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ABSTRACT
ICLE
Osteoarthritis (OA) is a leading pathological condition resulting in the
degeneration and destruction of articular cartilage. The presence of inherent
mesenchymal progenitor cells (MPCs) within the articular cartilage has led to
explore the possible reparative mechanisms to regenerate and restore the
functional and mechanical properties of hyaline cartilage. The present in vitro
study was aimed to identify and characterize the MPCs derived from OA
cartilage. MPCs derived from the explant culture of OA cartilage were analyzed
in terms of cellular and biological properties, and multilineage differentiation
abilities. Upon cell surface marker analysis, MPCs were CD73+, CD90+,
CD166+, CD146-, CD34-, CD45-, and HLA-DR-, whose expression defines
stemness and chondroprogenitor status. MPCs exhibited a higher proliferative
index and limited or no senescence activity till later passages. Trilineage
differentiation towards osteogenesis, adipogenesis, and chondrogenesis was
observed with cytochemical staining and also by mRNA expression of lineagespecific markers by RT-qPCR. The results showed that OA cartilage harbors a
viable pool of MPCs with greater chondrogenic potential. These cell niches
could serve as a superior cell source for cartilage regeneration due to their
committed progeny and hence could prevent heterotypic cartilage formation.

Also, over the years, a large body of literature has
confirmed the phenotypic destabilization of highly
differentiated
chondrocytes
during
various
pathological conditions [1,4].

INTRODUCTION
Articular cartilage is a highly specialized connective
tissue encircling the epiphysis of diarthrodial joints.
This subtype of hyaline cartilage is greatly resilient
and evenly distributes mechanical shear forces to
assist the locomotion [1]. Articular cartilage harbors a
divergent subgroup of mesenchymal progenitor cells
(MPCs) among the other sparsely distributed
terminally differentiated chondrocytes in a dense
extracellular matrix [2]. The MPCs are multipotent
cells residing in the articular cartilage, owing to the
aging-induced MPCs scarcity, avascularity, and
disease-induced malformations, the indigenous repair
mechanisms are barely functional. To address these,
therapies based on exogenous MPCs were evolved [3].

Osteoarthritis (OA) is a chronic degenerative disease
of joints, previously believed to be associated with
aging or trauma but recent studies depict the
involvement of lifestyle, genetics, and other idiopathic
factors [5–8]. OA is one of the leading causes of
disability and discomfort around the world affecting
different age groups [8]. Primarily, OA is observed as
an increase in anabolic and catabolic activity leading
towards the destruction of articular cartilage, but the
eventual progression of the disease is associated with
hypertrophy of subchondral bone, osteophyte
formation, synovial inflammation, and changes in the
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joint capsule, ligaments, and periarticular muscles
[5,6]. Present treatment options for OA are mainly
non-conservative and rather focus on pain
management or lifestyle modifications to slow down
the progression of the disease and also the prosthetic
joint replacement in severe conditions. Although
recent techniques in cell-based therapies, such as
autologous articular chondrocyte implantation (ACI)
and more advanced matrix-induced autologous
chondrocyte implantation (MACI) were slightly
successful, the quality of neo-cartilage formed is
questionable. The relatable explanation for the
compromised results of ACI or MACI could be the
dedifferentiation of chondrocytes during ex vivo
expansion leading to the formation of fibrocartilage
[3,9].

patients presented with stiffness or tenderness in the
knee joint due to grade 3 or grade 4 osteoarthritis (OA)
(Kellgren and Lawrence system for classification of
OA knee) and also were voluntarily undergoing total
knee replacement surgery (TKR). The articular
cartilage tissue fragments were stochastically chosen
from the areas adjacent to osteoarthritic lesions. To
isolate MPCs, cartilage tissue pieces were washed
twice with Dulbecco’s phosphate-buffered saline
(DPBS) supplemented with 100 U/ml penicillin, and
100 μg/ml streptomycin (1X Pen-Strep) and were
minced into small pieces using a sterile scalpel and
enzymatically digested with 0.1% collagenase type I
for 2-3 hours at 37° C in a humidified 5% CO2
incubator. Following this, the semi-digested tissue
pieces were seeded for explant culture onto 60 mm or
100 mm culture dish pre-coated with 0.1X attachment
factor overnight at 37° C in a humidified 5% CO2
incubator with DMEM/F12 (1: 1) supplemented with
20% fetal bovine serum (FBS), 1X glutamax, 0.1 mM
mercaptoethanol, 1X non-essential amino acids (MEMNEA) and 1X Pen-Strep. The medium was replenished
on every third day and followed by achieving
confluency MPCs were subpassaged and further
cultured with DMEM/F12 consisting of 10% FBS, 1%
glutamax, 0.1 mM mercaptoethanol, 1X MEM-NEA,
and 1X Pen-Strep.

For successful regeneration of diseased articular
cartilage either by exogenous strategies, such as ACI
or stimulating the intrinsic repair, it is crucial to
understand the characteristics of MPCs. Despite the
lack of key markers to identify MPCs, the present in
vitro study aimed at investigating the cellular and
biological properties, and plasticity complying with
the International Society for Cellular Therapy criteria
[10].
MATERIALS AND METHODS
Chemicals and media

Morphology, viability, and growth kinetics

All chemicals were purchased from Sigma-Aldrich (St.
Louis, MO, USA) and media from Gibco (Invitrogen,
Thermofisher Scientific, Grand Island, NY, USA),
unless otherwise specified.

MPCs were assessed for morphology at different time
points of culture using a phase-contrast microscope
(Olympus, Tokyo, Japan) and images were acquired.
To assess viability and growth kinetics, cells at 1×105 at
passage 2 were seeded per well of a 12-well culture
dish in triplicates specifically for different time
intervals such as 24 h, 72 h, 144 h, 216 h, and 288 h.
Cells were harvested at the mentioned time intervals
and counted using a hemocytometer under phasecontrast microscope. The initial seeding density and
the recorded cell counts on different time points were
used to draw a growth curve. Population doubling
time (PDT) was calculated as, PDT = t (log2) / (log Ntlog No), where “t” was culture time, and “No” and
“Nt” were the cell numbers before and after seeding,
respectively. The Viability of harvested cells at various
time points of a particular passage and between
different passages was recorded using a 0.4% trypan
blue exclusion test, according to which the bluestained dead cells were excluded from the total cell

Ethics statement
This study followed the Declaration of Helsinki on
medical protocol and ethics. This study design,
including the experimental protocols, was reviewed
and approved by the Central Ethics Committee (Ref:
NU/CEC/2018/0177/A) and Institutional Committee
for Stem Cell Research (Ref: NU/ICSCR/20172018/014/P2A). All the subjects involved in the study
accorded with prior written informed consent.
Sample collection and isolation of OA cartilagederived MPCs
OA articular cartilage (n=3, mean age: 63 years) from
distal femoral condyles were collected from the
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count and unstained viable cells were expressed as a
percentage viability.

Immunophenotyping analysis
MPCs at passage 3 were harvested and post washing
with DPBS fixed in 3.7% paraformaldehyde for 15-20
min at room temperature. Followed by washing with
cell staining buffer, cells were incubated with
monoclonal mouse anti-human CD73 (Biolegend,
USA), anti-human CD90 (e-Bioscience, Thermo Fisher
Scientific, USA), anti-human CD105 (Biolegend), antihuman CD146 (e-Bioscience), anti-human CD166
(Biolegend), anti-human CD34 (Biolegend), antihuman
CD45
(e-Bioscience),
anti-HLA-DR
(Biolegend), for 2 hrs in a water bath maintained at
37°C. After which the primary antibody labeled cells
were incubated in dark with FITC-conjugated
secondary antibody (e-Bioscience) for 2 hrs at room
temperature. The standard was established by isotopematched control (e-Bioscience). A total of 10,000 FITClabeled cells were acquired and analyzed by flow
cytometry (BD FACSCalibur, Becton Dickinson, NJ,
USA).

Senescence activity
Replicative senescence of MPCs was measured
qualitatively by using Senescence associated βGalactosidase Staining Kit (SA-β-GAL) (Cell signaling
technology, USA). For the assay, MPCs at passage 5
were seeded at a density of 1×104 cells per 35 mm dish
and cultured until they reached 70-80% confluence.
Then, MPCs were stained according to the
manufacturer's instructions. Briefly, cells were washed
with DPBS and incubated for 15 min with 3.7%
formaldehyde, and again washed twice with DPBS.
Colour development was observed by incubation
overnight at 37°C with the staining solution provided.
Plates were then observed for the development of blue
colour under phase-contrast microscope.
Colony-forming ability
To assess the colony-forming ability, MPCs in the
passage 3 were seeded at a density of 5×10 2 cells in a
100 mm culture dish and cultured for 14 days
followed by staining with crystal violet solution. The
colonies with >50 cells were considered positive and
were scored both microscopically as well as
macroscopically.

Phenotypic plasticity
MPCs were induced to differentiate into osteocytes,
adipocytes,
and
chondrocytes
to
determine
phenotypic plasticity. Osteogenic, adipogenic, and
chondrogenic differentiation was performed in
monolayer cultures. Briefly, 2×105 cells were seeded
per well of a 12-well culture dish and cultured in
DMEMF12 medium supplemented with 10% FBS until
they reached 70-80% confluency. Thereby media was
regularly changed every 3 days with appropriate
differentiation media for 28 days.
Osteogenic
differentiation media consisted of DMEM/F12 media
supplemented with 10% FBS, 1% glutamax, 0.1 mM
mercaptoethanol, 1X MEM NEA, 1X Pen-Strep 10 nM
dexamethasone, 10mM β-glycerophosphate disodium
and 0.1mM L-ascorbic-acid-2-phosphate. Adipogenic
differentiation media contained DMEM/F12, 10% FBS,
1% glutamax, 0.1 mM mercaptoethanol, 1X MEMNEA, 1X Pen-Strep, 1 µM dexamethasone, 100 µM
indomethacin, 500 µM 3-isobutyl-1-methylxanthine,
and 10 µg/ml human recombinant insulin.
Chondrogenic media comprised of DMEM/F12, 10%
FBS, 1% glutamax, 0.1 mM mercaptoethanol, 1X
MEM-NEA, 1X Pen-Strep, 0.1 µM dexamethasone, 1%
insulin-transferring-selenium (ITS), 0.1 mM Lascorbic-acid-2-phosphate and 10 ng/ml transforming
growth factor –β3 (MP Biomedicals, NJ, USA).

Alkaline phosphatase activity
Culture expanded MPCs at passage 3 were plated at a
density of 1×105 cells onto 35 mm cell culture dishes in
duplicates and one of the replicate dishes was fed with
basal media, the other with osteogenic induction
media (described under phenotypic plasticity) for 11
days. Then cultures were stained with BCIP/NBT color
development substrate kit (Promega, Madison, WI,
USA) according to the manufacturer protocol. After
the incubation period, the images were acquired using
a phase-contrast microscope. Another set of 35 mm
cell culture dishes with the same seeding density were
maintained under similar culture conditions. After 11
days of incubation instead of staining with BCIP/NBT,
they were subjected to the quantitative analysis of
alkaline phosphatase (ALP) activity through mRNA
expression by RT-qPCR.
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Gene expression by real-time PCR (RT-qPCR)
The mRNA expression level of osteogenic markers:
Runt-related transcription factor 2 (RUNX2),
osteopontin (OPN), and osteonectin (ON), adipogenic
markers: lipoprotein lipase (LPL), adipocyte protein 2
(AP2), and peroxisome proliferator activated receptorgamma (PPAR-γ) and chondrogenic markers:
aggrecan (ACAN), collagen 2 alpha 1 (COL2-α1),
SOX9, transforming growth factor-beta 3 (TGF-β3),
and vimentin (VIM) were assessed in MPCs cultured
for 28 days in specific induction media. MPCs
cultured in basal media for 28 days were considered as
control. Total RNA was extracted using RNAiso Plus
kit (Takara, Japan) and was quantified using a
nanodrop 1000 spectrophotometer (Thermo Fisher
Scientific). Then, cDNA was synthesized using Prime
script TM (Perfect real-time) RT Reagent kit (Takara,
Japan) according to manufacturers’ protocol. The
mRNA expression level of target genes was quantified
by
real-time
PCR
(Applied
Biosystems,
StepOnePlusTM) using SYBR® Premix Ex Taq TM II
(Takara, Japan). ΔΔCT method was used to evaluate
the relative fold expression of target genes, which was
normalized against the expression level of β-actin for
every sample. The primer sequences of the studied
genes are presented in Table 1.

Primer sequences (5′-3′)

β-Actin

F: TCCTTCCTGGGCATGGAG
R: AGGAGGAGCAATGATCTTGATCTT

RUNX2

F: AACTTCCTGTGCTCGGTGCTG
R: GGGGAGGATTTGTGAAGACGG

OPN

F: CTAGGCATCACCTGTGCCATACC
R: CTACTTAGACTACTTGACCAGTGAC

ON

F: GTGCAGAGGAAACCGAAGAG
R: AAGTGGCAGGAAGAGTCGAA

ALP

F: TAAGGACATCGCCTACCAGCTC
R: TCTTCCAGGTGTCAACGAGGT

LPL

F: AAAGCCCTGCTCGTGCTGAC
R: TAAACCGGGCCACATCCTGT

AP2

F: TGAGATTTCCTTCATACTGGG
R: TGGTTGATTTTCCATCCCATT

PPAR-γ

F: CGACCAGCTGAATCCAGAGT
R: GATGCGGATGGCCACCTCTT

ACAN

F: AGTTCTCAAATTGCATGGGGTGTC
R: AGTTCTCAAATTGCATGGGGTGTC

COL2-α1

F: CAGCCGCTTCACCTACAGC
R: TTTTGTATTCAATCACTGTCGCC

F: CCCAACGCCATCTTCAAGG
R: CTGCTCAGCTCGCCGATGT

TGF-β3

F: GGTTTTCCGCTTCAATGTGT
R: TATAGCGCTGTTTGGCAATG

VIM

F: TCCGCACATTCGAGCAAAGA
R: TGATTCAAGTCTCAGCGGGC

Statistical analysis
The data are expressed in terms of the mean ±
standard deviation (SD) of each experiment performed
in triplicates. The data were analyzed by GraphPad
Prism 8 software. One-way or two-way ANOVA
followed by Tukey’s multiple comparison tests were
used. P < 0.05 was considered statistically significant.

RESULTS
Morphology and viability
A total of three cell lines, designated as MPCs-1,
MPCs-2 and MPCs-3 were successfully established in
the present study. MPCs were plastic adherent cells
with small spindle-shaped fibroblast-like morphology
since their release in the primary culture (P0) (Figure
1A) up to late passages (P5) (Figure 1B). When the
viability was assessed at different passages, the mean
percentage viability varied between 98% and 83%
from early to later passages. However, a statistically
significant difference was observed at passage 3
between MPCs-1 Vs MPCs-2 (P=0.0182) and passage 5,
MPCs-2 Vs MPCs-3 (P=0.0275) (Figure 2A). Viability
was also assessed at different time points of passage 2,
but there was no statistically significant (P>0.05)
difference in the mean percentage viability (>95%)
(Figure 2B).

Table 1. Primer sequences used for RT-qPCR
Genes

SOX9

Figure 1. Morphology of osteoarthritis (OA) cartilage-derived
mesenchymal progenitor cells (MPCs). (A) MPCS exhibited their
early release from tissue explants and firm attachment onto the cell
culture dish at passage 0 (P0). (B) The adherent cells formed a
relatively homogeneous population and showed a similar
fibroblast-like (short to elongated spindle) morphology. Images (4x)
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Proliferative index

Colony-forming ability

Growth kinetics analysis depicted a linear
proliferation rate of MPCs with an ideal growth phase
consisted of a transient lag phase followed by a
logarithmic phase and lastly, the stationary phase
began at the onset of day 9. Despite the increase in the
proportion of live cells over time upon statistical
testing, there was a significant difference in the
proliferation rate of MPCs-1 Vs MPCs-2 (P=0.0171)
and MPCs-2 Vs MPCs-3 (P=0.0439) on day 6 (Figure
2C). Also, the mean PDT of MPCs was 49.72±7.94 hrs
without any significant (P>0.05) difference between
the cell lines (Figure 2D).

The OA-derived MPCs were capable of forming
colonies, each consisted of >50 cells and were stained
positive for crystal violet solution (Figure 3B). When
the colonies were quantified from two replicates of an
individual experiment, the mean percentage colonyforming unit ability was 28.35%. Statistical analysis

Figure 2. Viability and growth kinetics of MPCs. (A & B) The
viability of MPCs at different passages and various time points of
passage 2. The mean percentage values are plotted. (C) The
proliferation rate of MPCs was determined by counting the cells at
different time intervals, such as day 0, 3, 6, 9, and 12. (D) The
growth potential of MPCs is presented as PDT in hours.
Superscripts a, b and c indicate statistically significant differences at
P<0.05.

Figure 3. Senescence associated β-Galactosidase Staining Kit (SA-βGAL) and colony-forming unit (CFU) assay of MPCs. (A) SA-β-Gal
activity of MPCs. Images (10x). (B) MPCs displayed crystal violet
stained colonies on the 14th day. Both macro and microphotographs
indicate the clonogenic potential. Image: 4x (C) The mean
percentage of colonies formed by MPCs. Superscripts a, b and c
indicate statistically significant differences at P<0.05.

implied a remarkable difference in colony-formation
ability amongst cell lines MPCs-1 Vs MPCs-2
(P=0.0015), MPCs-1 Vs MPCs-3 (P=0.0336) and MPCs-2
Vs MPCs-3 (P=0.0053) (Figure 3C).

Alkaline phosphatase activity
SA-β-GAL assay

MPCS showed clear positive staining for ALP activity
on the 11th day further manifesting inherent stemness
and differentiation potential (Figure 4A and 4B).
Further, the ALP staining of MPCs was also evident in
the osteogenesis-induced cells than the non-induced
with an altered morphology. These observations were
validated by the mRNA expression of ALP using RTqPCR (Figure 4C).

At the end of the incubation period of SA-β-GAL
staining, the characteristic blue-stained cells generally
observed due to the catalytic action of SA βGalactosidase in the hydrolysis of X-gal were not
apparent under standard culture conditions. The
results indicated the absence of viable quiescent
enlarged cells undergoing replicative senescence
(Figure 3A).
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Figure 5. Representative images of immuno-phenotyping analysis
of MPCs by flow cytometry. MPCs displayed positive staining for
markers, such as CD73, CD90, CD166 and negative staining for
CD146, CD34, CD45 and HLA-DR. Red and green filled histograms
show isotype control and expression of indicated markers,
respectively.

Phenotypic plasticity
At the end of the differentiation, the osteogenesis
induced cell cultures displayed positivity to Alizarin
red staining of mineral nodules (Figure 6A) and
adipogenesis induced MPCs were able to form lipidfilled cytoplasmic vacuoles as stained with Oil red O
(Figure 7A). Chondrogenesis-induced MPCs were also
able to form Alcian blue-stained spheroids which were
distinguishable
both
microscopically
and
macroscopically (Figure 8A). All the specific staining
images were assessed against non-induced MPCs.
Figure 4. Alkaline phosphatase activity (ALP) of MPCs. (A&B)
MPCs exhibited ALP activity in the 11th-day cultures. Purple
staining was observed in both non-induced and osteogenesisinduced MPCs. Both macro and microphotographs indicated
evident BCIP/NBT staining in Induced MPCs for obvious reasons.
Images (4x). (C) ALP activity of MPCs was quantified by RT-qPCR.
A significantly higher mRNA expression was observed in the
induced MPCs (OI-MPCs) than the non-induced MPCs (ControlMPCs). Superscripts a and b indicate statistically significant
differences at P<0.05.

Phenotypic characterization
Flow cytometry results revealed a clear positive
expression of cluster of differentiation markers, such
as CD73, CD90, and CD166. Negative expression of
hematopoietic cell markers, such as CD34, CD45, and
HLA-DR affirmed MPCs existence (Figure 5). CD146,
a stem/progenitor cell marker, was found negative in
MPCs.

Figure 6. Osteogenesis of MPCs. (A) MPCs were capable of
differentiating into osteocytes upon induction for 28 days as
confirmed by Alizarin red staining, which stained calcium deposits.
Inset: Macroscopic image. No staining was observed in control.
Images: 4x. (B) Relative mRNA expression levels of genes RUNX2,
OPN, and ON analyzed by RT-qPCR. Superscripts a, b, c indicate
statistically significant difference amongst the MPCs at P<0.05.
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osteogenic and adipogenic specific relative mRNA
expression among the cell lines. RUNX2: MPCS-1 Vs
MPCs-2 (P=0.0034) and MPCS-1 Vs MPCs-3
(P=0.0053). OPN: MPCs-1 Vs MPCs-2 (P=0.0021),
MPCs-1 Vs MPCs-3 (P=0.0004) and MPCs-2 Vs MPCs3 (P<0.0001). ON: MPCs-1 VS MPCs-2 (P=0.0089) and
MPCs-1 Vs MPCs-3 (P=0.0178). LPL: MPCs-1 Vs
MPCs-3 (P=0.0439) and MPCs-2 Vs MPCs-3 (P=0.0303).
AP2: MPCs-1 Vs MPCs-3 (P=0.0114) and MPCs-2 Vs
MPCs-3 (P=0.0110). PPAR-γ: MPCs-1 Vs MPCs-2
(P=0.0414) (Figure 6B and 7B). Chondrogenesis specific
mRNA expression revealed no statistically notable
difference in the relative expression of a panel of genes
between the cell lines except for SOX9: MPCs-1 Vs
MPCs-2 (P=0.0399) (Figure 8B).

Figure 7. Adipogenesis of MPCs. (A) Adipogenesis-induced MPCs
were capable of forming lipid vacuoles as indicated by oil red O
staining. No staining was observed in control. Images: 4x. (B)
Relative mRNA expression levels of genes LPL, AP2, and PPAR-γ
analyzed by RT-qPCR. Superscripts a and b indicate statistically
significant difference amongst the MPCs at P<0.05.

DISCUSSION
The MPCs are a readily available source of cells with
self-renewal and multilineage differentiation ability.
Although the physiology of OA disease progression
and repair mechanisms involving MPCs remain
unknown, the discovery of OA articular cartilagederived MPCs with higher chondrogenic potential has
led the researchers to attempt MPCs mediated
cartilage repair in humans [11]. MPCs could be a
heterogeneous population of cells with the varied
phenotype and differentiation abilities attributed to
different stages of OA, hence it is crucial to identify
and enrich the cell source with appropriate
chondrogenic lineage-committed cells to prevent
irrelevant heterotopic cartilage formation [7,12]. This
study was successful in isolating and characterizing
the MPCs derived from OA cartilage and it further
substantially strengthened the notion of the existence
of MPCs in the later stages of OA cartilage.
The in vitro cultured cells were plastic adherent since
their release in the primary culture, and exhibited a
well-defined short spindle-shaped morphology
resembling any other sources of MSCs derived from
bone marrow, umbilical cord, placenta, and adipose
tissue [13]. The viability and proliferation rate of
MPCs play a key role in tissue engineering. It has been
reported that, the chondrocytes are terminally
differentiated cells and cannot thus proliferate or
differentiate [14]. The current study observed a linear
proliferation rate and higher viability which was
maintained until later passages.

Figure 8. Chondrogenesis of MPCs. (A) Chondrogenic induction of
MPCs for 28 days resulted in the formation of characteristic
spheroids, demonstrated by Alcian blue staining. Inset: Macroscopic
image. No staining was observed in control. Images: 4x. (B) Relative
mRNA expression levels of genes ACAN, COL2-α1, SOX9, TGF-β3
and VIM analyzed by RT-qPCR. Superscripts a and b indicate
statistically significant difference amongst the MPCs at P<0.05.

Gene expression analysis
Osteogenesis, adipogenesis, and chondrogenesis
induced MPCs showed positive mRNA expression for
the selected panel of genes by RT-qPCR. Also, there
was a statistically significant (P<0.05) difference in the

Colony-forming ability is an exceptional trait of
stem/progenitor cells and can be very useful in the
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identification of MPCs. In the deficit of MPCs specific
biomarkers, the colony-forming assay can be used
extensively to distinguish clonal populations of
progenitor cells [5]. Senescence is an irreversible cell
cycle arrest instigated either by the shortening of
telomeres or by stress-induced epigenetic alterations.
Given that stem cells are known for their ability of
self-renewal, plasticity, and also lack of replicative
senescence, there is increasing evidence of cellular
senescence impeding stem cell properties during
advanced passages by barely understood mechanisms.
Contrarily, extensive in vitro propagation of MPCs is
crucial to obtain adequate cells for therapeutic
applications [15,16]. Senescence-associated betagalactosidase, along with p16Ink4A, is regarded to be a
biomarker of cellular senescence and the most
commonly used for the detection of cellular
senescence [17,18]. In the current study, owing to the
later stages and age of OA cartilage, the derived MPCs
at passage 5 were qualitatively subjected to SA-β-Gal
activity, which inferred least or no SA-β-Gal activity.
Although the presence of divergent populations of
senescent progenitor cells have been identified in
many tissues, such as the epidermis of the skin, where
the clonogenic cells decrease in aging. This does not
seem to be observed in normal cartilage or OA
cartilage-derived MPCs, probably due to the more
quiescent state, unlike the epidermal cells [5].

positive expression for CD73, CD90, and CD166 and
negative expression for CD146, CD34, CD45, and
HLA-DR. These results established the presence of
MSCs by confirming the ISCT position statement [10].
However, interestingly the MPCs were CD166+ and
CD146-, both of which are amongst the others scarcely
known markers that might represent progenitor cell
niches. Only a few studies have reported the presence
of MPCs in both normal and osteoarthritic cartilage
and also have demonstrated significantly higher
prevalence in OA cartilage [2,5,21,22]. Two studies
have proven the superior chondrogenic ability of
MPCs by using fluorescence-activated cell sorting for
CD105 and CD166 [2,23]. CD166 has also been
reported to be expressed in the progenitor cells of the
perichondrium [24]. Few studies have considered
CD146 as a marker of chondroprogenitor cell
subpopulations with higher chondrogenesis and
clonogenic potential [25,26]. Contrary to the previous
observations, in the present study, MPCs were CD146, but still were capable of undergoing chondrogenesis
along with enhanced colony-forming ability.
Plasticity is an exceptional trait of MPCs to undergo
trilineage differentiation into osteocytes, adipocytes,
and chondrogenesis. In this study, MPCs in
monolayer cultures were capable of undergoing
osteogenesis, adipogenesis, and chondrogenesis when
cultured in the appropriate medium, as reported
previously [2,6,9,12]. CD105+/CD166+ cells do not
express markers of differentiated chondrocytes, such
as ACAN, COL2-α1 [2]. Vimentin, although a marker
of the cytoskeleton is a regulator of chondrogenesis,
which has been confirmed by few studies where
siRNA-mediated knockdown of vimentin inhibited
cartilage-specific ECM production [27]. However,
MPCs upon chondrogenic induction in monolayer
cultures for 28 days expressed chondrocyte markers
(ACAN, COL2-α1, SOX9, TGF-β3, and VIM) and also
formed typical Alcian blue stained spheroids. The
higher relative expression of these markers further
confirmed the chondrogenic lineage differentiation of
MPCs in a monolayer culture [9,12].

Alkaline phosphatase (ALP) is a ubiquitous
membrane-bound glycoprotein expressed in a wide
variety of tissues and cells. High ALP activity, besides
being considered as a traditional marker of
pluripotent stem cells, is also attributed to the
presence of undifferentiated cell phenotypes. Contrary
to the prior notion in the current study high ALP
activity was observed in osteogenesis induced MPCs
than the non-induced MPCs, which suggests it can
also be correlated with the status of differentiation
rather than stemness. Unfortunately, the significance
of ALP activity in pluripotent cells and MPCs is
vaguely understood [19]. We hypothesize that the
ALP expression in MPCs could be an indicator of
progenitor cells rather than stemness, which can be
supported by similar studies that documented high
ALP activity in differentiated cells [19,20].

CONCLUSIONS
The results of the present in vitro study indicated that
MPCs exist in the articular cartilage of OA patients
possessing stem cell-like characteristics with enhanced
ability towards chondrogenesis. Stem cell-based
therapy might be a promising approach for treating
the articular cartilage defects caused due to

As specific surface markers representing the MPCs
population are not known to date, the present study
examined the phenotypic characteristics of MPCs
using a set of surface antigen markers that represented
both MSCs and MPCs. In addition to plastic adherence
and plasticity, the cultured MPCs demonstrated
www.bsmiab.org/jabet
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noncurable diseases, such as OA. However, studies
are warranted to further establish the potency and
plasticity of MPCs under in vivo conditions using
suitable animal models prior to their applications in
cartilage regeneration therapy.
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