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Introduction

Articular cartilage is made up of hyaline tissue embodying 
chondrocytes, which arise from mesenchymal stromal cells 
(MSCs) and specialized extracellular matrix.1 The anatomi-
cal complexity of mature cartilage contributes to its special-
ized viscoelastic properties and durability in daily 
weight-bearing functions. The lack of blood vessels, nerves, 
and lymphatics and the relative inability of chondrocytes to 
easily migrate through their surrounding extracellular 
matrix renders any form of cartilage injury above a critical 
size (~3 mm) difficult to repair. Currently, treatment strate-
gies directed toward cartilage repair and restoration have 
progressed from marrow stimulation to gene therapy tech-
niques with varying success.2 In the field of cell-based ther-
apeutics, autologous chondrocyte implantation (ACI) and 
marrow stromal cell therapies have been the mainstay 
options. Follow-up studies have shown terminal differentia-
tion, hypertrophy, and calcification postimplantation among 
the varied complications following treatment.3

Recently, the focus is toward the identification, charac-
terization, and therapeutic potential of articular cartilage–
derived stem/progenitor cells.4 The characteristics of these 
multipotent progenitors include self-renewal, differential 
adhesion to fibronectin with high colony forming efficiency, 
and high replicative potential expressing MSC markers.4,5 
Since cartilage-derived chondroprogenitors (CPCs) and 
chondrocytes share the same anatomical location, and chon-
drocytes have the ability to dedifferentiate and acquire 
stemness-like characteristics in cultures, the ability to 
define and show clear-cut differences between the 2 cell 

736108 CarXXX10.1177/1947603517736108CartilageVinod et al.
research-article2017

1Department of Physiology, Christian Medical College, Vellore, india
2Department of Orthopaedics, Christian Medical College/Center for 
Stem Cell research, Vellore, india

Corresponding Author:
P. r. J. V. C. Boopalan, Department of Orthopaedics, Centre for Stem 
Cell research, Christian Medical College & Hospital, Vellore 632002, 
india. 
email: jpboopy@gmail.com

Reserve or Resident Progenitors in 
Cartilage? Comparative Analysis of 
Chondrocytes versus Chondroprogenitors 
and Their Role in Cartilage Repair

Elizabeth Vinod1, P. R. J. V. C. Boopalan2, and Solomon Sathishkumar1

Abstract
Introduction. articular cartilage is made up of hyaline tissue embodying chondrocytes, which arise from mesenchymal 
stromal cells (MSCs) and specialized extracellular matrix. Despite possessing resident progenitors in and around the 
joint primed for chondrogenesis, cartilage has limited intrinsic capacity of repair and cell turnover. advances in isolation, 
culture, and characterization of these progenitors have raised the possibility for their use in cell-based cartilage repair. 
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and are identified by their colony forming ability, proliferative potential, telomere dynamics, multipotency, and expression 
of stem cell markers. the combined presence of CPCs and chondrocytes within the same tissue compartments and 
the ability of chondrocytes to dedifferentiate and acquire stemness during culture expansion has obscured our ability 
to define and provide clear-cut differences between these 2 cell populations. Objective. this review aims to evaluate 
and summarize the available literature on CPCs in terms of their origin, growth kinetics, molecular characteristics, and 
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systematic review, a comprehensive electronic search was performed on PubMed and google Scholar using relevant 
terms such as chondrocytes, chondroprogenitors, and surface marker expression. Results and Conclusion. Our comparative 
analysis shows that there is an ill-defined distinction between CPCs and chondrocytes with respect to their cell surface 
expression (MSC markers and CPC-specific markers) and differentiation potential. accumulating evidence indicates that 
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populations is difficult.6 The objective of this systematic 
review is to evaluate and summarize the available literature 
on CPCs in terms of their origin, molecular characteristics, 
and therapeutic potential with emphasis on their difference 
from dedifferentiated full-depth chondrocytes.

Methods

Information Sources and Search Strategy

An electronic search was performed on PubMed and Google 
Scholar with the following keywords: “chondroprogenitors,” 
“cartilage mesenchymal progenitor,” “resident progenitors,” 
“cartilage stem cells,” “clonal chondroprogenitors,” “chon-
drogenic potential,” “chondroprogenitor surface markers,” 
“chondrocyte surface markers,” “chondrocyte differentia-
tion,” “chondrocyte redifferentiation.” The above-mentioned 
text words and medical subject headings (MeSH) were 
entered depending on the characteristics of the databases. 
The reference lists from the obtained articles were also 
screened for additional relevant articles. Only publications in 
English were considered.

Discussion

Summary of evidence

Continuum: Origin, Development, Distribution, and Cell Profile of 
Chondroprogenitors. During embryonic development, chon-
drogenesis occurs in a coordinated manner, initiated by the 
condensation of prechondrogenic mesenchymal stem cells 

within the extracellular matrix of the limb buds.7 Condensed 
CPC cells undergo proliferation and aggregation in the pres-
ence of growth factors, cell adhesion, and intracellular sig-
naling and eventually differentiate to form chondrocytes.8 
Chondrocytes remain either as resting cells, which form the 
opposing cartilage, or proliferate to terminally differentiate, 
hypertrophy, and undergo endochondral ossification, which 
finally mineralizes to form bone7 (Fig. 1). Lineage tracking 
studies have shown articular chondrocytes are matrilin-1 
negative for gene and protein expression, whereas underly-
ing epiphyseal chondrocytes are positive, indicating that 
bifurcation of cell fates is an early phenomenon probably 
regulated in part by expression of growth factor GDF5 in the 
developing joint.9

Developmental studies using bromodeoxyuridine to 
identify growth zones in fetal articular cartilage identified 2 
populations of positive cells, short-term labeled cells 
located interstitially and a second group of label retaining 
cells at the surface.10 These and other studies provided cir-
cumstantial evidence for the presence of stem/progenitor 
cells in the articular surface driving appositional growth 
and led Dowthwaite et al. devise a method to isolate CPCs.4 
This specialized population was isolated in fetal calves 
using differential adhesion to fibronectin and was shown to 
exhibit phenotypic plasticity and high colony forming effi-
ciency with expression of cell fate selector gene Notch-1. 
Subsequently, Alsalameh et al. confirmed the presence of 
CD105 (TGFβ endoglin) and CD166 (ALCAM) positive 
MSC-like progenitor cells from normal human cartilage.11 
The percentage expression was doubled in osteoarthritic 

Figure 1. Sequence of events during chondrogenesis. MSCs (mesenchymal stromal cells) undergo condensation and aggregation 
to form chondroprogenitors, which further differentiate to give rise to chondrocytes. the chondrocytes either remain as resting 
cells, which form the cartilage, or dedifferentiate to acquire stem cell–like potency or terminally differentiate to form hypertrophic 
chondrocytes. the hypertrophic cells undergo vascularization and endochondral ossification to form bone.
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cartilage (OAC), but less than half the population was capa-
ble of adipogenic differentiation. Fickert et al. also identi-
fied and isolated cartilage resident progenitor cells from 
human OAC that showed CD9 (tetra span), CD90 (Thy-1), 
and CD166 triple positive staining and multipotency.12 
Based on the Hoescht 33342 dye exclusion, the presence of 
progenitors (0.07%) was shown not only at the superficial 
zone of bovine cartilage but also in full-thickness human 
cartilage (0.14%) though devoid of adipogenic differential 
potential.13,14 Grogan et al. showed mesenchymal progeni-
tors cells positive for STRO-1, Notch-1, and VCAM more 
at the mid-zone than the superficial and deep-zone of 
OAC.13 Another potential source of progenitor cells called 
migratory chondrogenic progenitor cells exhibiting STRO-1 
and CD29 positivity with enhanced chondrogenic potential 
relative to osteogenic and adipogenic lineages was identi-
fied.15 These progenitor cells were found to migrate from 
the bone marrow through breaks in tidemark in late-stage 
OA.16 Existence of progenitor cell population from rheuma-
toid arthritis and late-stage OA cartilage exhibiting migra-
tory potential with varying stem cell marker profile have 
also been reported.17 Besides the articular surface, cell pro-
liferative marker Bromodeoxyuridine (BrdU) positivity 
was also demonstrated at the perichondrial groove of 
Ranvier in mature rabbit knee joints.18,19 In contrast with the 
results of Dowthwaite et al., the label retaining cells did not 
express Notch-1, Stro-1, and N-cadherin as compared to the 
cells at the superficial zone.4 Mesenchymal progenitor cells 
with desirable bias toward chondrogenic lineage have also 
been reported from other non-cartilage sources such as 
synovium, meniscus, and infrapatellar fat pad.15,20

The Archer group further identified, characterized, 
and evaluated CPCs and their role in cartilage repair. 
Their work shows CPCs isolated by fibronectin adhesion 
conform to the minimal criteria for classification as 
MSCs and that these cells also exhibit characteristics of 
hypo-immunogenicity with positive immunosuppressive 
properties.20-22 Clonal monolayer cultures taken up to 30 
population doublings (PDs) label by immunofluores-
cence for stem cell markers STRO-1, CD90, Notch sig-
naling proteins (Notch-1, Delta-1, and Jagged-1), 
collagen-1 (CI), and markers of the chondrogenic pheno-
type (collagen II [CII], aggrecan IGD, sox-9).23,24 A pre-
clinical caprine cartilage repair study using CPCs and 
full depth chondrocytes showed CII-positivity.22 The 
therapeutic superiority of CPCs to chondrocytes, specifi-
cally dedifferentiated cells, is further highlighted by their 
2.6-fold greater telomerase activity, exponential growth, 
and sox-9 expression in extended culture expansion.23 
Comparative studies between equine bone marrow (BM)-
MSCs and CPCs showed that the latter demonstrate 
superior capabilities for cartilage repair as they lacked 
the expression of hypertrophic markers Runx2 and typeX 
collagen.25

Use of CPCs for cartilage repair seems logical as these 
mesenchymal progenitor cells are primed for chondrogen-
esis and can be used as an alternative or in addition to 
mature chondrocytes when repairing larger lesions.

Differences and Similarities between 
Chondroprogenitors and Chondrocytes: growth 
Kinetics, Cell Surface Marking Profile, and 
Differentiation Potential

The debate is whether progenitor-like cells within cartilage 
are the only cells expressing phenotypic plasticity and stem-
ness or can dedifferentiated chondrocytes also exhibit similar 
traits? Monolayer expanded full-depth chondrocyte cultures 
have been known to lose their differentiated phenotype, reac-
quire mesenchymal-like phenotype, and redifferentiate in the 
presence of chondrogenic stimuli.24 Knowledge on what dis-
tinguishes the 2 populations and development of a minimum 
set of standard criteria for defining and characterizing the 
cartilage progenitors is vital. In this review, we aim to com-
bine the relevant existing knowledge on CPCs and chondro-
cytes and compare the similarities and differences.

growth Kinetics: Colony forming efficiency (CFe), 
Population Doublings (PD), and Senescence 
assay (β-galactosidase)

The CPCs are isolated by incubating digested cartilage 
explant cells in fibronectin-coated plates and this is fol-
lowed by transfer of the formed discrete colonies (>32 cells/
colony) for further expansion. The CFE is calculated based 
on the initial seeding density and the number of cells that 
adhere to the fibronectin-coated wells. The CPCs with a 
CFE ranging from 0.04% to 0.09% require 8 to 14 days to 
achieve a colony of 32 cells, an equivalent to 5PD.25 CPCs 
show high replicative potential reaching 60PD in 200 days, 
whereas unsorted primary chondrocyte monolayer cultures 
require around 60 days to reach 9.5PD.26 CPCs also exhibit 
an initial exponential growth over 20PD followed by a 
slower linear growth with evidence of replicative senes-
cence in later passages.23 CPCs at PD greater than 30 con-
tinue to express positivity for CD90, STRO-1, Notch-1, and 
its ligands.22 Dedifferentiated chondrocytes by fifth mono-
layer passage lose their chondrogenic phenotype and their 
ability to redifferentiate following growth factor stimula-
tion.27 Furthermore, immature bovine CPCs when com-
pared to nonclonal dedifferentiated chondrocytes show 
2.6-fold greater telomerase activity and maintain higher 
average telomere lengths of chromosomes.23 Comparison 
of human dedifferentiated chondrocytes and CPCs also 
show a similar trend with distinct high-molecular-weight 
bands denoting the presence of a subpopulation of stem-like 
cells visible only in cultures of expanded CPCs and absent 
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in unsorted and dedifferentiated full depth chondrocyte 
populations.22 In the latter study, human CPCs were also 
shown to have higher telomerase activity compared to 
dedifferentiated chondrocytes.

Chondroprogenitor Subpopulations

It is generally accepted that chondrocytes from OAC do 
not possess the same proliferative or differentiation capac-
ity as cells from undiseased donors. A clear demonstration 
of the difference between the 2 cellular pools is the decline 
in average telomere length seen in osteoarthritic chondro-
cytes compared to undiseased counterparts. The same phe-
nomenon is observed in monoclonal isolates of CPCs from 
healthy and OA donors, where there is an overall decline in 
average telomere length in OA populations, and this may 
be due to replicative exhaustion or the deleterious effect of 
free radicals generated through inflammatory episodes on 
telomere.28 CPCs in OAC have been further categorized 
into distinct subpopulations based on their proliferative 
and senescence profiles.29 High-resolution single telomere 
length analysis (STELA) shows that osteoarthritic CPCs 
exist as 2 subpopulations present at equal frequency and 
distinguishable based on telomere length and proliferative 
capacity. Thus, the unique growth kinetics between CPCs 
and chondrocytes as well as transcriptional changes could 
be used as phenotypic parameters to distinguish between 
these cell populations29 (Table 1).

Cell Surface Marking Profile

Classical MSC Markers: CD73, CD90, and CD105. CPCs 
isolated by fibronectin differential adhesion have been 
classified as MSC as they conform to the criteria set by the 
International Society of Cellular Therapy.21 They are posi-
tive (≥95%+) for CD105, CD73, and CD90 and negative 
(≤2%+) for hematopoietic stem cell markers CD34 and 
CD45, demonstrating multilineage potential via success-
ful differentiation into chondrogenic, adipogenic, and 
osteogenic lineages (see Table 2).5 Besides bone, 
synovium-derived MSCs, and CPCs, migratory chondro-
genic progenitors that can be isolated from OAC also are 
positive for classical MSC markers with the expression of 
CD73 higher than CD90 and CD105. Human articular 

chondrocytes(HAC) isolated by enzymatic digestion, 2 
weeks in monolayer culture, showed upregulated expres-
sion of CD105 (95%) and CD90 (99.88%).31 Bernstein 
et al. also showed similar human BM-MSC and HAC have 
been shown to express greater levels of CD90 and lower 
levels of CD105.32

Stem Cell Markers: StRO-1, Notch1, and VCaM1 (CD106). In 
normal cartilage almost half the cells are positive for STRO-
1, Notch-1, and VCAM-1 antibody labeling, with labeling 
higher in the superficial zone,13 whereas in OAC, the 
expression is concentrated more at the midzone.4,13

STRO-1 is an MSC marker expressed by bone marrow 
stromal elements and endothelium.31 Immature bovine 
articular cartilage labels for STRO-1 positive cells in all 
zones, compared to mature cartilage explants, where expres-
sion is localized to the superficial zone.36 Perichondrial 
chondrogenic progenitors and CPCs displaying clonal 
behavior express positive STRO-1 immunolabeling in 
vitro.25 In FACS analysis of migratory chondrogenic pro-
genitor only 15% of cells display positivity for STRO-1.16 
Though no data on STRO-1 expression in isolated chondro-
cytes are available, experiments have shown monolayer 
expanded HAC cultures exhibit better chondrogenic poten-
tial in both scaffold and scaffold-free cultures as compared 
to STRO-1 immunoselected marrow stem cells.37 Notch1 is 
a known cell fate determination regulator in stem cells con-
taining receptors for its ligands Delta4 and Jagged1.38 
Dowthwaite et al. showed that 86 % of the cells at the 
superficial zone of calf cartilage expressed Notch1 as com-
pared to 10% and 34% at mid-zone and deep-zone, respec-
tively. These cells also showed progenitor features, namely, 
increased adhesion to fibronectin and high colony forming 
efficiency.4 Mature human cartilage shows restriction of 
Notch1 positivity to the superficial zone, but this is at odds 
with work in mice where the domain of Notch1 labeling 
expands throughout the depth of the cartilage with growth 
and development.13,39

HAC in early monolayer cultures showed 56% expres-
sion of the MSC marker VCAM-1, followed by its upregu-
lation at about 2 weeks (95% expression). Downregulation 
was observed in extended cultures.31 No data on the expres-
sion of this stem cell marker in chondrogenic progenitors 
are available.

Chondrogenic and Osteogenic Markers: CollagenII, Sox9, Colla-
genI, and Runx2. Chondrogenic differentiation of MSCs is 
regulated by several signaling and transcription factors (see 
Table 3).40 SRY-related box transcription9 (Sox9) is the 
principal factor in mesenchymal condensation and differen-
tiation toward the chondrogenic lineage.41,42 Sox9 specifi-
cally binds with Sox5 and Sox6 activating promoter 
elements to initiate the production of the major extracellular 
components of the cartilaginous matrix CII, collagen9, and 

Table 1. Proliferative and Senescence Potency of equine 
articular CPCs Cultured up to 100PD.30.

Population 
Doubling (PD)

Days in 
Culture

Bromodeoxyuridine 
% Positivity (BrdU)

B-galactosidase 
%

22 — 96% Negative
44 >50 88% 15%
75 120 79% 11%
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aggrecan.43 CPCs and dedifferentiated chondrocytes (22PD) 
showed similar mRNA and protein expression of sox9. But 
freshly isolated chondrocytes showed greater sox9 expres-
sion as compared to CPCs.23 Migratory chondrogenic pro-
genitor cells and clonal CPCs showed positive CI and sox9 
expression with negative CII expression.27 Monolayer HAC 
cultures have been reported to express only CII in early cul-
tures with a switch to CI around the third week, probably 
due to dedifferentiation. Downregulation of CII with the 
upregulation of CI represents the differentiation status of 
chondrocytes in monolayer cultures.6 Early CPC cultures 
thus seem to show a CI+/CII− expression, whereas early 
chondrocyte cultures a CII+/CI− expression with a switch 
to CI+/CII− with prolonged cultures.44 The CI–CII ratio 
between the CPCs and HAC isolated from the same carti-
lage subjected to similar culture conditions over specific 
time intervals could give us valuable information in dis-
cerning the 2 populations.

Runt-related transcription factor-2 (Runx2) has been 
described to be a major transcription factor for differentia-
tion of MSCs to osteoblastic lineage.46 CPCs and migratory 
chondrogenic progenitor cells being MSCs with multipo-
tency also showed positive Runx2 levels as compared to 
very low expression by chondrocytes.16 The upregulation of 
Sox9 and CII with knockdown of Runx2 has been postu-
lated to play an important role in the enhancement of the 
chondrogenic potential of CPCs.44

Chondroprogenitor Surface Markers: CD9 (tetraspan), CD29 
(Integrin β1), CD44, CD49c (Integrin α3), CD49e (Integrin α5), 
CD54, CD146, CD151, and CD166. A recent review states 
that CD49e, CD166, CD90, and CD105 can be used to dis-
cern the 2 populations, namely, CPCs and HAC,47 since a 
large percentage of chondrocytes do not express the afore-
mentioned markers (see Table 4). But the ability of chon-
drocytes to dedifferentiate and acquire stemness raises 
questions about the use of antibodies to these proteins as 
biomarkers for CPC subpopulations.

CD9. CD9 is a part of a family of cellular glycoproteins 
otherwise known as tetraspanins, which are known to inter-
act with integrins and play a vital role in cell development, 
growth, and motility.53 CD9 has been reported as a marker 
for CPCs isolated from OAC.47 No data on its expression 
level by CPCs from normal cartilage exist. Dedifferenti-
ated chondrocytes could have accounted for CD9 positive 
subpopulation in the latter study as the cultures used were 
unsorted chondrocytes, which showed 5% labeling, with a 
subsequent 18-fold increase following monolayer culture 
expansion.12 Other studies on HAC have also shown CD9+ 
levels in one third of the dedifferentiated population.32

Integrin markers. Integrins are membrane receptors 
involved in cell adhesion and recognition of a number of 

vital processes. CD29 (integrin β1) is the most abundant 
beta integrin expressed by stem cells, namely, migratory 
chondrogenic progenitor cells, and also by chondrocytes.16 
CD105+ BM-MSCs with high CD29 expression show a 
greater chondrogenic differentiating capacity than low 
CD29 BM-MSCs.54 Chondrocytes harvested from full-
depth cartilage show 95% expression of CD2922 by the 
fifth passage. Human MSCs have been reported positive for 
CD49c (integrin α3) and CD49e (integrin α5) with upreg-
ulation in continuous culture.27 Various reports show that 
CPCs, migratory chondrogenic progenitor cells, and chon-
drocytes express CD49c.16,31

CD49e encoded by the ITGA5 gene with integrin β1 
forms a heterodimeric fibronectin receptor and plays an 
important role in extracellular mediated signaling. CD49e 
has been considered as a CPC-specific marker as a large per-
centage of chondrocytes do not express it.22,47 Uncultured rat 
chondrocytes were CD49e− and in culture showed upregula-
tion followed by a downregulation with passages.55 Williams 
et al. showed a distinct subpopulation of cells (0.7%) within 
the full depth chondrocytes at fifth passage expressing 
CD49e. CPCs isolated by fibronectin adhesion assay showed 
100% CD49e expression.22 On the contrary, chondrocytes 
isolated from tibial plateau and condyles showed high levels 
of CD49e at early cultures (P0).26 Monolayer HAC cultures 
showed high expression of CD49e at 24 hours with 99.9% 
expression at 2 weeks. Koelling et al. also showed migratory 
chondrogenic progenitor cells and HAC expressing high 
levels of CD49e.16 The role of CD49e as a definitive bio-
marker for CPCs seems to be inconclusive given its highly 
variable and context-dependent expression.

Other CPC markers. CD44 and CD54 (intracellular adhe-
sion molecule-1) are both hyaluronan receptors and have 
been shown to modulate chondrocyte metabolism.56 CD44 
plays an important role in hyaluronan endocytosis, cell 
migration, and proliferation. These receptors form the criti-
cal link between the chondrocyte cell surface and hyaluronan 
proteoglycan aggregates contributing to the highly hydrated 
nature of the cartilage.57,58 Early HAC cultures showed high 
expression of ICAM-1 (CD54).35 Gene and surface marker 
expression studies on HAC monolayer cultures over passages 
have shown upregulation of CD44 with downregulation of 
CD54 probably due to the spreading out of chondrocytes and 
increased cell-to-cell contact.6 The CII/CI ratio correlated 
well with CD54/CD44 ratio as the chondrocytes acquired a 
dedifferentiated phenotype. Similarly, CD44 expression has 
also been reported in migratory chondrogenic progenitor 
cells and CD54 in CPCs isolated from OAC.16,47

CD146, melanoma cell adhesion molecule (MCAM, 
muc18), is expressed by early mesenchymal lineage stem 
cells.59 In comparison with unsorted chondrocytes and  
adipose-derived MSCs, CD146+ FACS sorted chondro-
cytes showed efficient colony-forming capacity with greater 
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chondrogenic potential.51 Similar results were shown in 
another study where immunostaining of the cartilage exhib-
ited CII-rich matrices with nil CD146 expression. 
Monolayer cultures of chondrocytes over passages exhib-
ited a gradual transition of CII+/CD146− cells becoming 
CII+/CD146+ and finally CII−/CD146+.60 It is suggested 
that the appearance and enrichment of CD146+ cells in cul-
ture is probably due to the ability of dedifferentiated chon-
drocytes to acquire a mesenchymal phenotype—termed a 
“reserve stem cell” pool—during dedifferentiation follow-
ing monolayer expansion.

CD151 (tetraspanin family) is a membrane protein that 
forms functional complexes activating proenzyme of 
matrix-metalloproteinase 7, which leads to cartilage 
destruction.61,62 Reverse transcriptase–polymerase chain 
reaction analysis of CD151 mRNA showed overexpression 
in OAC, whereas in normal cartilage the expression was 
only 30%. HAC monolayer cultures showed upregulation 
of CD151 with better expression by chondrocytes with 
chondrogenic capacity.6,31,63

CD166 (activated leucocyte cell adhesion molecule), 
biomarker for mesenchymal progenitor cells within human 
cartilage, exhibited stronger chondrogenic potential.64 The 
superficial and middle zone of the cartilage showed exclu-
sive CD166+ cells that coexpressed CD105.53 CD166+ 
enriched cells showed greater chondrogenic potential, thus 
has been suggested as a biomarker to identify and localize 
CPCs. Monolayer chondrocyte cultures have shown a 
3-fold upregulation of CD166 as an index of their dediffer-
entiated status.6

Differentiation Potential

Chondroprogenitors isolated by the fibronectin assay have 
been classified as MSCs as they not only adhere to plastic 
and express the relevant surface markers but also demon-
strate trilineage differentiation into adipogenic, osteogenic, 
and chondrogenic lineage.22,25 Migratory chondrogenic pro-
genitors have also demonstrated multipotency when cultured 
in established differentiation conditions and additionally 
showed differentiation in 3D alginate cultures without chon-
drogenic supplementation.16 CD9/CD90/CD166 triple posi-
tive cells sorted by FACS from OAC showed trilineage 
multipotency characteristic of mesenchymal progenitor 
cells.12 CD146+ FACS sorted chondrocytes in comparison to 
unsorted chondrocytes and adipose-derived MSCs showed 
efficient colony-forming capacity with greater chondrogenic 
potential.51,60 Similarly, CD166+ immunomagnetic separated 
cells from OAC showed stronger expression of chondrogenic 
phenotype.52 Chondrocytes isolated from OAC also showed 
differentiation into adipogenic, osteogenic, and chondro-
genic lineage comparable to MSCs, with chondrocytes show-
ing higher chondrogenic potential than MSCs.37,65 Another 
comparative differentiation study between expanded clonal 

CPCs (CPCs > 30PD) and full-depth chondrocytes showed 
similar adipogenic profile but restricted osteogenic potential 
for CPCs.22 Both CPC and chondrocyte pellets post-chondro-
genic differentiation showed smooth surface with positive 
staining for glycosaminoglycans and CII.25,37

Thus, CPCS, migratory chondrogenic progenitors, and 
sorted and unsorted chondrocytes all showed multipotency fol-
lowing directed differentiation. Analysis of chondrocytes 
behavior with expansion show that they not only undergo 
hypertrophy but also a population of cells dedifferentiate to 
acquire mesenchymal-like progenitor properties capable of 
redifferentiation with appropriate differentiation stimuli.24,33,66

limitations of existing treatment Options 
Including the Use of Chondroprogenitors

Among the current cell-based therapeutics in the treatment 
of cartilage defects, ACI, stem cell transplantation, and 
marrow stromal studies are currently the mainstay treat-
ment options. ACI besides being expensive and requiring 
multiple surgical interventions also has other drawbacks 
like limited availability, the requirement for extensive cell 
expansion, dedifferentiation, progressive loss of redifferen-
tiation capacity, and expression of hypertrophic differentia-
tion markers after implantation. On the other hand, although 
MSCs satisfy the need of a high cell yield, the disadvantage 
with MSCs are their reduced chondrogenic activity in 
advanced osteoarthritis.67 Current research on BM-MSCs 
for cartilage regeneration demonstrates extracellular matrix 
calcification and terminal differentiation in vitro on chon-
drogenic induction, ultimately resulting in failure of trans-
plantation.67 A recent comparative study between equine 
BM-MSCs and CPCs showed that the latter have superior 
capability for cartilage repair as they lack expression of 
hypertrophic markers (Runx2 and collagenX).67,68

The ability of chondrocytes to dedifferentiate in culture 
and exhibit stem cell markers mandates the need to uncover 
a unique marker for CPCs. The lack of specific biomarkers 
for CPCs has hindered the identification and tracking of 
these cells in in vivo and in vitro.

therapeutic Potential of Chondroprogenitors: 
Cartilage Injury, Osteoarthritis, and animal 
Studies

In response to cartilage injury by enzymatic digestion, resi-
dent progenitor cells showed effortless migration to the site 
with healing of the cartilage.69 Similarly, migratory progen-
itor cells with chondrogenic potential have been identified 
in late-stage osteoarthritis and may contribute to repair 
mechanisms.16 Several studies from OAC show that pro-
genitor cells with chondrogenic potential increase in fre-
quency and play an important role in intrinsic repair of 
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articular cartilage. The expression of CD105+/CD166+ 
cells were doubled in OAC as compared to normal carti-
lage.11 Similarly, STRO-1/Notch-1/VCAM-1 positive cell 
expression was increased at the mid-zone of OA cartilage.13 
With regard to cartilage repair, an in vivo caprine study 
showed that CPC-seeded membrane integrated seamlessly 
with surrounding tissue. When examined the tissue showed 
positivity for CII hinting at repair.22 Autologous CPCs 
seeded on scaffold also showed significant results in treat-
ment of focal cartilage defects.70

Whether CPCs exhibit phenotypic stability has been 
tested by injection intramuscularly into SCID mice. Even 
though cells stained positively for glycosaminoglycans, 
they failed to form a functional matrix at the ectopic site.71 
In HAC studies, 2 of the 12 clonal cell lines at 31PD sub-
jected for cytogenetic analysis showed an abnormal karyo-
type pattern, thus necessitating caution and need for 
karyotyping prior to clinical application.22

Limitation

In this systematic review, though we have taken measures 
to summate and present all the data available with reference 
to comparison of the 2 populations, some limitations were 
encountered. Our search strategy only covered articles that 
were published in English. Few publications were excluded 
as they were not referenceable and a few because they were 
yet unpublished. Since the discovery of CPCs has been 
quite recent, several gaps exist in the current literature and 
the amount of research done, thus limiting us in providing a 
complete picture. The terminology chondroprogenitors in 
the literature has also been used to label other cell popula-
tions residing around the joint, which exhibit chondrogenic 
potential, and this review also includes comparison of these 
cells with chondrocytes.

Conclusion

A large body of information indicates that stem cell-like pro-
genitor cells with significant chondrogenic potential exist 
within and surrounding articular cartilage. These CPCs have 
been postulated to play a vital role in injury response and are 
identified by their colony forming ability, proliferative 
potential, telomere dynamics, multipotency, and expression 
of stem cell markers. However, full-depth chondrocytes 
dedifferentiated following monolayer culture expansion also 
demonstrate important elements of stem cell–like properties 
and potency. Our comparative analysis shows there is an ill-
defined distinction between CPCs and chondrocytes with 
respect to their cell surface expression and differentiation 
potential. Accumulating evidence indicates that the 2 sub-
populations may be distinguished based on their growth 
kinetics, CI, CII, and Runx2 expression. Additional studies 
are necessary to distinguish the CPCs from chondrocytes, 

ideally obtained from the same source subject to similar cul-
ture conditions to identify the most suitable combination of 
surface markers. Whether it is unsorted cartilage cultures 
exhibiting mesenchymal phenotype due to their reserve stem 
cell characteristics or CPCs having high proliferative poten-
tial outgrowing chondrocytes needs further probing using 
techniques to fluorescently label and track specific cell pop-
ulations. Despite the opaque nature of our knowledge of 
cartilage-derived progenitor cell characteristics, CPCs show 
superiority over chondrocytes as a cell-type for cell-based 
cartilage repair. To expand the use of these mesenchymal 
progenitors that are primed for chondrogenesis, growth and 
development for regenerative medicine applications man-
dates further investigation to uncover more unequivocal bio-
markers. These studies would allow us to follow the specific 
fates of cartilage-derived progenitor cells to an unprece-
dented degree, allowing lineage tracking during growth and 
development as well through injury and disease to give a 
better understanding.
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