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Abstract: A portion of osteoarthritis (OA) patients with total knee arthroplasty (TKA) had monocondylar destruction
in medial femoral condyle, but healthy-appearant cartilage in lateral side. However, there is limited information
concerning functional differences of cartilage derived mesenchymal stem cell (CMSC) between these two loca-
tions in the same donor and its possible role in the pathogenesis of OA. Cells isolated from the degraded cartilage
in medial condyle and normal cartilage in lateral side from OA patients were identified with co-expressed markers
CD105 and CD166 and confirmed as CMSCs by immunophenotype. The relative percentage, proliferation activity,
multi-lineage differentiation potential and miRNA expression profile of CMSCs in two groups were compared by
flow cytometry, CCK-8 assay, cytochemical staining, immunohistochemistry, real-time PCR and miRNA microarray
analysis. Our study suggested that the percentage (10.61+6.97% vs. 18.44+9.97%, P<0.05) and proliferation rate
(P<0.01) of CD105+/CD166+ CMSCs from the degraded cartilage were significantly reduced compared with those
from the normal cartilage. CMSCs from the degraded cartilage also showed stronger osteogenic (P<0.05), weaker
adipogenic (P<0.01), and comparable chondrogenic potential (P>0.05) during differentiation. MiR-31-5p and miR-
424-5p were down regulated in CMSCs from the degraded cartilage. In conclusion, altered function such as reduced
percentage and proliferation ability, as well as changes in differentiation profile of CMSC contributed to homeostasis
imbalance, leading to OA-related cartilage erosion. Furthermore, regulatory networks of multiple miRNAs may be
partially responsible for the dysfunction of CMSCs.

Keywords: Osteoarthritis, cartilage derived mesenchymal stem cell, multi-lineage differentiation potential, miR-31-
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Introduction ries in terms of etiology [4], but its specific

pathogenesis remains elusive. In 2006, Rando

Osteoarthritis (OA) is one of the most common
degenerative disorders in joints worldwide. It is
characterized by slowly progressive destruction
and loss of the articular cartilage that mainly
affects hips and knees [1]. The prevalence of
symptomatic knee OA in China is about 8.1%
in the over 45 years population and 10.3% in
women, which is higher than the 6.7% and 7.2%
in the Framingham OA report, respectively [2,
3]. To date, OA is associated with multiple risk
factors such as age, genetic susceptibility, envi-
ronment, mechanical stress and articular inju-

[5] suggested that a decline in tissue regenera-
tive potential was probably due to the intrinsic
aging of stem cells or its function impairment
in degenerative diseases. Subsequent studies
then revealed reduced chondrogenic and adipo-
genic activity in bone marrow derived MSCs
(BMSCs), indicating that OA may result from
functional disturbance of mesenchymal stem
cells (MSC) or MSC-like cells [6]. The surface
zone of articular cartilage containing a progeni-
tor or stem cell population was considered to
be an important signaling center for cartilage
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Figure 1. Location of osteoarthritis cartilage specimen, cultivation and identification of cartilage-derived mesenchymal stem cells. A. Image of a representative distal
femur of osteoarthritis patient who undergo a total joint replacement surgery. Locations used for the harvesting of cartilage are indicated by red lines: the normal
cartilage sample is from healthy-appearing areas in lateral condyle, and the degraded cartilage sample is isolated from 0.5 to 1 cm areas around fibrosis or lesions
in medial condyle. B. Chondrocytes on passage 1 are isolated from cartilage specimen (x100). C. CD105+/CD166+ cells on passage 2 are isolated by fluorescence-
activated cell sorting (x100). D. Cell surface antigen expression of selected markers on CD105+/CD166+ cells, which met the immune-phenotype criteria of MSC.
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Table 1. Primers for mRNA sequences

gulatory effects of miRNAs

Primer sequence (5'-3’)

on MSC multi-lineage differ-

Primer name Forward Reverse

entiation. For instance, miR-

PPAR-y2 ACCAAAGTGCAATCAAAGTGGA ATGAGGGAGTTGGAAGGCTCT

125b, miR-140, miR-204,
miR-211 and miR-31 have

LPL AGGATGTGGCCCGGTTTATC  CCAAGGCTGTATCCCAAGAGAT been considered to inhibit
runx-2 TGTCATGGCGGGTAACGAT AAGACGGTTATGGTCAAGGTGAA osteogenic differentiation of
aggrecan AGTGGAATGATGTTCCCTGC ~ GGTCCTGGCATGCTCCAC MSC [16-19], while miR-141,
collagen 2 AACCAGATTGAGAGCATCCG ~ GGGTCAATCCAGTAGTCTCCAC miR-155, miR-194, miR-
h-actin AGCACAATGAAGATCAAGATCAT ACTCGTCATACTCCTGCTTGC 200a, miR-21 and miR-29a

Table 2. Primers for miRNA sequences

miRNA Sequence

hsa-miR-31-5p CTGGAGGCAAGATGCTGGC
hsa-miR-424-5p  TCTGGCAGCAGCAATTCATGT
hsa-miR-100-5p  CGAGGAACCCGTAGATCCGAA

hsa-miR-30a-5p  TGTCCTTGGTGTAAACATCCTCG
hsa-miR-23b-3p ~ CGGATCACATTGCCAGGGATTA
hsa-miR-199a-5p CGGCCCAGTGTTCAGACTAC
hsa-miR-375 GTTTGTTCGTTCGGCTCGC

U6 ACGCAAATTCGTGAAGCGTTC

proliferation, differentiation and matrix deposi-
tion [7], and multi-potential mesenchymal pro-
genitor cells have also been identified in OA
articular cartilage [8]. Cartilage derived MSCs
(CMSCs) showed a transient proliferative re-
sponse in early OA and became gradual quiet
as OA process [9], and it was reported that
CMSCs in OA patients held a enhanced osteo-
genic but decreased adipogenic potential in
vitro [10]. Interestingly, a portion of OA patients
present monocondylar degeneration, in which
medial condyle of the femur shows degenera-
tive cartilage lesions accompanied by healthy-
appearance in lateral side. Given the possible
roles of MSCs in the pathogenesis of OA, we
hypothesize that differences in CMSC function
may also exist between medial and lateral con-
dyles from the same donor with OA.

MicroRNAs (MiRNAs) are a type of small non-
coding RNA molecules of 20-22 nucleotides
in length, which play important roles in a num-
ber of physiological and pathological process-
es. A group of miRNAs were discovered to
change their expression in OA tissue, includ-
ing miR-33a, miR-24, miR-125b, miR-155, miR-
146a, and miR-34a [11-15]. This might lead
to advancement in our understanding of miR-
NAs involvement in OA pathogenesis. Recently,
numerous evidences have implicated the re-
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play roles in promotion [20-
24]. Despite this, little is
known about the correlations between MSCs
function and miRNAs in OA environment.

In this study, we initially isolated CMSCs from
medial and lateral condyles of OA articular car-
tilage, and compared differences in their func-
tion and miRNA expression profile. Further-
more, possible regulatory functions of miRNA
on CMSC were also discussed in OA patho-
genesis.

Materials and methods
Sample collection

Twelve patients (four males, eight females,
median age 67.8 years, range 47-79 years)
diagnosed as late-stage OA according to the cri-
teria of American College of Rheumatology [25]
were enrolled from Nov. 2013 to Jan. 2014 in
Peking Union Medical College Hospital
(PUMCH). They suffered degenerative lesions in
medial femoral condyle but healthy-appear-
ance in lateral side based on X-ray examination
and gross observation during total knee arthro-
plasty (TKA). Cartilage obtained from the distal
femur was divided into normal and degraded
groups: the degraded cartilage was from area
around fibrosis or lesions in medial condyle
(range 0.5-1 cm), and the normal cartilage was
from macroscopically healthy-appearing area
in lateral condyle (Figure 1A). Written informed
consent was obtained from all the patients
prior to inclusion, and this study was approved
by the Ethics Committee of PUMCH.

Isolation of CMSC

Isolated chondrocytes from medial and lateral
condyles were cultured in Dulbecco’s modified
eagle medium (DMEM, HyClone, USA) supple-
mented with 10% fetal bovine serum (FBS, Gib-
co, USA) and 1% penicillin/streptomycin (Gibco,
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Table 3. Percentage of CD105+/CD166+
CMSCs isolated from degraded and normal
cartilages

E;){ig; Sex/Age Normal (%) Degraded (%)
1# M/47yr  35.46 8.60
o F/66yr  9.71 9.17
3# F/80yr  4.34 0.01
4 F/66yr  18.80 11.60
5# F/75yr  29.60 20.00
o# F/73 yr 7.33 6.09
7# F/63yr  17.60 22.90
8 M/73yr  26.20 17.10
o# M/73yr  10.00 3.20
10# F/57yr  25.40 7.40

USA), followed by medium change every 2 to 3
days. After treatment with 0.25% trypsin (Gibco,
USA), chondrocytes at passage 2 were adjust-
ed into a concentration of 1x107 cells/mL and
double-stained at 4°C for 30 min with antibod-
ies including CD166-PE (mouse anti-human,
BD, USA) and CD105-FITC (mouse anti-human,
BD, USA) or the respective IgG1 isotype con-
trols. By using double channel fluorescence
activated cell sorting (FACS), CD105+/CD166+
cell sub-population was then selected and cul-
tured in mesenchymal stem cell expansion
media (MSCEM, ScienCel, USA).

Flow cytometry

CD105+/CD166+ cells at passage 3 were col-
lected and incubated with fluorescence (APC,
FITC, or PE)-labeled monoclonal antibodies
to CD29, CD44, CD73, CD90, CD105, CD166,
CD19, CD34, CD45 and HLA-DR (mouse anti-
human, BD, USA) at a concentration of 1x10°
cells/mL. Isotype 1gG was used as control in
each case. Data were collected using a FACS
can flow cytometer (Becton Dickinson, USA)
and analyzed with Cell Quest software.

Cell proliferation assay

CD105+/CD166+ cell suspension at passage 3
was seeded (2000 cells per well) in a 96-well
plate, and incubated for 1, 2, 3, 4 and 5 days,
respectively. At each time point, each well was
added with 10 ul CCK-8 solution (Dojindo,
Japan). The absorbance at 450 nm was mea-
sured using a Synergy H1 microplate reader
(BioTek, USA).
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Multi-lineage differentiation

For osteogenic and adipogenic differentiation,
CD105+/CD166+ cells at passage 3 were inoc-
ulated (6x10* cells per well)in a 24-well plate,
expanded to 80% confluence, and then incu-
bated in osteogenic medium (10 nM dexameth-
asone, 10 pM L-VitC, 20 mM pB-glycerophos-
phate, 10% FBS, 1 x L-Glucose in low glucose
DMEM) or adipogenic medium (1 uM dexameth-
asone, 0.5 mM IBMX, 200 uM indomethacin,
10% FBS, 1 x L-Glucose in high glucose DMEM)
for 21 days, respectively. Cells in controls re-
mained incubating with MSCEM. For chondro-
genic differentiation, 1x10° CD105+/CD166+
cells at passage 3 were placed into a 15 mL
polypropylene tube, centrifuged, and grown as
high-density pellets in chondrogenic medium
(77.5 nM dexamethasone, 1% ITS plus culture
supplement, 50 yM L-VitC, 10 ng/mL TGF-f1
and 10% FBS in low glucose DMEM) for 28
days. Medium was changed every 3 to 4 days.
After differentiation, cells or pellets were har-
vested and fixed with 4% paraformaldehyde for
cytological or histological evaluation.

Cytochemical staining and immunohistochem-
istry

Differentiated cells undergoing osteogenic and
adipogenic differentiation were stained by
Alizarin Red and Oil-Red-0O, respectively. The
chondrogenic pellets were embedded with par-
affin, cut into 5 um-thick sections and pro-
cessed for immunohisochemical staining after
deparaffinization and rehydration. The rabbit
anti-human primary antibodies against Sox-9,
collagen 2 and aggrecan (Bioworld Technology,
USA) were dropped on the sections and incu-
bated overnight at 4°C, with PBS as negative
control. After washing, incubation with horse-
radish peroxidase-goat anti-rabbit secondary
antibody (Zhongshan Gold Bridge, China) was
performed for 30 min at room temperature.
Reaction was visualized using DAB detection
system. Evaluation was carried out by a Leica
TCS SP2 microscope (LEICA, German).

Quantitative real-time PCR

Total RNA was extracted using Trizol (Invitrogen,
USA), and 1 ug RNA was reversely-transcribed
into cDNA with Reverse Transcription System
Kit (Promega, USA). Real-time PCR was per-
formed on an ABI7900HT machine (ABI, USA)
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Figure 2. The percentage (A) and proliferation rate (B) of CD105+/CD166+ cartilage-derived mesenchymal stem
cells (CMSCs) in the degraded and normal cartilage. (A) The percentage of CD105+/CD166+ CMSCs is analyzed by
fluorescence-activated cell sorting (n=10) and compared by paired t-test. Data are presented as the median (hori-
zontal bar), 25th and 75th percentiles (boxes), extrema (error bars), *P<0.05. (B) The proliferation rate of CD105+/
CD166+ CMSCs tested by CCK-8 assay (n=5) and presented as the mean + SEM.

using SYBR FAST qPCR Kit (KAPA Biosystems,
USA). Primers designed by Primer Premier 5.0
were shown in Table 1. Gene expression was
calculated by an equation of 222¢t and h-actin
was served as the reference gene.

miRNA microarray analysis

Total RNA (>5 ug) was filtered by NanoSep100K
to obtain miRNA, isolated miRNA was labeled
with Cy5 fluorescent dyes using miRNA ULSTM
Labeling kit (Kreatech Diagnostics, Nether-
lands), and then hybridized onto the Human
miRNA OneArray v4 (Phalanx Biotech Group,
Taiwan), which contained probes for 1921
human miRNAs (Sanger miRBasel18.0). Each
sample was performed in triplicate. The fluore-
scence intensities of each spot were analyzed
using GenePix 4.0 software (Molecular Devices,
USA). The normalized spot was set as log,
|Fold change|>0.8 and P<0.05 to determine
the differentially expressed miRNAs. Real-time
PCR was performed for validation using miR-
cute miRNA gPCR Detection Kit (SYBR Green)
(TIANGEN, China) after polyadenylation and
reverse transcription (miRcute miRNA First-
Strand cDNA Synthesis Kit, TIANGEN, China).
miRNA primers were shown in Table 2. The tar-
get miRNAs were amplified by 40 cycle (95°C
for 15s,60°Cfor 20 s, 72°Cfor 15 s), following
an initial denaturation step (95°C for 3 min).
miRNA expression was normalized to U6 and
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measured by 222Ct method. Cluster 3.0 was
employed for Gene Ontology (GO) Clustering.

Statistical analysis

The SPSS 19.0 software was used for statisti-
cal analysis. Data were expressed as median
(range) or mean + standard error. Paired t-test
was employed to analyze statistical signifi-
cance between degraded and normal groups.
Particularly, statistical difference of prolifera-
tion rate between two groups was calculated
with linear regression analysis and Chi-square
test using the Stata 11.1 software. Differences
were considered to be statistically significant
when P<0.05.

Results

CD105+/CD166+ CMSCs in the Degraded and
Normal cartilage

Chondrocytes from all twelve patients were
successfully cultured (Figure 1B), and CD105+/
CD166+ CMSCs from 10 patients exhibiting
long-spindle shape were successfully identified
and expanded (Figure 1C).

The percentage of CD105+/CD166+ CMSCs
in chondrocytes from the degraded and nor-
mal cartilage was 10.61+6.97% (range 0.01-
22.90%) and 18.444+9.97% (range 4.34-35.46
%), respectively (n=10) by flow cytometry analy-
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sis. Significantly lower numbers of CD105+/
CD166+ CMSCs were found in degraded group
(t=2.709, P=0.024) (Table 3, Figure 2A).

Cell surface antigen pattern of CD105+/
CD166+ CMSCs

Immunophenotype assessment by flow cytom-
etry (Figure 1D) demonstrated that CD105+/
CD166+ CMSCs were positive for CD29
(97.62%), CD44 (96.89%), CD90 (99.91%),
CD73 (99.31%), CD105 (85.55%) and CD166
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Figure 3. Osteogenic differentiations of
CD105+/CD166+ cartilage-derived mes-
enchymal stem cells (CMSCs) in normal (A)
and degraded (B) cartilage. (A and B) Osteo-
genic differentiation cells are induced using
osteogenic induction medium (right image),
control cells are cultured in MSC growth me-
dium (left image), and cells are stained by
Alizarin Red after 21 days (n=3, x200). (C)
The expression of Runx-2 mRNA is analyzed
by RT-PCR (n=3). #P<0.05 compared with
control cells from the same group, *P<0.05
compared with induced cells from the nor-
mal group. Data are presented as the mean
+ SEM.

(94.61%), while almost negative for CD19
(1.28%), CD34 (2.97%), CD45 (0.07%) and HLA-
DR (0.38%), which fulfilled the general immuno-
phenotype criteria to define MSC according to
the International Society for Cellular Therapy
(ISCT) [26].

Proliferation rate of CD105+/CD166+ CMSCs

CCK-8 array showed that the proliferation rate
of CMSCsin the degraded group (n=5) was
significantly reduced compared with that in

Am J Transl Res 2016;8(2):433-446
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Figure 4. Adipogenic differentiation of CD105+/CD166+ cartilage-derived mesenchymal stem cells (CMSCs) in nor-
mal (A) and degraded (B) cartilage. (A and B) Adipogenic differentiation cells are induced using adipogenic induc-
tion medium (right imgae x100), control cells are cultured in MSC growth medium (left image x100), and cells are
stained by oil-red-0 after 21 days (n=3). (C) The expressions of PPAR-y2 and LPL mRNA are analyzed by RT-PCR
(n=3). #P<0.05 compared with control cells from the same group, *P<0.05 compared with induced cells from the

normal group. Data are presented as the mean + SEM.

the normal cartilage (X?=109.43, P<0.01). OD
value at each time point was depicted (Figure
2B).

Multi-lineage differentiation potential of
CD105+/CD166+ CMSCs

After 21 days of osteogenic differentiation, cal-
cium deposits were observed obviously around
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differentiated cells in both degraded and nor-
mal groups (n=3) but not in the controls (Figure
3A). Alizarin red staining showed more and
larger scattered red calcium nodules in cells
from the degraded cartilage compared to the
normal cartilage. Results of real-time PCR
revealed a significantly increased expression
of Runx-2 (t=-10.14, P=0.010) in the degraded
group (n=3) (Figure 3B). Therefore a stronger

Am J Transl Res 2016;8(2):433-446
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Figure 5. Chondrogenic differentiation of CD105+/CD166+ cartilage-derived mesenchymal stem cells (CMSCs) in
normal (a) and degraded cartilage (b). Chondrogenic differentiation cells are induced using chondrogenic induction
medium (right image x200), control cells are cultured in MSC growth medium (left image x200), and immunos-
tained for (A) Aggrecan (B) Collagen 2 (C) Sox-9 after 28 days of induction (n=3). (D) The expressions of Collagen
2 and Aggrecan mRNA are analyzed by RT-PCR (n=3), no statistical differences are shown between degraded and
normal group after chondrogenic differentiation, #P<0.05 compared with control cells from the same group. Data

are presented as the mean + SEM.

osteogenic potential of CD105+/CD166+ CM-
SC was demonstrated in the degraded carti-
lage compared with the normal cartilage.

After 21 days of adipogenic differentiation, adi-

pocytes with typical appearances and multiloc-
ular lipid droplets were observed in both groups
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(n=3), but cells in the degraded group con-
tained less lipid vacuoles (Figure 4A). Signifi-
cantly lower expression of PPAR-y2 (t=11.28,
P<0.001), but equivalent expression of LPL (t=
-1.89, P=0.13) were shown in the degraded
group (n=3) (Figure 4B) by real-time PCR. This
result indicated CD105+/CD166+ CMSC had a

Am J Transl Res 2016;8(2):433-446
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Table 4. The differentially expressed genesin CD105+/CD166+ CMSC isolated from the degraded

cartilage compared to the normal cartilage (log, | Fold change|>0.8, P<0.05)

Normalized intensity

ID miRNA normal degraded log, (Ratio) P
(a) Up-regulated miRNAs
PH_mr_0000379 hsa-miR-574-5p 427.896997 1176.260072 1.458872 0.024
PH_mr_0001891 hsa-miR-30a 215.896931 500.458753 1.212908 0.007
PH_mr_0000017 hsa-miR-100 870.227429 1862.915277 1.098098 0.028
PH_mr_0002528 hsa-miR-23b 529.219343 1123.809346 1.086460 0.007
PH_mr_0000029 hsa-miR-375 481.852345 1010.129185 1.067877 0.002
PH_mr_0004874 hsa-miR-127 3f 186.763498 336.108864 0.847716 0.043
PH_mr_0004876 hsa-miR-5096 113.539104 203.826506 0.844152 0.046
(b) Down-regulated miRNAs
PH_mr_0000014 hsa-miR-31 1171.109304 162.299989 -2.851141 <0.001
PH_mr_0003339 hsa-miR-424 225.961144 114.246381 -0.983926 0.021
PH_mr_0001948 hsa-miR-199a-5p 738.698744 407.850774 -0.856945 0.040

relatively weaker adipogenic capacity in the
degraded cartilage compared with that in the
normal cartilage.

After 28 days of chondrogenic differentiation,
immune staining of cell pellets for Sox-9,
Collagen 2 and aggrecan was detected within
cytoplasm and extracellular matrix in both
groups (n=3) with no significant difference, but
only a few of positive cells could be observed
singlely in controls (Figure 5A-C). Real-time
PCR showed no statistical differences in the
expression of Collagen 2 (t=-1.27, P=0.331)
and aggrecan (t=-1.41, P=0.294) between the
two groups (n=3) (Figure 5D). This result con-
firmed that CMSC in the degraded cartilage
exhibited a comparable chondrogenic potential
to that in the normal cartilage.

miRNA expression profile of CD105+/CD166+
CMSCs

A total of ten significantly differentially ex-
pressed miRNAs were identified in the miRNA
microarray analysis (Table 4). Seven up-regulat-
ed (MiR-574-5p, miR-30a, miR-100, miR-23b,
miR-375, miR-1273f and miR-5096) and three
down-regulated (miR-31, miR-424 and miR-
199a-5p) miRNAs were detected in CMSCs
from the degraded group compared to those
from the normal group (n=3). Unsupervised
hierarchical clustering of normal and degraded
groups revealed that miR31 was the most dif-
ferentially expressed one with a fold change of
7.2 (Figure 6A).

442

Validation of miRNA

Seven candidate miRNAs (miR-30a, miR-100,
miR-23b, MiR-375, miR-31, miR-424 and miR-
199a-5p) were selected for miRNA expression
validation using real-time PCR (n=3). Signifi-
cantly down-regulated expression of miR-31-5p
(t=6.92, P=0.020) and miR-424-5p (t=58.68,
P<0.001) were observed in CMSCs from the
degraded group compared to those from the
normal group, however, no statistical differenc-
es were detected in other miRNAs (Figure 6B).

Discussion

In this study, we isolated and identified CD-
105+/CD166+ CMSCs from the degraded car-
tilage in medial condyle and normal cartilage in
lateral side from OA patients. Compared with
CMSC from the normal cartilage, CMSC from
the degraded cartilage showed a significantly
lower percentage, and a significantly reduced
proliferation rate. In terms of differentiation
profile, CMSCs from the degraded cartilage
demonstrated stronger osteogenic, weaker
adipogenic, and comparable chondrogenic
potential. Besides, miR-31-5p and miR-424-
5p related to osteogenic differentiation were
down regulated in CMSCs from the degraded
cartilage.

Techniques for isolation of CMSCs have been
established and widely applied since chondro-
cyte subpopulation with progenitor-like charac-
teristics was firstly identified in 2004 [7]. Re-

Am J Transl Res 2016;8(2):433-446
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Figure 6. Clustering analysis (A) and validation (B) of significantly differentially expressed miRNAs in cartilage-de-
rived mesenchymal stem cells (CMSCs) between Normal and Degraded cartilage. (A) Two-dimensional cluster dia-
gram of 10 significantly differentially expressed miRNAs. Columns represent individual donor samples, and each
row represents individual assayed miRNA. Down-regulation of miRNAs is in green, and up-regulation of miRNAs is
in red. (B) Validation of 7 candidate miRNAs (n=3). Significantly lower expression of miR-31-5p and miR-424-5p in
CMSC from the Degraded cartilage are confirmed by real-time PCR, *P<0.05, data are presented as the mean *
SEM.

cently, it has been reported that multi-potential loss of cartilage repair capacity and reduced
CMSCs with co-expression of CD105 and CD- percentage of CMSCs in the degraded carti-
166 markers were isolated from OA articular lage, which can be confirmed by its signifi-
cartilage [8, 27], and markers like CD9+/ cantly reduced proliferation rate in our study.
CD90+/CD166+ [28], CD146 [29] and Notch-1 Accordingly, Murphy described earlier that OA
[30] were also employed as candidates for patient-derived BMSC exhibited a significant-
CMSC purification. In the present study, we iso- ly reduced proliferation activity [6]. Moreover,
lated CD105+/CD166+ cells by FACS from the high percentage of CD105+/CD166+ CMSC
degraded and normal cartilage of OA patients, (18.44+9.97%, range 4.34-35.46%) was found
and confirmed them as MSCs based on their in OA normal-appearing cartilage, which was
multi-lineage differentiation potential, growth consistent with earlier reports indicating a rela-
pattern as well as immunophenotype. tively higher percentage in mild to moderate
changed OA cartilage and normal cartilage
Previous study showed the percentage of (16.7+2.1%/15.3+2.3%, respectively) [27]. All
CD105+/CD166+ cells in OA cartilage was sig- these findings suggested a yet unexplored
nificantly higher than that in normal cartilage capacity for regeneration in the normal carti-
(3.49+1.93%), but did not differ between nor- lage of OA.
mal-appearing and degraded OA cartilage from
the same donor [8]. However, our study revealed The differentiation profile of MSCs has been
that degraded cartilage contained significantly reported to be changed in OA patients. In this
lower numbers of CD105+/CD166+ CMSCs study, CMSC from the degraded cartilage had a
than normal cartilage in OA (10.61+6.97%/ stronger osteogenic but a weaker adipogenic
18.44+9.97%, respectively). Cartilage collec- potential, as well as a comparable chondrogen-
tion strategy may contribute to this discrepan- ic potential compared with CMSCs from normal
cy. Because in our study, all the degraded carti- cartilage. Heterogeneity in the adipogenesis
lage samples were obtained from medial con- and osteogenesis was observed in many stud-
dyle of late-stage OA patients. In addition, ies [10, 31, 32]. Runx2, as an osteogenic key
the wearing cartilage with different degree transcription factor, was involved in regulat-
embraced different percentage of CMSCs [10, ing the reciprocal differentiation pathways of
27]. Therefore, irreversible degenerative altera- osteoblast and adipocyte lineages. Knockout
tions of medial condyle were probably due to of Runx-2 resulted in adipogenic differentiation
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of chondrocytes in mice [33]. Regarding a
remarkably increased expression of Runx-2 in
the degraded group in our study, it was likely
that regulation of Runx-2 played an important
role in reduced adipogenic but enhanced osteo-
genic differentiation potential of CMSCs in the
degraded cartilage. As for chondrogenic capac-
ity, an earlier study reported declined potential
of CMSCs from OA patients [6], while later stud-
ies showed similar chondrogenic potential of
MSCs between OA patients and donors with
a femoral fracture [34, 35]. Our study confirm-
ed no difference in chondrogenic potential of
CMSCs between normal and degraded carti-
lage from the same donor with OA, after restrict-
ing sampling criteria. Combined with previous
reports [10, 36, 37], we speculate that the pri-
mary defect in OA is likely bone-associated,
and osteogenic process of CMSC may play a
key role in the occurrence and development of
OA accompanied by relatively restrained chon-
drogenesis rather than absolutely impaired
chondrogenesis.

Recently, a group of miRNAs were discovered to
be down-regulated during osteogenic induction
[16-24]. Here two significantly down-regulated
miRNAs, miR-31-5p and miR-424-5p, were
identified in CMSCs from OA degraded carti-
lage, and potentially associated with regulation
of osteogenic differentiation. Runx-2 directly
bound to the promoter regions of the miR-31
and controlled its expression precisely. MiR-31
inhibited osteogenesis of MSC by affecting the
expression of SATB-2 and Osterix, two signifi-
cant osteogenesis-related genes [19, 38, 39].
MiR-31 could also enhance cell proliferation
during differentiation via negatively regulation
of CEBPA expression [40]. Thus, loss of inhibi-
tion due to significant down-regulation expres-
sion may contribute to the enhanced osteogen-
ic potential and declined proliferation activity
of CMSC in OA degraded cartilage observed in
our study. MiR-424 was also reported to be
down-regulated in the osteogenesis of hBMSC
accompanied with miR-31, and predicted to
inhibit osteogenic differentiation of MSC by
BMP receptor signaling pathways [41, 42].
Further studies should focus on miR-31 and
miR-424 to reveal their exact regulation mecha-
nism in CMSCs from OA patients.

In summary, our study showed that CD105+/
CD166+ CMSCs from degraded cartilage in
medial condyle of OA patients had a reduced
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proliferation activity, a weaker adipogenic but
stronger osteogenic potential, as well as two
differentially expressed miRNAs (miR-31-5p
and miR-424-5p) compared to OA normal-
appearing cartilage from lateral condyle. Our
findings supported that reduced activity in pro-
liferation and changes in differentiation profile
of CMSC contributed to homeostasis imbal-
ance and led to OA-related erosion of cartilage.
The regulatory networks of multiple miRNAs
may be partially responsible for the altered
function of CMSCs which needed further study
for its possible targets. This study opens new
possibilities to achieve intrinsic cartilage repair
and adds a novel aspect to the pathogenesis of
cartilage degradation in OA.
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