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Abstract

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

MESENCHYMAL STEM CELL (MSC) is one of the most
widely used stem cells that can be obtained from various
tissues such as bone marrow (BM), umbilical cord blood, and
fat tissue. MSCs are easily expanded in vitro with immuno-
suppressive properties (Giordano et al., 2007), so they can be
used in allogeneic transplantation. It can differentiate into both
mesenchymal cell lineages, including adipogenesis, osteogen-
esis, and chondrogenesis (Atashi et al., 2015; Coleman et al.,
2013), and non-mesenchymal cell lineages such as endothelial,
cardiovascular, and neurogenic differentiation (Ikhapoh et al.,
2015; Ulrich et al., 2015; Yang et al., 2015). Therefore, MSC
was a popular choice for cell therapy of cardiovascular disease,
kidney injury, and immune disease. The researches for MSC
therapy can be divided into two stages. In the first stage, re-
searchers focus on the transplantation of MSC per se rather than
its derived exosomes.

Although the clinic effect is positive, the underlying mech-
anisms remain obscure. A popular hypothesis is that MSCs
would differentiate into the target tissue of the host to repair the
damages. However, it was exhibited that the differentiation is
insufficient to repair the lesion and most of them died 2 weeks

following transplantation (Leiker et al., 2008). Another hy-
pothesis asserts that paracrine function of MSCs is mainly re-
sponsible for its therapeutic effect because MSCs synthesize
and secrete a broad spectrum of growth factors and cytokines
such as vascular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), MCP-1, HGF, IGF-I, SDF-1, and so on
(Mirotsou et al., 2011).

Furthermore, Gnecchi et al. (2006) exhibited that in-
tramyocardial injection of medium from cultured MSCs can
reach the same therapeutic effect in reducing infract size as
MSC transplantation. Also, Lai et al. (2011) identified exosome
as the active executor in MSC medium as shown by electron
microscopy, ultracentrifugation studies, mass spectrometry,
and biochemical assays. These lead to the blueprint of the
second stage of MSC research: Administration of MSC exo-
somes instead of MSC into receivers.

Exosomes are lipid bilayer vesicle of endosomal origin
with a hydrodynamic radius of 40-100 nm (Lai et al., 2010).
They are produced by numerous cell types like T cells,
dendritic cells, mast cells, tumor cells, and MSCs. Although
the functions of exosomes are not well known, they are
believed to be significant in intercellular communications.
Exosome has been used as an alternative therapeutic agent
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for MSC in recent years. Administration of exosomes can
avoid many safety concerns caused by MSC transplantation
such as arrhythmic (Chang et al., 2006), tumorigenesis, 0ssi-
fication, and/or calcification in tissues (Breitbach et al., 2007).

Besides, the lipid bilayer membrane of exomes is able to
protect its contents from degradation by enzymes or chemi-
cals. Therefore, exosomes can maintain the stability, integ-
rity, and biological potency of active substances within them.
In this review, we will discuss the specific composition of
exosomes derived from MSCs, including lipids, proteins, and
microRNAs (miRNAs) (Johnstone, 2006), based on recent
researches to provide useful structured information for cell
biologists who worked in this field.

Lipids
Lipids biogenesis in exosomes

Lipid transport can be mediated by exosomes except carrier
proteins (Record et al., 2014). Lipids participate in the mul-
tiple steps that determine exosomes’ fate and bioactivity. First
of all, lipids participate in the biogenesis of exosomes. In-
traluminal vesicles, which are the precursors of exosomes,
evolved to exosomes through microautophagy with partici-
pation of endosomal sorting complex required for transport
(ESCRT), heat shock protein Hes-70, and sorting protein vps4
(Sahu et al., 2011). ESCRT interact with plentiful lipids and
enzymes related to lipid metabolism, while vps4 takes part in
cholesterol metabolism together with oxysterol binding pro-
tein Oshp7 (Wang et al., 2005).

In addition, Hsc-70 specifically binds phosphatidylserine of
the endosomal membrane, then ESCRT-III was required to bind
the polyglycerol phospholipid bis(monoacylglycero)phosphate
(BMP) (Mobius et al., 2003). Finally, BMP participates in
exosome production through transphosphatidylation reaction
catalyzed by phospholipase D (Record et al., 2011). Besides,
cholesterol, oxysterols, ceramides, and lipid transporters have
all been shown to be involved in exosome production (Aung
et al., 2011; Strauss et al., 2010).

The contents of exosomal lipids

First of all, exosomes can transport many bioactive lipids as
well as lipid metabolism-related enzymes. Exosomes contain a
broad spectrum of free fatty acid that is produced either from
exosomes itself or laden into exosomes during their biogenesis
process (Subra et al., 2010). Monounsaturated and polyunsat-
urated fatty acid as well as multiple saturated ones are contained
in exosomes. Other form of fatty acid, including fatty acid
binding proteins (FABP) and lipoproteins, can be taken by
exosomes through endocytosis in parental cells. Fatty acid is
isolated from MSC-derived exosomes, including leukotrienes,
arachidonic acid (AA), phosphatidic acid, prostaglandins
lysophosphatidylcholine (LPC), and docosahexaenoic acid
(DHA). AA is one of the most abundant unsaturated species.
Exosomes also contain enzymes of lipid metabolism, whose
accumulation can modulate cell homeostasis of recipient.

For example, three phospholipase A2 (PLA2) and some
other enzymes that are relevant to the eicosanoid metabo-
lism were found within MSC-derived exosomes in rat
(Fitzner et al., 2011; van der Pol et al., 2016). Notably, all
these enzymes in the exosomes are catalytically active. And
phospholipase D2 is concerned in exosome release. Com-
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pared with contents of parental cells, exosomes contain
abundant phosphatidic acid (Hullin-Matsuda et al., 2009;
Llorente et al., 2013), which are products of phospholipase D
or diglyceride kinase activity (Alonso et al., 2011).

Effect of exosomal lipids in target cells

Exosomes can be part of biomarkers in circulation or can
be taken by the proximal or distal cell upon their release.
Lipid receptors on the target cells could decide the fate of
exosomes. Phosphatidylserine on exosomes can be recog-
nized by target cells through TIM (T cell/transmembrane,
immunoglobulin, and mucin) receptors, while LPC on exo-
somes can be recognized by G protein coupled receptor called
G2A. The fate of exosomes depends on the interaction of
specific receptors with exosomal PS and LPC phospholipids
(Miyanishi et al., 2007). PS on exosomes can bind separately
to TIM-1 and TIM-4 receptors to bridge intercellular com-
munication (Freeman et al., 2010).

Exosomal LPC, a chemoattractant for lymphocytes, can
attract T lymphocytes and participate in immune response
(Radu et al., 2004), and can induce the maturation of den-
dritic cells (Perrin-Cocon et al., 2004). Interestingly, when
the target cell is undergoing apoptosis, its interaction with
exosomal PS and LPS through IgM-type immunoglobulins
can lead to exosome elimination (Blanc et al., 2007).

Exosome uptake is mediated by CD36 and CD91, which
are scavenger receptor and Hsp90 receptor, respectively
(Record et al., 2014). Once taken by target cell, exosomes can
deliver bioactive lipids. Exosomes transport multiple mole-
cules from donor cells into small organelles of recipient cells,
including cytosol, nucleus as well as endoplasmic reticulum
(ER). Phagocytosis of exosomes can affect the lipid homeo-
stasis and signal pathways of the target cells (Howcroft et al.,
2011). Exosome-derived miRNA and mRNA can also affect
the translation machinery once taken by the recipient cells
(Valadi et al., 2007). It is still a hypothesis that exosome-
derived lipid molecules were delivered to many cell organ-
elles through soluble carrier proteins, which can be find in
cell cytosol and exosome lumen.

AA and DHA in recipient endosomes can be concentrated to
4 and 1 mM, respectively, in organelles (Subra et al., 2010).
Exosomal AA contributed to the biosynthesis of prostaglandin
in ER. On the other hand, exosomal DHA is involved in sterol
metabolism in ER. It is reported that DHA derived from exo-
somes exerts favorable effects to breast carcinoma chemo-
therapy (Bougnoux et al., 2009). Exosome lumen contains
FABP, which can convey DHA from the exosomes to the target
cells. When FABP binds AA, it forms FABP-AA complex.
Once FABP-AA complex is released from exosomes, it binds to
PPARy receptor, which was finally targeted to the nucleus
where the complex regulates transcriptions of target genes.
Although itis widely demonstrated that lipids play a vital role in
vesicle stability, the biological and pharmacological effects of
lipids derived from MSC exosomes are still to be elucidated.

Proteins
Common proteins in MSC exosomes

Mass spectrometry and antibody arrays are the top two
methods that detect the proteome of MSC exosomes, the
former is limited to large size proteins and the latter is good
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at small proteins like cytokines. Roccaro et al. (2013) screened
32 species of proteins from MSC-derived exosomes of hu-
man BM, which were different from BM-MSC-derived cel-
Iular proteins. Exosomes may selectively transport proteins
to the recipient cells that they interacted with. Exosomes
can deliver a significant quantity of proteins to the recipient
cells.

Currently, nearly 2000 proteins are identified in MSC-
derived exosomes from plasma membranes, cytosol, Golgi,
and nucleus, and occasionally from the ER or mitochondria
(Choi et al., 2013, 2015; Mathivanan et al., 2009). The
typical membrane proteins in MSC-derived exosomes in-
clude GPI-anchored proteins, tetraspanins such as CD9,
CD63, CD82, and CD81, and receptors, for example, tumor
necrosis factor receptor 1. In addition, other proteins cap-
sulated in MSC-derived exosomes include luminal proteins
like annexin2, antigen-presentation proteins like MHC-I and
MCH-II, cell adhesion molecules like integrin and MFGES,
co-presentation proteins CD86, and cell structure and mo-
tility proteins including actin, myosin, and tubulin.

Heat shock proteins and chaperones, including HSP20,
HSP60, HSP70, HSP90, and oB-crystalline, metabolism
enzymes, including pyruvate kinase, fatty acid synthase,
peroxidases, f-enolase, and glyceraldehyde-3-phosphate
dehydrogenase. Proteins related to exosome biogenesis,
like ESCRT complex, proteins involved in transcription
and protein synthesis such as ubiquitin, histones, tran-
scription factors, and ribosomal protein, and proteins in-
volved in trafficking and membrane fusion proteins like
Annexins and Rab protein family. Apart from all these, the
proteome of MSC exosomes can be divided into enzymes/
enzyme complexes and signaling molecules.

Enzymes in MSC exosomes

Today, proteomic studies have shown that MSC-derived
exosomes contain five important enzymes involved in gly-
colysis: glyceraldehyde-3Pdehydrogenase, phosphoglycerate
kinase (PGK), phosphoglucomutase, enolase, and pyruvate
kinase m2 isoform (PKm2) (Lai et al., 2011), and several
other enzymes such as CD73 (or NT5E or ecto-59-nucleo-
tidase) and 20S proteasome. CD73 is mainly in charge of
dephosphorylating extracellular adenosine monophosphate
(AMP) into adenosine, which is a crucial activator of Ras/
Raf/mitogen-activated protein kinase and phosphoinositide
3-kinase (PI3K)/protein kinase B (Akt) (Steelman et al., 2011).
The component of MSC-derived exosomes can dephosphory-
late AMP to adenosine and inorganic phosphate, which pro-
vide evidence for the presence of CD73 in the exosomes.

Also, MSC-derived exosomes can phosphorylate the
PI3K/Akt signaling pathway and activate adenosine recep-
tors in the existence of AMP (Arslan et al., 2013). In
myocardial ischemic/reperfusion (IR) injury model of mice,
MSC-derived exosome treatment within 1 hour after re-
perfusion results in instant and evident increase of cardiac
GSK3 and Akt phosphorylation (Lai et al., 2012). All these
five glycolytic enzymes from MSC-derived exosomes are
responsible for catalyzing five connected reactions of gly-
colysis, which indicates its potential role in generating gly-
colytic ATP. When cells are pretreated with oligomycin,
which can inhibit mitochondrial ATPase, MSC-derived exo-
some intervention can increase ATP generation (Zoeger et al.,
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2006). Besides, MSC-derived exosomes administrated into
myocardial IR model can increase ATP level in the heart
tissues (Lai et al., 2011).

Signaling molecules in MSC exosomes

MSC-derived exosomes contain multiple proteins in-
volved in signaling molecules, like cytokines, interleukins,
chemokines, and growth factor. MSC-derived exosomes
were shown to be therapeutically efficient in treating myo-
cardial infarction (Lai et al., 2010). This therapeutic efficacy
could be mediated by growth factors like VEGF, HGF, FGF,
and neuregulin (Formiga et al., 2014; Gu et al., 2010; Pal-
men et al., 2004) and cytokines as colony-stimulating fac-
tors and leukemia inhibitory factor (Okazaki et al., 2007;
Zgheib et al., 2012). These factors contribute to reduce fi-
brosis, tissue revascularization, cardiomyocyte proliferation,
and progenitor cell recruitment. Multiple myeloma (MM)
patients showed higher levels of IL-6, MCP-1, IGF-1, and
y-catenin (Gupta et al., 2001; Kumar et al., 2004).

Anderson et al. used HiRIEF LC-MS/MS to investigate
the proteomes assembled in human BM stem cell-derived
exosomes, and 1927 proteins were identified. Angiogenesis-
related factors, such as platelet-derived growth factor, epider-
mal growth factor, FGF, and nuclear factor-kappaB signaling
pathway proteins, were upregulated in exosomes when MSCs
were exposed to ischemic conditions (Anderson et al., 2016).
Furthermore, a large amount of cell signaling proteins such as
TNF-o, TGF-f5, Wnt5, f-catenin, and delta-like 4 are also
known to shuttle between exosomes.

Proteomics of exosomes present a cell line-specific trait.
Proteins whose role is basic cellular function, including
membrane trafficking, cell junction, cytoskeletal, and
chaperone, structural, and so on appeared in all exosomes.
By contrast, nucleic acid binding proteins demonstrate
great diversity, which might due to the heterogeneity of
RNAs between different cell lines. MSC-derived exosomes
contained more extracellular matrix proteins than immune
cells, which is consistent with the studies that extracellular
matrix is a significant regulator of the function and growth
of stem cell (Bonnans et al., 2014; Gattazzo et al., 2014).

Therefore, protein composition of exosomes can reflect the
physiological and pathological state of its host cell and it can
also vary in response to stress and changes in the microen-
vironment. Salomon et al. found that oxygen concentrations
that the MSCs are exposed to can change their exosome
protein composition. High oxygen exposure can suppress
expressions of proteins related to action cytoskeletal sig-
naling and clathrin-mediate endocytosis (Salomon et al.,
2013). Clearly, protein incorporation in exosomes is highly
dynamic and might contribute to cellular environment.

microRNAs

miRNAs are small, noncoding RNA molecules. miRNAs
load to exosomes during their biogenesis. Exosomes are rich
in miRNAs, with majority in form of pre-miRNAs (Chen
et al., 2010). Pre-miRNAs are not active until conversion into
mature miRNAs. The secretion of miRNAs from exosomes
followed a strictly controlled process dependent on the source
and developmental stage of host cells. Multiple miRNAs have
been discovered in MSC-derived exosomes. These MSC-
derived exosomal miRNAs are functional in recipient cells
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(Bang et al., 2014; Halkein et al., 2013; Record et al., 2011;
Valadi et al., 2007, Wang et al., 2014).

This revealed that the intercellular communication might
be through exchanging exosomal miRNAs between cells.
miRNAs encapsulated into exosomes are tightly regulated
by various pathophysiological stress stimuli and microen-
vironment conditions (Jelonek et al., 2016). This allows
host cells to produce various kinds of miRNAs in response
to different functional requirements and external interven-
tion status. In this regard, certain stress or disease conditions
may be reflected by the miRNA content of the exosomes,
which can be used to develop biomarkers for the purpose of
diagnosis and prognosis. Until now, the function of exosome
miRNAs derived from MSCs has been widely studied in
researches of tumor, cardiovascular diseases, and so on.

MSC exosomal miRNAs in tumor

Some researchers found that miRNAs derived from MSC
exosomes could promote tumor development. It was dem-
onstrated that exosomes secreted from human MSCs pro-
mote breast cancer cell proliferation and metastasis through
interacting with miR-21 and miR-3434a, which are protu-
mor miRNAs, as well as about 150 different proteins, most
of which are tumor-supportive factors, including platelet-
derived growth factor receptor-f and tissue inhibitor of
metalloproteinase (TIMP-1 and TIMP-2) (Vallabhaneni
et al., 2015). Another study using human BM-MSC-derived
exosomes from normal healthy people and MM patients
showed that MM BM-MSCs present a lower content of the
tumor suppressor miR-15a and higher levels of oncogene
proteins, cytokines, and adhesion molecules compared with
exosomes from BM of normal people (Roccaro et al., 2013).

However, debatable conclusions that miRNAs derived
from MSC exosomes reduce tumor growth was drawn by Lee
et al. (2013) when they found that miR-16, a miRNA known
to target VEGF, was enriched in MSC-derived exosomes and
is responsible for the antiangiogenic effect in tumor cells.
Katakowski et al. (2013) harvest exosomes from miR-146
overexpressing MSCs, and found that its administration can
significantly reduce glima xenograft growth in the rat brain
tumor model. miR-146 can bind and suppress EGFR mRNA
to exert is effect of restraining growth, migration, and inva-
sion of cancer (Katakowski et al., 2010). Although miRNAs
were shown enrich in MSC-derived exosomes, their effects
on tumor growth varying in different sources of exosomes
therefore needed further researches.

Cardioprotection of MSC exosomal miRNAs

miRNAs in MSC-derived exosomes also function in
cardiovascular protection and repair; they have specific roles
in inhibiting cardiac apoptosis, regeneration, and fibrosis
(Singla, 2016). Furthermore, Wang et al. (2015) identified
that miR-223, which is highly enriched in MSC-derived
exosomes, plays an important role in cardioprotection using
loss-of-function model. Shao et al. (2017) found that the
cardioprotective miR-29 and miR-24 were relatively high in
MSC-derived exosomes, whereas the cardiac-offensive
miR-21 and miR-15 were downregulated in MSC-derived
exosomes compared to MSC. miR-29 prevents cardiac fi-
brosis by reducing the expression of collagen (Wang et al.,
2012), while miR-24 relieves aortic vascular inflammation
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and inhibits cardiomyocytes apoptosis (Maegdefessel et al.,
2014; Qian et al., 2011).

Moreover, overexpression of GATA-4 in MSCs signifi-
cantly increases miR-221 and miR-19a concentration in
exosomes, which exert an antiapoptotic effect by inhibiting p53-
upregulated modulator in cardiomyocytes (Yu et al., 2013).
MSC:s pretreated with exosomes enriched with miR-22 reduce
cardiomyocyte apoptosis following ischemia (Feng et al., 2014).
Exosomes derived from MSCs can promote muscle regener-
ation through enhancing myogenesis and angiogenesis, which
is mediated by miR-494 (Nakamura et al., 2015). Another
study found that miR-294 enriched in MSC-derived exosomes
plays a crucial role in the activation and differentiation of
endogenous CSCs in the infracted heart (Khan et al., 2015).

Therapeutic functions of exosomes

Exosomes can be released by multiple cell types besides
MSCs, such as immunocytes, cardiomyocytes, neurons, and
cancer cells. Therefore, exosomes can participate in a variety
of physiological or pathological process, such as antigen pre-
sentation, RNA transportation, tissue repair, neurodegenerative
disease development, tumor metastasis, and metabolic re-
construction. Cell-specific proteins, lipids, and nucleic acid
in exosomes can act as signaling molecules, which can be
transmitted into other cells to modulate their function.
Exosomes have become a potential marker for diagnosis and
promising treatment choice due to their extensive avail-
ability and easy isolation (Naito et al., 2017). As for exo-
somes derived from MSCs, their therapeutic function is
explored in many diseases, most evident in cancer, cardio-
vascular diseases, and osteoarthritis.

Tumor

MSCs together with fibroblasts, lymphocytes, inflamma-
tory cells, epithelial cells, and endothelial cells form tumor
microenvironment (Quail et al., 2013). MSCs within the
tumor microenvironment interact with cancer cells to form
the intrinsic communication networks that affect several
cancer hallmarks (Hanahan et al., 2011). Recent reports in
cancer biology demonstrated that exosomes also play a role
as a regulatory agent in such communications. MSCs con-
tribute to the maintenance of cancer dormancy through exo-
somes (Ono et al., 2014). MSCs transfer miR-23b-containing
exosomes into breast cancer cells, then alter their dormant
state by targeting myristoylated alanine-rich C-kinase sub-
strate, and modulate cell motility and cell cycle progression
(Rombouts et al., 2013).

Consistently, it was reported that MSCs secrete miR-16
through exosomes to downregulate VEGF expression and
angiogenesis in breast cancer (Lee et al., 2013). By contrast,
several other reports indicate that MSC-derived exosomes
can promote tumor growth in renal cancer (Du et al., 2014),
gastric cancer, and colorectal cancer (Zhu et al., 2012).
Thus, the exact role of MSC-derived exosomes might be cell
line dependent. In addition, Roccaro et al. (2013) reported
that MSC-derived exosomes of MM patients enhance tumor
growth, but MSC-derived exosomes of healthy people sup-
press tumor growth. In brief, these individual functions of
MSC-derived exosomes are dependent on the phenotypes of
cancer cells and the donor’s physical state. This discovery
will provide a novel insight to cancer therapy.
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Myocardial IR injury

Exosomes secreted by MSCs play essential roles in IR
injury (Bei et al., 2017). Study showed that human embry-
onic stem cell-derived MSC exosomes reduced infarct size
followed IR injury in mouse model (Lai et al., 2010). Si-
milarly, it is reported that human MSC-derived exosomes
reduced infarct size by 45% compared to saline treatment.
Following IR, exosome treatment increased levels of ATP,
NADH, phosphorylated Akt, and phosphorylated GSK-3p,
while decreased oxidative stress and phosphorylated-c-JNK
(Arslan et al., 2013). Also, it is demonstrated that in-
tramyocardial administration of MSC exosomes signifi-
cantly increases blood flow reperfusion. In line with
previous study, it also showed that MSC exosome treatment
can lessen infarct size and maintain cardiac systolic and
diastolic performance in an acute myocardial infarction of
rat model (Bian et al., 2014).

Moreover, Feng et al. (2014) found mouse MSCs can
secrete exosomes enriched with miR-22 following ischemic
preconditioning (IPC). Exosomes mobilize to cardiomyo-
cytes and prevent further apoptosis due to ischemia. De-
livery of IPC exosomes in vivo significantly reduced cardiac
fibrosis. It verified a remarkable beneficial role of IPC
exosomes in cardiac disease treatment by targeting Mecp2
through miR-22. Yu et al. (2015) revealed that direct in-
tramyocardial administration of exosomes at the border of
an ischemic region following ligation of the left anterior
descending coronary artery significantly restored cardiac
contractile function with reduced infarct size.

Expression of miR-19a was higher in the cardiomyocytes
and myocardium treated with GATA-4-overexpressed MSC-
derived exosomes compared to those treated with control
MSC-derived exosomes. The enhanced protective effects were
diminished by inhibition of miR-19a. PTEN gene is a predicted
target of miR-19. The expression level of PTEN was attenuated
in cardiomyocytes treated with GATA-4-overexpressed MSC-
derived exosomes, which resulted in the activation of Akt and
ERK signaling pathways. Wang et al. (2017) revealed that
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MSC-derived exosomes conferred excellent cardioprotection.
It further certified that exosomal miR-21 can enhance cell
survival through the PTEN/Akt pathway.

Mass spectrometry analysis detected all seven o and f
chains of the 20S proteasome, and also the three beta sub-
units of “‘immunoproteasome’ in a very high confidence
level. In a myocardial infarction mouse model, exosomes
correlated with a significant drop of oligomerized protein
level. Hence, 20S proteasome is a candidate exosome pro-
tein to ameliorate tissue damage by synergizing with other
organelles (Lai et al., 2012). In addition, the beneficial ef-
fects of MSC-derived exosomes in reducing myocardial IR
injury have also been confirmed by a meta-analysis (Zhang
et al., 2016). In summary, MSC-derived exosomes enhance
cardiac function and geometry after myocardial IR injury.

Orthopedic diseases

MSC-derived exosomes have been also studied in ortho-
pedic diseases. After 12 weeks of treatment with 100 ug
exosomes in osteochondral defect rat model, trochlear
grooves of both distal femurs displayed increased gross ap-
pearance with raised histological scores. The cartilage and
subchondral bone showed characteristic features of complete
restoration with including a hyaline cartilage with good sur-
face integrity, complete bonding to adjacent cartilage, and
extracellular matrix deposition that closely resemble that of
an age-matched unoperated control.

By contrast, only fibrous repair tissues were found in the
PBS-treated defects (Zhang et al., 2016). In addition, MSC-
derived exosomes also show great potential in treating os-
teoporosis. It is revealed that MSC-derived exosomes in-
creased cell proliferation and alkaline phosphatase activity,
and upregulated mRNA transcriptions and protein expres-
sions of osteoblast-related genes in BM-MSCs derived from
ovariectomized rats (Qi et al., 2016).

In vivo studies showed that exosomes of human-induced
pluripotent stem cell-derived MSCs significantly stimulated
bone regeneration and angiogenesis in critical-sized calvarial
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defects in ovariectomized rats. Qin et al. (2016) isolated BM-
MSC-derived exosomes and tested the influence of the exo-
somes on osteogenesis both in vivo and in vitro. The results
demonstrated that exosomes positively regulated osteogenic
genes and osteoblastic differentiation, but did not inhibit cell
proliferation in vitro. Also, miR-196a plays an essential role
in the regulation of osteoblastic differentiation and the ex-
pression of osteogenic genes.

Conclusion

Together, the study of MSC-derived exosomes is still in
the initial stage. Although numerous lipids, proteins, and
miRNAs were discovered in MSC-derived exosomes (Fig. 1),
there is not a comprehensive summary to understand the
complete components of MSC-derived exosomes. The in-
gredients within MSC-derived exosomes are also dynamic
according to surrounding microenvironment and metabolic
status of their host cells. Even so, the diagnostic, thera-
peutic, and other functional characteristics of MSC-derived
exosomes will play an important role in biological sciences,
bioengineering, as well as in preventing and treating many
diseases, including cardiovascular diseases and cancer.

Unfortunately, there is still a huge gap between current re-
search and clinical applications due to the fact that the contents
of exosomes are far from being thoroughly characterized.
Paradoxically, exosomes may have the potential to advance
progress of the disease or accelerate tumorigenesis. Therefore,
further studies of understanding how exosomal lipids, proteins,
and miRNAs contribute to the biological activity and how we
get therapeutic MSC-derived exosomes still need to be eluci-
dated to future application of exosomes in tissue repair.
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