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Abstract: Auricular cartilage loss or defect remains a challenge to plastic surgeons, and cartilage regenerative 
medicine provides a novel method to solve the problem. However, ideal seeding cells seem to be the key point in 
the development of cartilage regeneration. Although bone marrow-mesenchymal stem cells were considered as the 
ideal seeding cells in cartilage regeneration, regenerative cartilage differentiated from bone marrow-mesenchymal 
stem cells still faces some problems. It is reported that many tissues and organs contain a certain number of adult 
progenitor or stem cells that can replace cells that die or restore tissues and organs after injury. Therefore, we tried 
to use a fibronectin differential adhesion assay to isolate cartilage stem/progenitor cells from auricular cartilage 
and perichondrium. Flow cytometric analysis demonstrated the two cell populations expressed mesenchyme stem 
cell positive surface marker. Meanwhile, the cells differentiate into osteogenic line, chondrogenic line and adipo-
genic line under different induction conditions. The proliferation of cartilage stem/progenitor cells derived from peri-
chondrium was higher than cartilage stem/progenitor cells derived from auricular cartilage. In addition, there is a 
difference on osteogenic differentiation, chondrogenic differentiation and adipogenic differentiation between these 
two cell populations. In conclusion, auricular cartilage and perichondrium both contain cartilage stem/progenitor 
cells, which may provide an ideal seeding cells for cartilage regeneration.

Keywords: Auricular cartilage, perichondrium, cartilage stem/progenitor cells, fibronectin, differentiation, prolifera-
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Introduction

Microtia and auricular cartilage defects caused 
by trauma and tumor are very common, and the 
current method is reconstruction of auricular 
cartilage by costal cartilage, which based on 
the sacrifice of costal cartilage [1-4]. Cartilage 
regeneration, especially cartilage tissue engi-
neering provides a brand-new strategy for the 
therapy of auricular cartilage defects and loss 
[5, 6]. Seeding cells, scaffolds, and microenvi-
ronment are three elements of tissue engineer-
ing, and seeding cells play an important role 
[7]. Owing to its easy harvest and multipotency, 
as well as high proliferative potential, bone 
marrow mesenchymal stem cells (BMSCs) are 
considered as one of the most promising cell 
sources in cartilage repair and cartilage regen-

eration [8-10]. However, more and more reports 
indicated regenerative cartilages differentiated 
from BMSCs tend to fibrosis, vascularize or 
even ossify [11-14]. In addition, some studies 
also showed stem cells derived from other tis-
sues, such as adipose tissue, synovial mem-
brane, muscle also show chondrogenic poten-
tial, but could not maintain stable chondrogenic 
differentiation permanently [15-17]. Recently, it 
is reported that cartilage tissue and perichon-
drium may obtain a huge amount of cartilage 
stem/progenitor cells (CSPCs), which may be 
the ideal seeding cells in cartilage regeneration 
[18-21]. Therefore, in current study, we try to 
isolate stem cells from auricular cartilage tis-
sue and perichondrium in a pig model by a fibro-
nectin differential adhesion assay, and evalu-
ate the stemness of the two cell populations. 
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The Q-PCR assay and CCK-8 assay studies 
were performed to compare differentiation abil-
ity and cell proliferation of the two cells popula-
tion. In addition, we also compare the cartilage 
stem/progenitor cells with the bone marrow-
mesenchymal stem cells on proliferation and 
differentiation. 

Materials and methods

All experimental protocols involving animal tis-
sues and cells was approved by the Ethics 
Committee of Shanghai Jiao Tong University 
School of Medicine. 

Cartilage stem/progenitor cells in auricular car-
tilage tissue and perichondrium of newborn 
pigs (Chang Feng hybrid piglets provided by 
Shanghai Chuansha Breeding Factory, n = 6) 
were harvested via a differential adhesion to 
fibronectin in vitro as described previously. The 
obtained pig ears were seperated into cartilage 
tissue and perichondrium. The specimen were 
excised and minced into 1 mm2 pieces, then 
washed in sterile chloromycetin and PBS thrice 
each. The tissues were digested in high-glu-

dium (DMEM) containing low glucose (Invi- 
trogen, Carlsbad, Calif., USA) supplemented 
with 10% fetal bovine serum (FBS) was added 
to the aspirate (1:1) and loaded over Percoll 
(Sigma, St. Louis, Mo., USA) for density gradient 
centrifugation. Mononucleated cells were har-
vested from the interface after centrifugation 
at 3,000 rpm for 10 min followed by two wash-
es with phosphate-buffered saline (PBS). Cells 
were resuspended in low-glucose DMEM sup-
plemented with 10% FBS, plated into 100-mm 
culture dishes at a density of 2.0 × 105 cells/
cm2 and incubated at 37°C in an atmosphere of 
5% CO2 in air. Nonadherent cells were removed 
by medium change after 24 h. Adherent cells 
were cultured for 7-10 days until cells reached 
over 80% confluence. Cells were then digested 
with 0.25% trypsin plus 0.02% EDTA (Invitrogen) 
and subcultured in a 100-mm culture dish at a 
density of 2.5 × 104 cells/cm2. BMSCs at pas-
sage 2 were used for tissue engineering.

FACS analysis 

To assess characteristics of cells, auricular car-
tilage stem/progenitor cells (CSPCs) and peri-

Table 1. Primer sequences for RT-PCR

Gene Primer Product 
length

Osteocalcin Forward Primer 5’-TACCCAGATCCTCTGGAGCC-3’ 109 bp
Reverse Primer 5’-TGCCATAGAAGCGCCGATAG-3’ 

RunX2 Forward Primer 5’-CCAGCAGCACTCCATACCTC-3’ 166 bp
Reverse Primer 5’-ACGCCATCGTTCTGGTTAGG-3’ 

COL1A2 Forward Primer 5’-GGTTTCGGCAAAGTTGGAGG-3’ 218 bp
Reverse Primer 5’-GCCCTTTCTTGCAGTTGCC-3’

Adiponectin Forward Primer 5’-AGTCCTGAAGAAGGCACATCC-3’ 238 bp
Reverse Primer 5’-TGTGTAACCTTGGGCGTTCA-3’ 

AP2 Forward Primer 5’-TGCTACCAGGAAAGTGGCTG-3’ 215 bp
Reverse Primer 5’-CATCCCACTTCTGCACCTGT-3’ 

FAS Forward Primer 5’-CATGGAGGAGGTGGTGATCG-3’ 303 bp 
Reverse Primer 5’-CGAAGGGAAGCAGGGTTGAT-3’

Aggrecan Forward Primer 5’-CTCACGGTGAAACCCGTCTT-3’ 146 bp

Reverse Primer 5’-TCGGGAAAAGCCCAGGGT-3’
COL2A1 Forward Primer 5’-CGAGACAGGTGCTGCAAGTC-3’ 141 bp

Reverse Primer 5’-TGATCACCTGGTTTCCCACC-3’ 
Sox-9 Forward Primer 5’-CTCAGCAAGACTCTGGGCAA-3’ 200 bp

Reverse Primer 5’-TTGGGAGAGATGTGCGTCTG-3’
Elastin Forward Primer 5’-GTTGGACCCTTTGGAGGTCA-3’ 126 bp

Reverse Primer 5’-TCCAGGCCCAAAGCCGTAG-3’ 
GAPDH Forward Primer 5’-CCTCAACGACCACTTCGTCA-3’ 237 bp

Reverse Primer 5’-GGGTCTGGGATGGAAACTGG-3’

cose DMEM containing 0.2% 
collagenase NB4 (Serva, Hei- 
delberg, Germany) in a 37°C 
shaking water bath for 8 h. The 
suspension was then filtered 
through a 200 μm filter to re- 
move undigested particles. Af- 
ter isolation, cells (4000 ml-1) 
were seeded onto 100 mm plas-
tic Petri dishes (10 μg/ml fib- 
ronectin treated overnight) at 
37°C for 20 minutes in low-glu-
cose DMEM. After 20 minutes, 
media and non-adherent cells 
were removed and low-glucose 
DMEM containing 10% FBS was 
added into dishes. The adherent 
cells were cultured for 14 days 
until cells reached confluence. 
Cells were then digested with 
0.25% trypsin plus 0.02% EDTA 
(Invitrogen) and subcultured in a 
new plate at a density of 2.0 × 
104 cells/cm2. 

Swine bone marrow was ob- 
tained from the posterior supe-
rior iliac crest of newborn pigs. 
Dulbecco’s modified Eagle’s me- 
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chondrium stem/progenitor cells (PSPCs) at 
passage 1, passage 2, and passage 3 were 
used for FACS analysis. 1 × 106 cells were wa- 
shed in PBS and incubated for 1 hour at 4°C 
with fluorescence-conjugated mouse anti-hu- 
man monoclonal antibodies (CD29, CD34, 
CD44, CD45, and CD90). Cells were centri-
fuged at 2000 × g, supernatants removed and 
cells washed thrice in PBS. Finally, labelled 
cells were re-suspended in 1 ml PBS and sub-
jected to analyze with Beckman Coulter FC 
500.

Colony forming efficiency

To study the colony forming efficiency of two 
cell populations, cells were seeded at a density 
of 100 cells/plate (100 mm plastic Petri dish-

duction mediums to evaluate osteogenic, adip-
ogenic, and chondrogenic differentiation.

Cells were induced in osteogenic induction 
medium (DMEM containing 10% FBS, 0.01 μM 
1,25-dihydroxyvitamin D3, 50 μM ascorbate-
2-phosphate, 10 mM β-glycerophosphate, 1% 
antibiotic/antimycotic, all reagent were purch- 
ased from Sigma company, USA) for 16 days, 
the culture medium was replaced every 2 days. 
To test osteogenesis, cells in a 12-well plate 
were washed by PBS, and fixed with 4% Pa- 
raformaldehyde (PFA) for 30 min at room tem-
perature, incubated with 1% Alizarin Red S 
solution for 10 min at room temperature using 
a Alizarin Red Stain Kit (Sigma-Aldrich Co., St 
Louis, MO, USA). 

Figure 1. Cytomorphology of cartilage derived stem/progenitor cells and peri-
chondrium derived stem/progenitor cells. Stem/progenitor cells in primary 
culture could proliferate and will form colonies. Auricular cartilage derived 
stem/progenitor cells in primary culture were small rounded and polygonal, 
and polygonal and spindle shaped in passage 1 culture and passage 2 cul-
ture. Perichondrium derived stem/progenitor cells were generally elongated 
and spindle shaped, as fibroblast-like.

es) and were cultured in 
DMEM containing 10% FBS at 
an incubator with 5% CO2 and 
95% humidity at 37°C for 2 
weeks. The number of colo-
nies was quantified after 2 
weeks by staining with tolu-
idine blue [22]. 

Cell proliferation measure-
ment

The cell proliferation rate was 
assessed with a cell counting 
kit (CCK)-based colorimetric 
assay (CCK-8; Dojindo China 
Co., Ltd.). BMSCs, CSPCs and 
PSPCs resuspended in 100 
μL DMEM containing 10% 
FBS were seeded at a density 
of 1000 cells/well in 96-well 
plates (BD Pharmingen) and 
cultured for 1 day, 3 days, 5 
days, and 7 days. Before 
every test, 10 μL of CCK-8 
solution was added into each 
well and incubated for 4 
hours, then the absorbance 
of the supernatant was mea-
sured spectrophotometrically 
at 450 nm. 

Cell differentiation

CSPCs and PSPCs were seed-
ed at a density of 5000 cells/
well in a 12-well culture plate, 
and cultured in different in- 
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Cells were induced in adipogenic induction 
medium (DMEM containing 10% FBS, 0.5 mM 
isobutyl-methylxanthine, 1 μM dexamethaso- 
ne, 10 μM insulin, 200 μM indomethacin, 1% 
antibiotic/antimycotic, all reagent were pur-

chased from Sigma company, USA) for 14 days, 
the culture medium was replaced every 2 days. 
To test adipogenesis, cells in a 12-well plate 
were fixed with 4% paraformaldehyde (PFA) for 
30 min at room temperature, and stained with 

Figure 2. The expression of cell surface markers. The two kinds of stem/progenitor cells showed high expression 
levels of bone marrow mesenchyme stem cell positive surface markers (CD29, CD44 and CD90), while almost no 
expressions of mesenchyme stem cell negative surface markers (CD34 and CD45). The surface marker at passage 
1, passage 2, and passage 3 showed a high expression, indicating they could retain their markers over time.



Cartilage stem progenitor/cells isolated from auricular cartilage and perichondrium

736	 Am J Transl Res 2016;8(2):732-741

oil red O solution for 10 min at room tempera-
ture using an oil Red O Stain Kit (Sigma-Aldrich 
Co., St Louis, MO, USA).

For chondrogenesis, cells were seeded at a 
density of 5000 cells/well in a 12-well culture 
plate and cultured using high glucose DMEM 
containing 10% FBS, 10 ng/ml transforming 
growth factor-1, 10-7 M dexamethasone, and 
40 ng/ml insulin-like growth factor-1. After two 
week of induction, the cells were stained with 
toluidine blue. 

Gene expression 

After osteogenic, adipogenic, and chondrogen-
ic induction, total RNA in different groups 

spherical colony of cells. CSPCs were polygon, 
while PSPCs showed fibroblastic morphology 
(Figure 1). 

Flow cytometry analysis

To identify the cell population isolated from two 
different tissues, flow cytometry was performed 
to characterize the cell-surface marker profile. 
The positive markers for MSCs such as CD29, 
CD44, and CD90, the negative markers for 
MSCs such as CD34 and CD45 were analyz- 
ed. High expressions of positive markers we- 
re observed in the cell population (CD29, 
81.9±7.8% and CD44, 47.8±4.1%, as well as 
CD90, 86.8±9.1% for CSPCs, while CD29, 
76.9±7.9% and CD44, 53.6±5.5%, as well as 

Figure 3. Colony formation assay. Auricular cartilage derived stem/progeni-
tor cells and perichondrium cartilage derived stem/progenitor cells could 
gererate almost 95 colonies respectively in every 100 cells, indicating that 
most of cells could form colonies.

(BMSCs as control group) was 
extracted from each speci-
men and cDNA was obtained 
by reverse transcription (RT) 
according to previously des- 
cribed methods. The mRNA 
expression of osteogenic ma- 
rkers (osteocalcin, runx2, and 
collagen I), adipogenic mark-
ers (adiponectin, adipocyte 
fatty acid binding protein 
[AP2] and fatty acid synthase 
[FAS]), as well as chondrogen-
ic genes (aggrecan, collagen 
II, and sox-9, as well as elas-
tin) were used to evaluate  
the osteogenic differentiati- 
on, adipogenic differentiation, 
and chondrogenic differentia-
tion respectively. 

The primers used in this study 
are shown in Table 1. 

Statistical analysis

Statistical evaluations were 
performed using a Student’s t 
test. A p value less than 0.05 
was considered statistically 
significant.

Results

Culture of cartilage stem/pro-
genitor cells from cartilage 
tissue and perichondrium

After 2 weeks of primary cul-
ture, a single cell formed a 
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CD90, 82.9±8.9% for PSPCs, and almost no 
expressions of negative markers, indicating the 
cell population may be a stem cells population. 
In addition, CSPCs and PSPCs at passage 1, 
passage 2, and passage 3 showed the high 
expression of the positive markers (CD29, 
CD44 and CD 90), indicating they retained their 
markers over time (Figure 2).

Clonogenicity assay

The clonogenicity was analyzed to assess the 
proliferation potency of single cells. Cells were 
maintained in monolayer cultures in DMEM 
medium containing 10% FBS. After seeding 
100 cells on a plastic dish for 2 weeks, colonies 
were stained. CSPCs and PSPCs generated 
94±8 and 96±7 colonies respectively. These 
findings indicated that most of cells could form 
colonies (Figure 3). 

Cell proliferation 

To test the cell proliferating capability, the pro-
liferative rates were analyzed by using CCK-8 

with toluidine blue, indicating CSPCs and 
PSPCs could differentiate into chondrocytes 
(Figure 5E, 5F). 

Gene expression

The expression of chondrogenic genes (aggre-
can, collagen II, and sox-9, as well as elastin) 
and osteogenic markers (osteocalcin, runx2, 
and collagen I) in CSPCs is higher than those in 
PSPCs after induction, indicating CSPCs is 
superior to PSPCs in chondrogenic differentia-
tion and osteogenic differentiation. The expres-
sion of chondrogenic genes in CSPCs and 
PSPCs is higher than those in BMSCs after 
induction. In addition, the expression of colla-
gen II and sox-9 in CSPCs and PSPCs without 
chondrogenic induction was observed (data not 
shown), indicating CSPCs and PSPCs are supe-
rior to BMSCs in chondrogenic differentiation 
(Figure 6B, 6C).

While the expression of adipogenic markers 
(adiponectin, adipocyte fatty acid binding pro-
tein [AP2] and fatty acid synthase [FAS]) in 

assay. There was a significant 
difference on proliferation be- 
tween CSPCs and PSPCs (p< 
0.05), indicating PSPCs sh- 
owed higher proliferative abil-
ity than CSPCs (Figure 7).

Osteogenic, adipogenic, and 
chondrogenic differentiation

To test the pluripotency, os- 
teogenic, adipogenic and ch- 
ondrogenic differentiation st- 
udies were performed (Figure 
4).

In osteogenic induction medi-
um, all the two groups form- 
ed aggregates or nodules that 
were strongly positive for 
Alizarin Red after 16 days 
stimulation (Figure 5A, 5B). 

For adipogenic differentiation, 
lipid-rich vacuoles were ob- 
served in cells with increased 
induction time, and lipid-rich 
vacuoles in induction group 
were stained with oil red O 
(Figure 5C, 5D).

After 2 weeks of culture in 
vitro, most cells were positive 

Figure 4. Cytomorphological change under osteocytic, adipocytic, and chon-
drogenic differentiation. After 3 days of osteocytic, adipocytic, and chondro-
genic induction, the two cell populations showed special cytomorphologic 
change. Especially in chondrogenic induction, the cells changed into polygo-
nal.
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PSPCs is higher than those in CSPCs after 
induction, indicating PSPCs is superior to 
CSPCs in adipogenic differentiation (Figure 
6A).

Discussion 

Stem or progenitor cells play an important role 
in the restore and recovery of damaged tissues 
or organs [23-25]. Stem cells based tissue 
engineering or regenerative medicine provide a 
promising therapy for the repair of cartilage 
defects [26-28]. For the past ten years, stem 
cells showed their magic effects in the treat-
ment of diseases, especially, the application of 
BMSCs in clinical experiments [29, 30]. BMSCs 
were widely used in cartilage tissue engineer-
ing and cartilage regeneration, owing to their 
easy accessibility, and high proliferation rate, 
as well as multipotency. The in vivo stable ecto-
pic chondrogenesis by mesenchymal stem cells 
remains a problem [12]. Cui et al. found that 

lage regeneration. To look for a novel seeding 
cells plays a vital role in the cartilage, and it is 
reported that many tissues and organs contain 
a certain number of adult stem cells [31]. 
Therefore, in current study, we tried to find stem 
cells in auricular cartilage and perichondrium.

Auricular cartilage is a specialized, gristly con-
nective tissue, wrapped closely by perichondri-
um, which is a dense membrane that is com-
posed of fibrous connective tissue. Takeshi 
Togo et al. reported the perichondrium con-
tained tissue progenitor stem cells, which could 
differentiate into adipocytes as well as osteo-
cytes in differentiation induction medium, and 
for cartilage reconstruction in vivo, the compos-
ites with perichondrocytes generated the same 
weight of cartilaginous tissue as those with 
chondrocytes, significantly bigger than rabbit 
bone marrow mesenchymal stem cells in the 
implant study [22]. In addition, Shinji Kobayashi 
et also found that human auricular perichon-

low-intensity ultrasound indu- 
ced ectopic chondrogenesis 
of MSCs in subcutis became 
ossified eventually at 6 we- 
eks post-implantation [16]. 
Pelttari et al. reported that 
cartilage-like micromass for- 
med by human MSCs in vitro 
was apt to calcify with vas- 
cular invasion after being im- 
planted subcutaneously into 
SCID mice [11]. De Bari also 
et al. found that in vitro chon-
drogenically induced synovi- 
al membrane derived MSCs 
failed to form stable ectopic 
cartilage after being implant-
ed intramuscularly or sub- 
cutaneously into nude mice, 
although these cells exhibit- 
ed their chondrogenic phe- 
notypes before implantation 
[17]. These results suggest 
that in chondrogenic differen-
tiated MSCs may not neces-
sarily render fully differentiat-
ed and thus they tend to lose 
induced phenotypes in long 
term, indicating that MSCs 
from these origins are not 
ideal seeding cells in cartilage 
tissue engineering or carti-

Figure 5. Osteocytic, adipocytic, and chondrogenic differentiation. Cells in 
osteogenic induction medium for 16 days could form nodules that were 
strongly positive for Alizarin Red. Lipid-rich vacuoles stained with oil red O 
were observed in cells after 2 weeks induction in adipocytic differentiation. 
After 2 week of chondrogenic induction in vitro, most cells in two groups were 
positive with toluidine blue.
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drium harbors a unique cell population, termed 
as cartilage stem/progenitor stem cells (CSPCs) 
[21]. In our current study cartilage and peri-
chondrium were separated in the experiment 
and stems cells were isolated by a fibronectin 
differential adhesion assay, which was used by 
Gary P. Dowthwaite to isolate stem cells in the 
articular cartilage [19]. The difference between 
our study and previous studies on isolation of 
stem or progenitor cells in the perichondrium is 
that we used the fibronectin differential adhe-
sion assay, so we can obtain much more stem 
cells than other methods. In addition, we also 
isolated stem or progenitor cells from auricular 
cartilage. The results of the flow cytometry 
showed these two kind of cell populations 
expressed mesenchyme stem cell positive sur-
face marker highly, such as CD29, and CD44, 
as well as CD90, with little expression of CD34 
and CD45. The colony forming assay also 

showed the high colony forming efficiency of 
the two cell populations.

Meanwhile, we tried to compared the differ-
ence on the proliferation and differentiation 
between two kinds of stems, and explore which 
kind of stem cell was more suitable in the carti-
lage regeneration. In current study, we found 
that the perichondrium derived stem or progen-
itor cells showed higher proliferation than the 
cartilage derived stem or progenitor cells, 
which was similar with the results of Takeshi 
[22]. In Takeshi experiment, they found peri-
chondrocytes proliferated more rapidly than 
chondrocytes from the beginning of the primary 
culture. In addition, Shinji also demonstrated 
perichondrocytes morphologically resembled 
fibroblasts and maintained this appearance 
after long-term culture, and perichondrocytes 
contain highly expandable clones and prolifer-
ate 13% faster than chondrocytes [21]. We 
speculated that cartilage derived stem or pro-
genitor cells and perichondrium derived stem 
cells were derived from different origins: peri-
chondrium derived stem cells were derived 
from connective tissue, which contains higher 
proliferative cell populations, such as fibro-
blasts. We also found that perichondrium de- 
rived stem cells morphologically fibroblast-like, 
while cartilage derived stem cells are polygo-
nal. For cell differentiation, cartilage derived 
stem cells were more superior in the chondro-
genic and osteogenic differentiation than peri-
chondrium derived stem cells, while perichon-
drium derived stem cells were more superior in 

Figure 6. Q-PCR. The osteogenic markers (osteocalcin, runx2, and collagen I), and chondrogenic genes (aggrecan, 
collagen II, and sox-9, as well as elastin) in cartilage derived stem/progenitor cells after treatment is higher than 
those in perichondrium derived stem/progenitor cells (p<0.05). The expression of chondrogenic genes in cartilage 
derived stem/progenitor cells after treatment is higher than those in bone mesenchymal stem cells (p<0.05). How-
ever, the mRNA expression of adipogenic markers (adiponectin, adipocyte fatty acid binding protein [AP2] and fatty 
acid synthase [FAS]) in cartilage derived stem/progenitor cells after treatment is lower than those in perichondrium 
derived stem/progenitor cells (p<0.05).

Figure 7. Cell proliferation. A significant difference on 
proliferation between perichondium derived stem/
progenitor cells and cartilage derived stem cells was 
observed (p< 0.05), perichondium derived stem/pro-
genitor cells are more proliferative.
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the adipogenic differentiation than cartilage 
derived stem cells. This may be because carti-
lage derived stem cells derived from cartilage, 
they were more apt to chondrogenic and osteo-
genic differentiation. Especially in chondrogen-
ic differentiation, cartilage derived stem cells 
and perichondrium derived stem cells experi-
enced morphological changes toward chondro-
cytes-like after 3 days chondrogenic induction, 
which were superior to BMSCs (data not shown). 
In addition, the expression of chondrogenic 
genes in CSPCs and PSPCs is higher than those 
in BMSCs after induction, indicating they are 
more suitable in cartilage regeneration com-
paring with BMSCs.

In conclusion, we isolated cell populations from 
auricular cartilage and perichondrium, and con-
firmed their stem cells properties by expression 
of stem cell surface marker, and colony forming 
assay, as well as multiple differentiation poten-
tial. In addition, we compare the proliferation 
and differentiation ability among CSPCs, PSPCs 
and BMSCs. The current results indicated  
progenitor/stem cells derived from cartilage 
and perichondrium may be a new source of 
seeding cell in cartilage tissue or cartilage 
regeneration.
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