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Abstract

As our population changes osteoarthritis and cartilage
defects are becoming more prevalent. The discovery of
stems cells and their ability for indefinite regeneration has
revolutionised the way cartilage problems are viewed.
Tissue engineering has been shown to be the ideal way of
repairing articular cartilage lesions, i.e. back to native
tissue. The two main types of stem cells being investigated
in chondrogenesis are embryological and mesenchymal
stem cells. Research into embryological stem cells has been
surrounded by controversy because of tumour formation
and damaging embryos during the harvest of cells. We
discuss the use of embryological and mesenchymal stem
cells in cartilage repair and the various factors involved in
the differentiation into chondrocytes.

Stem cells are cells with the ability to renew
themselves over long periods of time. They are
present in all multicellular organisms, and also have
the ability to differentiate into many cell types. There
are two main types of stem cells, embryonic and adult
stem cells. Embryonic stem cells, (ESCs), are derived
from four main sources, cloned embryos, unused in
vitro fertilised stem cells, aborted / miscarried
embryos or existing stem cell lines. Adult stem cells
are present to maintain homeostasis of a certain group
of cells, for example haematopoietic stem cells
forming red blood cells.

In 1963 Becker et al, [1], published a paper in
Nature demonstrating self-renewing cells in mouse
bone marrow. Since then stem cell research has taken
on many different fields and had problems with
ethical controversy. Apart from a distinction between
embryonic and adult stem cells, they can be divided
into their differentiation potential or potency, (figure
1). Omni/Totipotent can differentiate into embryonic
and extra-embryonic stem cells, produced by fusion
of an ovum and sperm; Pluripotent cells can
differentiate into any of the three germ layers,
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(endoderm, ectoderm and mesoderm), and are
produced from totipotent cells; Multipotent cells can
differentiate into a certain tree of cells, an example
being haematopoietic stem cells or Mesenchymal
stem cells; Oligopotent cells can only differentiate

Fertilised Egg

Pluripotent Stem Cells

Multipotent Stem Cel

Unipotent Stem Cells

Figure 1. The Potency of Stem Cells.

The concept of stem cell niches was introduced in
1978 by Schofield, and describes the environment
immediately surrounding stem cells in their naive
state. [2] The niche involves not only the stem cells
but the non-stem cells and extracellular matrix which
are in direct contact. This surrounding microsystem of
cells and soluble molecules keeps the stem cells
undifferentiated until they are required for
regeneration.

This review will discuss the use of stem cells in
cartilage repair and how this repair process can be
enhanced. Most of the current work is on animal
models and therefore the review of clinical studies
will be concise. The use of embryonic stem cells will
be briefly discussed but since mesenchymal stem cells
have mainly been studied in the literature, this will be
the main focus of this paper.

Embryonic Stem Cells

ESCs are gathered from the inner cell mass of a
blastocyst and are pluripotent. This means they are
theoretically able to form any cell in the body. Their
tissue engineering potential is endless, but usage and
study has been halted by ethical and safety concerns.

into a few cell types, such as lymphoid stem cells;
Finally unipotent stem cells can only differentiate into
one cell type, but unlike normal cells have the ability
of self-regeneration.

Totipotent Stem Cells

Oligopotent Stem Cells

Fully Differentiated Cells

The use of ESCs for chondrogenesis is not as
common as mesenchymal stem cells, (MSCs). [3]

There are several reasons why ESCs have not
been fully investigated in cartilage tissue engineering.
The major concern is of tumour formation, but there
are also ethical controveries regarding the use of
pluripotent stem cells. In 2003 ESCs were injected
into a mouse knee joint, which subsequently formed a
teratoma and destruction of the entire joint. [4] There
has been no further advancement in embryonic stem
cell research which has led to the lack of its use in
clinical research.

The controversy surrounding the use and culture
of ESCs is linked to their source, the blastocyst. This
is formed in early embryogenesis after the morula and
eventually will form the embryo. Subsequent
harvesting of ESCs can be damaging to the blastocyst
and therefore the embryo and effectively a human life,
(if they are human ESCs). It has recently been
discovered that several transcription factors, oct-4,
sox-2, klIf4, c-myc are important in stem cell
differentiation and induction of pluripotency. [5]
These factors may play an important role in
eliminating the need for ESC sources as differentiated
cells can be induced into pluripotent cells using these
factors. [6] Another recent discovery is the ability to
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form an ESC line from a single cell from a blastocyst
without damaging embryo development. [7]
Oldershaw et al [8] have reported on a chemically
defined, efficient, scalable and reproducible protocol
for differentiation of human ESCs toward
chondrocytes that should facilitate studies of
chondrocyte differentiation and of cell replacement
therapies for cartilage repair. These developments are
steps in the right direction but, until the ethical and
tumorgenic complications can be resolved, further
study must take place before chondrogenic
applications. MSCs do not suffer from the ethical
problems as their source can be from adults and even
the target treatment patient. Some studies have shown
MSCs to be tumour inducing in certain situations and
others have shown them to be tumour suppressive. [9]

Mesenchymal Stem cells

MSCs are multipotent cells with the ability to
differentiate into: chondrocytes forming cartilage,
osteoblasts forming bone, adipocytes forming fat
cells, myocytes forming muscle cells, fibroblasts
forming skin or tendons and ligaments, astrocytes
forming neural cells and stromal cells forming bone
marrow. [10-15] There are several sources from
which MSCs can be isolated from; Bone marrow,
adipose tissue, skeletal muscle, synovium, umbilical
cord, amniotic fluid and peripheral blood in small
amounts. [16-19] MSC renewal is the cells ability to
preserve the undifferentiated stem state. This process
is controlled by extracellular signalling mainly by
cytokines and growth factors; leukaemia inhibitory
factor, fibroblast growth factor, epidermal growth
factor, platelet derived growth factor all play a role.
[20,21].

Treatment of articular cartilage defects has an
important role for MSCs. Focal full thickness articular
defects in the knee are commonly treated by marrow
stimulation treatment techniques, such as abrasion
arthroplasty, microdrilling or microfracture. These
procedures populate the articular defect with
pluripotential mesenchymal stem cells that form
fibrous cartilage and have demonstrated mixed early
results and only fair to poor long-term results. [22]
Currently autologous chondrocyte implantation,
(ACI), is limited by the poor proliferation capacity of

the  chondrocytes and the  possibility of
dedifferentiation once implanted. [22] Although the
cartilage produced is hyaline-like cartilage that more
closely recreates the wear characteristics and
durability of normal hyaline cartilage than the fibrous
or fibrocartilage repair tissue formed by the earlier
described marrow stimulation procedures, it does
have disadvantages. ACI is a two stage procedure
with an initial arthroscopy required for cell harvest
and second procedure involving an arthrotomy and
implantation.

MSCs have multiple sources and are easily
amplified making them a superior alternative. In
recent studies it has been shown that bone marrow
derived MSCs, (BMMSCs), have more chondrogenic
potential than adipose derived MSCs, (AMSCs), and
are as effective as chondrocytes in the treatment of
articular cartilage defects. Huang et al, [23], in 2005
directly compared BMMSCs and AMSCs and found
up to 5000 fold higher expression of type Il collagen
and 120 per cent more proteoglycan deposition from
BMMSCs, p<0.05. Im et al, [24], performed a similar
analysis but compared the histological scores. They
found scores of 6.5 for BMMSCs and 4.3 for AMSCs
(p=0.023), showing that BMMSCs have greater
chondrogenic potential. More recently Vidal et al [25]
have demonstrated the superior chondrogenic
potential of BMMSCs over AMSCs using eleven
horses. Not only was the type Il collagen synthesized
earlier but a hyaline matrix developed earlier in the
BMMSC group. Nejadnik et al [26] in 2010 compared
ACI using chondrocytes and BMMSCs in a cohort
study. They found some improvement in the BMMSC
group over the chondrocyte group especially in
physical role functioning (using the SF-36 health
questionnaire). Furthermore the chondrocyte group
patients aged less than 45 scored significantly better
than those older than 45, and this age related effect
was not seen in the BMMSC group. There are some
concerns over the use of BMMSCs as seen by Peltarri
et al in 2006, [27]. They demonstrated endochondral
calcification in the implanted chondrocytes from
BMMSCs, resulting in bone formation and ultimately
cartilage loss.

The differentiation of MSCs to final cell type is
influenced by intrinsic and extrinsic factors.
Autocrine regulation or intrinsic factors are signals
from the cell itself, and paracrine regulation or
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extrinsic factors are cuing from the surrounding niche
cells. [28,29] The niche is thought to be located
perivascularily allowing for easy migration. [30] This
signalling process dictates the development and the
position of the cells and implies migratory capacity of
MSCs. MSCs have been shown to migrate to sites of
injury, following systemic infusion in animal models.
[31-33] It has also been shown that MSCs have
retarded osteoarthritic progression and cartilage
destruction in a caprine model. [34]

The regulation of the signalling processes
allowing migration of MSCs to injured tissues is not
fully understood. Chemokines are extrinsic factors
which have an important homeostatic function in
MSC migration. [35] Stromal cell derived factor-1,
(SDF-1), mediates MSC movement and is regulated
by its receptor, chemokine receptor type 4, (CXCR4).
[36,37].

Though chemokines are involved in stem cell
migration, growth factors are thought to control MSC
differentiation into its multiple cells types. Bone
morphogenic proteins, (BMPs), transforming growth
factors, (TGFs), growth and differentiation factor,
(GDF), are important in the formation of new
cartilage and bone throughout the body and many
different types have been discovered. In vitro studies
have demonstrated that BMP-2/4/6, TGF-B1/p3,
GDF-5 induce rapid chondrogenesis in MSCs and this
has been confirmed by several in vivo studies. [38-42]
Insulin-like growth factors, (IGFs), have also been
studied to enhance cartilage repair with stem cells. Its
structure is similar to insulin and it can also stimulate
cell growth. In cartilage homeostasis, it regulates
proteoglycan synthesis and the extracellular matrix
degradation thereby maintaining the overall structure.
[43] It has been shown to increase both MSC
chondrogenesis and collagen type Il content, when
compared to TGF-B3 alone. [44,45] There are only
limited studies on IGF due to the experimental stage
of its discovery in this process. Finally fibroblast
growth factor, (FGF), and platelet rich plasma, (PRP),
have also been investigated in MSC chondrogenesis.
FGF-2 has been investigated as an addition to other
growth factors in the expansion phase and has shown
to increase the chondrogenic potential of MSCs. PRP
is a mixture of growth factors and cytokines which is
spun down from samples of venous blood. Therefore
the main constitutes of PRP are actually TGF and

IGF. These can increase chondrogenesis separately,
but PRP has been shown to increase MSC
proliferation, chondrocyte differentiation and increase
collagen production. [46,47] There are a few studies
comparing growth factors directly with one another,
and the ones which do, predominately compare
factors from the same family. The importance of these
factors in MSC differentiation and chondrogenesis is
obvious but the early nature of the studies means that
best synergistic combination is yet to be discovered.

MSCs are also known as a colony forming unit-
fibroblasts and since their discovery by Friedenstein
et al in 1971 there has been a greater understanding of
these cells potential. [48,49] In order to isolate MSCs
correctly a cell surface antigenic profile is required
especially if Mesenchymal Progenitor cells, (MSPCs),
are being isolated, which are only unipotent and
occasionally omnipotent. To date the best known
surface marker is the antigen Stro-1. Stro-1 Positive
cells have been shown to differentiate into
chondrocytes, osteoblasts, adipocytes, smooth muscle
cells. Stro-1 Negative cells do not contain MSCs,
thereby confirming Stro-1 as a marker for MSCs.
[50,51] However Stro-1 expression is not exclusive to
MSCs and when these cells are expanded, stro-1
expression is lost. [52,53]

There have been many other markers identified
for MSCs: Vascular cell adhesion molecule-1
(CD106), CD44, CD45, CD73, Endoglin (CD105),
CD90/Thy-1 and Sca-1/Ly6. [54,55] from this non-
exhaustive list, CD73 and CD106 seem to show the
most promise as combined markers with Stro-1 for
MSCs. Considerable research is being performed to
isolate markers that may identify MSCs/MSPCs that
have a better ability for chondrogenesis. Aicher et al,
[56], have recently shown that CD146 is a reliable
marker for identifying MSCs with a greater
osetogenic potential. Currently no such marker has
been isolated to identify MSCs with greater
chondrogenic potential but research is still ongoing.

Conclusion

Articular cartilage defects are notoriously
difficult to treat, mainly due to their poor intrinsic
ability for self-repair. Apart from the obvious
avascular nature of this tissue the other contributing
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factors are the loading forces, (direct and and
particularly shear), the articular cartilage in the knee
has to endure. There are many different types of
treatment options for these defects, but the one which
anecdotally seems to show the most promise is tissue
engineering.

The most significant scientific discovery for
tissue engineering was the discovery of stem cells,
and the varied potency, (figure 1). This discovery
makes any sort of tissue engineering possible, but the
correct processes for harvesting, expanding and
implanting cells needs to be delineated. There has
already been forging work into ESC culture and new
stem cell lines without embryo damage. As these
discoveries are still in there early stages they still
require more investigation. This leads onto the
promise of MSCs in cartilage repair, due to the ready
source from the patient themselves.

The early results of clinical studies in the use of
MSCs in cartilage repair are encouraging. [57,58]
This could also potentially be an arthroscopic
procedure, given the right scaffold, and that is
attractive prospect the morbidity associated with an
arthrotomy is diminished. There has been a huge
volume of experimentation into understanding the
differentiation process of stem cell into chondrocytes
and how this process can be enhanced. The failure to
isolate a single factor has led to randomised
controlled trials comparing standard cartilage repair
techniques with multiple MSC repair techniques.

Research on the use of MSC in cartilage repair is
very much in its infancy. The ideal source of MSC is
yet to be discovered as well as the best combination
of growth factors to enhance chondrogenesis and form
stable hyaline-like repair tissue. Although we have
concentrated on bone marrow and adipose tissue as
potential sources of MSCs, these cells have been
found in number of tissues including cartilage [59];
cartilage MSCs, although small in number and
difficult to expand may represent the optimum source
for cartilage repair. The current evidence points to
MSCs as an excellent source for repair of cartilage
defects but there is definitely a long way till this
becomes the gold standard treatment option.

References

[1] Becker AJ, McCulloch EA, Till JE; Cytological
demonstration of the clonal nature of spleen colonies
derived from transplanted mouse marrow cells. Nature.
1963 Feb 2;197:452-4.

[2]  Schofield R: The relationship between the spleen colony
forming cell and the haemopoietic stem cell. Blood
Cells; 1978,4:7-25.

[3] Gao J, Yao JQ, Caplan Al. Stem Cells for tissue
engineering of articular cartilage. Proc IMechE Part H:
Engineering in Medicine. 2007;221:441-450.

[4] Wakitani S, Takaoka K, Hattori T, Miyazawa N,
lwanaga T, Takeda S, Watanabe TK, Tanigami A.
Embryonic stem cells injected into the mouse knee joint
form teratomas and destroy the joint. Rheumatology.
2003;42(1):162-65

[5] Kieffer E, Kuntz S, Viville S. An overview of
pluripotent stem cell lines. Med. Sci (Paris). 2010
Oct;26(10):848-54

[6] Takahashi K and Yamanaka S. Induction of pluripotent
stem cells from mouse embryonic and adult fibroblast
cultures by defined factors. Cell. 2006;126(4):663-76.

[7] Klimanskaya I, Chung Y, Becker S, Lu SJ, Lanza R.
Human embryonic stem cell lines derived from single
blastomeres. Nature. 2006;444: 481-85.

[8] Li L, Tian H, Yue W, Zhu F, Li S, Li W. Human
mesenchymal stem cells play a dual role on tumor cell
growth in vitro and in vivo. J. Cell Physiol. 2010 Nov
10. [Epub ahead of print].

[9] Friedenstein AJ, Petrakova KV, Kurolesova Al, Frolova
GP. Heterotopic of bone marrow. Analysis of precursor
cells for osteogenic and hematopoietic tissues.
Transplantation 1968;6(2):230-47.

[10] Pittenger MF, MacKay AM, Beck SC, et al.
Multilineage potential of adult human mesenchymal
stem cells. Science 1999;284(5411):143-7.

[11] Kawada H, Fujita J, Kinjo K, et al. Nonhematopoietic
mesenchymal stem cells can be mobilized and
differentiate into cardiomyocytes after myocardial
infarction. Blood 2004;104(12):3581-7.

[12] Wakitani S, Saito T, Caplan Al. Myogenic cells derived
from rat bone marrow mesenchymal stem cells exposed
to 5-azacytidine. Muscle Nerve 1995;18(12):1417-26.

[13] Azizi SA, Stokes D, Augelli BJ, et al. Engraftment and
migration of human bone marrow stromal cells
implanted in the brains of albino rats — similarities to
astrocyte grafts. Proc. Natl. Acad. Sci. USA
1998;95(7):3908-13.

[14] Woodbury D, Schwarz EJ, Prockop DJ, Black IB. Adult
rat and human bone marrow stromal cells differentiate
into neurons. J. Neurosci. Res. 2000;61(4):364-70.

[15] Sakaguchi Y, Sekiya |, Yagishita K, Muneta T.
Comparison of human stem cells derived from various
mesenchymal tissues: superiority of synovium as a cell
source. Arthritis Rheum 2005;52(8):2521-9.


https://www.researchgate.net/publication/241644764_The_Chondrogenic_Potential_of_Mesenchymal_Cells_and_Chondrocytes_from_Osteoarthritic_Subjects_A_Comparative_Analysis?el=1_x_8&enrichId=rgreq-6eac7f6c-6e9b-4d50-bb11-64bc5a955ce5&enrichSource=Y292ZXJQYWdlOzIzNjEwMTM1NDtBUzoxMTY3NTc4NTk2NzIwNjRAMTQwNDg0ODY1NDA2OA==

110

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

Jonathan R. Perera, Parag K. Jaiswal, Wasim S. Khan et al.

Garcia-Castro J, Balas A, Ramirez M, et al.
Mesenchymal stem cells are of recipient origin in
pediatric transplantations using umbilical cord blood,
peripheral blood, or bone marrow. J. Pediatr Hematol
Oncol 2007;29(6):388-92.

Koch TG, Heerkens T, Thomsen PD, Betts DH.
Isolation of mesenchymal stem cells from equine
umbilical cord blood. BMC Biotechnol 2007;7:26.

Miao Z, Jin J, Chen L, et al. Isolation of mesenchymal
stem cells from human placenta: comparison with
human bone marrow mesenchymal stem cells. Cell Biol
Int 2006;30(9):681-7.

Tsutsumi S, Shimazu A, Miyazaki K, Pan H, Koike C,
Yoshida E, Takagishi K, Kato Y. Retention of
multilineage differentiation potential of mesenchymal
cells during proliferation in response to FGF. Biochem.
Biophys. Res. Commun. 2001;288:413-19.

Metcalk D. The unsolved enigmas of leukaemia
inhibitory factor. Stem Cells. 2003;21:5-14.

Gillogly SD, Voight M, Blackburn T. Treatment of
articular cartilage defects of the knee with autologous
chondrocyte implantation. J. Orthop. Sports Phys. Ther.
1998;28(4):241-51.

Huang JI, Kazmi N, Durbhakala MM, Hering TM, Yoo
JU, Johnstone B. Chondrogenic potential of progenitor
cells derived from human bone marrow and adipose
tissue: a patient-matched comparison. J. Orthop.Res.
2005;23(6):1383-89.

Im GI, Shin YW, Lee KB. Do adipose tissue-derived
mesenchymal stem cells have the same osteogenic and
chondrogenic potential as bone marrow-derived cells?
Osteoarthritis Cartilage. 2005 Oct;13(10):845-53.
Vidal MA, Robinson SO, Lopez MJ, et al. Comparison
of chondrogenic potential in equine mesenchymal
stromal cells derived from adipose tissue and bone
marrow. Vet Surg 2008;37:713-24.

Nejadnik H, Hui JH, Choong EP, Tai BC, Lee EH.
Autologous Bone Marrow-Derived Mesenchymal Stem
Cells versus Autologous Chondrocyte Implantation: An
Observational Cohort Study. Am. J. Sports Med. 2010
Apr 14. [Epub ahead of print].

Pelttari K, Winter A, Steck E, Goetzke K, Hennig T,
Ochs BG, Aigner T, Richter W. Premature induction of
hypertrophy during in vitro chondrogenesis of human
mesenchymal stem cells correlates with calcification
and vascular invasion after ectopic transplantation in
SCID mice. Arthritis Rheum. 2006;54:3254—66.

Slavkin HC: Molecular biology of dental development:
A review. In: The Biochemical Mechanism of Tooth
Eruption and Root Resorption, edited by Davidovitch Z,
EbscoMed, Birmingham, AL, 1988, pages 107-116.
Caplan Al: Bone Development and Repair. BioEssays
6:171-175, 1987.

Shi S, Gronthos S. Perivascular niche of postnatal
mesenchymal stem cells in human bone marrow and
dental pulp. J. Bone Miner Res. 2003;18:696-704.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Chapel A, Bertho JM, Bensidhoum M, et al
Mesenchymal stem cells home to injured tissues when
co-infused with hematopoietic cells to treat a
radiationinduced multi-organ failure syndrome. J. Gene
Med. 2003;5(12):1028-38.

Shake JG, Gruber PJ, Baumgartner WA, et al.
Mesenchymal stem cell implantation in a swine
myocardial infarct model: engraftment and functional
effects. Ann. Thorac. Surg. 2002;73(6):1919-25.
Barbash IM, Chouraqui P, Baron J, et al. Systemic
delivery of bone marrow-derived mesenchymal stem
cells to the infarcted myocardium: feasibility, cell
migration, and body distribution.  Circulation
2003;108(7):863-8.

Murphy JM, Fink DJ, Hunziker EB, Barry FP. Stem cell
therapy in a caprine model of osteoarthritis. Arthritis
Rheum 2003;48(12):3464-74.

Honczarenko M, Le Y, Swierkowski M, et al. Human
bone marrow stromal cells express a distinct set of
biologically functional chemokine receptors. Stem Cells
2006;24(4):1030-41.

Ponomaryov T, Peled A, Petit I, et al. Induction of the
chemokine stromal-derived factor-1 following DNA
damage improves human stem cell function. J. Clin.
Invest 2000;106(11):1331-9.

Honczarenko M, Le Y, Swierkowski M, et al. Human
bone marrow stromal cells express a distinct set of
biologically functional chemokine receptors. Stem Cells
2006;24(4):1030-41.

Luyten FP, Chen P, Paralkar V, Reddi AH.
Recombinant ~ bone  morphogenetic  protein-4,
transforming factor-beta 1, and activin A enhance the
cartilage phenotype of articular chondrocytes in vitro.
Exp. Cell Res. 1994;210:224-9.

Sekiya 1, Colter DC, Prockop DJ. BMP-6 enhances
chondrogenesis in a subpopulation of human marrow

stromal cells. Biochem. Biophys. Res. Commun.
2001;284:411-18.

Kaps C, Bramlage C, Smolian H, et al. Bone
morphogenetic proteins promote cartilage

differentiation and protect engineered artificial cartilage
from fibroblast invasion and destruction. Arthritis
Rheum 2002;46:149-62.

Fan J, Gong Y, Ren L, Varshney RR, Cai D, Wang DA.
In vitro engineered cartilage using synovium-derived
mesenchymal stem cells with injectable gellan
hydrogels. Acta Biomater. 2010 Mar;6(3):1178-85.
Cassiede P, Dennis JE, Ma F, Caplan Al
Osteochondrogenic potential of marrow mesenchymal
progenitor cells exposed to TGF-beta 1 or PDGF-BB as
assayed in vivo and in vitro. J. Bone Miner Res
1996;11:1264-73.

Verschure PJ, Van Noorden CJ, van Marle J, van den
Berg WB. Articular cartilage destruction in
experimental inflammatory arthritis: insulin-like growth



[43]

[44]

[45]

[46]

[47]

(48]

(49]

[50]

Embryonic Versus Mesenchymal Stem Cells in Cartilage Repair

factor-1 regulation of proteoglycan metabolism in
chondrocytes. Histochem. J. 1996;28:835-57.

Wang L, Detamore MS. Insulin-like growth factor-I
improves chondrogenesis of predifferentiated human
umbilical cord mesenchymal stromal cells. J. Orthop
Res. 2009 Aug;27(8):1109-15.

Fortier LA, Mohammed HO, Lust G, Nixon AJ. Insulin-
like growth factor-1 enhances cell-based repair of
articular cartilage. J. Bone Joint Surg. Br. 2002
Mar;84(2):276-88.

Mishra A, Tummala P, King A, Lee B, Kraus M, Tse V,
Jacobs CR. Buffered platelet-rich plasma enhances
mesenchymal stem cell proliferation and chondrogenic
differentiation. Tissue Eng. Part C Methods.
2009;15:431-5.

Akeda K, An HS, Okuma M, Attawia M, Miyamoto K,
Thonar EJ, Lenz ME, Sah RL, Masuda K. Platelet-rich
plasma stimulates porcine articular chondrocyte
proliferation and matrix biosynthesis. Osteoarthritis
Cartilage. 2006;14:1272-80.

Friedenstein AJ, Deriglasova UF, Kulagina NN,
Panasuk AF, Rudakowa SF, Luria EA, Ruadkow IA.
Precursors for fibroblasts in different populations of
hematopoietic cells as detected by the in vitro colony
assay method. Exp. Hematol 1974;2(2):83-92.
Friedenstein AJ, Gorskaja JF, Kulagina NN. Fibroblast
precursors in  normal and irradiated mouse
hematopoietic organs. Exp. Hematol 1976;4(5):267-74.
Simmons PJ, Torok-Storb B. Identification of stromal
cell precursors in human bone marrow by a novel
monoclonal antibody, STRO-1. Blood 1991;78:55-62.
Dennis JE, Carbillet JP, Caplan Al, Charbord P. The
STRO-1+ marrow cell population is multipotential.
Cells Tissues Organs. 2002;170:73-82.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

111

Lin G, Liu G, Banie L, Wang G, Ning H, Lue TF, Lin
CS. Tissue distribution of mesenchymal stem cell
marker Stro-1. Stem Cells Dev. 2011 Jan 5. [Epub
ahead of print].

Gronthos S, Zannettino AC, Hay SJ, Shi S, Graves SE,
Kortesidis A, Simmons PJ. Molecular and cellular
characterisation of highly purified stromal stem cells
derived from human bone marrow. J. Cell Sci.
2003;116:1827-35.

Tuli R, Tuli S, Nandi S, Wang ML, Alexander PG,
Haleem-Smith H, Hozack WJ, Manner PA, Danielson
KG, Tuan RS. Characterisation of multipotential
mesenchymal progenitor cells derived from human
trabecular bone. Stem Cells. 2003;21:681-93.

Zuk PA, Zhu M, Ashjian P, De Ugarte DA, et al.
Human adipose tissue is a source of multipotent stem
cells. Mol. Biol. Cell. 2002;13:4279-95.

Aicher WK, Biihring HJ, Hart M, Rolauffs B, Badke A,
Klein G. Regeneration of cartilage and bone by defined
subsets of mesenchymal stromal cells-Potential and
pitfalls. Adv. Drug Deliv. Rev. 2010 Dec 22. [Epub
ahead of print].

Haleem AM, Singergy AA, Sabry D, Atta HM, Rashed
LA, Chu CR, El Shewy MT, Azzam A, Abdel Aziz MT.
The Clinical Use of Human Culture-Expanded
Autologous Bone Marrow Mesenchymal Stem Cells
Transplanted on Platelet-Rich Fibrin Glue in the
Treatment of Articular Cartilage Defects: A Pilot Study
and Preliminary Results. Cartilage. 2010 Oct;1(4):
253-261.

Agar G, Blumenstein S, Bar-Ziv Y, Kardosh R, Schrift-
Tzadok M, Gal-Levy R, Fischler T, Goldschmid R,
Yayon A. The Chondrogenic Potential of Mesenchymal
Cells and Chondrocytes from Osteoarthritic Subjects: A
Comparative Analysis. Cartilage. 2011 Jan;2(1):40-49.
Dowthwaite GP, Bishop JC, Redman SN, et al. The
surface of articular cartilage contains a progenitor cell
population. J. Cell Sci. 2004;117:889-97.

Received 05/04/12; Accepted 05/28/12



