
Summary. Neurodegenerative and muscle diseases bear
both complex and multifactorial pathologies. An
efficacious and robust therapeutic option to treat these
diseases is yet to be elucidated. At such a time,
mesenchymal stem cells have drawn significant attention
due to their immunomodulatory and regenerative
properties. Accumulating evidence has proposed the
capability of MSCs to serve multiple roles in a broad
spectrum of diseases by secretion of trophic or paracrine
factors. In the present review, we will look into the
recent literature and discuss the therapeutic functions of
MSCs and their potential to treat various
neurodegenerative (Alzheimer’s, Parkinson’s, and
Huntington’s disease) and muscle (Duchenne muscular
dystrophy, myopathy, and multiple sclerosis) diseases.
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Introduction 

Also referred to as “medicinal signaling cells”,
mesenchymal stem cells (MSCs) have gained
recognition for their therapeutic capabilities in a wide
array of diseases (Caplan, 2010, 2017a). MSCs can be

easily isolated from fetal tissues such as wharton’s jelly
(WJ), umbilical cord blood (UCB), and placenta and also
from adult tissues such as adipose, dental pulp, and bone
marrow (BM) (Huang et al., 2009; Ma et al., 2014). Not
only are MSCs freely accessible but they are also free
from the ethical restraints that embryonic stem cells
(ESCs) and induced-pluripotent stem cells (iPSCs) face.
According to the criteria published by the International
Society for Cellular Therapy (ISCT) in 2006, cells must
meet the following criteria to be addressed as MSCs: (1)
Cells must be able to adhere to the bottom of culture
dishes (2) Although specific MSC markers are not
present, in general, MSCs must positively express
CD105, CD90, and CD73 antigens by ≥95% and barely
express antigens such as HLA-DR, CD45, CD34, and
CD14 by ≤10% (3) When induced in vitro, MSCs must
be able to differentiate into adipocytes, chondrocytes,
and osteocytes (Dominici et al., 2006). One major
advantage of MSCs is that the cells lack the expression
of MHC class II proteins (Ankrum et al., 2014; Shin et
al., 2017), thus, problems of immune-rejection by the
host is minimally if not at all encountered. 

MSCs are proposed to exert their therapeutic
functions through paracrine activity which involves the
external secretion of cytokines or trophic factors. One
prominent hypothesis is that MSCs normally exist as
pericytes and when a lesion or damage occurs, these
cells detach from blood vessels, become activated,
migrate towards the lesion site through chemotaxis, and
then secrete factors that serve a range of regenerative
roles (Caplan and Dennis, 2006; Caplan and Correa,
2011; Caplan, 2017b) (Fig. 1). Immunomodulation is
mediated by various soluble factors secreted by MSCs.
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Some examples of MSC-dervied factors which play a
prominent role in immunosuppression are interleukin-6
(IL-6), heme oxygenase-1 (HO-1), transforming growth
factor-beta (TGF-β), 2,3-dioxygenase (IDO), and nitric-
oxide synthase (iNOS) (Ghannam et al., 2010; Ma et al.,
2014). Out of the plethora of soluble factors secreted by
MSCs, several factors such as vascular endothelial
growth factor (VEGF), fibroblast growth factor (FGF),
and angiopoietin-1 (Ang-1) enhance endothelial cell
proliferation which eventually promotes angiogenesis
(Ma et al., 2014). Furthermore, MSCs are also capable
of reducing levels of apoptosis. Stanniocalcin-1 (STC-1)
is a well-known factor that was reported to reduce the
apoptosis of lung cancer epithelial cells that have been
exposed to hypoxic conditions (Block et al., 2009). 

The paracrine activities of MSCs render them as
beneficial for diseases characterized by complex
mechanisms. For such diseases, single-targeted therapies
will not be effective to alter the pathology and clinical
course of a disease. In terms of drug development and
research, undesirable and unsuccessful results have been
met in treating complex diseases by utilizing only single-
targeted agents (Lu et al., 2012). Neurodegenerative and
muscle diseases are examples of these diseases
characterized by unclear etiologies and complex
pathophysiologies (Deconinck and Dan, 2007; Chin-
Chan et al., 2015; Gitler et al., 2017). Predominantly
through their paracrine activities, MSCs are capable of
targeting a variety of mechanisms. Such therapeutic
plasticity of MSCs make them strong candidates to
confront the complex pathologies (Lewis and Suzuki,
2014) underlying neurodegenerative and muscle
diseases. 

In this review article, we will discuss the therapeutic
roles of MSCs in tackling the multifaceted pathologies of
neurodegenerative (Fig. 2) and muscle diseases (Fig. 3). 
MSCs in the treatment of neurodegenerative
diseases

Alzheimer’s disease 

Widely known as an age-related neurodegenerative

disease, the occurrence of Alzheimer’s disease (AD) is
strongly associated with the aging population (Qiu et al.,
2009; Johnson, 2015). Major pathological hallmarks of
the disease include amyloid plaques generated from
accumulation of beta amyloid (Aβ) proteins and
neurofibrillary tangles created by a cluster of
hyperphosphorylated tau proteins (Serrano-Pozo et al.,
2011). The exact cause of the disease remains
controversial and is yet to be elucidated. The amyloid
cascade hypothesis supports the theory that the abnormal
cleavage of the amyloid precursor protein (APP) by β
and γ secretases unravels a chain of events which lead to
neurotoxicity, neuronal loss, and eventually, dementia
(Reitz, 2012; Selkoe and Hardy, 2016). Although a
prominent hypothesis, clinical trials to this date have not
brought forth definitive results to strongly support the
claim that amyloid clearance is the optimal target to alter
the clinical course of this devastating disease (Giacobini
and Gold, 2013; Gold, 2017). 

Considering the diverse and complicated pathology
of AD, there are also suggestions that solely targeting
amyloid will not serve as an effective therapeutic option
to treat AD (Stephenson et al., 2015). MSCs have been
proposed as an attractive candidate for AD stem cell
therapy due to their multifaceted properties (Turgeman,
2015). Presumed to be exerted through their paracrine
activities, when transplanted into a transgenic AD mouse
model, MSCs have been reported to aid in Aβ removal,
modulate immune responses, and exert neuroprotective
effects. When directly injected into the hippocampi of
the APP/Presenilin 1 (PS1) transgenic mouse model,
human umbilical cord-blood derived mesenchymal stem
cells (hUCB-MSCs) have been proposed to secrete a
paracrine factor called soluble intracellular adhesion
molecule-1 (slCAM-1) which stimulated neighboring
microglia cells to overexpress neprilysin, an Aβ
degrading enzyme, and subsequently augmented Aβ
removal (Kim et al., 2012). Other than parenchymal
administration, amyloid removal was also observed from
5x Familial Alzheimer’s disease (5xFAD) mouse
models, when murine BM-MSCs were injected into the
lateral ventricle (Matchynski-Franks et al., 2016) or
following intravenous (IV) injections of human MSCs in
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Fig. 1. The mechanism of action of
mesenchymal stem cells. Originally introduced
by Dr. Arnold Caplan, MSCs initially respond to
injury by secreting trophic or paracrine factors
(illustrated as yellow, green, and blue circles)
into the host environment. These factors serve
various immunomodulatory and regenerative
functions.



an APP/PS1 mouse model (Harach et al., 2017). One
study reported that modifying MSCs to overexpress
VEGF, an angiogenic factor, also promoted amyloid
clearance in a double transgenic AD mouse model
(2xTg) (Garcia et al., 2014). Many studies have also
suggested that MSC-induced reduction of amyloid
deposits have resulted in improving the memory deficits
of transgenic AD mouse models (Lee et al., 2010b;

Duncan and Valenzuela, 2017). 
Several groups have reported on the immuno-

modulatory effects exerted by MSCs transplanted into
transgenic AD mouse models. MSCs attenuated levels of
pro-inflammatory cytokines such as tumor necrophic
factor alpha (TNF-α) and interleukin 1 beta (IL-1β), and
increased the expressions of anti-inflammatory cytokines
such as interleukin 4 (IL-4), tumor necrosis factor beta
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Fig. 3. Therapeutic action of
MSCs in muscle diseases.
Several pathological features
that can be displayed from
muscle diseases such as
Duchenne muscular
dystrophy, myopathy, and
multiple sclerosis include
demyelination and diseased
muscle fibers which
subsequently affect the
formation and survival of
myotubes. MSCs can serve
regenerative purposes by
decreasing demyelination,
rescuing muscle fibers and
reducing apoptosis.

Fig. 2. Therapeutic action of MSCs in
neurodegenerative diseases. The background
and etiologies of the following
neurodegenerative diseases: Alzheimer’s
disease, Parkinson’s disease, and Huntington’s
disease are complex. MSCs confront these
complicated diseases by secreting a variety of
paracrine factors. Several MSC-based
therapeutic effects that can be noted from
neurodegenerative diseases include
immunomodulation (expressions of
inflammatory cells such as astrocyte and
microglia are regulated), neuroprotection /
neurogenesis, and protein clearance (i.e. Aβ
proteins in Alzheimer’s disease).



(TNF-β), and IL-10 (Lee et al., 2012a; Duncan and
Valenzuela, 2017). Levels of activated microglia were
also increased, which could have contributed to the
phagocytosis of amyloid plaques. It has been reported
that soluble C-C motif chemokine ligand 5 (CCL5)
secreted by bone-marrow derived MSCs drive the
recruitment of activated microglia when transplanted
into the brains of transgenic AD mice (Lee et al.,
2012b). 

MSCs are capable of inducing a wide range of
neuroprotective effects. Human umbilical cord-blood
derived mesenchymal stem cells (hUCB-MSCs)
repeatedly delivered to the brains of the APP/PS1
mouse model via the cisterna magna route, secreted a
paracrine factor called Growth differentiation factor-15
(GDF-15), which promoted both hippocampal
neurogenesis and synaptogenesis (Kim et al., 2015a).
Other than neurogenesis,  elevated levels of
prostaglandin EP2 receptor (PTGER2), which has been
reported for its neuroprotective effects, were also
identified from the hippocampi of transgenic AD mice
that received MSC administrations (Naaldijk et al.,
2017). Several studies have demonstrated ability of
MSCs to counteract the toxicity effects induced by
amyloid proteins on neuronal cells. Based on an in
vitro study, co-culturing hUCB-MSCs with Aβ42
protein treated neuronal cells, aroused the secretion of
Galectin-3 (GAL-3) which sequentially promoted the
survival of neuronal cells and thus demonstrated the
ability of MSCs to counteract the toxicity effects
induced by amyloid proteins (Kim et al., 2010).
Enhancement of proteasome activity was brought forth
following co-culture of SH-SY5Y neuroblastoma cells
with WJ-MSCs and also hippocampal injections of WJ-
MSCs into the 5xFAD mouse brain (Lee et al., 2017).
The proteasome activity has been reported to be altered
in AD (Oddo, 2008). Secretion of a neuropeptide called
Agouti related peptide (AgRP) upregulated the
proteasome activity and thus mediated the clearance of
ubiquitin-conjugated proteins (Lee et al., 2017). 
Parkinson’s disease

Another chronic neurodegenerative disease that
strongly affects the aging population is Parkinson’s
disease (PD). A pathological hallmark of PD is Lewy
bodies or intracytoplasmic inclusions, and their
formation is thought to be triggered by a mutation of the
α-synuclein protein (Gundersen, 2010). A major
characteristic of PD is the loss in number of
dopaminergic (DA) neurons which are normally found in
the substantia nigra of the brain (Gugliandolo et al.,
2017). As a result, dopamine levels are attenuated in the
striatum. The mechanism underlying this loss is not yet
completely understood. Like AD, current treatment
options have not been able to prohibit or reverse the loss
of DA neurons (Glavaski-Joksimovic and Bohn, 2013).
Current treatments involve the use of levodopa as a

replacement for dopamine; however, side effects such as
dyskinesia arise following long term use (Encarnacion
and Hauser, 2008).

The trophic factors secreted by MSCs serve a
meaningful role in boosting the survival of dopaminergic
neurons. For instance, BM-MSCs have been reported to
secrete factors such as glial cell line-derived
neurotrophic factor (GDNF), and brain-derived
neurotrophic factor (BDNF), all cytokines known for
their neuroprotective roles (Hyman et al., 1991; Wang et
al., 2008; Budni et al., 2015). This is suggested to have
supported the survival of dopaminergic neurons in both
cell and animal PD models (Baraniak and McDevitt,
2010). Like in AD, where MSCs were reported to
counter the toxic effects induced by Aβ, BM-MSCs were
demonstrated to shield mouse derived neural stem cells
from the toxicity induced by 6-hydroxydopamine (6-
OHDA) in an in vitro co-culture study (Cova et al.,
2012). One of the classical animal PD models is
generated by intracerebral transplantation of 6-OHDA
which subsequently destroys the DA neurons in the SVZ
(Simola et al., 2007). When MSCs were transplanted via
routes such as the intrastriatal and IV routes into the
brains of 6-OHDA induced PD models, endogenous
neurogenesis was enhanced in the SVZ (Cova et al.,
2010; Gugliandolo et al., 2017). Such neuroprotective
effects would have been promoted by the secretion of
trophic factors such as BDNF, GDNF, and neurotrophin-
3 (NT-3) by MSCs (Drago et al., 2013). 

It has been reported that inflammation contributes to
the neurodegeneration of PD. Specifically, activated
microglia is suggested to have an association with the
loss of DA neurons (Ouchi et al., 2005; Kim et al.,
2009). Along with reactive microglia, levels of
proinflammatory cytokines such as interferon-gamma
(IFN-γ), TNFα and IL-1β have been identified from PD
models and the postmortem brain (Nagatsu et al., 2000;
Glavaski-Joksimovic and Bohn, 2013). Not only in 6-
OHDA induced PD models, but also in other animal PD
models that involve the use of neurotoxins such as 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and
rotenone, signs of inflammation were exhibited from the
death of DA neurons (Lee and Park, 2009). Considering
the immunomodulatory properties of MSCs, it is highly
possible that transplanted MSCs will be capable of
ameliorating the inflammatory responses in PD.
Administrations of human MSCs into PD animal models
have been reported to attenuate the activation of
microglial cells (Park et al., 2008). In another study,
following IV administration of mouse BM-MSCs into a
MPTP-induced PD model, not only was a decrease in the
activation of microglial cells evident, but DA neurons
were also protected from the toxicity of the neurotoxin
(Chao et al., 2009). The multiple effects exerted by
MSCs seemed to collectively rescue the behavior of PD
animal models. For instance, in a rotenone-induced
Sprague Dawley (SD) rat PD model, when MSCs of
human origin were injected into the corpus striatum,
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enhancement of behavioral activity was observed by
improved apomorphine-induced rotations (Xiong et al.,
2010). In another study, injections of human umbilical
cord derived mesenchymal stem cells or BM-MSCs into
the substantia nigra of 6-OHDA rat PD models
significantly reduced the number of amorphine-induced
rotations starting at 6 weeks following transplantation
(Shetty et al., 2013). A MPTP mouse model injected
with BM-MSCs into the striatum exhibited improvement
in the rotarod test when compared to the performance of
the sham group (Li et al., 2001).
Huntington’s disease

Huntington’s disease (HD) is an autosomal-
dominant, inherited neurodegenerative disease. It
involves the expansion of the DNA sequence, cytosine-
adenine, guanine, or CAG in exon 1 of the Huntingtin
(HTT) gene. Cleavage of this abnormal expansion
generates fragments which are reported to misfold into
aggregates or inclusion bodies in the nuclei or neurons
(Rubinsztein and Carmichael, 2003). Similar to
Parkinson’s disease, Huntington’s disease, is
characterized by a loss of neurons specifically of
GABAergic medium spiny neurons which are generally
localized in the striatum. There are both chemical and
transgenic animal models of Huntington’s disease.
Common chemical models include the use of quinolinic
acid (QA) and 3-nitropropionic acid (3-NP) which are
capable of inducing HD-like symptoms. Transgenic
animal models are created by repeating the CAG
sequence in exon 1 of the HTT gene. Examples of these
models include R6/2, R6/2-J2, and N1T1-82Q2 (Kerkis
et al., 2015).

Although efforts have been made to replace the
damaged spiny neurons by transplantation of human
fetal striatal tissue, the overall clinical benefit was
insignificant (Barker et al., 2013). It has also been
reported that expressions of the growth factor, BDNF,
which plays a significant role in neuronal growth and
survival, are attenuated in the striatum of HD patients
(Xie et al., 2010). MSCs seem to hold an attractive
position in HD therapy because unlike human fetal
striatal tissue, MSCs are readily accessible with limited
ethical restraints. Furthermore, MSCs are known to
secrete growth factors such as BDNF, indicating their
potential to promote neuronal growth. For instance, a
partial but positive expression of BDNF was detected
from adipose derived stem cells transplanted into the
striatum of a QA mouse model (Lee et al., 2009)

When human BM-MSCs were injected into the
striatum of QA-lesioned mice, a reduction in striatal
degeneration was observed by induction of neural
proliferation and decrease in cell apoptosis. Rotarod
performance was also improved following MSC
transplantation (Lin et al., 2011). Moreover, human
adipose stem cells delivered into each bilateral striata of
R6/2 mice brought forth neuroprotective effects such as
reduced loss of striatal neurons (Lee et al., 2009). Stem

cell administration also reduced the formation of
ubiquitin-positive aggregates which can be commonly
identified from R6/2 mice where the ubiquitin
proteasome system or UPS is impaired (Lee et al.,
2009).
MSCs in the treatment of muscle diseases

Duchenne muscular dystrophy and myopathy 

The regenerative properties of MSCs mean they hold
a promising role in the treatment of muscle diseases such
as Duchenne muscular dystrophy (DMD). DMD is
characterized by a mutation of the dystrophin gene
which is located in the outer membrane of muscle fibers.
Muscles deficient of this gene are more prone to damage
(Sienkiewicz et al., 2015). Regeneration of damaged
muscle fibers is, however, hindered by the impairment of
resident muscle satellite cells (Markert et al., 2009).
Inflammation is a key player in DMD. For example, it
has been reported that M1-like macrophages, known for
their cytotoxic and anti-angiogenic properties, infiltrate
the dystrophin-deficient muscle (Ichim et al., 2010).
Blocking the IKK/NF-kappa B signaling pathway is
suggested to be an effective method to hinder the
progression of DMD (Acharyya et al., 2007). 

MSCs have been demonstrated to hold a promising
role in restoring the muscle defects of DMD and
myopathy models. According to a past study,
intramuscular injection of adult human synovial
membrane-derived MSCs (hSM-MSCs) in an mdx DMD
mouse model rescued the expression of dystrophin levels
in the muscle fibers and also reduced the centralization
of nuclei in the muscle fibers, which is a pathological
marker that can be identified from DMD (De Bari et al.,
2003; Folker and Baylies, 2013). The mdx mouse is a
widely used DMD model that is dystrophin-deficient due
to the mutation of the mdx gene (McGreevy et al., 2015).
Additionally, hSM-MSC transplantation partially
restored the RNA expression of the mechano growth
factor (MGF) which has been reported to be defective in
dystrophic mdx muscles (Goldspink, 1999; De Bari et
al., 2003). The differentiation potential of MSCs has also
been utilized as a treatment option for DMD. For
instance, Fetal liver kinase one positive (Flk-1+) adipose
tissue derived human MSCs administered directly into
the cardiotoxin-treated tibialis anterior muscle of an mdx
mouse model not only differentiated into myofibers but
also rescued the expression of dystrophin levels (Liu et
al., 2007).

In another study, secretion of chemokine (C motif)
ligand 1 (XCL1) by WJ-MSCs significantly reduced the
apoptosis of serum deprived or lovastatin-
treated/exposed in both mouse skeletal myoblast cell
lines (C2C12) and differentiated myotubes (Kwon et al.,
2016). Furthermore, XCL1 rescued the disrupted muscle
tissues of a zebrafish myopathy model. Transplantation
of BM-MSCs also improved the regeneration of
damaged muscle fibers of a skeletal muscle atrophy rat
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model that was induced by repeated local
administrations of botulinum toxin-A (BTX-A) (Shehata
et al., 2017).

MSC transplantations have also been conducted
using large animal DMD models. Recently, human
adipose tissue-derived MSCs were injected into the
cephalic vein of Golden Retriever Muscular Dystrophy
(GRMD) models (Pelatti et al., 2016). These GRMD
dogs received multiple injections of MSCs. The safety of
the procedure was confirmed and based on a follow-up
that was performed up to 7 years, negative side effects
were not noted from the repeated MSC administrations.
Multiple sclerosis 

Multiple sclerosis (MS) is a disease that is
predominantly characterized by demyelination and
chronic inflammation of the central nervous system
(Dulamea, 2015). To this date, no effective treatments
are available for MS. The underlying pathology of MS is
complicated but several pathological features of MS
include demyelination and inflammation as mentioned
previously and also axonal damage and gliosis
(Constantinescu et al., 2011). Clinically, a relapsing-
remitting (RR) pattern can be identified from MS
patients. Amelioration in pathology was observed upon
IV administration of murine BM-MSCs into
experimental autoimmune encephalomyelitis (EAE)
mice, a commonly used MS mouse model (Zappia et al.,
2005). Specifically, reduced demyelination and
inflammatory infiltration were detected following MSC
administration. Amelioration of disease severity was
also noted when MSCs were injected at earlier stages of
EAE. Another group also reported on the beneficial
effects, including reduction of axonal loss, gained
following IV administration of murine, enhanced green
fluorescent protein (eGFP)-transfected BM-MSCs into
an EAE mouse model (Gerdoni et al., 2007). MSCs were
also reported to inhibit T and B cell responses.
Furthermore, the group did not support the idea of MSCs
undergoing transdifferentiation in vivo because neuronal
cells expressing green fluorescence were not detected
from the brain parenchyma of the mice. Taken together,
it was suggested that MSCs exert their therapeutic
benefits by interfering with the autoimmune attack on
myelin instead of by rescuing damaged neurons and
oligodendrocytes. Another study proposed that IV
administration of MSCs alleviates the oxidative stress
generated by EAE as well as reducing the expressions of
the genes, Poly(ADP-ribose) polymerase-1 (PARP1) and
p53, which are genes well known to induce apoptosis
(Lanza et al., 2009).

According to some groups that do not suggest that
MSCs will undergo transdifferentiation, secretion of
trophic factors is a highly possible way for MSCs to
exert regenerative effects onto the neuronal environment.
For instance, when human BM-MSCs were IV-injected
into EAE mice, not only was demyelination and
inflammatory cell infiltration reduced but

oligodendrocyte proliferation was enhanced (Zhang et
al., 2005). Such improvement can influence the repair of
myelin. Furthermore, while the original, cellular source
of BDNF secretion was not identified, mice injected
with human BM-MSCs exhibited higher numbers of
BDNF-positive neuronal cells in comparison to that of
PBS injected mice. Furthermore, there is a report that
after cuprizone induced demyelination, oligodendrocyte
progenitor cell proliferation can be prevented due to low
levels of BDNF (Tsiperson et al., 2015). Other groups,
however, support the possibility of MSCs differentiating
into neurons in vivo. Although not observed from an
EAE mouse model, murine BM-MSCs injected via the
intracerebroventricular route into the brains of neonatal
mice mimicked the behavior of neural progenitor cells
and also possibly differentiated into astrocytes and
neurons (Kopen et al., 1999). 
Conclusions 

The multifaceted aspects of MSCs make them
attractive candidates to serve as novel therapeutic agents
for incurable neurodegenerative and muscle diseases
where the underlying pathologies are wide and complex.
Such properties increase their potential to be applied
broadly in a wide range of diseases including rare
diseases such as Charcot-Marie-Tooth and Niemann-
Pick type C diseases. One of the major pathological
hallmarks of Charcot-Marie-Tooth is demyelination. As
touched upon in this review, it is highly possible that
MSCs will support remyelination and play a therapeutic
role if applied to the treatment of this genetic disease.
Although further extensive research is required, there
has been a report that administrations of BM-MSCs
ameliorated the loss of Purkinje neurons in a mouse
model Niemann-Pick type C disease (Lee et al., 2010a),
thus, reinforcing the potential application of MSCs in the
treatment of Niemann-Pick type C disease.

The safety of MSCs has been confirmed from
various clinical trials aimed at treating diseases such as
Alzheimer’s disease (Kim et al., 2015b; Hunsberger et
al., 2016) and multiple sclerosis (Karussis et al., 2010).
Along with safety, some groups have proposed that MSC
transplantation in diseases such as MS and amyotrophic
lateral sclerosis (ALS) contributed towards neurological
improvement (Squillaro et al., 2016). It is highly
possible that in order to observe therapeutic benefits,
MSCs must be administered at earlier time points, such
as the mild cognitive impairment stage in AD, before
reaching the chronic stages of the disease. For instance,
it was reported that MSC transplantation at earlier stages
of the disease improved the clinical symptoms of EAE
mice (Payne et al., 2012). Efficacy can also be possibly
enhanced if repeated injections of MSCs were also
performed (Kim et al., 2015b; Oh et al., 2015). Further
study is warranted to provide conclusive evidence to
support the long-term safety and also clinical efficacy of
MSC transplantation in both neurodegenerative and
muscle diseases.
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