systemic 
anaphylaxis, pyrogen and hematology indexes, also showed that hucMSC 
exosomes were applicable. CONCLUSIONS: hucMSC exosomes are well 
tolerated in animal models. This study provides evidence for the 
safety of intravenous infusion in future clinical therapy.



Zhang, B., et al. (2016). "Exosomes from Human Umbilical Cord 
Mesenchymal Stem Cells: Identification, Purification, and Biological 
Characteristics." Stem Cells Int 2016: 1929536.

Our and other groups have discovered that mesenchymal stem 
cells (MSCs) derived exosomes are a novel therapeutical modality for 
many diseases. In this study, we summarized a method to extract and 
purify hucMSCs-exosomes using ultrafiltration and gradient 
centrifugation in our laboratory and proved that hucMSCs-exosomes 
prepared according to our procedure were stable and bioactive. Results 
showed that exosomes derived from hucMSC were 40~100 nm and CD9 and 
CD81 positive. Functionally, hucMSCs-exosomes promoted cell 
proliferation and protected against oxidative stress-induced cell 
apoptosis in vitro by activation of ERK1/2 and p38. Interestingly, UV 
exposure abrogated the regulatory roles of exosomes under oxidative 
stress, indicating that hucMSCs-exosomes may regulate cell growth and 
apoptosis by exosomal shuttle of RNA. Furthermore, cytokine profile 
analysis revealed that hucMSCs-exosomes contained high dose of IL-6, 
IL-8, and other cytokines. The established method is practical and 
efficient, which provides a basis for further evaluating the potential 
of hucMSCs-exosomes as therapeutic agents.

Gimona, M., et al. (2017). "Manufacturing of Human Extracellular 
Vesicle-Based Therapeutics for Clinical Use." Int J Mol Sci 18(6).

Extracellular vesicles (EVs) derived from stem and progenitor 
cells may have therapeutic effects comparable to their parental cells 
and are considered promising agents for the treatment of a variety of 
diseases. To this end, strategies must be designed to successfully 
translate EV research and to develop safe and efficacious therapies, 
whilst taking into account the applicable regulations. Here, we 
discuss the requirements for manufacturing, safety, and efficacy 
testing of EVs along their path from the laboratory to the patient. 
Development of EV-therapeutics is influenced by the source cell types 
and the target diseases. In this article, we express our view based on 
our experience in manufacturing biological therapeutics for routine 
use or clinical testing, and focus on strategies for advancing 
mesenchymal stromal cell (MSC)-derived EV-based therapies. We also 
discuss the rationale for testing MSC-EVs in selected diseases with an 
unmet clinical need such as critical size bone defects, epidermolysis 
bullosa and spinal cord injury. While the scientific community, 
pharmaceutical companies and clinicians are at the point of entering 
into clinical trials for testing the therapeutic potential of various 
EV-based products, the identification of the mode of action underlying 
the suggested potency in each therapeutic approach remains a major 
challenge to the translational path.

Jiang, J., et al. (2017). "How do megakaryocytic microparticles target 
and deliver cargo to alter the fate of hematopoietic stem cells?" J 
Control Release 247: 1-18.

Megakaryocytic microparticles (MkMPs), the most abundant MPs 
in circulation, can induce the differentiation of hematopoietic stem 



and progenitor cells (HSPCs) into functional megakaryocytes. This MkMP 
capability could be explored for applications in transfusion medicine 
but also for delivery of nucleic acids and other molecules to HSPCs 
for targeted molecular therapy. Understanding how MkMPs target, 
deliver cargo and alter the fate of HSPCs is important for exploring 
such applications. We show that MkMPs, which are distinct from Mk 
exosomes (MkExos), target HSPCs with high specificity since they have 
no effect on other ontologically or physiologically related cells, 
namely mesenchymal stem cells, endothelial cells or granulocytes. The 
outcome is also specific: only cells of the megakaryocytic lineage are 
generated. Observation of intact fluorescently-tagged MkMPs inside 
HSPCs demonstrates endocytosis as one mechanism of cargo delivery. 
Fluorescent labeling and scanning electron microscopy (SEM) imaging 
show that direct fusion of MkMPs into HSPCs is also engaged in cargo 
delivery. SEM imaging detailed the membrane-fusion process in four 
stages leading to full adsorption of MkMPs into HSPCs. Furthermore, 
macropinocytosis and lipid raft-mediated were shown here as mechanisms 
of MkMP uptake by HSPC. In contrast, the ontologically related 
platelet-derived MPs (PMPs) cannot be taken up by HSPCs although they 
bind to and induce HSPC aggregation. We show that platelet-like 
thrombin activation is apparently responsible for the different 
biological effects of MkMPs versus PMPs on HSPCs. We show that HSPC 
uropods are the preferential site for MkMP binding, and that CD54 
(ICAM-1), CD11b, CD18 and CD43, localized on HSPC uropods, are 
involved in MkMP binding to HSPCs. Finally, we show that MkMP RNA is 
largely responsible for HSPC programming into Mk differentiation.

Kulichkova, V. A., et al. (2017). "Proteomic analysis of affinity-
purified extracellular proteasomes reveals exclusively 20S complexes." 
Oncotarget 8(60): 102134-102149.

Proteasome-mediated proteolysis is important for many basic 
cellular processes. In addition to their functions in the cell, 
proteasomes have been found in physiological fluids of both healthy 
and diseased humans including cancer patients. Higher levels of these 
proteasomes are associated with higher cancer burden and stage. The 
etiology and functions of these proteasomes, referred to as 
circulating, plasmatic, or extracellular proteasomes (ex-PSs), are 
unclear. Here we show that human cancer cell lines, as well as human 
endometrium-derived mesenchymal stem cells (hMESCs), release 
proteasome complexes into culture medium (CM). To define ex-PS 
composition, we have affinity purified them from CM conditioned by 
human leukemia cell line K562. Using matrix-assisted laser desorption/
ionization (MALDI) Fourier transform ion cyclotron resonance (FT-ICR) 
mass spectrometry (MS), we have identified core 20S proteasome 
subunits and a set of 15 proteasome-interacting proteins (PIPs), all 
previously described as exosome cargo proteins. Three of them, PPIase 
A, aldolase A, and transferrin, have never been reported as PIPs. The 
study provides compelling arguments that ex-PSs do not contain 19S or 
PA200 regulatory particles and are represented exclusively by the 20S 
complex.



Pachler, K., et al. (2017). "A Good Manufacturing Practice-grade 
standard protocol for exclusively human mesenchymal stromal cell-
derived extracellular vesicles." Cytotherapy 19(4): 458-472.

BACKGROUND AIMS: Extracellular vesicles (EVs) released by 
mesenchymal stromal cells (MSCs) may contribute to biological 
processes such as tissue regeneration, immunomodulation and 
neuroprotection. Evaluation of their therapeutic potential and 
application in future clinical trials demands thorough 
characterization of EV content and production under defined medium 
conditions, devoid of xenogenic substances and serum-derived vesicles. 
Addressing the apparent need for such a growth medium, we have 
developed a medium formulation based on pooled human platelet lysate 
(pHPL), free from animal-derived xenogenic additives and depleted of 
EVs. METHODS: Depletion of EVs from complete growth medium was 
achieved by centrifugation at 120 000 g for 3 h, which reduced RNA-
containing pHPL EVs to below the detection limit. RESULTS: Bone marrow 
(BM)-derived MSCs propagated in this medium retained the 
characteristic surface marker expression, cell morphology, viability 
and in vitro osteogenic and adipogenic differentiation potential. The 
proliferation rate was not significantly affected after 48 h but was 
decreased by 13% after 96 h. EVs collected from BM-MSCs cultured in 
EV-depleted medium revealed a similar RNA pattern as EVs generated in 
standard pHPL EV-containing medium but displayed a more clearly 
defined pattern of proteins characteristic for EVs. Reduction of pHPL 
content from 10% to 2% or serum-/pHPL-free conditions strongly altered 
MSC characteristics and RNA content of released EV. CONCLUSIONS: The 
10% pHPL-based EV-depleted medium is appropriate for purification of 
exclusively human MSC-derived EVs. With this Good Manufacturing 
Practice-grade protocol, characterization and establishment of protein 
and RNA profiles from MSC-derived EVs can now be achieved to identify 
active components in therapeutic EVs for future clinical application.

Willis, G. R., et al. (2017). "Toward Exosome-Based Therapeutics: 
Isolation, Heterogeneity, and Fit-for-Purpose Potency." Front 
Cardiovasc Med 4: 63.

Exosomes are defined as submicron (30-150 nm), lipid bilayer-
enclosed extracellular vesicles (EVs), specifically generated by the 
late endosomal compartment through fusion of multivesicular bodies 
with the plasma membrane. Produced by almost all cells, exosomes were 
originally considered to represent just a mechanism for jettisoning 
unwanted cellular moieties. Although this may be a major function in 
most cells, evolution has recruited the endosomal membrane-sorting 
pathway to duties beyond mere garbage disposal, one of the most 
notable examples being its cooption by retroviruses for the generation 
of Trojan virions. It is, therefore, tempting to speculate that 
certain cell types have evolved an exosome subclass active in 
intracellular communication. We term this EV subclass "signalosomes" 
and define them as exosomes that are produced by the "signaling" cells 
upon specific physiological or environmental cues and harbor cargo 



capable of modulating the programming of recipient cells. Our recent 
studies have established that signalosomes released by mesenchymal 
stem/stromal cells (MSCs) represent the main vector of MSC 
immunomodulation and therapeutic action in animal models of lung 
disease. The efficacy of MSC-exosome treatments in a number of 
preclinical models of cardiovascular and pulmonary disease supports 
the promise of application of exosome-based therapeutics across a wide 
range of pathologies within the near future. However, the full 
realization of exosome therapeutic potential has been hampered by the 
absence of standardization in EV isolation, and procedures for 
purification of signalosomes from the main exosome population. This is 
mainly due to immature methodologies for exosome isolation and 
characterization and our incomplete understanding of the specific 
characteristics and molecular composition of signalosomes. In 
addition, difficulties in defining metrics for potency of exosome 
preparations and the challenges of industrial scale-up and good 
manufacturing practice compliance have complicated smooth and timely 
transition to clinical development. In this manuscript, we focus on 
cell culture conditions, exosome harvesting, dosage, and exosome 
potency, providing some empirical guidance and perspectives on the 
challenges in bringing exosome-based therapies to clinic.

Bari, E., et al. (2018). "Pilot Production of Mesenchymal Stem/Stromal 
Freeze-Dried Secretome for Cell-Free Regenerative Nanomedicine: A 
Validated GMP-Compliant Process." Cells 7(11).

In this paper, a pilot production process for mesenchymal 
stem/stromal freeze-dried secretome was performed in a validated good 
manufacturing practice (GMP)-compliant cell factory. Secretome was 
purified from culture supernatants by ultrafiltration, added to 
cryoprotectant, lyophilized and characterized. We obtained a freeze-
dried, "ready-off-the-shelf" and free soluble powder containing 
extracellular vesicles and proteins. In the freeze-dried product, a 
not-aggregated population of extracellular vesicles was detected by 
nanoparticle tracking analysis; Fourier transform infrared spectra 
showed the simultaneous presence of protein and lipids, while 
differential scanning calorimetry demonstrated that lyophilization 
process successfully occurred. A proteomic characterization allowed 
the identification of proteins involved in immune response, response 
to stress, cytoskeleton and metabolism. Moreover, the product was not 
cytotoxic up to concentrations of 25 mg/mL (on human fibroblasts, 
chondrocytes and nucleus pulposus cells by MTT assay) and was blood 
compatible up to 150 mg/mL. Finally, at concentrations between 5 and 
50 mg/mL, freeze-dried secretome showed to in vitro counteract the 
oxidative stress damage induced by H(2)O(2) on nucleus pulposus cells 
by MTT assay.

Cavallini, C., et al. (2018). "Restoring In Vivo-Like Membrane 
Lipidomics Promotes Exosome Trophic Behavior from Human Placental 
Mesenchymal Stromal/Stem Cells." Cell Transplant 27(1): 55-69.

Human mesenchymal stem cells (hMSCs) are an effective tool in 



regenerative medicine notably for their intrinsic plentiful paracrine 
activity rather than differentiating properties. The hMSC secretome 
includes a wide spectrum of regulatory and trophic factors, 
encompassing several naked molecules as well as different kinds of 
extracellular vesicles (EVs). Among EVs, exosomes represent an 
intriguing population, able to shuttle proteins, transcription 
factors, and genetic materials, with a relevant role in cell-to-cell 
communication, modulating biological responses in recipient cells. In 
this context, the extracellular milieu can greatly impact the 
paracrine activity of stem cells, modifying their metabolism, and the 
dynamics of vesicle secretion. In the present study, we investigated 
the effects elicited on exosome patterning by tailored, ad hoc 
formulated lipid supplementation (Refeed((R))) in MSCs derived from 
human fetal membranes (hFM-MSCs). Wound healing experiments revealed 
that stem cell exposure to exosomes obtained from Refeed((R))-
supplemented hFM-MSCs increased their migratory capability, although 
the amount of exosomes released after Refeed((R)) supplementation was 
lower than that yielded from non-supplemented cells. We found that 
such a decrease was mainly due to a different rate of exosomal 
exocytosis rather than to an effect of the lipid supplement on the 
endocytic pathway. Endoplasmic reticulum homeostasis was modified by 
supplementation, through the upregulation of PKR-like ER kinase (PERK) 
and inositol-requiring enzyme 1alpha (IRE1alpha). Increased expression 
of these proteins did not lead to stress-induced, unfolded protein 
response (UPR)-mediated apoptosis, nor did it affect phosphorylation 
of p38 kinase, suggesting that PERK and IRE1alpha overexpression was 
due to augmented metabolic activities mediated by optimization of a 
cellular feeding network afforded through lipid supplementation. In 
summary, these results demonstrate how tailored lipid supplementation 
can successfully modify the paracrine features in hFM-MSCs, impacting 
both intracellular vesicle trafficking and secreted exosome number and 
function.

Codispoti, B., et al. (2018). "NANOmetric BIO-Banked MSC-Derived 
Exosome (NANOBIOME) as a Novel Approach to Regenerative Medicine." J 
Clin Med 7(10).

Mesenchymal stem cells (MSCs) are well known for their great 
potential in clinical applications. In fact, MSCs can differentiate 
into several cell lineages and show paracrine behavior by releasing 
endogenous factors that stimulate tissue repair and modulate local 
immune response. Each MSC type is affected by specific biobanking 
issues-technical issues as well as regulatory and ethical concerns-
thus making it quite tricky to safely and commonly use MSC banking for 
swift regenerative applications. Extracellular vesicles (EVs) include 
a group of 150(-)1000 nm vesicles that are released by budding from 
the plasma membrane into biological fluids and/or in the culture 
medium from varied and heterogenic cell types. EVs consist of various 
vesicle types that are defined with different nomenclature such as 
exosomes, shedding vesicles, nanoparticles, microvesicles and 
apoptotic bodies. Ectosomes, micro- and nanoparticles generally refer 



to the direct release of single vesicles from the plasma membrane. 
While many studies describe exosomes as deriving from multivesicular 
bodies, solid evidence about the origin of EVs is often lacking. 
Extracellular vesicles represent an important portion of the cell 
secretome. Their numerous properties can be used for diagnostic, 
prognostic, and therapeutic uses, so EVs are considered to be 
innovative and smart theranostic tools. The aim of this review is to 
investigate the usefulness of exosomes as carriers of the whole 
information panel characterizing the use of MSCs in regenerative 
medicine. Our purpose is to make a step forward in the development of 
the NANOmetric BIO-banked MSC-derived Exosome (NANOBIOME).

Dalirfardouei, R., et al. (2018). "A feasible method for the isolation 
of mesenchymal stem cells from menstrual blood and their exosomes." 
Tissue Cell 55: 53-62.

BACKGROUND: Mesenchymal stem cells (MSCs) are currently the 
most promising candidates in regenerative medicine. Nonetheless, there 
are several limitations associated with the MSC tissue source such as 
infrequent and invasive bone marrow sampling methods. To overcome 
these limitations, we have procured MSCs from the menstrual blood 
(MenSCs) as a non-invasive source using a straightforward and cost-
effective method. Moreover, we isolated MenSCs-derived exosomes as a 
safe and highly effective approach to exert the paracrine effects of 
MSCs. METHODS: MSCs were isolated from menstrual blood through two 
different culture methods: ficoll-isolated mononuclear cells (MNCs) 
and whole blood culture. These cells were characterized by their 
plastic adherence, flow cytometry analysis of the surface markers and 
the differentiation potential. The exosomes were isolated from 
conditioned media using ultracentrifugation and characterized by 
different microscopy techniques, western blotting, and ELISA. RESULTS: 
Both Methods resulted in the rapid isolation of cells with MSC 
properties. However, the cellular yield of the whole blood culture 
method was remarkably more than MNCs culture. MenSCs also produced a 
substantial amount of extracellular vesicles (EVs) possessed the 
minimum criteria for exosome definition. CONCLUSION: The results 
suggest that direct culture of whole menstrual blood cells is a high 
throughput, straightforward and cost-effective method for MenSCs 
isolation using no special growth factors. Moreover, these cells are a 
good producer of exosome which can offer a cell-free therapy approach.

Gupta, S., et al. (2018). "An improvised one-step sucrose cushion 
ultracentrifugation method for exosome isolation from culture 
supernatants of mesenchymal stem cells." Stem Cell Res Ther 9(1): 180.

BACKGROUND: Exosomes are nanovesicles (30-120 nm) of endosomal 
origin. These exosomes contain various functional proteins and RNAs 
that could be used for therapeutic purposes. Currently, having a 
standard method for exosome isolation retaining its biological 
properties with increased yield and purity is a major challenge. The 
most commonly used method is differential ultracentrifugation but it 
has its own disadvantages, which include high time consumption, low 



yield due to disruption of exosome integrity, and high protein 
contaminants. In this study, we have identified an improved method 
addressing these problems for exosome isolation using 
ultracentrifugation since it is cost-effective and used worldwide. 
METHOD: We have compared differential ultracentrifugation with the 
modified method called one-step sucrose cushion ultracentrifugation 
for exosome isolation. The conditioned serum-free media from human 
mesenchymal stem cells cultured for 48 h was collected for exosome 
isolation. The cellular debris was removed by centrifugation at 300g 
for 10 min, followed by centrifugation at 10,000g for 30 min to remove 
microvesicles. Equal volumes of pre-processed conditioned media were 
used for exosome isolation by direct ultracentrifugation and one-step 
sucrose cushion ultracentrifugation. The exosomes isolated using these 
methods were characterized for their size, morphology, concentration, 
and surface marker protein expression. RESULT: It was observed that 
the recovery of exosomes with cup-shaped morphology from one-step 
sucrose cushion ultracentrifugation was comparatively high as 
estimated by nanoparticle tracking analysis and electron microscopy. 
These results were confirmed by Western blotting and flow cytometry. 
CONCLUSION: We conclude that this one-step sucrose cushion 
ultracentrifugation method provides an effective and reproducible 
potential standard method which could be used for various starting 
materials for isolating exosomes. We believe that this method will 
have a wide application in the field of extracellular vesicle research 
where exosome isolation with high yield and purity is an imperative 
step. Schematic representation of comparison of UC and SUC exosome 
isolation methods for tissue-specific human mesenchymal stem cells. 
The SUC isolation method yields a greater number of cup-shaped 
exosomes with a relatively homogenous population for mass-scale 
production of exosomes for downstream analysis. ABBREVIATIONS: SUC 
One-step sucrose cushion ultracentrifugation, UC Direct 
ultracentrifugation.

Haraszti, R. A., et al. (2018). "Exosomes Produced from 3D Cultures of 
MSCs by Tangential Flow Filtration Show Higher Yield and Improved 
Activity." Mol Ther 26(12): 2838-2847.

Exosomes can deliver therapeutic RNAs to neurons. The 
composition and the safety profile of exosomes depend on the type of 
the exosome-producing cell. Mesenchymal stem cells are considered to 
be an attractive cell type for therapeutic exosome production. 
However, scalable methods to isolate and manufacture exosomes from 
mesenchymal stem cells are lacking, a limitation to the clinical 
translation of exosome technology. We evaluate mesenchymal stem cells 
from different sources and find that umbilical cord-derived 
mesenchymal stem cells produce the highest exosome yield. To optimize 
exosome production, we cultivate umbilical cord-derived mesenchymal 
stem cells in scalable microcarrier-based three-dimensional (3D) 
cultures. In combination with the conventional differential 
ultracentrifugation, 3D culture yields 20-fold more exosomes (3D-UC-
exosomes) than two-dimensional cultures (2D-UC-exosomes). Tangential 



flow filtration (TFF) in combination with 3D mesenchymal stem cell 
cultures further improves the yield of exosomes (3D-TFF-exosomes) 7-
fold over 3D-UC-exosomes. 3D-TFF-exosomes are seven times more potent 
in small interfering RNA (siRNA) transfer to neurons compared with 2D-
UC-exosomes. Microcarrier-based 3D culture and TFF allow scalable 
production of biologically active exosomes from mesenchymal stem 
cells. These findings lift a major roadblock for the clinical utility 
of mesenchymal stem cell exosomes.

Tracy, S. A., et al. (2018). "A comparison of clinically relevant 
sources of mesenchymal stem cell-derived exosomes: Bone marrow and 
amniotic fluid." J Pediatr Surg.

BACKGROUND/PURPOSE: Exosomes may constitute a more practical 
alternative to live cells in select stem cell-based therapies. We 
sought to compare exosomes from two mesenchymal stem cell (MSC) 
sources relevant to perinatal and pediatric diseases. METHODS: 
Exosomes were isolated by reagent-enhanced centrifugation from cell 
culture media of banked human bone marrow (bm) and amniotic fluid (af) 
MSCs after serum starvation. Characterization was by flow exometry for 
tetraspanin markers CD9, CD63, and CD81, transmission electron 
microscopy for size and morphology, and tunable resistive pulse 
sensing for size distribution and concentration. Statistical 
comparisons of count data were made by Poisson regression modeling and 
Student's T-test. RESULTS: Exosomes of appropriate size and morphology 
were isolated with comparable expressions of CD9 (96% vs. 94%), CD63 
(88% vs. 66%), and CD81 (71% vs. 63%) for bmMSC and afMSC, 
respectively. Total exosome yield (particles/mL) adjusted for number 
of cells was higher from afMSCs than bmMSCs by an estimated 25% 
(P<0.001). CONCLUSIONS: While bone marrow and amniotic fluid 
mesenchymal stem cells are comparable sources of exosomes in size 
distribution, morphology, and expression of typical surface markers, 
yield may be higher from amniotic fluid cells. The amniotic fluid 
appears to be a preferable source of exosomes for clinical 
applications. LEVEL OF EVIDENCE: N/A (bench laboratory study).

van Balkom, B. W., et al. (2018). "Proteomic signature of mesenchymal 
stromal cell-derived small extracellular vesicles." Proteomics: 
e1800163.

Small extracellular vesicles are 50-200 nm vesicles secreted 
by most cells. They are considered as mediators of intercellular 
communication, and EVs from specific cell types, in particular 
mesenchymal stem/stromal cells (MSCs), offer powerful therapeutic 
potential, and could provide a novel therapeutic strategy. They appear 
promising and safe (as EVs are non-self-replicating), and eventually 
MSC-derived EVs (MSC-EVs) may be developed to standardized, off-the-
shelf allogeneic regenerative and immunomodulatory therapeutics. 
Promising pre-clinical data have been achieved using MSCs from 
different sources as EV-producing cells. Similarly, a variety EV 
isolation and characterization methods have been applied. 
Interestingly, MSC-EVs obtained from different sources and prepared 



with different methods show in vitro and in vivo therapeutic effects, 
indicating that isolated EVs share a common potential. Here, we 
compare well-characterized and controlled publicly available proteome 
profiles of MSC-EVs to identify a common MSC-EV protein signature that 
might be coupled to the MSC-EVs' common therapeutic potential. This 
protein signature may be helpful in developing MSC-EV quality control 
platforms required to confirm the identity and test for the purity of 
potential therapeutic MSC-EVs. This article is protected by copyright. 
All rights reserved.

Yamashita, T., et al. (2018). "Possibility of Exosome-Based 
Therapeutics and Challenges in Production of Exosomes Eligible for 
Therapeutic Application." Biol Pharm Bull 41(6): 835-842.

Exosomes are cell-derived vesicles with a diameter 30-120 nm. 
Exosomes contain endogenous proteins and nucleic acids; delivery of 
these molecules to exosome-recipient cells causes biological effects. 
Exosomes derived from some types of cells such as mesenchymal stem 
cells and dendritic cells have therapeutic potential and may be 
biocompatible and efficient agents against various disorders such as 
organ injury. However, there are many challenges for the development 
of exosome-based therapeutics. In particular, producing exosomal 
formulations is the major barrier for therapeutic application because 
of their heterogeneity and low productivity. Development and 
optimization of producing methods, including methods for isolation and 
storage of exosome formulations, are required for realizing exosome-
based therapeutics. In addition, improvement of therapeutic potential 
and delivery efficiency of exosomes are important for their 
therapeutic application. In this review, we summarize current 
knowledge about therapeutic application of exosomes and discuss some 
challenges in their successful use.

Zou, X. Y., et al. (2018). "Comprehensive miRNA Analysis of Human 
Umbilical Cord-Derived Mesenchymal Stromal Cells and Extracellular 
Vesicles." Kidney Blood Press Res 43(1): 152-161.

BACKGROUND/AIMS: Mesenchymal stromal cells (MSCs) participate 
in the tissue-specific repair of many different organs, especially the 
kidney. Their effects are primarily mediated by the paracrine release 
of factors including extracellular vesicles (EVs), which are composed 
of micro-vesicles and exosomes. The corresponding microRNAs (miRNAs) 
of EVs are considered important for their biological functions. 
METHODS: MSCs were cultured from the human umbilical cord, and EVs 
were isolated from the medium. The expression levels of miRNAs in MSCs 
and EVs were determined by microarray analysis, and gene ontology (GO) 
was used to analyze the functions of their target genes. RESULTS: MSCs 
and EVs had similar miRNA expression profiles, with the exception of a 
small number of selectively enriched miRNAs. GO analysis indicated 
that, unlike MSCs, the target genes of EV-enriched miRNAs were 
associated with calcium channel regulation and cell junction 
activities, which may indicate that MSC and EVs have different 
regulatory properties. Angiogenesis, oxidative stress, and 



inflammatory signaling pathways related to the repair of renal injury 
were also analyzed, and EV-enriched miRNAs targeted genes associated 
with oxidative stress, T cell activation, and Toll-like receptor 
signaling. The miRNAs enriched in both MSCs and EVs targeted different 
genes in signaling pathways regulating angiogenesis and chemokine 
release. CONCLUSION: MSCs and their EVs shared similar miRNA 
component, and some selectively enriched miRNAs observed in MSCs and 
EVs may affect different target genes through some specific signaling 
pathways.

Eirin, A., et al. (2019). "Metabolic Syndrome Interferes with 
Packaging of Proteins within Porcine Mesenchymal Stem Cell-Derived 
Extracellular Vesicles." Stem Cells Transl Med.

Mesenchymal stem/stromal cells (MSCs) release extracellular 
vesicles (EVs), which shuttle proteins to recipient cells, promoting 
cellular repair. We hypothesized that cardiovascular risk factors may 
alter the pattern of proteins packed within MSC-derived EVs. To test 
this, we compared the protein cargo of EVs to their parent MSCs in 
pigs with metabolic syndrome (MetS) and Lean controls. Porcine MSCs 
were harvested from abdominal fat after 16 weeks of Lean- or MetS-diet 
(n = 5 each), and their EVs isolated. Following liquid chromatography 
mass spectrometry proteomic analysis, proteins were classified based 
on cellular component, molecular function, and protein class. Five 
candidate proteins were validated by Western blot. Clustering analysis 
was performed to identify primary functional categories of proteins 
enriched in or excluded from EVs. Proteomics analysis identified 6,690 
and 6,790 distinct proteins in Lean- and MetS-EVs, respectively. 
Differential expression analysis revealed that 146 proteins were 
upregulated and 273 downregulated in Lean-EVs versus Lean-MSCs, 
whereas 787 proteins were upregulated and 185 downregulated in MetS-
EVs versus MetS-MSCs. Proteins enriched in both Lean- and MetS-EVs 
participate in vesicle-mediated transport and cell-to-cell 
communication. Proteins enriched exclusively in Lean-EVs modulate 
pathways related to the MSC reparative capacity, including cell 
proliferation, differentiation, and activation, as well as 
transforming growth factor-beta signaling. Contrarily, proteins 
enriched only in MetS-EVs are linked to pro-inflammatory pathways, 
including acute inflammatory response, leukocyte transendothelial 
migration, and cytokine production. Coculture with MetS-EVs increased 
renal tubular cell inflammation. MetS alters the protein cargo of 
porcine MSC-derived EVs, selectively packaging specific pro-
inflammatory signatures that may impair their ability to repair 
damaged tissues. Stem Cells Translational Medicine 2019.

Gorgun, C., et al. (2019). "Isolation and Flow Cytometry 
Characterization of Extracellular-Vesicle Subpopulations Derived from 
Human Mesenchymal Stromal Cells." Curr Protoc Stem Cell Biol 48(1): 
e76.

This unit describes protocols for isolating subpopulations of 
extracellular vesicles (EVs) purified from human adipose tissue-



derived mesenchymal stromal cells by density gradient centrifugation 
and for characterizing them by flow cytometry (FCM). Determining the 
optimal strategy for isolating EVs is a critical step toward 
retrieving the maximal amount while ensuring the recovery of different 
vesicular subtypes. The first protocol details density gradient 
centrifugation to isolate both exosomes and microvesicles. In the 
second protocol, characterization of EV subpopulations by FCM is 
depicted, taking advantage of non-conventional modalities, in 
accordance with the latest technical indications. The procedures 
described here can be easily reproduced and can be employed regardless 
of the cell type used to obtain EVs. (c) 2019 by John Wiley & Sons, 
Inc.

Klymiuk, M. C., et al. (2019). "Exosomes isolation and identification 
from equine mesenchymal stem cells." BMC Vet Res 15(1): 42.

BACKGROUND: Mesenchymal stem cells are used for different 
therapeutic approaches, e.g. for osteoarthritis, lesions of the tendon 
as well as for bone defects. Current research on the mechanism of stem 
cells on the repair of damaged tissue suggest an important role of a 
cell-to-cell communication through secreted extracellular vesicles, 
mainly represented by exosomes. To enhance the scarce knowledge on the 
functional role of exosomes we compared as a first step different 
techniques to isolate and identify exosomes from the supernatant of 
equine adipose derived mesenchymal stem cells for further 
characterization and usage in functional assays. RESULTS: It was 
possible to obtain exosomes secreted from equine adipose derived 
mesenchymal stem cells with three common techniques: a stepwise 
ultracentrifugation at 100.000 g, an ultrafiltration with 3 kDa 
exclusion membranes and a charge-based precipitation method. The mean 
sizes and amounts of exosomes isolated with the different techniques 
were measured by the nanoparticle tracking analysis. The diameter 
ranged between 116.2 nm (ultracentrifugation), 453.1 nm 
(precipitation) and 178.7 nm (ultrafiltration), the counts of 
particles / ml ranged between 9.6 x 10(8) (ultracentrifugation), 2.02 
x 10(9) (precipitation) and 52.5 x 10(9) (ultrafiltration). Relevant 
marker for exosomes, tetraspanins CD9, CD63 and CD81 were detectable 
by immunofluorescence staining of the investigated exosomes secreting 
mesenchymal stem cells. In addition, transmission electron microscopy 
and immunogold labeling with CD9 and CD90 was performed to display the 
morphological shape of exosomes and existence of marker relevant for 
exosomes (CD9) and mesenchymal stem cells (CD90). Western blot 
analysis of CD9 and CD90 of exosomes ensured the specificity of the 
rare available respectively cross reacting antibodies against equine 
antigens. CONCLUSION: Exosomes generated by equine mesenchymal stem 
cells can be obtained by ultrafiltration and ultracentrifugation in an 
equal quality for in vitro experiments. Especially for later 
therapeutic usage we recommend ultrafiltration due to a higher 
concentration without aggregation of extracellular vesicles in 
comparison to exosomes obtained by ultracentrifugation.



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.

Villatoro, A. J., et al. (2019). "Comparative analysis and 
characterization of soluble factors and exosomes from cultured adipose 
tissue and bone marrow mesenchymal stem cells in canine species." Vet 
Immunol Immunopathol 208: 6-15.

The two main sources of mesenchymal stem cell (MSCs) in the 
canine species are bone marrow (cBM-MSCs) and adipose tissue (cAd-
MSCs). The secretion of multitude bioactive molecules, included under 
the concept of secretome and found in the cultured medium, play a 
predominant role in the mechanism of action of these cells on tissue 
regeneration. Although certain features of its characterization are 
well documented, their secretory profiles remain unknown. We described 
and compared, for the first time, the secretory profile and exosomes 
characterization in standard monolayer culture of MSCs from both 
sources of the same donor as well as its immunomodulatory potential. 
We found that despite the similarity in surface immunophenotyping and 
trilineage differentiation, there are several differences in terms of 
proliferation rate and secretory profile. cAd-MSCs have advantages in 
proliferative capacity, whereas cBM-MSCs showed a significantly higher 
secretory production of some soluble factors (IL-10, IL-2, IL-6, IL-8, 
IL-12p40, IFN-gamma, VEGF-A, NGF-beta, TGF-beta, NO and PGE2) and 
exosomes under the same standard culture conditions. Proteomics 
analysis confirm that cBM-MSCs exosomes have a greater number of 
characterized proteins involved in metabolic processes and in the 
regulation of biological processes compared to cAd-MSCs. On the other 



hand, secretome from both sources demonstrate similar immunomodulatory 
capacity when tested in mitogen stimulated lymphocyte reaction, but 
not in their exosomes at the dose used. Considering that the use of 
secretome open as a new therapeutic strategy for different diseases, 
without the need to implant cells, those biological differences should 
be considered, when choosing the MSCs source, for either cellular 
implantation or direct use of secretome for a specific clinical 
application.


