Send Orders for Reprints to reprints@benthamscience.net
84

Current Stem Cell Research & Therapy, 2015, 10, 84-88

Ligament and Tendon Repair through Regeneration Using Mesenchymal
Stem Cells
Bharathi Ramdass and Prasad S. Koka*,#
Department of Virology and Immunology, Haffkine Institute, Acharya Donde Marg, Parel, Mumbai- 400 012,
India
Abstract: One of Nature’s gifts to mankind is mesenchymal stem cells (MSC’s). They are multipotent in nature and are present literally in every tissue. Since, they possess certain characteristics of stem cells such as
self-renewal and differentiation they are known to be one of the key players in normal tissue homeostasis.
This novel function of mesenchymal stem cells has been explored by scientists in the field of regenerative
medicine. This review gives an insight of the various sources of mesenchymal stem cells available for tissue
engineering with regard to tendon and ligament and the mechanism involved during regeneration.
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INTRODUCTION
The first scientist more than a century ago to have established the presence of stem cells (non-hematopoietic) in the
bone marrow which played a significant role in wound healing was Cohneim [1]. Later the work of Friedenstein and
colleagues established that certain cells were capable of differentiating into bone tissue and also reconstitute a hematopoietic microenvironment in subcutaneous transplants. The
above findings were further substantiated by various scientists that certain stem cells present in human bone marrow
were capable of differentiating in vitro into different mesenchymal lineages [1, 2-5]. Earlier studies have shown that
MSCs originate from neural crest and mesoderm. During a
study of the development potential of Quail Neural crest, it
was observed that neural crest progenitor cells possessed
stem cell characteristics which were observed even in their
differentiated cells suggesting a plausible potential role in
tissue regeneration [6]. MSCs are found to be present in almost every tissue. One of the important characteristics of
MSCs is their ability to self-renew and differentiate into multiple cell types (Fig. 1). This property of MSCs play a crucial
role during normal tissue homeostasis, wherein there is regeneration of new tissues whenever there is internal damage
due to inflammation, fracture, trauma and tumors [7]. Whenever there is injury or damage to the cells, the body sends
signals which activates the MSCs thus recruiting them to the
site of injury or damage, wherein the micro environment
which encompasses many factors such as cytokines
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(TNF-,IL-1,IFN-), toxins from infectious agents, and hypoxia condition activates the MSCs to release certain growth
factors [8-11]. These growth factors in turn play a vital role
during the formation of fibroblasts, endothelial cells and
progenitor cells which are the key players which contribute
to tissue regeneration [12]. Recent studies have shown that
Stro-1 positive cells derived from bone marrow were found
to differentiate into multiple lineages of mesenchymal stem
cells such as hematopoietic stromal cells and also adipocytes,
osteoblasts and chondrocytes [13].
The Mesenchymal stem cells derived from bone marrow
were characterized based on the cytokine expression profile.
They were also further characterized by the expression of
certain markers such as, CD105, CD90, CD73 and adhesion
molecule CD166. Conversely, the hematopoietic markers
were absent [14-16].
SOURCES OF MESENCHYMAL STEM CELLS
It is quite evident, since the late nineteenth century that
pre-clinical and clinical research depended solely on bone
marrow derived mesenchymal progenitor cells. However,
mesenchymal stem cells have been isolated from several
different connective tissues namely adipose tissue, muscle,
umbilical cord matrix, liver and dental pulp [17]. A growing
body of evidence suggests that MSCs can be isolated from
neonatal tissues such as placenta, amnion and umbilical cord
blood (UCB). These neonatal tissues also known to harbor a
variety of embryonic or premature cell population inclusive
of MSCs, endothelial stem/ progenitor cells and hematopoietic stem cells. They exhibit superior cell biological
qualities such as improved proliferation, life span as well as
differential potential as compared to bone marrow derived
© 2015 Bentham Science Publishers
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Fig. (1). Mesenchymal stem cells are characterized by their multi-lineage differentiation potential.

MSCs [5]. Placental membrane can be a good source of
MSCs which can be used in regenerative medicine [18]. Reports suggests that endothelial cells can also be a source of
mesenchymal stem cells, since they can be transformed
through overexpression of ALK2 or its activation by TGF2
or BMP4 [19].
Earlier studies have reported that induced pluripotent
stem cells (iPSCs) derived MSCs have similar characteristics
as that of MSCs derived from adult sources [20]. They also
had the potential to differentiate into mesenchymal lineages
hence can be used for clinical research [21, 22]. Recent studies on MSCs derived from sheep (ovine) fetal tissues suggested as a good source for tissue regeneration [23]. Studies
have also shown that human embryonic stem cells can be an
excellent source of human mesenchymal stem cells which
can be used in regenerative medicine [24].
A very recent study on the mesenchymal stem cells of
dental origin showed that a considerable population of mesenchymal stem cells is involved in the regeneration process
of the tooth and it was found that these cells are derived from
peripheral nerve associated glia. These glial cells are known
to generate multipotent mesenchymal stem cells that produce
pulp cells and odontoblasts [25]. Encapsulated dental MSCs
were developed for the investigation of their ability to differentiate into tendon tissues [26]. The results showed a marked
increase in expression of gene markers related to tendon regeneration they are Scx, DCn, Tnmd and Bgy. The in vivo
results showed ectopic neo-tendon regeneration in subcutaneous transplanted MSC-alginate constructs. Together
their findings suggest that the above encapsulated MSCs
could be a considered for tendon regeneration in clinical
studies [26].
Recently, allogeneic adipose derived mesenchymal stem
cells (ASC) along with platelet rich plasma (PRP)were used
for the treatment of horses with superficial digital flexor
(SDF) tendonitis, the results showed that after a follow up of
24 months, 89.5% horses returned to the competition with
10.5% re-injury. This treatment did not show any side effects

such as acute of chronic adverse tissue reactions nor any
formation of abnormal tissues in the long term thus, suggesting that the above treatment could be considered as a safe
and effective approach in the treatment of SDF tendonitis in
horses [27]. It was also observed that autologous bone marrow mesenchymal stromal cells were used for the treatment
or regeneration of injured equine ligaments and tendons. The
results showed that there was no adverse effect of the treatment with MSCs and thirteen out of eighteen treated horses
returned to their sports activity, thus proving the safety of the
MSC treatment at clinical trials [28].
SIGNALING PATHWAYS INVOLVED DURING REGENERATION OF TISSUE REPAIR
A growing body of evidence suggests that mesenchymal
stem cells in the human body are like store house for regeneration of cells, thus playing a vital role in tissue homeostasis. As discussed above, apart from the injuries/ inflammations, cytokines, tissue microenvironment and growth factors, which regulate the fate of MSCs, there are signaling
molecules or pathways which play a significant role in differentiation of MSCs which ultimately leads to tissue repair.
Some of the important signaling pathways are Wnt/ Catenin, BMP, TGF-, Nell-1 and Notch.
Wnt signaling is one of the key players during development encompassing around nineteen Wnt receptors and coreceptors that have been identified throughout seven families
of proteins. Wnt signaling through both canonical (-catenin
dependent) and non-canonical (-catenin independent) pathways has established proosteogenic and antiadipogenic activities. The -catenin dependent pathway initiates with the
binding of extracellular Wnt ligands to the seven-pass transmembrane frizzled receptors (Frz) expressed at the cell surface. Ultimately, -catenin dependent Wnt signaling elicits
gene transcriptional activity to influence MSC lineage determination. Canonical Wnt signaling has well-established
effects on bone mass in both animal models and human patients. A direct role for -catenin in regulating osteoblast and
osteoclast activity has been reported. SHH activity may be a
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key in stimulating osteoblastogenesis only during early
stages of cell differentiation. An earlier result suggests that
HH signaling promotes MSC osteogenic differentiation primarily via Gli transcriptional factor activity [29]. The Wntcoreceptor LRP6 (low-density lipoprotein receptor related
protein) is very important for the Wnt 3a/ -catenin signaling
and is also known to regulate human mesenchymal stem cell
differentiation into adipogenic lineage [30].
The secreted molecule NELL-1 (NEL-like protein 1) was
first discovered to have osteoinductive properties by its over
expression during premature bone formation in human sporadic coronal craniosynostosis [31, 32]. NELL-1 is expressed
during both intramembranous and endochondral bone formation. Overexpression of Nell-1 was known to play a significant role in bone development. Runx2 is known to be upstream of Nell-1and it was found that both the proteins were
found to be expressed at the same levels and in significant
amounts during skeleton development [33-35]. NELL-1 is
known to promote osteogenesis accompanied by activation
of MAPK, canonical Wnt and HH signaling [36-38]. This
activation of MAPK signaling is associated with Runx2 protein phosphorylation [36]. In addition, NELL-1 induced
MAPK activity is accompanied by activation of phosphate
transporters Pit1 and Pit2 to increase pre-osteoblast mineralization. NELL-1 induction of Wnt signaling has been observed in both osteoblastic and osteoclastic cell types and is
associated with its proosteogenic and antiosteoclastic effects.
Bone morphogenetic proteins (BMPs), are extracellular
cytokines originally isolated from bone extract and found to
induce of ectopic chondrogenesis and osteogenesis. BMPs
are responsible for numerous cell regulatory processes, including the differentiation and patterning of bone and cartilage [39]. Over 20 different BMPs have been identified, of
which BMP-2, -4, -7, -9, and -13 are most commonly studied
in the context of MSC differentiation [40, 41]. BMPs produce their effects through interaction with two serinethreonine kinase cell surface BMP receptors (BMPRs). Type
II BMPRs initiate signaling upon binding to a BMP ligand,
following which recruitment, phosphorylation, and activation
of type I BMPRs occurs. While there are several different
type I BMPRs, only a few are involved in MSC differentiation, including BMPR-IA and BMPR-IB. Smad1/5/8 signaling transduction is the most significant to MSC differentiation, as it is principally through the Smad-protein complexes
that transcriptional regulation of osteogenic programming is
regulated [29]. Yu Dong et al., [42] showed that tendons
wrapped by BMP2- transfected bMSCs had the potential to
improve tendon-bone healing.
Transforming growth factor- signaling plays a crucial
role in developmental biology. This pathway gets activated
via ligand induced oligomerization of serine /threonine receptor kinases and phosphorylation of cytoplasmic signaling
molecules such as Smad2 and Smad3 by TbRI [43]. Human
BMSCs was induced to migrate towards sites of bone resorption by active TGF-1 and this process is mediated through a
SMAD signaling pathway [44]. Thus, TGF-- TbRI- SMAD
pathway was proposed as a novel signaling pathway involved in MSC migration. Therapeutic potentials of MSCs
rely on migration of MSCs from the bone marrow or other
residing niches to distant injured tissues, where they partici-
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pate in repair and regeneration. Thus migration of the MSCs
is controlled by complicated signal networks [45].
Notch Signaling: The human Notch signaling is yet another pathway which is a key player during developmental
process comprising of cell fate determination, proliferation
and apoptosis. Notch signaling gets activated once the receptor from one cell interacts with the ligand such as Delta-like
or Jagged from the neighboring cell, resulting in two successive cleavages that liberates the cytoplasmic portion of
Notch (Notch –IC) [46]. The Notch C –terminal translocates
to the nucleus and recruits CSL protein which activates the
downstream target genes like Hes1 [47]. Notch signaling is
known to cross talk with other osteogenic pathways, which
further leads to the regulation of osteoclasts [48]. Studies
have shown, that silk proteins serve as nutritional source
inducing the Notch signaling which in turn plays a vital role
in pro-osteogenic effects and regeneration of bone during
fractures and osteoporosis [49].
Studies have shown that Rho GTPase as an important
mediator in mesenchymal stem cell migration and plays a
crucial role during development of tendon and ligament and
this occurs when they are subjected to mechanical stretching.
Signaling molecules such as RhoA/ROCK and FAK play a
role in hMSC differentiation [50].
LIGAMENT AND TENDON REPAIR USING MESENCHYMAL STEM CELLS
A growing body of evidence suggests that Mesenchymal
stem cells along with various growth factors and differentiating factors are a great source of therapeutic value in terms of
tendon and ligament regeneration. Studies have shown that
MSCs transduced with two genes involved during development of tendon during embryogenesis namely Scleraxis [51]
and membranes type1-matrix metalloproteinase (MT1MMP) [52] showed improved healing of tendons.
Tissue engineering was officially defined in 1988 [53].
Tendon healing takes place over due course of time and involves three stages [54]. During the beginning of tendon
healing process involves an inflammatory stage where there
is hematoma formation, infiltration of white blood cells, release of cytokines and growth factors. Fibroblast begin to
appear in this phase and macrophages will remove any debris, the second stage involves proliferation, where fibroblasts are producing mostly type III collagen and there is
formation of new blood vessels. The final stage is the maturation, where the collagens are cross-linked and tissue becomes more organized. The tendon will get back to its original strength at 3-4 weeks and its maximum at 6 months [55].
In vivo studies with NOD/SCID mice showed that MSCs
were used to heal segmental defects in various animals [56,
57]. Reports showed that children suffering from osteogenesis imperfecta were treated by infusing bone marrow cells
which are a valuable source of MSCs, eventually restored
back to normalcy [58, 59]. MSCs exhibit paracrine signaling
which in turn releases growth factors such as TGF-beta,
VEGF, FGF and other signaling factors essential for tissue
repair [60]. A great body of evidences suggests that hypoxic
conditions are required for stem cell maintenances. Studies
with regard to human tendon stem cells also prove that hy-
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poxic condition is an important niche factor that is essential
to regulate stemness of hTSCs [61].
The BMP2 and SMAD8ca signaling pathways play a role
in the synthesis of secreted matrix components that are essential to form the highly ordered collagen structure and extracellular matrix (ECM). Along with the above signaling
pathways, the interplay between matrix metalloproteases
(MMP) and tissue inhibitor metalloproteinase (TIMPs) play
a key role in the formation of collagen structure of tendons
and ligaments. Human induced pluripotent stem cells (IPSMSC) were found to exhibit remarkable characteristic such
as inhibition of Natural killer cell proliferation and cytolytic
function by decreasing the levels of activation markers and
ERK1/2 signaling.
IPS-MSC was found to be more resistant to pre-activated
Natural killer (NK) cells than bone marrow derived MSCs.
Thus IPS-MSC can be a valuable source for regenerative
medicine and may play an important role in preventing allograft rejection [62]. MSCs induce immune tolerance by
activating the type 1 regulatory T-like cells. BM-derived
MSCs have been established to suppress immune responses
in vitro by downregulating activated and cytotoxic T cells.
They are known to promote the generation of regulatory T
cells (Tregs) and modulate the maturation or function of
dendritic cells [63]. Reports have shown that treatment with
the infusion of autologous and allogenic MSCs has been
effective in tissue regeneration and disease modulation [64].
CONCLUSION
Mesenchymal stem cells are thus a valuable source for
tissue regeneration and in particular to ligament and tendon
repair. The fact that human tendon stem cells (hTSC) require
hypoxic condition as a niche factor for maintenances of
stemness, this factor can be used to expand the hTSC ex vivo,
so that it can be used for regenerations of various tissue injuries with respect to tendon and ligament. Recent research
does state that IPS-MSCs can be a great source of immunoregulatory cells, however in terms of future research
directions they can be a valuable source for various disease
ailments, since they have the potential to prevent allograft
rejection.

Current Stem Cell Research & Therapy, 2015, Vol. 10, No. 1
[5]
[6]

[7]
[8]

[9]

[10]

[11]
[12]
[13]

[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]

[22]
[23]

CONFLICT OF INTEREST
The authors confirm that this article content has no conflict of interest.
ACKNOWLEDGEMENTS
Dr. Prasad S. Koka, is a Ramalingaswami Fellow of the
Department of Biotechnology, Ministry of Science &
Technology, Government of India, New Delhi.
REFERENCES
[1]
[2]
[3]
[4]

Prockop DJ. Marrow stromal cells as stem cells for nonhematopoietic tissues. Science1997; 276: 71-4.
Bianco P, Robey PG, Simmons PJ. Mesenchymal stem cells: revisiting history, concepts, and assays. Cell Stem Cell 2008; 2: 313-9.
Caplan AI.. Adult mesenchymal stem cells for tissue engineering
versus regenerative medicine. J Cell Physiol 2007; 213: 341-7.
Kolf C, Cho E, Tuan R. Biology of adult mesenchymal stem cells:
regulation of niche, self-renewal and differentiation. Arthritis Res
Ther 2007; 9(1): 204.

[24]

[25]
[26]

[27]

[28]

[29]

87

Pittenger MF, Mackay AM, Beck SC, et al. Multilineage potential
of adult human mesenchymal stem cells. Science 1999; 284: 143-7.
Dupin E, Calloni G, Real C, Goncalves-Toentin, A, Le Douarin
NM. Neural crest progenitors and stem cells.Curr Res Biol 2007;
330(6-7): 521-9.
Palermo AT, Labarge MA, Doyonnas R, Pomerantz J, Blau HM.
Bone marrow contribution to skeletal muscle: a physiological response to stress. Dev Biol 2005; 279(2): 336-44.
Shi Y, Su J, Roberts AI, Shou P, Rabson AB, Ren G. How mesenchymal stem cellsinteract with tissue immune responses. Trends
Immunol 2012; 33: 136-43.
Ma XL, Liu KD, Li FC, Jiang XM, Jiang L, Li HL. Human mesenchymal stem cells increase expression of a-tubulin and angiopoietin
1 and 2 in focal cerebral ischemia and reperfusion. CurrNeurovasc
Res 2013; 10: 103-11.
Aguilar S, Scotton CJ, McNulty K, et al. Bone marrow stem cells
expressing keratinocyte growth factor via an inducible lentivirus
protects against bleomycin-induced pulmonary fibrosis. PLoS One
2009; 4: e8013.
Hung SP, Yang MH, Tseng KF, Lee OK. Hypoxia-induced secretion of TGF-beta 1 in mesenchymal stem cell promotes breast cancer cell progression. Cell Transplant 2012; 22: 1869-82.
Ma S, Xie N, Li W, Yuan B, Shi Y and Wang Y. Immunobiology
of mesenchymal stem cells. Cell Death Differen 2014; 21: 216-25.
Dennis JE, Carbillet JP, Caplan AI, Charbord P: The STRO-1+
marrow cell population is multipotential. Cells Tissues Organs2002; 170: 73-82.
Tuan RS, Boland G, Tuli R. Adult mesenchymal stem cells and cell
based tissue engineering. Arthritis Res Ther 2002; 5(1): 32-45.
Haynesworth SE, Baber MA, Caplan AI. Cytokine expression by
human marrow-derived mesenchymal progenitor cells in vitro: effects of dexamethasone and IL-1. J Cell Physiol1996; 166: 585592.
Amaral AT, Manara MC, Berghuis D, et al. Characterization of
human mesenchymal stem cells from Ewing sarcoma patients.
Pathogenetic Implications. PLOS one 2014; 9(2): e85814, 1-9.
Xi J, Yan X, Zhou J, Yue W, Pei X. Mesenchymal stem cells in
tissue repairing and regeneration: Progress and Future. Burns and
Trauma 2013; 1(1): 13-20.
Sundell IB, Koka PS. Placental membrane as a source of mesenchymal stem cells. J Stem Cells 2010; 5(2): 83-88.
Medici D, Shore EM, Lounev VY, Kaplan FS, Kalluri R, Olsen
BR. Conversion of vascular endothelial cells into multipotent stemlike cells. Nat Med 2010; 16: 1400-6.
Gore A, Li Z, Fung HL, et al. Somatic coding mutations in human
induced pluripotent stem cells. Nature 2011; 471(7336): 63-7.
Lian Q, Zhang Y, Zhang J, et al. Functional mesenchymal stem
cells derived from human induced pluripotent stem cells attenuate
limb ischemia in mice. Circulation 2010; 121(9): 1113-23.
Das M, Sundell IB, Koka PS. Potency of adult mesenchymal stem
cells in the cell based therapy. J Stem Cells 2013; 8(1): 1-16.
Gowri AM, Kavitha G, Rajasundari M, Fathima SM, Kumar TM,
Raj GD. Foetal Stem cell derivation and characterization for osteogenic lineage. Indian J Med Res 2013; 137: 308-15.
Li O, Tormin A, Sundberg B, Hyllner J, Le Blanc K, Scheding S.
Human Embryonic Stem cell- derived mesenchymal stroma cells
(hES-MSCs) engraft in vivo and suppressing immune function; Implications for off-the shelf ES-MSC therapies. PLoS One 8(1):
e55319; 1-9.
Kaukua N, Shahidi MK, Konstantinidoci C, et al. Glial origin of
mesenchymal stem cell in a tooth model system. Nature 2014.
Epub ahead of print.
Moshaverinia A, Xu X, Chen C, et al. Application of stem cells
derived from the periodontal ligament or gingival tissue sources for
tendon tissue regeneration. Biomaterials 2014; 35(9): 2642-50.
Ricco S, Renzi S, Del Bue M, et al. Allogeneic adipose tissuederived mesenchymal stem cells in combination with platelet rich
plasma are safe and effective in the therapy of superficial digital
flexor tendon in the horse. Int J ImmunopatholPharmacol 2013;
26(1): 61-8.
Renzi S, Ricco S, Dotti S, et al. Autologous bone marrow mesenchymal stromal cells for regeneration of injured equine ligaments
and tendons: a clinical report. Res Vet Sci 2013; 95(1): 272-7.
James AW. Review of signaling pathways governing MSC osteogenic and adipogenic differentiation. Scientifica 2013; 2013: 117.

88 Current Stem Cell Research & Therapy, 2015, Vol. 10, No. 1
[30]

[31]
[32]

[33]
[34]

[35]
[36]

[37]

[38]

[39]
[40]

[41]
[42]

[43]
[44]
[45]

[46]
[47]

Ramdass and Koka

Perobner I, Karow M, Jochum M, Neth P. LRP6 mediates Wnt/ bCatenin signaling and regulates adipogenic differentiation in human mesenchymal stem cells. Int JBiochem Cell Biol 2012; 44(11):
1970-82.
Aghaloo T, Cowan CM, Chou YF, et al. Nell-1-induced bone regeneration in calvarial defects. Am JPathol2006; 169(3): 903-15.
Ting K, Vastardis H, Mulliken JB, et al. Human NELL-1 expressed
in unilateral coronal synostosis. J Bone Mineral Res1999; 14(1):
80-9.
Zhang X, Zara J, Siu R K, Ting K, Soo C. The role of NELL-1, a
growth factor associated with craniosynostosis, in promoting bone
regeneration.J Dental Res 2010; 89(9): 865-78.
Zhang X, Ting K, Bessette CM, et al. Nell-1, a key functional
mediator of Runx2, partially rescues calvarial defects in Runx2+/mice. J Bone and Mineral Res 2011; 26(4): 777-91.
Lu SS, Zhang X, Soo C, et al. The osteoinductive properties of
Nell-1 in a rat spinal fusion model. Spine J 2007; 7(1): 50-60.
Chen F, Walder B, James AW, et al. NELL-1-dependent mineralisation of Saos-2 human osteosarcoma cells is mediated via c-Jun
N-terminal kinase pathway activation. Int Orthop 2012; 36(10):
2181-7.
James AW, Pan A, Chiang M, et al. A new function of Nell-1
protein in repressing adipogenic differentiation.A new function of
Nell- 1 protein in repressing adipogenic differentiation. BiochemBiophys Res Commun 2011; 411(1): 126-31.
James AW, Pang S, Askarinam A, et al. Additive effects of sonic
hedgehog and Nell-1 signaling in osteogenic versus adipogenic differentiation of human adipose-derived stromal cells. Stem Cells
Dev 2012; 21(12): 2170-8.
Chen D, Zhao M, Mundy GR. Bone morphogenetic proteins.
Growth Factors 2004; 22 (4): 233-41.
Kang Q, Song WX, Luo Q, et al. A Comprehensive analysis of the
dual roles of BMPs in regulating adipogenic and osteogenic differentiation of mesenchymal progenitor cells.Stem Cells Dev 2009;
18(4): 545-58.
Bragdon B, Moseychuk O, Saldanha S, King D, Julian J, Nohe A.
Bone morphogenetic proteins: a critical review. Cellular Signalling
2011; 23(4): 609-20.
Dong Y, Zhang Q, Li Y, Jiang J, Chen S. Enhancement of tendonbone healing for anterior cruciate ligament (ACL) reconstruction
using bone marrow- derived mesenchymal stem cells infected with
BMP-2. Int J Mol Sci 2012; 13: 13605-20.
Attisano L, Wrana JL. Signal transduction by the TGF- superfamily. Science 2002; 296: 1646-7.
Tang Y, Wu X, Lei W, et al. TGF- 1 induced migration of bone
resorption and formation. Nat Med 2009; 15(7): 757-65.
Li L, Wang Z, Jiang J, Zhao M. Signaling pathways involved in
migration
of
mesenchymal
stem
cells:
Trends
in
bio/pharmaceutical industry. Stem Cell Res 2010; 29-33.
Artavanis-Tsakonas S, Rand MD, Lake RJ. Notch signaling: cell
fate control and signal integration in development. Science 1999;
284:770-6.
Ramdass B, Maliekal TT, Lakshmi S, et al. Co expression of
Notch1 and NF-B signaling pathway compounds in human cervical cancer progression. Gynec Oncol 2007; 104: 352-61.

Received: July 15, 2014

[48]
[49]

[50]

[51]

[52]

[53]

[54]
[55]

[56]

[57]
[58]
[59]

[60]

[61]
[62]

[63]

[64]

Knight MN, Hankenson KD. Mesenchymal stem cells in bone
regeneration. Adv Wound Care 2013; 2(6): 306-16.
Jung SR, Song NJ, Yang DK, et al. Silk proteins stimulate osteoblast differentiation by suppressing the Notch signaling pathway
in mesenchymal stem cells. Nutr Res 2013; 33(2): 162-70.
Xu B, Song G, Ju Y, Li X, Song Y, Watanabe S. RhoA/Rock cytoskeletal dynamics and focal adhesion kinase are required for mechanical stretch- induced tenogenic differentiation of human mesenchymal stem cells. J Cell Physiol 2012; 227(6): 2722-9.
GulottaL, Kovacevic D, Packer J, Deng X, Rodeo S. Bone marrowderived mesenchymal stem cells transduced with scleraxis improve
rotator cuff healing in a rat model.Amer J Sports Med 2011; 39(6):
1282-9.
Gulotta LV, Kovacevic D, Montgomery S, Ehteshami JR, Packer
JD, Rodeo SA. Stem cells genetically modified with the developmental gene MT1-MMP improve regeneration of the supraspinatus
tendon-to-bone insertion site. Amer J Sports Med2010; 38(7):
1429-37.
Butler DL, Juncosa-Melvin N, Boivin GP, et al. Functional tissue
engineering for tendon repair: A multidisciplinary strategy using
mesenchymal stem cells, bioscaffolds, and mechanicalstimulation.
J Orthop Res 2008; 26: 1-9.
Sharma P, Maffulli N. Tendon injury and tendinopathy: Healing
and repair. J Bone Joint Surg Am 2005; 87: 187-202.
Ahmad Z, Wardle J, Brooks R, Henson F, Noorani A, Rushton N.
Exploring the application of stem cells in tendon repair and regeneration. J Arthroscopic and Related Surgery 2012; 28(7): 1018-29.
Kon E, Muraglia A, Corsi A, et al. Autologous bone marrow stromal cells loaded onto porous hydroxyapatite ceramic accelerate
bone repair in critical-size defects of sheep long bones. J Biomed
Mater Res 2000; 49(3): 328-37.
Petite H, Viateau V, BensaidW, et al. Tissue-engineered bone
regeneration. Nat Biotechnol 2000; 18(9): 959-63.
Friedenstein AJ. Stromal mechanisms of bone marrow: cloning in
vitro and retransplantation in vivo. Haematol Blood Transfus1980;
25: 19-29.
Horwitz EM, Prockop DJ, Fitzpatrick LA, et al. Transplantability
and therapeutic effects of bone marrow-derived mesenchymal cells
in children with osteogenesisimperfecta. Nat Med 1999; 5(3): 30913.
Ladage D, Brixius K, Steingen C, et al. Mesenchymal stem cells
induce endothelial activation via paracrine mechanisms. Endothelium 2007; 14(2): 53-63.
Zhang J, Wang JH-C. Human tendon stem cells better maintain
their stemness in hypoxic culture conditions. PLoS One2013; 8(4):
1-10.
Giuliani M, Oudrhiri N, Noman ZM, et al. Human Mesenchymal
stem cells derived from pluripotent stem cells downregulate NK
cell cytolytic machinery. Blood 2011; 118(12): 3254-62.
JuiHy, Lin CH, Hsu WT, et al. Autologous Mesenchymal stem
cells prevent transplant arteriosclerosis by enhancing local expression of interleukin-10, interferon- and indoleamine 2,3dioxygenase. Cell Transplantation 2012; 21: 971-84.
Wu T, Liu Y, Wang B, Li G. The roles of mesenchymal stem cells
in tissue repair and disease modification. Curr Stem Cell Res Ther
2014; 9(5): 424-31.

Revised: August 31, 2014

Accepted: September 24, 2014

