
Exosomes and Microvesicles

Exosome: A Novel and Safer Therapeutic 
Refinement of Mesenchymal Stem Cell 
 
Perspective Article  
 
 
 

Ronne Wee Yeh Yeo1, Ruenn Chai Lai1, Kok Hian Tan2 and Sai Kiang Lim1,3,* 
 
1 Institute of Medical Biology, Agency for Science, Technology and Research, Singapore 
2 Department of Maternal Fetal Medicine, KK Women’s and Children’s Hospital, Singapore 
3 Department of Surgery, Yong Loo Lin School of Medicine, National University of Singapore, Singapore 
* Corresponding author E-mail: saikiang.lim@imb.a-star.edu.sg 

 
Accepted 14 Nov 2013 
 
© 2013 Yeo et al.; licensee InTech. This is an open access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 
Abstract Mesenchymal stem cell (MSC) has just been 
approved as the first “off-the-shelf” stem cell 
pharmaceutical drug with an anticipation of more 
approvals following completion of numerous rigorous 
clinical trials. Despite this progress, the rationale for MSC 
therapeutic efficacy remains tenuous and is increasingly 
rationalized on a secretion rather than differentiation 
mechanism. Recent studies identifying exosome as the 
secreted agent mediating MSC therapeutic efficacy could 
potentially reduce a cell-based drug to a safer biologic-
based alternative. Here we review the development of 
MSC exosome as a potential first-in-class therapeutic, and 
the unique challenges in the manufacture and regulatory 
oversight of this new class of therapeutics. 
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1. Mesenchymal stem cells as a therapeutic agent 
 
MSCs are currently the most clinically evaluated stem 
cells. The ClinicalTrials.gov database lists more than 300 
MSC trials to treat a wide range of pathological conditions 
(http://www.clinicaltrials.gov/, accessed March 2013). 

Many of these trials were predicated on the efficacy of 
MSC against a wide range of diseases in animal models. 
The therapeutic efficacy of transplanted MSCs was 
initially attributed to their homing and engraftment in 
injured tissues, and subsequent differentiation to repair 
and replace damaged tissues. However, studies in animal 
models and patients indicated that <1% of transplanted 
MSCs localize to the target tissue with most becoming 
trapped in the liver, spleen and lungs [1]. Furthermore, 
evidence for differentiation of transplanted MSCs at the 
site of injury could not rule out the possibility of fusion 
with endogenous cells [2-4]. In fact, the efficacy of MSC 
transplantation in treating diseases in animal models and 
patients has been increasingly observed to be 
independent of engraftment or differentiation [5-9]. 
Consequently, MSC secretion is now implicated as the 
primary mediator of MSC-based therapy.  
 
The refinement of MSC therapy from a cell- to secretion-
based therapy offers several advantages as it essentially 
translates the therapeutic agent from a living to non-living 
agent and obliterates the arduous task of preserving cell 
viability and function during manufacture, storage and 
delivery to patient. As such, cellular secretions are more 
amenable to development as an “off-the-shelf” therapeutic 
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that can be delivered to patients in a timely manner. They 
also mitigate the safety risks inherent in administering 
large, viable cells such as the risk of occlusion in 
microvasculature or unregulated growth. For example, 
intra-arterial administration of MSCs causes a high 25-40% 
incidence of pulmonary embolism and death [10]. MSC 
transplantation has also been associated with adverse 
cellular growth such as cardiac sympathetic nerve 
sprouting and consequently hyper-innervation [11], or 
ossification and/or calcification in cryo-infarcted hearts 
[12]. Therefore, the benefits of secretion-based therapy 
coupled with the risks of cell transplantations have spurred 
recent research interest in MSC secretion. 
 
Much of the initial attention on MSC secretion has 
centered on small molecules such as growth factors, 
chemokines and cytokines [13]. Although many 
candidates for mediating the efficacy of MSC have been 
proposed, none could sufficiently account for the efficacy 
of MSC against the diverse range of pathological 
conditions. For example, several cytokines, chemokines 
and enzymes shown to be secreted by MSCs have been 
proposed as the secreted factor mediating 
immunotherapeutic efficacy of MSCs [14]. They include 
interferon-γ (IFNγ) [15-17], a downstream IFNγ-
inducible gene indoleamine 2,3-dioxygenase (IDO) [18] 
and inducible nitric-oxide synthase (iNOS) [19]. Both 
IFNγ and IDO were eliminated as candidates when the 
immunomodulatory activity of MSCs was subsequently 
found not to be ameliorated by a lack of IDO production 
caused by either defective IFNγ receptor 1 or IDO 
inhibitors [20]. Also, murine MSCs unlike human MSCs 
do not have IDO activity but could exert similar 
immunomodulatory effects [21, 22]. In the case of 
inducible nitric-oxide synthase (iNOS) which appear to 
be important for the inhibition of T-cell proliferation by 
mouse MSCs, it was deemed not important in human 
MSCs as they expressed low level of iNOS [14]. MSCs are 
also known to secrete many generic immuno-modulating 
factors such as transforming growth factor (TGF)-β1, 
hepatocyte growth factor (HGF), heme oxygenase 1, IL-6, 
prostaglandin E2 (PGE2), and HLA-G5 [23-34] and it is 
unlikely that any one of these factors could sufficiently 
mediate the immunotherapeutic efficacy of MSCs. 
 
Efforts to identify the therapeutic agent in MSC secretion 
have recently shifted from the small molecules to relatively 
large secreted lipid membrane vesicles known collectively 
as extracellular vesicles (EVs) and these EVs were shown to 
be as therapeutically efficacious as MSCs [35-37]. 
 
2. Exosome, an extracellular vesicle (EV) 
 
EVs consist of several classes of secreted vesicles such as 
exosomes, microvesicles, ectosomes, membrane particles, 
exosome-like vesicles or apoptotic bodies [38]. However, 

these different classes remain poorly defined and terms 
“exosomes”, “microvesicles”, “microparticles” are being 
used interchangeably.   
 
Generally, EVs could be formed by either inward 
budding of endolysosomal vesicles followed by 
exocytosis e.g. exosomes, or shedding from the plasma 
membrane e.g. microvesicles. Of the EVs characterized to 
date, exosomes remain the best characterized and are the 
only EVs known to be formed by the invagination of 
endolysosomal vesicles. Unlike other EVs, exosomes are 
defined as having a diameter of 40-100 nm, a flotation 
density in sucrose of 1.1-1.18 g/ml, and bilipid membrane 
enriched in lipid rafts of cholesterol, sphingomyelin, and 
ceramide [39, 40]. The presence of exposed 
phosphatidylserine on exosome membrane is 
controversial and remains to be determined [41-44]. 
   
Many cell types such as B cells [45], dendritic cells [46], 
mast cells [47], T cells [48], platelets [44], Schwann cells 
[49], tumor cells [50], mesenchymal stem cells [35], 
human embryonic kidney cells [51], various cancer cell 
lines [52] and sperms [53] are known to secrete exosomes. 
Consistent with this diverse range of cell types, exosomes 
are found in as many physiological fluids including 
bronchial lavage fluid [54], human urine [55, 56] and 
human blood [56]. Together, these indicate that exosome 
secretion is a conserved cellular function.  
 
Exosomes from different cellular sources share an 
evolutionary conserved set of protein molecules 
including tetraspanins (CD81, CD63, CD9), Alix and 
Tsg101 but they also carry proteins and RNAs unique to 
their cell source and the pathophysiological states of the 
cell source [57]. For example, exosomes from 
reticulocytes, unlike those from lymphocytes and 
dendritic cells, are rich in transferrin receptors that had to 
be disposed of when reticulocytes mature [45, 58, 59] 
while exosomes from tumor cells carry tumor antigens 
[50, 60-62] or tumor-specific microRNAs [63]. The cargo 
composition of exosomes is also modulated by its 
microenvironment. Exosomes secreted by tumor cells 
during hypoxia carry proteins that facilitate angiogenesis 
and metastasis [64]. The list of proteins and RNAs 
reported to be present in exosomes are freely accessible at 
Exocarta (http://www.exocarta.org) or Vesiclepedia 
(http://www.microvesicles.org).  
 
The biogenesis of exosomes in the endosomal pathway 
involves the invagination of the endosomal membrane to 
form intraluminal vesicles (ILVs) resulting in the 
formation of a multivesicular body (MVB). The ILVs will 
either be degraded if the MVB fuses with a lysosome or 
released as exosomes if the MVB fuses with the plasma 
membrane [65]. The process by which cellular proteins 
and RNAs is targeted to endosomes and subsequently 
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exosomes has not been elucidated. Although ESCRT 
(endosomal sorting complex required for transport) has 
been implicated [66], some proteins have been shown to be 
targeted to exosomes in an ESCRT-independent manner 
via higher-order oligomerization or a ceramide-dependent 
but ESCRT-independent process [67, 68]. Notwithstanding 
this, it is obvious that the biogenesis of exosomes requires 
cellular expenditure of energy and resources, implying a 
functional importance for exosomes. 
 
Despite its discovery about four decades ago [69], research 
interest in exosomes was fueled only recently when 
exosomes were found to be secreted by different cell types 
and participate in many important cellular activities. For 
example, exosomes are secreted by dendritic cells pulsed 
with tumor peptides for tumor suppression [70], by neurons 
for neurotransmission [71, 72], by oligodendrocytes for 
myelin membrane biogenesis [73], and by cardiomyocyte 
progenitor cells for migration of endothelial cells [74]. 
Exosomes from mesenchymal stem cells were even found to 
be therapeutic and could reduce myocardial 
ischemia/reperfusion injury [35] or acute tubular injury [36].  
 
Unfortunately, exosomes have also been implicated in a 
wide spectrum of diseases from cancers and degenerative 
diseases to infectious diseases. Exosomes secreted by tumor 
cells have been shown to be capable of enhancing tumor or 
metastatic phenotype [75-77]. They are also implicated in the 
formation of disease-associated protein aggregates such as 
alpha-synuclein aggregates in Parkinson's disease [2, 78] and 
amyloid beta protein aggregates (Aβ) in Alzheimer disease 
[79]. It was also reported that during infection with diverse 
infectious agents such as scrapie, viruses and bacteria, cells 
secrete exosomes containing the infectious agent or its 
products and thus providing potential route for 
disseminating the infection [49, 70, 80-84]. 
 
As a consequence of the close association between the 
composition of exosomes and physiological or pathological 
states of the secreting cells, exosomes are good sentinels of 
cellular health and pathology, and have become an 
attractive source of disease biomarkers (reviewed [85]). 
 
3. Exosomes as a therapeutic agent 
 
The therapeutic potential of exosomes was first described 
in MSC exosomes when it was observed that the 
exosomes were cardioprotective in a murine model of 
acute myocardial ischemia/reperfusion injury [35]. This 
observation provided a rationale for an increasing MSC 
enigma.  
 
The cardioprotective potential of MSCs have been widely 
reported; they reduce infarct size, improve left ventricular 
ejection fraction, and increase vascular density and 
myocardial perfusion in animal models of AMI [86-90]. 

Although this protection has always been rationalized on 
the potential of MSCs to differentiate and replace damaged 
cardiac tissues, significant engraftment and differentiation 
of MSCs into cardiomyocytes were seldom observed even 
when there were functional improvements [1-4]. In 
general, it was observed that the therapeutic efficacy of 
MSCs was not dependent on their physical proximity to 
the tissue [37-41] leading to the proposal that this 
therapeutic efficacy was mediated by secreted factors [42].  
 
Timmers et al. first reported in 2008 that MSC secretion 
mediated the cardioprotection of MSC. They observed that 
after sterile filtration with a 0.2 µm filter, culture medium 
conditioned by human ESC-derived MSCs could reduce 
infarct size in pig and mouse models of acute myocardial 
ischemia and reperfusion injury [91]. This conditioned 
medium (CM) could also improve cardiac function in a pig 
model of myocardial ischemia by stimulating angiogenesis 
and preventing adverse myocardium [92]. Size fractionation 
of the CM subsequently revealed that the therapeutic 
activity resided in the 100 to 220 nm fraction. This fraction 
when purified by size-exclusion HPLC was found to be 
enriched in lipid membrane vesicles that fulfilled the 
defining criteria of exosomes i.e. 40-100 nm, a flotation 
density in sucrose of 1.1-1.18 g/ml, lipid membrane enriched 
in lipid rafts of cholesterol, sphingomyelin, and ceramide, 
and a conserved set of protein molecules, namely the 
tetraspanins (CD81, CD63, CD9), Alix and Tsg101 [39, 40]. 
This fraction of exosomes was able to reduce the infarct size 
in a mouse model of acute myocardial ischemia and 
reperfusion injury [35]. Although our lab was the first to 
describe the secretion and therapeutic potential of exosomes 
from MSCs, Bruno et al. preceded us in describing MSC 
secretion of lipid membrane vesicles which they termed 
“microvesicles” and the amelioration of glycerol-induced 
acute kidney injury by these vesicles [36]. As these 
microvesicles were not evaluated for exosome-associated 
properties and had an estimated diameter of 180 nm versus 
the 55-65 nm hydrodynamic radius [35] for the exosomes 
that we isolated, we postulated that these two populations of 
EVs are different.  
 
In the last two years, MSC exosomes have been found to 
be efficacious in an increasing number of animal models 
for human diseases such as cerebral ischemia [93], liver 
fibrosis [94], hypoxic pulmonary hypertension [95], and 
acute kidney injury [96, 97]. Recently, MSC exosomes 
were administered to a treatment-resistant grade IV acute 
GVHD patient. Her symptoms were dramatically 
alleviated and she remained stable for five months [98]. 
 
4. Translating MSC exosome into  
a cardiac pharmaceutical drug 
 
Acute myocardial infarction (AMI) or heart attack causes 
~7.2 million deaths globally each year and inflicts a heavy 
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socioeconomic burden [99]. While advances in reperfusion 
therapy to restore blood flow and oxygenation to ischemic 
heart tissues have significantly improved AMI survival 
rate [100], 65% of AMI survivors go on to develop fatal 
heart failure within 5 years [101]. This progression to heart 
failure is complex but is largely determined by the final 
size of infarcted myocardium in surviving AMI patients. 
Although early reperfusion of ischemic myocardium 
salvages much of the tissue at risk, reperfusion of severely 
ischemic tissue paradoxically causes lethal injury, known 
as ischemia/reperfusion (I/R) injury and is estimated to 
contribute up to 50% of the final infarct size in reperfused 
AMI patients [102]. To date, I/R injury has been intractable 
to pharmaceutical interventions [103]. The efficacy of MSC 
exosomes in reducing reperfusion injury and long term 
preservation of cardiac function and geometry in animal 
models of AMI [35, 91, 92, 104, 105] therefore provides a 
compelling rationale for its translation into a pharmaceutical 
drug to treat I/R injury. If successful, exosome will be a 
“first-in-class”. This, in itself will present unique challenges 
in the manufacture and regulatory oversight. 
 
5. MSC exosome-mediated efficacy  
against reperfusion injury 
 
As the terms “exosomes”, “microvesicles”, “microparticles” 
are presently being used interchangeably in the literature, 
the term “MSC exosome” in this section shall be used in a 
similar context to include all extracellular vesicles 
produced by MSCs. MSC exosomes, like their prodigious 
cell source, are reportedly efficacious in an equally wide 
range of diseases. However, it remains to be determined if 
a single class of exosomes or a single molecular mechanism 
is responsible for the therapeutic efficacy against these 
different diseases. We have previously proposed that MSC 
exosomes ameliorate reperfusion injury through a 
proteomic complementation [106]. 
 
During acute myocardial ischemia, rapid reperfusion to 
re-oxygenate the tissues halts ischemia-induced cellular 
damages and restores cardiac contractibility but delayed 
reperfusion after 40-60 minutes of ischemia cannot restore 
cardiac contractibility [107-111]. This failure to restore 
cardiac contractibility in severely ischemic myocardial 
tissues has been partially attributed to I/R injury.  
 
During ischemia, the lack of oxygen inhibits oxidative 
phosphorylation and causes ATP production to collapse. 
This is particularly detrimental to contractile function of 
cardiomyocytes which have the highest basal ATP 
consumption rate in a resting body. Cardiomyocytes 
derive 95% of its ATP from the highly efficient oxygen-
dependent coupling of fatty acid β-oxidation and 
oxidative phosphorylation [112]. During ischemia, the 
lack of oxygen disrupts this ATP production and aerobic 
glycolysis, leaving anaerobic glycolysis as the major 

source of ATP production. Consequently, the cells 
become ATP deficient and ATP-dependent cellular 
activities such as protein synthesis and turnover, gene 
transcription, ion pumps or transporters have to be 
curtailed. Over time, this escalates to a loss of cellular 
homeostasis such as intracellular acidification, imbalance 
of ions such as sodium, potassium and calcium, and 
increased intracellular osmotic pressure through the 
accumulation of metabolic products such as ADP, 
inorganic phosphates, reduced coenzymes (e.g. NADH 
and FADH) and lactic acid, and eventually initiation of 
apoptosis [108-113]. Therefore, restoring ATP production 
and delaying initiation of apoptosis are critical 
therapeutic targets in reperfusion therapy. 
 
In less ischemic tissues, reperfusion re-oxygenates and re-
energizes the mitochondria to generate ATP and restores 
cellular activities. However, in the severely ischemic 
tissues where the cellular biochemistry is highly 
deranged, re-oxygenation exacerbates mitochondrial 
damage and the perturbed ion homeostasis to cause I/R 
injury. Reperfusion of severely ischemic cells not only 
fails to restore oxidative phosphorylation but causes 
further damages such as opening of the mitochondrial 
permeability transition pore (MPTP) to generate and 
release reactive oxygen species (ROS), and aggravation of 
ionic imbalances leading to sarcolemmal disruption and 
hypercontracture [112, 114-116]. These ultimately result in 
initiation of apoptosis and an acute inflammatory 
response, both of which contribute to infarct size [87-90].  
 
Our recent analysis of the cardiac proteome after 
ischemia and then reperfusion revealed that the 
dominant determinants of I/R injury, ATP production 
and apoptosis, are underpinned by proteomic changes 
that persist for at least 60 minutes post-reperfusion [117]. 
Therefore, therapeutic strategies targeting these 
determinants of I/R injury will have to rapidly overcome 
these proteomic alterations in order to alleviate the ATP 
deficit and vulnerability to apoptosis. We had proposed 
that protein complementation by MSC exosome could 
provide a direct intervention to overcome these 
proteomic alterations and elicit a timely cellular response 
that is critical for the survival of the ATP-deficient and 
pro-apoptotic reperfused cells [106].  
 
MSC exosomes carry a full enzyme complement for the 
ATP-generating phase of glycolysis and also CD73, an 
adenosine-generating extracellular enzyme [118]. We had 
demonstrated that these enzymes were active, and MSC 
exosomes could increase ATP production and adenosine-
mediated survival kinase signaling in cells [118] and a 
mouse model of I/R [105] (Figure 1). As I/R injury is 
complex and causes extensive biochemical derangements 
as discussed earlier, ameliorating ATP deficit and 
circumventing initiation of apoptosis essentially provide 
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a short time window of opportunity for the cells to rectify 
other molecular derangements.  
 
The remarkable efficacy of MSC exosome in reducing I/R 
injury in animal models and its large diverse proteome 
suggest that MSC exosome must have biochemical 
activities beyond the glycolytic enzymes and CD73 to 
rectify the other molecular derangements in I/R injury. 
Some of these activities include functionally active 20S 
proteasomes capable of reducing denatured protein 
aggregates in reperfused hearts of mouse models [119] 
and the inhibition of complement-mediated lysis by 
exosome-associated CD59 [118]. We hypothesize that by 
rapidly correcting a critical ATP deficit and delaying 
initiation of apoptosis, the reperfused cells would have 
sufficient ATP to support the diverse biochemical 
potential of MSC exosomes and/or the endogenous repair 
mechanisms in the cells to rectify the othermolecular 
derangements caused by I/R injury [106].  
 
The effectiveness of MSC exosomes in ameliorating I/R 
injury could be partially attributed to the use of enzymes as 
therapeutic agents. By using enzymes, MSC exosomes 
could exert an amplified catalytic effect that is calibrated to 
their microenvironment (e.g., substrate concentration or 
pH). In healthy tissues where the microenvironment for 

most enzymes is likely to be in homeostastic equilibrium, 
activity of administered enzymes will be modulated by 
regulatory feedback mechanisms to maintain this 
equilibrium. During injury when homeostasis is disrupted, 
enzyme activity will be modulated in proportion to the 
magnitude of loss in homeostasis which is, in turn 
proportional to injury severity until equilibrium is restored 
or injury is resolved. This potential to sense and respond 
accordingly to restore equilibrium mitigates the risk of 
over- or under-dosing. The use of enzymes as therapeutics 
is traditionally limited by the susceptibility to degradation 
and by the lack of a vehicle to transfer proteins 
intracellularly. Their encapsulation in exosomes 
circumvents many of these limitations by protecting them 
against degradation to enhance their bioavailability, 
homing and enabling internalization by membrane fusion 
or endocytosis (reviewed [120]). In fact, the integrity of the 
exosome membrane is key to its efficacy in reducing I/R 
injury. When membrane integrity is compromised, 
exosomes lose their efficacy [105]. Interestingly, the 
efficiency of exosome uptake has been correlated to 
intracellular and microenvironmental acidity [121]. This 
provides a mechanism for exosome homing to ischemic 
tissues whereby MSC exosomes are preferentially 
endocytosed by ischemic cardiomyocytes which reportedly 
have low intracellular pH [122]. 

 
Figure 1. MSC exosomes ameliorate ischemia/ reperfusion injury by correcting ATP deficit and circumventing a pro-apoptotic 
proteome. In a severely ischemic myocardium, ATP-generating processes such as aerobic glycolysis, β-oxidation and citric acid cycle are 
curtailed, leading to a loss of cellular homeostasis. Reperfusion further exacerbates this injury by opening the mitochondrial 
permeability transition pore (MPTP) to release reactive oxygen species (ROS), resulting in the initiation of apoptosis. Exosomes 
ameliorate the ATP deficit by provide a full complement of glycolytic enzymes to enhance glycolytic flux. In addition, AMP derived 
from the degradation of ATP and ADP from injured or dying cells is hydrolyzed into adenosine by CD73 present on exosome surfaces. 
Adenosine in turn binds to adenosine receptors to activate reperfusion injury salvage kinase (RISK) pathways that mediate cell survival. 

5Ronne Wee Yeh Yeo, Ruenn Chai Lai, Kok Hian Tan and Sai Kiang Lim: 
Exosome: A Novel and Safer Therapeutic Refinement of Mesenchymal Stem Cell

www.intechopen.com



 

6. MSC exosome-mediated efficacy  
against other pathologies 
 
Unlike reperfusion injury, the proposed mechanism of 
MSC exosome-mediated efficacy against other diseases  
have centered on either the RNA components of MSC 
exosomes or the RNA machinery of the target cells.  
 
In glycerol-, gentamicin-, and cisplatin-induced acute 
kidney injury, MSC exosomes reportedly shuttle mRNA 
to tubular epithelial cells to promote proliferation and 
survival [36, 96, 97]. In a rat model of middle cerebral 
artery occlusion, it was demonstrated that MSC exosomes 
transferred miR-133b to neurons and astrocytes to 
promote neurite outgrowth and functional recovery after 
stroke [93].  
 
On the other hand, MSC exosomes instead of delivering 
RNA were recently shown to suppress induction of the 
proliferative miR-17 microRNA superfamily but induce 
expression of antiproliferative miR-204, and prevent 
pulmonary vascular remodeling in a murine model of 
hypoxic pulmonary hypertension [95].  
 
Together, the studies of MSC exosomes in animal models 
of diseases have implicated both proteins and RNAs in 
mediating their therapeutic efficacy against different 
diseases. Such versatility in the mode of action and 
disease targets is possible only because of the large 
payload that exosomes could carry and this clearly 
differentiates exosomes from traditional biologics. 
 
7. MSC exosomes as a pharmaceutical drug 
 
The main considerations in developing MSC exosomes as 
a pharmaceutical drug are the manufacturing path and 
regulatory oversight. 
 
The key factor in the manufacture of MSC exosomes is 
the cell source. The ideal cell source would be a 
reproducibly high exosome-yielding cell with an infinite 
expansion capacity. We have observed that exosome 
production was inversely correlated with the age of the 
donor tissue with the most prolific producer being MSCs 
derived from hESCs followed by fetal tissues, umbilical 
cord and adult bone marrow (Chen et al, 2013). hESC-
MSCs are also superior to those derived from other 
tissues in having a rapid doubling time of about 72 hours 
and being proliferative for at least 20 passages at a 1:4 
split [123]. However, unlike other MSCs, hESC-MSCs are 
encumbered by the same social, legislative and ethical 
controversies surrounding hESCs. Although these 
controversies have abated, complex patent protection and 
legislation have become increasingly intractable barriers 
to translation [124, 125]. Also, the large proliferative 
capacity of hESC-MSCs is finite and would require costly 

and time-consuming repeated derivation and validation 
to sustain a manufacturing process. To overcome this 
issue, we immortalized hESC-MSCs by over-expressing 
MYC and demonstrated that despite a compromised 
differentiation potential, the immortalized cells continued 
to secrete cardioprotective exosomes [126]. Notably, MYC 
protein was not detectable in the exosomes. Also, MYC 
RNA is not likely to be present in MSC exosomes as the 
RNAs in MSC exosome are primarily less than 300 nt 
[127].  
 
Another key manufacturing consideration is the 
purification of exosomes. Exosomes are conventionally 
purified by ultracentrifugation, ultra-filtration and gel 
filtration [128-131]. While these techniques result in 
exosome enrichment, the preparation is usually 
contaminated with protein aggregates and other cell 
debris. Additionally, this method is time-consuming, 
requires expensive specialized equipment or has poor 
scalability. We have previously reported that the purity 
of the exosome preparation could be greatly enhanced 
by size exclusion high performance liquid 
chromatography (HPLC) [35, 104]. However, this 
method requires expensive equipment, and has poor 
scalability and product yield. While immuno-affinity 
chromatography [132, 133] is highly scalable and could 
potentially enhance the purity of the exosome 
preparations, none of the known exosome-associated 
antigens are exclusive to exosomes and immuno-
affinity-based isolation protocols could still purify 
protein complexes and other EVs. In addition, the non-
physiological salt or pH concentration needed to extract 
exosomes from the immuno-affinity column could affect 
the biological activity of the exosomes. In short, to date 
there is no ideal, scalable and cost effective method for 
the purification of exosomes. 
 
The lack of defining markers for exosomes also poses a 
challenge to the development of an identity for exosomes 
as therapeutic agents. Exosomes are typically identified 
as particles of 100-200 ηm in diameter, a density of 1.10-
1.18 g/ml in sucrose and marked by tetraspanins CD9, 
CD81 or CD63) on their surfaces. These parameters are 
either too generic or too cumbersome for routine 
identification assay. Another challenge is a standardized 
unit of quantity to measure exosomes. The current use of 
protein concentration is ambiguous as it is highly 
dependent on the purity of the preparation. This 
challenge has been somewhat mitigated by the recent 
advent of particle analysis technologies such as 
Nanosight’s Particle Tracking Analysis and Izon qNano’s 
Tunable Resistive Pulse Sensing which quantify 
exosomes as particle numbers. Additionally, these 
technologies could profile size distribution of the 
particles which is useful in assessing of the level of 
contaminating EV populations (e.g. exosomes, 
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microvesicles, apoptotic bodies) in the exosome 
preparation. However, particle count and size do not 
differentiate EV from non-EV particulates such as protein 
aggregates. A more specific quantification of exosome 
would be to assay for exosome-associated membrane-
bound antigen (e.g. tetraspanins CD9, CD81 or CD63) by 
ELISA However, there are no definitive exosome 
markers, and most exosome-associated markers are also 
found on other EVs. Essentially, there is an urgent need 
for an unambiguous assay to identify and quantify 
exosomes.  
 
A third and probably most important challenge in 
developing exosomes as a pharmaceutical drug is the 
development of an in vitro surrogate assay for in vivo 
therapeutic potency. In the development of MSC exosome 
for the treatment of I/R injury, we envisage that such an 
assay is likely to involve the measurement of enzyme 
activity in intact exosomes as our observations thus far 
have indicated that therapeutic efficacy of MSC exosomes 
is dependent on enzyme activity and intact exosome 
membrane.  
 
8. Regulatory oversight 
 
The use of exosomes as a pharmaceutical product 
presently has no precedent and therefore has no 
definitive product “class” guidance within regulatory 
agencies such as the FDA and EMEA to instruct 
compliance. Nonetheless, the over-arching guidance 
could be easily surmised from the universal principle of 
safety, quality and efficacy. MSC exosome derives from a 
cell source that has been extensively tested in clinical 
trials for numerous indications. In general, administration 
of autologous and allogeneic MSCs has been found to be 
safe in humans and allogeneic MSCs are well tolerated 
without overt immune rejection. By extrapolation, MSC 
exosome which is essentially a minor constituent of MSC 
would be expected to be equally safe and 
immunologically tolerated. Consistent with the immune 
tolerance of MSC exosomes, proteomic analysis of MSC 
exosome revealed the absence of MHC and co-
stimulatory molecules e.g. CD80 and CD86 [118, 119]. 
Finally, MSC exosomes have been demonstrated to be 
efficacious in clinically relevant animal models [35, 91, 92, 
104, 105]. Together, experimental and pre-clinical data 
support MSC exosome as a safe and efficacious 
therapeutic agent that could be manufactured 
reproducibly, and provides a compelling rationale for 
further clinical development. 
 
9. Conclusion 
 
The efficacy of MSC against diverse disease indications is 
increasingly being attributed to its exosomes. This 
efficacy, which is prodigious for a single therapeutic 

entity, is not unreasonable particularly in view of its 
diverse cargo of proteins and RNA. In fact, this diverse 
cargo load provides a distinct advantage over a single 
molecule drug in enabling a simultaneous targeting of 
multiple disease processes through a multitude of 
mechanisms of action, an essential therapeutic strategy 
for complex injury or disease. Interestingly, many of the 
mechanisms of action are mediated by proteins and 
RNAs that are generally expressed in a wide variety of 
cell types, and that target generic housekeeping 
processes. These suggest that MSC exosomes exert their 
efficacy by restoring basic housekeeping activities in the 
injured cell and its microenvironment to facilitate 
endogenous repair and regeneration, and this therapeutic 
strategy resonates well with the role of MSC as a stromal 
support cell.  
 
The identification of exosomes as the main agent 
mediating the therapeutic efficacy of MSCs provides a 
rationale for refining MSC-based therapy from a cellular 
to a non-cellular one. Although an exosome-based 
therapy could potentially reduce the complexities in the 
manufacturing and use of a cell-based product, the 
clinical development of exosome as a “first in class” drug 
presents unique but highly tractable manufacturing and 
regulatory challenges.  
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