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Mesenchymal stem/stromal cell-derived extracellular vesicles
as a new approach in stem cell therapy
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Mesenchymal stem or stromal cells (MSCs) are widely applied in regenerative
and immune modulating therapies. Initially, it was assumed that administered
MSCs integrate into damaged tissues to exert their clinical functions. However, in
recent years accumulating evidence has been provided that MSCs rather act in a
paracrine than a cellular manner. To this end, extracellular vesicles (EVs), which
are secreted by MSCs in vivo and in vitro, seem to exert the MSCs’ therapeutic
effects. So far, MSC-EVs have been shown to improve functional recoveries fol-
lowing ischemic events, such as stroke and myocardial infarction, and to sup-
press symptoms in inflammatory diseases, such as in Graft-versus-Host disease
(GvHD). Here, we summarize and discuss some current aspects regarding the
therapeutic potential of MSC-EVs.
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Mesenchymal stem/stromal cells

Today, mesenchymal stem or stromal cells (MSCs) are a

widely applied cell entity in regenerative medicine [1, 2].

Due to their multilineage differentiation capacity, they

have been used in therapeutic settings aiming for cell

replacement in several studies [1, 2]. Apart from that they

are also known to modulate the immune responses [3].

Up to now, more than 500 clinical trials have been regis-

tered at the NIH to test for the therapeutic potentials of

MSCs in various diseases.

Mesenchymal stem or stromal cells were first described

by Friedenstein and colleagues, who isolated this fibrob-

last-like cell type from human bone marrow samples in

the late 1960s [4, 5]. Today, they can be easily raised

from several tissues comprising bone marrow, adipose

tissue and umbilical cord blood [6–9]. MSCs are plastic

adherent cells with differentiation capacities into differ-

ent mesodermal cell types (adipocytes, chondrocytes and

osteoblasts). According to current definitions, they

express the cell surface markers CD73, CD105 and CD90

but lack the expression of other markers, that is CD34,

CD45, CD11b, CD14 and CD79 and HLA Class II. These

minimal criteria were defined by the International Soci-

ety for Cellular Therapy (ISCT) for to call fibroblastic

cells MSCs [10]. Many efforts have been taken to opti-

mize isolation procedures and to verify the quality of

MSCs. As there is accumulating evidence that MSCs are

a heterogeneous cell population [10–13], the identifica-

tion of specific MSC markers to discriminate certain

MSC subtypes would be highly desirable. Markers which

seem to allow identification of specify MSC subtypes are

Stro-1 and CD271 [14–17]. The heterogeneous nature of

MSCs is not only reflected by the expression of certain

cell surface antigens, but also in their different therapeu-

tic capacities in clinical applications. It has been shown

that not all MSC preparations exert the same therapeutic

effects in given settings, maybe due to culture condi-

tions, passage or donor variability. However, promising

therapeutic effects have been reported for a variety of

diseases including immune disorders. In 2002, it was

reported for the first time that MSCs mediate immune

suppressive functions [18]. Their ability to influence

stimulated T cells, as well as triggering the production of

regulatory T cells, inhibition of maturation of dendritic

cells, influence on B and NK cells and an impact on the

polarization of macrophages lead to their application in
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various therapeutic settings [19–26]. One major MSC

application under investigation is the treatment of Graft-

versus-host-disease (GvHD) with MSCs [27]. About 35–
50% of patients receiving allogeneic hematopoietic stem

cell transplantation develop severe forms of GvHD that

cannot be controlled in up to 50% of the severe GvHD

patients with steroids. In this context, MSC administra-

tion has been considered as treatment option. The first

MSC treatment of a steroid-refractory GvHD patient led

to an overall improvement of the symptoms without

revealing any side-effects [28]. Despite the promising

outcome of the first MSC treatment, which had been

reproduced by others, a phase III clinical trial failed to

show any significant effect mediated by MSCs in a large

cohort of steroid-refractory GvHD patients (‘Osiris-

study’); [27, 29]. The contradictory results of the clinic

trials might be explained by the existence of MSC sub-

types differing in their therapeutic functions. However,

well-accepted definitions to discriminate such subtypes

are lacking.

Initially, the therapeutic effects of MSCs were believed

to result from MSCs homing to damaged tissues [30, 31].

However, a bundle of preclinical in vivo studies detected

no or only very few MSCs at damaged sites [32–34]; most

administered MSC get trapped in the lungs [35, 36]. Fur-

ther investigations provided evidence that MSCs can also

act in paracrine manners, for example in a myocardial

infarction model application of MSC-conditioned media

(CM) led to a comparable therapeutic effect than adminis-

tration of MSCs [37–40]. Comparable effects were also

reported for lung injuries [41], acute kidney injury [42]

and regeneration of the liver after partial hepatectomy

[43]. As discussed in the next paragraph, the therapeutic

effect of the CM seems to be mediated by small extracel-

lular vesicles.

Extracellular vesicles

Although membrane surrounded vesicles were first

described more than 40 years ago, the research on

extracellular vesicles did not get a lot attention for a

long time [44–46]. However, the discovery that exo-

somes and microvesicles transport RNA made them more

popular in recent years [47–49]. Historically, exosomes

were first discovered in maturing reticulocytes. Studies

on the intracellular trafficking of the transferrin receptor

reported that the intraluminal vesicles of multivesicular

bodies (MVBs) not always – as until then widely

believed – are degraded in lysosomes, but can also fuse

with the plasma membrane to secrete containing intralu-

minal vesicles as exosomes into the extracellular envi-

ronment [50–53]. Accordingly, exosomes are defined as

derivatives of the endosomal system. Electron micro-

scopic methods determined the size of exosomes to 50–
100 nm. With recent scatter light-based processes, which

do not require fixation, they appear slightly larger with

a diameter of 70–150 nm [54, 55]. Together with

microvesicles (100–1000 nm), which by definition are

budded off from the plasma membrane, and the apop-

totic bodies that can have sizes up to several microme-

tres, they form the largest group of extracellular vesicles

(EVs; Fig. 1) [56–58].

Fig. 1 Generation of Extracellular Vesicles; Exosomes are derivates of the endosomal compartment and correspond to the intraluminal vesicles of late

endosomes, the multivesicular bodies (MVBs). MVBs fuse with the plasma membrane and release their cargo into the extracellular milieu. Microvesicles

emerge as slightly larger vesicles which are bud off from the plasma membrane. Apoptotic bodies arise from apoptotic cells as derivate of the plasma

membrane.
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Due to the overlapping size ranges and the lack of

well-defined markers, EVs of the different types cannot

be separated from each other up to now. Consequently,

the professional association (International Society of

Extracellular vesicles; ISEV) recently agreed on, not to

describe vesicles in purified samples as exosomes or

microvesicles, but more generally as EVs [57, 59].

Extracellular vesicles reside in all body fluids, includ-

ing blood, urine, semen, breastmilk, cerebrospinal fluid

and saliva [58]. They can also be isolated from cell cul-

ture supernatants, including MSCs [42, 54, 58, 60]. EVs

consist of an origin-specific, heterogeneous mixture of

lipids, proteins and non-coding RNAs [47–49]. Prominent

surface molecules on EVs comprise integrins, cell adhe-

sion-molecules and tetraspanins. Their combination might

define a tropism towards specific target cells, which

allows to transport assembled information (including

microRNAs) to specific target cells [61–64]. The fast

increasing research area on EVs demonstrated within the

recent few years that EVs are involved in many physio-

logical and pathophysiological processes, particularly

their role in tumour formation and expansion as well as

in immune modulation is intensively studied [65].

At first, the function of EVs was examined by Graca

Raposo and colleagues at the example of B cells. They

showed that EVs derived from B cells express MHC class

II molecules and regulate antigen-specific T-cell response

[66]. In subsequent studies, it was shown that EVs derived

from dendritic cells (DCs) are positive for MHC class I and

class II molecules. Furthermore, EVs derived from tumour

peptide-pulsed DCs stimulate cytotoxic T cells [67]. In this

context, it was also shown that DCs treated with tumour-

specific peptides secrete EVs which suppress the expan-

sion of tumours in immune-competent mice [67]. These

findings resulted in the first clinical use of EVs. Two

Phase I studies were initiated, one for melanoma treat-

ment in France and one for non-small cell lung cancer in

the United States [68, 69]. After the EV treatment was tol-

erated and had beneficial effects in some patients, a Phase

II/III study at the Institute Gustave Roussy and the Insti-

tute Curie in France was launched for non-small cell lung

cancer [70]. So far, the results of this study have not been

published.

MSC-EVs

Several preclinical studies showed beneficial activities of

MSC-derived EVs. In a study about acute kidney injury,

the group of Giovanni Camussi investigated the effect of

EVs derived from MSCs and could show that the adminis-

tration of EVs promoted kidney recovery [42]. Another

approach by the groups of Sai Kiang Lim and Dominique

de Kleijn used purified EVs from MSC-conditioned media

in a murine myocardial infarction model to reduce the

infarct sizes. Their results implied that MSCs mediate their

cardio protective effect via EVs [60]. With the knowledge

that MSCs act in a paracrine manner, the conclusion that

MSC-EVs act as mediators between MSCs and cells of the

immune system was tempting. Thus, we considered that

MSC-EVs may exert immune suppressive functions which

could improve symptoms of acute inflammatory diseases.

Indeed, upon showing that MSC-EVs efficiently inhibit

the activation of stimulated T cells of healthy donors in a

mixed lymphocyte assays, we examined in 2011 the

effect of MSC-EVs on the activity of immune cells of a

steroid-refractory GvHD patient, who did also not respond

to conventional second instance treatments [71]. After

demonstrating that MSC-EVs also inhibited activation of

stimulated patient-derived cells and following a detailed

informed consent with the patient and her family as well

as with the local ethic committee, we started an individ-

ual treatment attempt of the patient with allogenic MSC-

EVs [71]. The MSC-EVs were administered every 2–3 days

over a period of 2 weeks in escalating doses. The treat-

ment was tolerated very well without any side-effects.

During the 2 weeks lasting EV therapy, the GvHD symp-

toms were reduced significantly. They further improved

after the therapy so that the steroid concentration could

be reduced. The patient was stable for more than

4 months [71]. In the 5th month post-MSC-EV treatment,

first intestinal GvHD symptoms were observed again.

Finally, the patient died on pneumonia, which is a fre-

quent cause of death in MSC-treated GvHD patients [72].

Nevertheless, this case substantiates the allegation of the

therapeutically potential of MSC-EVs in humans.

Since then, increasing numbers of preclinical studies

have investigated the immune modulating features of

MSC-EVs. It was reported that MSC-EVs have context-de-

pendent abilities to suppress the activity and maturation

of T cells [73–75], inhibit B cell activity and to polarize

monocyte cells towards immune suppressive M2-types,

which as a result of this functional polarization promote

the development of regulatory T cells [76, 77]. Apart of

the immune modulating effects, several studies showed a

direct positive effect of the MSC-EVs on angiogenesis

[59, 78–80]. Whether there is a direct impact on somatic

stem cells remains to be investigated. However, it was

reported that depending on the tumour type MSC-EVs

exert pro-tumorigenic or antitumorigenic effects, respec-

tively [81–85], which according to biological parallels

between tumour and stem cells leads to the assumption

that MSC-EVs may also interact directly with somatic

stem cells. Beside the previous mentioned reports about

the therapeutically potential of MSC-EVs, other indepen-

dent groups showed positive effects in acute and

chronic kidney injury models [86–92]. There are also data
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describing benefits of MSC-EVs in liver, lung and muscle

regeneration [93–97]. Beyond the immune modulating

and regenerative effect, a positive influence on the nerve

system in ischaemic stroke models in rats and mouse has

been reported, including a regeneration of the ischiatic

nerve in rats [98–100].
In summary, EVs participate in many biological pro-

cesses [65] and depending on the cell source may func-

tion as novel therapeutic. However, so far, standardized

methods for the characterization and purification of EVs

in large scales are missing. With an increasing interest in

the field, new techniques are under development and

might soon be available. The future will show whether

EVs will efficiently be translated as ‘cell-free cell therapy’

into the clinic.
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