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The mesenchymal stem cells (MSCs) have 
been the epicenter of regenerative medicine 
since their identification in the 1970s, due 
to their ability to differentiate into various 
cell types, their immunosuppressive func-
tion, and their ability to home to injury sites. 
Initially, MSCs were discovered from bone 
marrow as adherent cells that have the poten-
tial to differentiate into bone cells [1–3]. Since 
inception from bone marrow, analogous cells 
have been successfully isolated from various 
sources. Since then, MSCs from bone mar-
row have been used as a positive control for 
MSCs isolated from various tissues. A func-
tional characteristic of MSCs is their ability 
to differentiate into ectoderm, mesoderm 
and endoderm tissues including bone, neu-
rons, muscles, hepatocytes, skin, among oth-
ers. MSCs may be characterized based on 
a panel of surface markers, distinguishing 
them from endothelial, hematopoietic and 
monocyte cells. MSCs are typically posi-
tive for CD44, CD73, CD90 (Thy-1) and 
CD105 (endoglin), and negative for hema-
topoietic (CD45+ and TER119 markers) and 
endothelial (CD31, von Willebrand factor) 
markers [2,4]. A recent advancement in this 
field is the isolation of MSCs from dental ori-
gin including dental pulp, periodontal liga-
ments, apical papilla, among others; and we 
are achieving some positive outcomes with 

MSCs from dental sources [ Singh SK, Saxena SK, 

Pers. Comm. ]. Recently, it has been discovered 
that MSCs could be isolated from nasal polyp 
tissues, thus providing a potential new source 
of multipotent MSCs [5]. According to the 
Mesenchymal and Tissue Stem Cell Com-
mittee of the International Society for Cel-
lular Therapy, the minimal criteria of stan-
dardization of human MSCs are: first, MSCs 
must be adherent to the surface of standard 
plastic culture vessels; second, MSCs must 
express CD105, CD73, CD90 and low lev-
els of MHC-I and be negative for MHC-
II, CD45, CD34, CD14 or CD11b surface 
molecules; and third, MSCs must be able to 
differentiate into osteoblasts, adipocytes and 
chondroblasts in vitro [4].

Biological characteristics supporting 
clinical use
Nowadays, MSCs are valuable sources of 
therapeutics for regenerative medicine. The 
characteristics that make them so important 
include their ability to differentiate into vari-
ous cell lineages, secretion of unknown cel-
lular regulators (cytokines) and site-specific 
migration. The differentiation potential 
increases interest in MSCs for clinical pur-
pose [6]. For example, MSCs could differen-
tiate into islet cells that express insulin and 
glucagon, thereby highlighting the potential 
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of MSCs in diabetic treatment [7]. It has been demon-
strated that MSCs could be used as an alternative in 
wound repair due to their ability to differentiate into 
multiple skin cell types [8]. MSCs have been differenti-
ated into renal tubular epithelium and promoted tis-
sue repair via the secretion of cytokines, which play an 
important role in tissue structure integrity [9]. Studies 
such as this have supported the idea that MSCs could 
repair damaged tissue and eliminate dead resistive tis-
sue. The therapeutic potential of MSCs is however not 
merely dependent on their differentiation capacity, 
since this is only one aspect of the role of MSCs in 
clinical importance.

Recently, various reports have documented that 
transplanted MSCs secrete growth factors, chemo-
kines and cytokines, which emphasize their therapeu-
tic potential. MSCs secrete EGF, HGF, IGF, VEGF, 
angiopoietin-1, macrophage inflammatory protein-1α, 
stromal derived factor-1, erythropoietin, nitric oxide, 
among others[10]. Studies have suggested that trans-
planted MSCs release various biological factors that 
affect cellular behavior and not only promote cell pro-
liferation, but also prevent apoptosis to adjacent cells, 
ultimately promoting tissue regeneration [11]. Immu-
nomodulation is another important property of MSCs 
that can alter the immune response through factors 
which interact with target cells and exert their immu-
nomodulatory functions. These factors include TGF-
β1, HGF, haemoxgenase-1, PGE-2, IL-10 and human 
leukocyte antigen-G5 [12]. MSCs can also downregu-
late T-cell proliferation, inhibit cytotoxic T-cell pro-
duction and suppress the T-cell response to their cog-
nate peptide. However, the effects of MSCs in B-cells 
are ambiguous. Diverse studies report that MSCs may 
activate/inhibit IgG secretion through B cells and 
enhance the proliferation and differentiation of plasma 
cells from memory B cells [10]. MSCs also inhibit the 
differentiation potential of dendritic cells from CD34+ 
progenitors, monocytes and reduce proinflammatory 
cytokines [13].

Translational potential of MSCs for bone 
& cartilage disease
Currently, MSCs serve as a putative therapeutics for 
several diseases. Numerous studies have already dem-
onstrated beneficial uses of MSCs during the last decade 
and more, in both preclinical research and clinical tri-
als. In fact, several clinical trials have highlighted the 
promise of MSCs in a number of disorders including 
lymphocyte recovery, multiple sclerosis, Type II diabe-

tes, tendinopathy, osteoarthritis (OA), chronic spinal 
cord injury and feline chronic kidney disease [14,15]. 
Phase III clinical trials have also been carried out in 
stroke patients [16]. Bone cartilage defects are one of the 
most promising health problems suggesting favorable 
role of tissue regeneration therapies.

Since inception, MSCs have been associated with 
their potential use in bone regeneration. Their ability 
to differentiate into osteocytes and chondrocytes high-
lights their promise in bone regenerative therapeutics. 
OA is the most common chronic disease of the joint 
and the most common chronic disease in the aged pop-
ulation [17]. The characteristic feature of this disease is 
the degeneration of bone and synovial inflammation. 
Current treatment strategies do not adequately pre-
vent destruction of the OA joint and options are rela-
tively limited to treating symptoms or managing pain 
control using various inflammatory drugs or steroids. 
Ultimately, surgery is the option including autologous 
chondrocyte implantation, osteochondral graft or total 
joint replacement [18]. It has been evidenced that the 
OA reduced the adipo- and chond-rogenic potential of 
resident MSCs [19].

In a recent study, bone marrow derived MSCs were 
exposed to low MW fraction (<5 kDa) of commercial 
human serum albumin (LMWF5A), which resulted in 
both mobilization and chondrogenic differentiation of 
the MSCs [20]. A clinical trial involving a preliminary 
set of patients indicated that at 12 weeks following 
administration of LMWF5A, there was an improve-
ment in stem cell infiltration, self-renewal, differentia-
tion and a reduction in inflammation in the knee [20]. 
Autologous adipose-derived MSCs have been shown to 
be safe and well tolerated in patients with knee OA [21].

Osteogenesis imperfecta (OI), colloquially known 
as brittle bone disease, is a genetic disorder caused 
by mutation in type I collagen genes (COL1AI and 
COL1A2). It is one of the most challenging diseases 
that were characterized by severe atypical skeletal 
development, shortened stature and osteopenia. Cur-
rently, treatment may include pain control, prevention 
of bone fracture and a surgery correction that puts 
metal rods through long bones. Bisphosphonate is the 
only available medication, which has symptomatic, 
but not curative therapeutics [22]. During transplanta-
tion of allogenic MSCs in an OI mouse model, donor 
MSCs homed to the bones, where they contributed 
to increase in both collagen and mineral content [23]. 
Clinical trials involving in utero MSCs transplanta-
tion in the female fetus with severe OI have exhibited 
only three fractures at 2-year follow-up. At 8 years of 
age, further secondary transplantation of same-donor 
MSCs resulted in improved linear growth and mobil-
ity of bone with low fracture incidence [22]. The bone 
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marrow MSCs have also exhibited improved bone 
mineral content of severe OI children compared with 
healthy ones [24].

Osteoporosis is a disease of reduced bone mass, 
leading to bone fragility and increased risk of frac-
tures [25,26]. This disease is due to imbalance in osteo-
blast formation and resorption of osteoclasts [27]. It 
has been evidenced that a defect in MSCs prolif-
eration and differentiation into osteoblasts is linked 
to osteoporosis [28]. Data suggest that the impaired 
osteoblast differentiation participates in the pathol-
ogy of osteoporosis [29]. Various studies have dem-
onstrated the role of MSCs in animal models of 
osteoporosis [28,30]. More clinical studies are required 
to further evaluate the significance of these cells in 
medical practice.

Conclusion & future perspective
The human body is fortified with a unique cell popu-
lation, namely MSCs, which has the ability to regen-
erate and differentiate into various other cell types. 
Moreover, MSCs have the immunoregulatory prop-
erties. Potentially, they can be easily isolated and 
safely transplanted to injured sites that make them 
beneficial in biomedical research. Numerous in vitro 
and in vivo studies in animal models have success-
fully demonstrated the potential of MSCs for vari-
ous diseases however the clinical outcomes are not 
very encouraging. The communication between basic 
scientists and clinicians are one of the reasons that 
the various important outcomes could not be trans-
lated for clinical purpose. So, more work is required 
before expanding the clinical application of MSCs to 
complete research and development. It is imperative 
to delineate a deeper and more critical understand-

ing of the physiology of MSCs, including their sur-
vival time, ability to home into organs and tissues 
and donor-to-donor variability. It requires the collec-
tive and global standardization of culture techniques 
and determination of the ideal source (bone marrow 
MSCs, dental pulp MSCs, among others), optimal 
dosage, treatment frequency, route of administra-
tion, correct algorithms and methods for biobanking 
of MSCs. In a nutshell, we need to solve these issues 
in order to make MSCs a useful resource in clinical 
therapeutics in the future. Basic and clinical research-
ers have to come together to develop comparative and 
internationally accepted standard operating protocols 
for the clinical grade MSCs. Nevertheless, coopera-
tive efforts may resolve these issues and make clinical 
application of MSCs affordable to common man in 
the near future by developing novel and easy proto-
cols without altering their basic characteristics, and 
we need to proceed with a sense of urgency in this 
matter.

Financial & competing interests disclosure
The authors are grateful to the Vice Chancellor, King George’s 

Medical University (KGMU), Lucknow and Director, Centre for 

Cellular and Molecular Biology, Council of Scientific and Indus-

trial Research (CSIR-CCMB), India for the encouragement and 

support for this work. SK Saxena is also supported by CCRH, 

Government of India, and US NIH grants: R37DA025576 and 

R01MH085259.  The  authors  have  no  other  relevant  affilia-

tions or financial involvement with any organization or entity 

with a financial interest in or financial conflict with the subject 

matter  or materials  discussed  in  the manuscript  apart  from 

those disclosed.

No writing assistance was utilized in the production of this 

manuscript.

References
Papers of special note have been highlighted as:  
• of interest; •• of considerable interest

1 Caplan AI. Mesenchymal stem cells. J. Orthop. Res. 9(5), 
641–650 (1991).

2 Pittenger MF, Mackay AM, Beck SC et al. Multilineage 
potential of adult human mesenchymal stem cells. Science 
284(5411), 143–147 (1999).

••	 Demonstrates	the	properties	of	stem	cells	including	their	
differentiation	potential.

3 Friedenstein AJ, Gorskaja JF, Kulagina NN. Fibroblast 
precursors in normal and irradiated mouse hematopoietic 
organs. Exp. Hematol. 4(5), 267–274 (1976).

4 Dominici M, Le Blanc K, Mueller I et al. Minimal criteria 
for defining multipotent mesenchymal stromal cells. 
The International Society for Cellular Therapy position 
statement. Cytotherapy 8(4), 315–317 (2006).

••	 The	Mesenchymal	and	Tissue	Stem	Cell	Committee	of	the	
International	Society	for	Cellular	Therapy	proposes	minimal	
criteria	to	define	human	mesenchymal	stem	cells	(MSCs).

5 Cho JS, Park JH, Kang JH, Kim SE, Park IH, Lee HM. 
Isolation and characterization of multipotent mesenchymal 
stem cells in nasal polyps. Exp. Biol. Med. (Maywood) 
240(2), 185–193 (2015).

6 Nombela-Arrieta C, Ritz J, Silberstein LE. The elusive nature 
and function of mesenchymal stem cells. Nat. Rev. Mol. Cell 
Biol. 12(2), 126–131 (2011).

7 Chao KC, Chao KF, Fu YS, Liu SH. Islet-like clusters 
derived from mesenchymal stem cells in Wharton’s Jelly 
of the human umbilical cord for transplantation to control 
Type 1 diabetes. PLoS ONE 3(1), e1451 (2008).

8 Sasaki M, Abe R, Fujita Y, Ando S, Inokuma D, Shimizu 
H. Mesenchymal stem cells are recruited into wounded skin 
and contribute to wound repair by transdifferentiation into 
multiple skin cell type. J. Immunol. 180(4), 2581–2587 (2008).



114 Regen. Med. (2017) 12(2) future science group

Editorial    Shyam, Singh, Kant & Saxena

•	 Demonstrates	the	contribution	of	MSCs	on	wound	repair	
via	processes	involving	differentiation	of	MSCs	for	various	
cell	components	of	the	skin.

9 Li K, Han Q, Yan X, Liao L, Zhao RC. Not a process of 
simple vicariousness, the differentiation of human adipose-
derived mesenchymal stem cells to renal tubular epithelial 
cells plays an important role in acute kidney injury repairing. 
Stem Cells Dev. 19(8), 1267–1275 (2010).

•	 Suggests	that	under	conditions	of	severe	tubular	injuries,	
transplantation	of	MSCs	may	be	a	promising	treatment	in	
acute	kidney	diseases.

10 Chen L, Tredget EE, Wu PY, Wu Y. Paracrine factors of 
mesenchymal stem cells recruit macrophages and endothelial 
lineage cells and enhance wound healing. PLoS ONE 3(4), 
e1886 (2008).

•	 Examines	the	paracrine	factors	released	by	MSCs	and	
their	effects	on	the	cells	participating	in	wound	healing	
compared	with	those	released	by	dermal	fibroblasts.

11 Wang J, Liao L, Tan J. Mesenchymal-stem-cell-based 
experimental and clinical trials: current status and open 
questions. Expert Opin. Biol. Ther. 11(7), 893–909 (2011).

••	 Demonstrates	the	importance	of	global	guidelines,	
protocols	and	standards	for	production	and	clinical	trials	of	
MSCs	for	immunomodulatory	effects	of	MSCs.

12 Hoogduijn MJ. Are mesenchymal stromal cells immune 
cells? Arthritis Res. Ther. 17, 88 (2015).

13 Nauta AJ, Kruisselbrink AB, Lurvink E, Willemze R, 
Fibbe WE. Mesenchymal stem cells inhibit generation and 
function of both CD34+-derived and monocyte-derived 
dendritic cells. J. Immunol. 177(4), 2080–2087 (2006).

14 Squillaro T, Peluso G, Galderisi U. Clinical Trials With 
Mesenchymal Stem Cells: an update. Cell Transplant. 25(5), 
829–848 (2016).

••	 Generated	a	great	interest	among	researchers	whose	work	
on	the	exciting	perspectives	on	cell-based	therapies	for	
various	diseases.

15 Oraee-Yazdani S, Hafizi M, Atashi A et al. Co-transplantation 
of autologous bone marrow mesenchymal stem cells and 
Schwann cells through cerebral spinal fluid for the treatment 
of patients with chronic spinal cord injury: safety and possible 
outcome. Spinal Cord 54(2), 102–109 (2016).

16 Honmou O. [Phase III clinical trial using autologous 
mesenchymal stem cells for stroke patients]. Nihon Rinsho. 
74(4), 649–654 (2016).

17 Zhang Y, Jordan JM. Epidemiology of osteoarthritis. 
Clin. Geriatr. Med. 26(3), 355–369 (2010).

18 Hui AY, Mccarty WJ, Masuda K, Firestein GS, Sah RL. 
A systems biology approach to synovial joint lubrication in 

health, injury, and disease. Wiley Interdiscip. Rev. Syst. Biol. 
Med. 4(1), 15–37 (2012).

19 Murphy JM, Dixon K, Beck S, Fabian D, Feldman A, 
Barry F. Reduced chondrogenic and adipogenic activity 
of mesenchymal stem cells from patients with advanced 
osteoarthritis. Arthritis Rheum. 46(3), 704–713 (2002).

20 Bar-Or D, Thomas GW, Rael LT, Gersch ED, 
Rubinstein P, Brody E. Low molecular weight fraction of 
commercial human serum albumin induces morphologic 
and transcriptional changes of bone marrow-derived 
mesenchymal stem cells. Stem Cells Transl. Med. 4(8), 
945–955 (2015).

21 Pers YM, Rackwitz L, Ferreira R et al. Adipose mesenchymal 
stromal cell-based therapy for severe osteoarthritis of the 
knee: a Phase I dose-escalation trial. Stem Cells Transl. Med. 
5(7), 847–856 (2016).

••	 Demonstrates	the	therapeutic	potential	of	adipose	MSCs	in	
severe	osteoarthritis.

22 Gotherstrom C, Westgren M, Shaw SW et al. Pre- and 
postnatal transplantation of fetal mesenchymal stem cells in 
osteogenesis imperfecta: a two-center experience. Stem Cells 
Transl. Med. 3(2), 255–264 (2014).

23 Pereira RF, O’hara MD, Laptev AV et al. Marrow stromal cells 
as a source of progenitor cells for nonhematopoietic tissues in 
transgenic mice with a phenotype of osteogenesis imperfecta. 
Proc. Natl Acad. Sci. USA 95(3), 1142–1147 (1998).

24 Horwitz EM, Prockop DJ, Gordon PL et al. Clinical responses 
to bone marrow transplantation in children with severe 
osteogenesis imperfecta. Blood 97(5), 1227–1231 (2001).

25 Stenderup K, Justesen J, Eriksen EF, Rattan SI, Kassem 
M. Number and proliferative capacity of osteogenic stem 
cells are maintained during aging and in patients with 
osteoporosis. J. Bone Miner. Res. 16(6), 1120–1129 (2001).

26 Shoback D. Update in osteoporosis and metabolic bone 
disorders. J. Clin. Endocrinol. Metab. 92(3), 747–753 (2007).

27 Feng X, Mcdonald JM. Disorders of bone remodeling. Annu. 
Rev. Pathol. 6, 121–145 (2011).

28 Shen J, Tsai YT, Dimarco NM, Long MA, Sun X, Tang 
L. Transplantation of mesenchymal stem cells from young 
donors delays aging in mice. Sci. Rep. 1, 67 (2011).

29 Tang Y, Xie H, Chen J et al. Activated NF-kappaB in 
bone marrow mesenchymal stem cells from systemic lupus 
erythematosus patients inhibits osteogenic differentiation 
through downregulating Smad signaling. Stem Cells Dev. 
22(4), 668–678 (2013).

30 Kiernan J, Hu S, Grynpas MD, Davies JE, Stanford WL. 
Systemic mesenchymal stromal cell transplantation prevents 
functional bone loss in a mouse model of age-related 
osteoporosis. Stem Cells Transl. Med. 5(5), 683–693 (2016).


