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ABSTRACT

INTRODUCTION

Musculoskeletal system accounts for the support, stability, and
locomotion or movement of the human body. Musculoskeletal
disorders (MSDs) include any injury, damage or disorder of
muscles, bone, cartilage, tendons, ligaments, and joints in upper/
lower limbs or the back. Mesenchymal stem cells (MSCs) are
being increasingly used for a variety of MSDs owing primarily
to their excellent regenerative potential. The major mechanism
through which MSCs participate in tissue repair is by the secretion of a broad repertoire of molecules which serve a myriad
of biological functions. These molecules, collectively called as
secretome, provide a way for cell free therapy by surpassing
the limitations of cellular therapy and at the same time, provide
equivalent benefits to the recipient. Cell free therapy utilizing only
the secretome of MSCs has gained popularity in the past few
years, and various preclinical studies have employed either the
soluble factors, or vesicles, or complete secretome not only for
disorders of musculoskeletal system but also of central nervous
system, cardiac system, circulatory system, and autoimmunity.
However, the exact mechanism of action of many of these
molecules still remains to be discovered. Therefore, achieving
an optimal outcome of tissue function restoration by designing
a cell free therapeutic regimen using only secretome remains
a major challenge. While acknowledging the potential of MSC
secretome in other areas of regenerative medicine, this review
will elucidate the regenerative potential of MSCs and their
secretome in MSDs.

Musculoskeletal system accounts for more than half of the
body mass and is responsible for not only the basic movements and locomotion but also for the protection of vital
organs, mineral homeostasis, and hematopoiesis. Given
the diverse functions of this system, it is not surprising
that MSDs encompass a wide variety of conditions that
range from trauma, degenerative disorders, metabolic
disorders, neoplasia, arthritides, and developmental
disorders, to name a few. Severe tissue loss and degeneration due to road accidents, excessive sports practice, and
certain genetic abnormalities compromise the self-healing
capacity of muscles and bones, thus limiting the structural
and functional recovery of these tissues. In the everexpanding quest for newer therapies, biological therapies,
especially those utilizing MSCs, have gained popularity,
as these hold the promise of tissue regeneration. They
are routinely employed in numerous studies involving
disorders like bone,1,2 cartilage defects,3,4 neurodegeneration,5,6 renal failure,7,8 liver failure,9 diabetes,10 ischemia,11
wound healing,12 and retinal damage.13 After the initial
widespread enthusiasm, the potential clinical translation of stem cell therapy has been hindered by many
pitfalls including necrosis of the cells at the injury site,
teratoma formation, immune rejection, reduced quality
due to in vitro expansions, and variable outcomes due to
differences in the sources and donors.14 Previously, the
reparative effects of MSCs were accredited to their ability
for local engraftment and differentiation into cells of
particular lineage. However, some studies have revealed
that secretion of multitude of bioactive factors by MSCs,
which play key roles in regulating diverse biologic processes, may account for their actual therapeutic benefits.
Thus, it is now being proposed that the cardinal mode
of action by which MSCs engage in tissue rejuvenation
is via a paracrine activity by secretion of large repertoire
of soluble molecules that can altogether reduce tissue or
organ injury, mobilize the local stem cells to protect it
from further degradation, and/or enhance its repair.15
The secretome of MSCs is thought to serve as multifarious biological functions, which include cell survival and
proliferation, antiapoptosis, cell contractility, migration,
angiogenesis, anti-inflammation, immune-modulation,
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cell differentiation, and homing of resident stem cells
concomitantly contributing to the tissue refurbishment
and restoration of the damaged tissue function.16 Thus,
the design of cell free therapeutic regimen using only the
secretory factors to achieve a favorable end-result for the
repair and functional restoration is an interesting concept
which is still nascent. This review aims to present a brief
overview of MSCs and their secretory factors for management of various MSDs.

Mesenchymal Stem Cell Therapy in MSDs
The reparative attributes of MSCs have rendered them
as attractive therapeutic vehicles to repair and restore
tissue functions. The first study involving MSCs dates
back to 1960s when they were first isolated and identified
by Friedenstein and colleagues from bone marrow. This
population of cells had the ability to indefinitely proliferate, self-renew, and trans-differentiate into cells of multiple
origins, such as neuronal cells, osteoblasts, cardiomyocytes, chondrocytes, fibroblasts, myocytes, adipocytes, and
hepatocytes.17 Later, MSCs from various other areas, such
as dental tissue, synovial fluid, adipose tissue, placenta,
umbilical cord, etc., have been utilized in preclinical and
clinical studies to explore their efficacy in diverse areas of
regenerative medicine.18 Stem cell therapy is widely being
used in the treatment of MSDs. The basic aim of the therapeutic use of MSCs is to exploit the reparative and regenerative potential of these cells into replacing or restoring the
functions of injured tissues or organs. The clinical application of MSCs requires them to be harvested with minimal
invasion in abundant quantities, be safe and effectively
transplanted into auto- or allogenic hosts, and be able to
trans-differentiate into tissue-specific lineage upon administration.19 Mesenchymal stem cells have been employed
in MSDs, particularly in bone and cartilage defects
since more than a decade. In a study by Dahlin et al,20
the effects of bone marrow-derived stem cells (BMSCs) in
combination with articular chondrocytes were evaluated
in a rat model of osteochondral defects. For this, the cells
were seeded on poly-ε caprolactone scaffolds either in
isolation or as coculture and then implanted in the defect
created in the trochlear groove of the rat. The coculture
resulted in the formation of hyaline cartilage as compared
with MSCs alone group which formed fibrocartilage tissue.
However, there was an equitable mineralized bone formation in both the groups. The results of this study evidenced
the potential of coculture of MSCs + articular chondrocytes
for the treatment of cartilage defects in vivo. Recently, Lee
et al21 explored the efficacy of adipose tissue-derived stem
cells (ADSCs) in repair of tendon injury in a rat model.
For this, the cells were implanted along with fibrin glue
at the site of Achilles tendon defects. There was an overall
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better biomechanical recovery in the group treated with
ADSCs. Western blot analysis confirmed the greater
expression of collagen type I and tenascin C proteins in
the ADSCs treated group. Overall, the results suggested
the potential role of ADSCs in the treatment of human
tendinopathies. In another study, MSCs derived from bone
marrow were used in a Duchenne muscular dystrophy
(DMD) mice model. Administration of BMSCs improved
DMD pathological conditions in addition to death-related
symptoms, thus resulting in overall lifespan extension.
The molecular analysis revealed that the expression of
CXCL-12 and paired box protein-7 by MSCs contributed
to the muscle regeneration.22 In another study, MSCs
derived from human umbilical cord were used to treat
intervertebral disk degeneration (IVD) in a rabbit model.
The histological analysis showed significant improvement in terms of formation of extracellular matrix (ECM)
proteins and glycosaminoglycan in the group treated
with chondroprogenitor cells (CPCs) derived from MSCs.
Also, specific markers, such as Sox9, aggrecan, collagen II,
Foxf1, and KRT19 were highly expressed in the group
treated with CPCs.23 In addition to these preclinical animal
studies, MSCs have also been employed in numerous clinical studies looking at the repair and treatment of MSDs.
In one study, a patient suffering with patella-chondral
defect underwent arthroscopy for the removal of loose
cartilage tissue. However, even after the 12 months period
of follow-up, the patient failed to improve symptomatically, after which he was injected with autologous ADSCs.
Within 3 months, the chondral defect was completely filled
without any significant complications.24 In another study,
33 patients with IVD were treated with autologous BMSCs.
Magnetic resonance imaging scans of 17 patients showed
reduction in the size of disk bulge and overall improvement in the functional outcome.25 In another study, ADSCs
were supplemented with demineralized bone matrix to
fabricate a three-dimensional (3D) tissue construct, which
was then implanted into 3 patients having bone tumor and
other 3 patients suffering from bone pseudoarthrosis. The
3D bone-like structure fully repaired the bone defects, and
no complications were observed in any of the case during
the 4 years follow-up period.26 Table 1 enlists some of
the studies employing MSCs for treatment of disorders
associated with the musculoskeletal system.

Pitfalls of Cell-based MSC Therapy
The success of clinical translation of stem cell therapy
is limited by multiple intrinsic as well as extrinsic
risk factors. The intrinsic factors are associated with
the characteristics of cells that are being transplanted,
such as their origin, differentiation status, tumorigenic
potential, proliferation capacity, lifespan, and long-term
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Table 1: Mesenchymal stem cells for various musculoskeletal
disorders
MSD
Muscular dystrophy

Source of MSCs
Synovial membrane
Muscles
Adipose tissue
Bone marrow
Amyotrophic lateral sclerosis Bone marrow
Adipose tissue
Neural tissue
Meniscal tear
Synovial membrane
Bone marrow
Adipose tissue
Bone defects
Bone marrow
Adipose tissue
Dental tissue
Umbilical cord
Osteoarthritis
Adipose tissue
Bone marrow
Tendon injuries
Bone marrow
Adipose tissue
Intervertebral disk
Bone marrow
degeneration
Umbilical cord
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viability, while the extrinsic factors are governed by
human manipulations, such as cell procurement, culture
conditions, contamination by adventitious agents, storage
conditions, and transport conditions. Apart from these,
the clinical characteristics of cellular therapy including
the administration route, initiation of immune response,
exposure duration, and underlying disease also affect the
success of cellular therapy.46 These risk factors can result
in rejection of cells, unwanted biological effects, neoplasm
formation, disease transmission, reactivation of latent
viruses, toxicity, and many unwanted physiological and
anatomical consequences.
The major risk associated with the use of MSCs is teratoma formation. Because MSCs are multipotent in nature
and secrete a variety of angiogenic factors, antiapoptosis
factors, and growth factors, they provide conducive environment for the initiation and growth of tumor. Rubio
et al47 showed that ADSCs be spontaneously transformed
during prolonged in vitro culture. Another study in
2009 reported spontaneous malignant transformation of
human BMSCs. This population of transformed MSCs
displayed altered morphology, increased proliferation
and growth in soft agar assays along with changes in phenotype. Tumorigenicity of the population was confirmed
by transplantation into immunocompromised mice.48
The fact that stem cells can induce and promote tumor
formation was also confirmed in some animal models.49,50
For instance, Prantl et al51 showed that ADSCs promoted
tumor growth and progression when coinjected with
prostate cancer cells. In another study, a male patient
suffering from ataxia telangiectasia was treated with

human fetal neural stem cells, after which he was diagnosed with brain tumor. The cytogenetic and molecular
studies suggested that the tumor was of nonhost origin,
indicating that it originated from the transplanted neural
cells.52 The transplantation of MSCs is also limited by the
immunocompatibility, risks of transmission of infections,
and necrosis of the cells at the damaged site due to the
presence of various proinflammatory cytokines. In addition, there are multiple reports, where the therapy utilizing MSCs have failed to produce the desired results and
have rather aggravated the condition. In a case of chronic
kidney injury induced in mice, the resident MSC-like
cells moved to the site of injury and further aggravated
the condition by causing vascular calcification. Genetic
ablation of these cells significantly diminished the amount
of calcification to a great extent, thus rescuing the vessel
walls adjoining the injury site.53 In another instance, a
combination therapy using MSCs and HSCs was used in
patients with hematologic malignancy. It was observed
that though this cotransplantation of cells was able to
prevent graft-versus-host disease, it increased the frequency of relapse of malignancy.54
Thus, there is a need to look for alternatives that can
overcome the risks of cellular therapy, but at the same
time provide equivalent benefits to the recipients. In
this regard, cell free MSC therapy has gained attention
during the past few years which utilizes only the mole
cules secreted by MSCs. Till recently, much of the focus
of clinical translation of MSC therapy relied on their
ability to home to the damaged area and differentiate
into cells of particular lineage, but the current insights
into the molecular mechanisms of action of MSCs suggest
that it is most likely exercised by the soluble factors and
extracellular/microvesicles secreted by MSCs which have
the anti-inflammatory and immunomodulatory properties.15 Thus, it is postulated that the secretome of MSCs
regenerative potential similar to MSCs can circumvent
the pitfalls associated with the use of cellular therapy.

Regenerative Potential of Biological Molecules in
MSC Secretome
Although trophic factors and related signaling molecules
secreted from MSCs are regarded as the central modus
operandi for tissue reparative and regenerative effects of
stem cells stands firm, a comprehensive knowledge on
the exact molecular and signaling mechanisms of action
of these molecules to bring about the complex tissue
rejuvenation effects is still lacking. The secretome or the
complete array of secreted factors of MSCs is reported to
be encoded by 10% of the cellular genome, and include
various molecules, such as proteins, proteases, ECM proteins, lipid mediators, growth factors, angiogenic factors,
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cell survival factors, cytokines, chemokines, hormones,
microvesicles, exosomes, and some amount of nucleic
acid, such as micro-ribonucleic acid (miRNA), messenger RNAs (mRNA), etc.55 There are two major pathways
involved in the secretion of these molecules by stem
cells—the first is the classical pathway that involves the
translocation of molecules from endoplasmic reticulum
to Golgi body and finally the excretion from the cell by
endocytosis. The second mechanism involves the direct
translocation and export of these molecules by membrane
or protein-coated vesicles.56 The trophic factors secreted
by stem cells play a myriad of biological functions, such
as cellular survival, proliferation, contractility, migration,
differentiation, antiapoptosis, vasculogenesis, attenuation
of inflammation, and modulation of immune response,
which eventually lead to the tissue remodeling and regeneration. Various mediators involved in such biological
functions are depicted in Figure 1.
The earliest report of secretion of biologically
active molecules by MSCs dates back to 1996 where
Haynesworth et al57 reported the in vitro secretion of
granulocyte colony-stimulating factor (G-CSF), stem cell
factor, leukemia inhibitory factor (LIF), macrophage CSF
(M-CSF), interleukin (IL)-6, and IL-11 by human BMSC.
Since then, the list is expanding rapidly. The most common
molecules secreted by MSCs from different sources include
vascular endothelial growth factor (VEGF), hepatocyte
growth factor (HGF), transforming growth factor (TGF)-β,
insulin-like growth factor (IGF), fibroblast growth factor

(FGF), tumor necrosis factor (TNF)-α, interferon (IFN)-γ,
angiopoietin 1 (ANG1), ANG2, nerve growth factor,
stromal cell-derived factor 1, prostaglandin E2 (PGE2),
G-CSF, GM-CSF, M-CSF, LIF, BNP, IL-1, IL-6, IL-10, IL-11,
Activin A, and SMAD proteins.15 These secreted factors
are highly diluted and often present in nanogram scale,
thus posing a great challenge in their characterization.
Although there are a multitude of methods available to
decipher the cellular secretome, the most widely used
technology is one-dimensional sodium dodecyl sulfatepolyacrylamide gel electrophoresis followed by liquid
chromatography tandem mass spectrometry. Other
techniques include serial analysis of gene expression,
deoxyribonucleic acid and protein microarrays, RNA
sequencing, transcriptome analysis, mass spectrometry,
and yeast secretion trap assay.58 The major signaling pathways that mediate the release of trophic factors by MSCs
include Akt signaling for expression of VEGF, FGF2, HGF,
IGF1 and TB4, JAK/STAT signaling for expression of
VEGF and TGF-β1, p38 mitogen-activated protein kinase
(MAPK) signaling in the expression of HGF, IGF-1, IL-6,
IL-8, and CXCL-1 and TNF receptor-mediated signaling
in the expression of TNF, IGF-1, IL-6, and VEGF.15

Mechanism of Regenerative Activity
of MSC Secretome
The principal mode of action of MSCs is their paracrine
activity, which involves the secretion of various molecules

Fig. 1: Biological functions of MSCs secretions: Different trophic factors secreted by MSCs are involved in
various functions including cell survival, antiapoptosis, cell proliferation, angiogenesis, cell migration and
contractility, cell differentiation, neuroprotection and regeneration, tissue remodeling, antiinflammation,
and immunomodulation
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having tissue protective effects. The secretome of MSCs
plays a pivot role in attenuating tissue damage by two
mechanisms: By neutralizing the proinflammatory
molecules present at the site of damage and secondly
by immunosuppressive effect. The latter is mediated
by TGF-β1, HGF, nitric oxide (NO), IL-10, PGE2, and
indoleamine-pyrrole 2,3-dioxygenase.59 Another feature
of paracrine therapy is microvesicle/exosome secretion
which provides a crucial aspect in tissue repair and
remodeling. These act as paracrine effectors as they can
transport not only soluble molecules but also genetic
material locally or by biological fluids, thus establishing
a direct proteomic and genomic interactions between
the secreting and responding cell. Thus, it is plausible to
postulate that stem cells exercise their tissue protective
effects at least partially by secreting such vesicles that
can deliver certain molecules or transcription factors
that can regulate the expression of target genes, such
as those promoting cell survival, vasculogenesis, and
tissue repair activation.60 In addition to this, the secretory factors also provide the necessary cues to directly
differentiate the MSCs into specific lineages. In a recent
study, it was reported that a pre-neuroblastic cell line
showed increased neurite extensions, neurofilaments, and
neural gene expression profile when treated with stem
cells-conditioned medium.61 The first concrete evidence
of therapeutic benefits and consequent clinical usage of
MSCs secretome dates back to 2007, where Parekkadan
et al62 reported that the paracrine mediators derived from
BMSCs had an ability to reverse fulminant hepatic failure
in mice. The angiogenic capability of MSCs secretions was
evaluated in a myocardial infarction pig model, wherein
the MSCs-conditioned medium reduced the myocardial
infarct size and preserved systolic and diastolic performance, thus eventually leading to the preservation of
cardiac function.63 The neuroprotective effects of BMSCs
secretome were evaluated in a preclinical rat model
of traumatic brain injury. It was observed that the rats
treated with the secretome group displayed increased
neurogenesis and performed better in motor and cognitive function tests.64 In another study, MSC-conditioned
medium was used to assess the physiological recovery
of a rat Parkinson’s model. It was observed that the secretome increased the dopaminergic neurons and neural
terminals in substantia nigra and striatum respectively,
resulting in an overall recovery in motor performance outcomes. Proteomic evaluation of the secretome unveiled
the existence of key neuroregulatory molecules, such as
cystatin C, glia-derived nexin, galectin 1, brain-derived
neurotrophic factor, IL-6, VEGF, pigment epitheliumderived factor, and glial cell line-derived neurotrophic
factor.65 Recently, it was also reported that MSCs-derived
microvesicles could possibly reverse the kidney failure in

a nephrectomy mice model. Levels of serum creatinine,
uric acid, and proteinuria were reduced significantly in
the treatment group. In comparison to the control group,
the remnant kidneys displayed lesser fibrosis, interstitial
lymphocyte infiltration, and reduced tubular atrophy.66 In
another instance, the effects of ADSCs and their secretory
molecules were evaluated in a preclinical streptozotocininduced diabetes mellitus mice model. In both the cases,
mechanical, thermal allodynia, and hyperalgesia were
reversed, with a rapid and more persistent effect. Both the
treatment strategies were able to re-establish the Th1/Th2
cytokine balance that was shifted to Th1 during diabetes.67 Recently, it was also reported that secretome derived
from periodontal ligament stem cells from patients with
multiple sclerosis was used in treatment of experimental
autoimmune encephalomyelitis mice model. The holographic polymer dispersed liquid crystal-conditioned
medium blocked NALP3 inflammasome activation and
reduced the expression of proinflammatory TLR-4 and
nuclear factor (NF)-β.68

MSC Secretome in MSDs
The MSCs and their trophic factors have been reported to
play therapeutic role in various MSDs, ranging from
rheumatic diseases, osteoporosis, muscle repair to bone
defects, and spinal cord injuries.69 Kim et al70 evaluated
the effect of secretory molecules rat model of muscle
atrophy using conditioned medium derived from human
umbilical cord MSCs (UC-CM). The group treated with
UC-CM displayed increased muscle mass and muscle
fibers and decreased lactate accumulation. In addition,
the expression of desmin and skeletal muscle actin was
found to be elevated, while there was a reduced expression
of atrophy-related ubiquitin E3 ligase, muscle ring finger
1, and muscle atrophy F box in the treatment group. They
showed that secretome exerted its effect by the activation
of P13K/Akt pathway, resulting in recovery of muscle
status and function. In another study, secretome from
amniotic fluid derived stem cells was assessed for its
regenerative effects in a tibial anterior muscle injury
model, and the results of the study suggested that extracellular vesicles present in the secretome were capable of
promoting tissue repair and recovery by targeting proapoptotic and senescence-related mRNA.71 In another
study, BMSC-derived secretome was administered both
locally and systemically, to observe the effects on muscular
degenerative changes and shoulder function on massive
rotator cuff tears in a rat model. It was observed that even
a single local injection of secretome reduced muscle fatty
degeneration significantly and increased muscle mass,
thus decreasing the atrophy of rotator cuff muscles.72
Nakamura et al73 investigated the role of MSCs exosomes
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in skeletal muscle regeneration. In vitro studies indicated
that the exosomes promoted myogenesis and angiogenesis. In the animal model of muscle injury, exosomes were
able to regenerate muscle which occurred partially as a
result of delivery of miRNAs, such as miR-494. In another
study, secretome from CD34+ stem cells caused significant
attenuation of neurological deficits, number of apoptotic
cells, extent of inflammation, oxidative stress, and astrogliosis in a rat preclinical model of spinal cord injury.74
Wang et al75 demonstrated that exosomes derived from
MSCs exerted a beneficial therapeutic effect on osteoarthritis by maintaining a balance between the synthesis and
degradation of chondrocyte ECM. Exosomes were tested
in both in vitro and in vivo model simulating osteoarthritis
and they were found to increase the collagen type II
synthesis and decrease the expression of ADAMTS5.
In another study involving osteoarthritis, conditioned
medium from ADSCs downregulated the senescence
markers, including senescence associated β-galactosidase
activity and resulted in the accumulation of γY2AX foci
and morphological changes with enhanced formation of
actin stress fibers. In vitro treatment of stress-induced
senescencing chondrocytes with conditioned medium
decreased oxidative stress, p53 acetylation, and stimulated
the activation of MAPKs, caveolin 1, and p21. The results
of this study established that MSCs secretome can counter
the stress-induced premature senescence of osteoarthritis
chondrocytes, and thus have the potential in treatment of
degenerating joint diseases.76 The multifaceted beneficial
effect of secretions of MSCs alone was also evaluated in
an in vivo preclinical rheumatoid arthritis mouse model.
In this case, treatment with the secretome obtained from
human deciduous dental pulp stem cells induced antiinflammatory M2 macrophages and abrogated osteoclastogenesis by decreasing RANKL expression in arthritic
joints.77 In another study by Platas et al,78 conditioned
medium from ADSCs enhanced type II collagen expression and decreased matrix metalloproteinase (MMP)
activity in osteoarthritic chondrocytes. Further, the secretome inhibited NF-β activation and thus, reduced the
stimulating effects of IL-1β in the producing proinflammatory cytokines, such as TNF-α, IL-6, prostaglandins,
and NO. Antiapoptotic effects due to paracrine mechanism
of bone marrow-derived MSCs were evaluated in IVD in
vitro. Both the MSCs and inflamed nucleus pulposus (NP)
cells were cultured together, resulting in the transfer of
stem cells mitochondria by tunneling nanotubes. This
mitochondrial transfer was responsible for decreased
expression of inflammation associated genes, such as
ADAM-TS4, ADAM-TS5, caspase 3, and MMP-13.79 The
protective effects of exosomes were also demonstrated in
IVD disease. The results indicated that exosomes delivered
miR-21 to the apoptotic NP cells, and targeted phosphatase
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and tensin homolog (PTEN) through P13-K-Akt pathway,
thus alleviating TNF-α-induced apoptosis in these cells.80
In another study, the protective effects of exosomes were
tested in vitro to ameliorate the pyroptosis induced by
doxorubicin in rat muscle cells. The exosomes were able
to inhibit pyroptosis and decrease the expression of
caspase 1, IL-1β, and IL-18.81 The secretome is thought to
mediate its effect in case of skeletal disorders, particularly
bone defects, due to secretion of molecules like decorin,
osteoprotegerin, Dkk-3, receptor activator of nuclear B
(RANK) CCL2, IL3, IL-6, IL-7, MMP-7, and MMP-10. The
MSCs conditioned medium was also used in bisphosphonate-related jaw osteonecrotic rat model. In this case,
MSC-CM rescued rat MSCs and osteoclasts and also
upregulated the expression of osteogenic and neovascularization-related genes.82 In the first ever patient study
utilizing conditioned medium derived from MSCs for
bone repair, 8 patients needing extraneous bone augmentation were treated with beta tricalcium phosphate or atelocollagen sponge soaked in MSC-CM and followed up for
6 months. There were no local or systemic complications
during the entire period of the study. Radiographic and
histological examination revealed accelerated bone formation in all the cases.83 In another preclinical study, the
secretions of ADSCs were used in ovariectomized mice.
It was reported that the conditioned media was able to
stimulate the proliferation and differentiation of osteoblasts by activating SMAD/extracellular signal regulated
kinase (ERK)/ c-jun-NH2-terminal kinase (JNK) pathway,
and of osteoclasts by activating ERK/JNK/p38 pathway.
The results of this study indicated that the paracrine
mediators secreted by ADSCs stimulate bone regeneration
and thus prove to be effective in the treatment of osteoporosis.84 In case of rat calvarial bone defects, the group
receiving the secretome of bone marrow-derived MSCs
displayed greater area of bone regeneration compared
with the one receiving only MSCs.85 The stem cell secretome is also reported to accelerate distraction osteogenesis
(DO) in a mouse H-DO model. The local administration
of secretome resulted in the inhibition of inflammatory
response and promoted vasculogenesis and differentiation
and proliferation of osteoblasts, thus accelerating the bone
augmentation in the mouse H-DO model.86 Proteomic
analysis of the MSCs secretome has shown the presence
of various molecules known to be involved in muscle and
bone regeneration, thus contributing to its musculoskeletal
protective effects. For example, MSCs secrete MMP-10,
which regulates the CXCL-12 stimulation of resident
stem cells migration toward defect site, thus influencing
adult muscle repair. The IGF-1 is also secreted by muscles
where it is involved in the coupling of both muscle and
bone anabolism. The FGF-2 is a well-known osteogenic
factor that contributes significantly in alleviating the
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Table 2: Mesenchymal stem cells’ secretory factors in regeneration of musculoskeletal system
Trophic factors secreted by MSCs
IGF1, FGF2, GDF8, IL7, IL15
HGF, FGF–1, FGF–2,–6, VEGF
TNF, LIF
IGF-1, IGFBPs, PTHrP
FGF-1, -2, -7, TGF-β, activin
IL-1α, p38, IL-6, CCL-2, VEGF
Scx, FGF-4, -8, TGF-β-2/3, GDFs, VEGF
VEGF, IL-6, BDNF, PEDF, cystatin-c,
galectin-1, nexin

Role in musculoskeletal system
Promote bone formation, stimulate muscle repair and regeneration: beneficial during
fracture healing and muscular dystrophy
Myocytes proliferation and differentiation, regeneration of myotubes, muscles repair:
play role in skeletal muscle repair and muscular atrophies
Myogenic precursor cell proliferation, differentiation of myotubes: beneficial in muscular
atrophies
Chondrocytes proliferation, bone and cartilage regeneration: play role in fracture healing,
rheumatic diseases
Proliferation of osteogenic cartilage, bone and cartilage repair and regeneration:
beneficial during fracture healing and osteoarthritis
Promote cartilage wound healing, proliferation of articular chondrocytes: beneficial
during articular joint diseases
Promote tendon and ligament progenitors proliferation, formation of tendon ECM:
beneficial during tendinopathies and ligament repair
Promote neurogenesis: beneficial during repair of spinal cord injuries

muscles-related traumatic injuries. Growth and differentiation factor (GDF)-8 or myostatin is also produced by
MSCs, which naturally enhances the muscles and bone
repair. In addition, the cytokines released by MSCs, such
as IL-6, IL-7, and IL-15, also called as myokines, promote
muscle repair and regeneration.15,87 Table 2 enlists various
molecules secreted by MSCs that play crucial roles during
diseases of the musculoskeletal system. Owing to their
beneficial effects in repair and regeneration of tissues/
organs of musculoskeletal system, various studies have
employed the conditioned media or secretome of MSCs
for treatment of MSDs.
It is clear that the aforementioned studies have
involved the administration of MSC-conditioned media,
which provided the comparative clinical benefit as that
of MSCs alone, and at the same time, bypassed the risks
associated with the use of cellular therapy.

2.

3.

4.

5.

6.

CONCLUSION
MSCs-based treatment strategies have been employed in
various animal studies and clinical trials for treatment of
bone and cartilage defects, muscles repair and regeneration, and in many tendon and ligament injuries. However,
side effects of cell-based therapy limit their widespread
use. Cell free therapy in the form of secretome of MSCs
may serve as a ready-to-go biological therapeutic agent,
and may provide significant advantage over cellular
therapy. Ongoing research is focusing on understanding
of exact mechanisms, potential pitfalls and adverse effects
of the MSC secretome, and clinical applications of such
therapies may soon see light of the day.
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