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Abstract: Objectives: Bone marrow stromal cells (BMSCs) have been investigated for their use in the treatment
of Osteoarthritis (OA) in animal models, but this approach is challenged by their poor ability to differentiate into
chondrocytes, a major cell component in articular cartilage. Therefore, this study aimed to investigate how BMP-7
drives BMSC differentiation into chondrocytes. Methods: We isolated BMSCs and identified chondrocyte specific
gene expression profiles after culture in permissive medium for 21 days, in order to improve the ability of BMSCs to
differentiate. Results: We observed a significantly increased expression of bone morphogenetic protein-7 (BMP-7),
aggrecan (ACAN), type Il collagen (COL2A1), and SRY-related high-mobility-group box 9 (SOX-9), but the ALP, COLXAZ,
and runt-related transcription factor 2 (RUNX2) expressions were shown to have significantly decreased. In addi-
tion, several cytokines were upregulated, including transforming growth factor-B (TGF-B), tumor necrosis factor-
(TNF-ax), interleukin (IL)-6, and IL-10. Due to the fact that the highest levels of upregulated BMP-7 were seen in the
treated BMSCs, we induced its over-expression by plasmid mediated gene transfer. The results indicated that the
over-expression of BMP-7 can cause the upregulation of ACAN, COL2A1, and SOX-9, but can also suppress that of
ALP, COLXAZ1, and RUNX2 in a dose-dependent manner, demonstrating the pivotal role of BMP-7 in the regulation
of downstream target gene expression. BMP-7 is critically involved in chondrogenesis. Further investigations also
indicated that the knockdown of BMP-7 expression by shRNA suppressed ACAN, COL2A1, and SOX-9, but increased
that of ALP, COLXAZ1, and RUNX2. Thus BMP-7 is a potent molecule in promoting BMSC differentiation towards the
chondrocyte phenotype. Conclusion: The modulation of BMP-7 expression in BMSCs has the potential to increase
BMSC chondrogenesis and BMP-7 can be used in the future as a molecular target in BMSC-based cell therapy for
OA.
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Introduction scription factors. These transcription factors
include SRY-related high-mobility-group box 9
(SOX-9), a cartilage-specific transcription fac-
tor. However, caspase-3 is also upregulated in
subsequent inflammation contributes to dis- OA, suggesting that patients with OA have ele-

ease pathogenesis and progression [1, 2]. vated levels of inflammation and cell apoptosis
Previous studies have indicated that levels of [71.

collagenase, proteoglycanase, matrix metallo-

Osteoarthritis (OA) is characterized by the
degeneration of articular chondrocytes. The

proteinases, inducible nitric oxide synthase,
nitric oxide, prostaglandin E2, interleukin (IL)-
1B, IL-6, and IL-8 increase in the synovial fluid
of the joints [3-6]. IL-13 expression of collagen
type ll, a cartilage specific proteoglycan from
chondrocytes, is accompanied by the activa-
tion of MAP kinase and cartilage-specific tran-

Anti-inflammatory reagents, anti-catabolic mol-
ecules, and rehabilitation can relieve pain and
inflammation to a certain extent. For example,
growth factors antagonize the catabolic actions
of cytokines. Pretreatment of chondrocytes
with insulin-like growth factor-1 and/or platelet
derived growth factor-B may suppress IL-13-
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induced NF-kB activation [8]. Nevertheless,
medicinal treatments are restricted to nonste-
roidal anti-inflammatory drugs, which induce
only temporary therapeutic effects and are
accompanied by numerous side effects. The
damaged tissue in OA patients cannot be effec-
tively repaired. Stem cell-based therapies have
emerged as a promising therapeutic approach
in the treatment of this disease and their posi-
tive effects have been confirmed in animal
models.

Mesenchymal stem cells (MSCs) are derived
from synovial fluid in joints, adipose tissue,
amniotic fluid, endometrium, the umbilical cord,
and dental tissues [9-14]. MSCs express a
number of markers, including cluster of differ-
entiation (CD)44, CD9O, CD105, and CD73.
Following culture in permissive medium, these
cells differentiate into different cell lineages,
including bone, cartilage, and adipose tissues
[15-17]. Currently, bone marrow-derived mes-
enchymal stem cells (BMSCs) have emerged as
major cell sources for MSC-based therapy, due
to their chondrogenesis properties and unlimit-
ed cell availability [15, 18].

Bone MSCs (BMSCs) are non-hematopoietic
and multipotent stem cells, characterized by
the expression of CD29, CD44, CD73, CD90,
and CD105. However, human BMSCs do not
express CD14, CD34, CD45 or human leuco-
cyte antigen-antigen D. Previous studies have
demonstrated that BMSCs have the capacity
to differentiate into mesodermal lineages,
including osteocytes, adipocytes, and chondro-
cytes [15, 19]. Not only do BMSCs possess the
capacity to differentiate into chondrocytes,
they also have immunomodulatory properties;
they release numerous immune regulatory
cytokines and mediators and are critical par-
ticipants in immune suppression [20, 21]. They
have thus been used to treat different autoim-
mune diseases, due to their immune regulatory
property [22].

Bone morphogenetic protein (BMP-2/7) is a
potent inducer of MSC differentiation. Human
adipose tissue-derived MSCs express high lev-
els of type Il collagen, aggrecan, and SOX-9
mRNA after being treated with a library of
Activin/BMP2 chimeric ligands. This indicates
the acquisition of a chondrogenic phenotype in
culture [23]. In addition, the over-expression of
BMP-2 by recombinant adenovirus vector-medi-
ated gene transfer has been demonstrated
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to significantly enhance the differentiation
of rabbit synovial-derived MSCs into fibrocarti-
lage cells [24]. Furthermore, the co-delivery
of BMP-2/SOX-9 significantly increased the
expression of type Il collagen and aggrecan,
and enhanced glycosaminoglycan (GAG) matrix
formation [25]. The underlying mechanisms of
BMP-2 in promoting chondrocyte differentia-
tion are not well defined. It is possible that
BMPs bind to cell surface receptors on MSCs
and send signals to the nucleus to promote
macromolecule synthesis and bone formation.

Previous studies have indicated that BMSCs
stimulated with BMPs proliferate and differenti-
ate into osteoblastic and chondrogenic lineag-
es [26], BMP-7 promoted the differentiation of
BMSCs into chondrocytes with increased type Il
collagen and GAG expression [19]. However,
the mechanisms behind BMP-7-driven BMSC
differentiation into chondrocytes remain un-
known. To the best of our knowledge, the
current study is the first to investigate the role
of BMP-7 in promoting BMSC differentiation
into chondrocytes and to determine the under-
lying molecular mechanisms. Thus, the current
study provides a rationale for investigating
chondrocyte lineage-targeted MSC differentia-
tion through molecular intervention with BMP-7
in the treatment of patients with cartilage artic-
ular degeneration and injury.

Materials and methods
Isolation of BMSCs

All animal studies were approved by The In-
stitute Research Medical Ethics Committee of
Jinan University. BMSCs were generated from
male Sprague-Dawley mice (aged 8-10 weeks;
30-40 g) provided by Laboratory Animal Facility
of the Chinese Academy of Sciences (Shanghai,
China). Briefly, bone marrow from the femur
and tibia cavities was isolated from the anes-
thetized mice and was anticoagulated using
heparin (Sigma-Aldrich; Merck KGaA, Darm-
stadt, Germany), whereupon 1 ml PBS was
added.

Culture of mouse mesenchymal stem cells and
flow cytometry analysis

BMSCs were purified by Ficoll gradient (Fischer
Scientific, Pittsburgh, USA) and plated in 35-
mm dishes at a density of 4 x 10° cells/well.
After 24 h, the cells were collected for identifi-
cation of BMSCs markers. Antibodies (Abcam,
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Table 1. Primer sequences for reverse transcription-quantitative

polymerase chain reaction

with ¢cDNA synthesis Kkits
(Invitrogen, Grand Island,

Gene Forward (5’-3’)

Reverse (5’-3)

NY). The primer sequences

ACAN CATGAGAGAGGCGAATGGAA

SOX9  AGTACCCGCACCTGCACAAC

TGATCTCGTAGCGATCTTTCTTCT
COL2A1 TGGGTGTTCTATTTATTTATTGTCTTCCT GCGTTGGACTCACACCAGTTAGT
TACTTGTAGTCCGGGTGGTCTTTC

used to analyze the expres-
sion of murine gene tran-
scripts are shown in Table
1. SYBR green PCR master

ALP CCGATGGCACACCTGCTT GGAGGCATACGCCATCACAT . . .

mix (AB Applied Biosyste-
COLXA1 CATGCCTGATGGCTTCATAAA AAGCAGACACGGGCATACCT ms, Warrington, UK) was
RUNX2 GACGAGGCAAGAGTTTCACC GGACCGTCCACTGTCACTTT

B-actin  GACAGGATGCAGAAGGAGATTACTG =~ CCACCGATCCACACAGAGTACTT

used for the real-time PCR
reaction following the rea-

ACAN: aggrecan, COL2A1: type Il collagen, SOX9: SRY-related high-mobility-group box
9, ALP: alkaline phosphatase, COLXA1: type | collagen, RUNX2: runt-related transcrip-

tion factor 2.

Cambridge, MA, USA) against CD14 (ab1820-
32), CD34 (ab81289), CD45 (ab10558), CD44
(@ab157107), CD90 (ab225), and CD105 (ab-
11414) were used for identifying cell purity and
hematopoietic cell contamination. Cells were
then washed twice with phosphate buffered
saline (PBS) and stained samples were ana-
lyzed with a FACScan flow cytometer (Becton
Dickson, Franklin Lakes, NJ, USA). Data were
presented as percentage of positive stained
cells.

Treatment of mouse mesenchymal stem cells

4 x 10° cultured BMSCs cells were seeded into
a 6-well plate and were differentiated towards
chondrocyte-like cells using a specific medium
to promote spheroid formation. Spheroids were
collected after 14, 28, and 46 days in chondro-
genic medium and stained with hematoxylin,
eosin, Safranin O, or Alcian blue to evaluate
the extracellular matrix. Immunohistochemistry
was performed to study collagen types | (COLI)
and Il (COLII), as well as aggrecan expression.

The BMSCs were then transfected with 1 nM
and 5 nM BMP7 by Lipofectamine 200 (Invi-
trogen, Carlsbad, CA, USA) and maintained in
culture for 21 days. Flesh medium was added
every 3 days during cell culture. The same pro-
tocol was used for the transfection of 1 ug
shRNA including shBMP7-1 and shBMP-7-2. The
same amount of scramble shRNA was trans-
fected as the negative control. All of the treated
cells were collected for analysis 21 days after
transfection.

Quantitative RT-PCR analysis

RNA was extracted from samples with Trizol
reagent (Invitrogen) and cDNA was synthesized
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ction conditions: 94°C 5
min, 50 cycles (94°C for 40
sec; 57°C for 30 sec, 72°C
for 30 sec). Data were ana-
lyzed using 7500 systems DS software (AB
applied Biosystems) and were normalized with
internal control GAPDH and presented as AACt
+ standard error.

Western blotting analysis

Cellular protein was extracted from the cultured
cells using the RIPA lysis buffer (Promega,
Madison, WI, USA) and the level of protein was
measured with a BCA assay (Pierce). Western
blot analysis was performed using primary
antibodies against aggrecan (ACAN), type Il
collagen (COL2A1), SOX-9, ALP, COLXA1, and
runt-related transcription factor 2 (RUNX2) (Cell
Signaling, Beverly, MA, USA). The antibody
against GAPDH (Sigma-Aldrich, St. Louis, MO,
USA) was used as a loading control and the
intensity was quantitatively analyzed with
Image J software. The data are presented as
the mean ratio of the densimetric intensity of
the target protein to internal control GAPDH for
each sample.

Alizarin red staining

After 21 days of osteogenic differentiation, the
culture medium was removed, the cells were
fixed with 4% paraformaldehyde for 30 min-
utes, and then were rinsed three times with
PBS. The cells were then stained with 1%
Alizarin red-Tris- HCI for 30 minutes (37°C).
Finally, cells were observed under a light micro-
scope (Olympus BX51, Japan).

Alkaline phosphatase (AKP) staining
After 21 days of osteogenic differentiation, the

culture medium was removed and the cells
were fixed with 4% paraformaldehyde for 30
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Figure 1. Identification of bone marrow-derived MSCs. The BMSCs were isolated from 8-10 week old mice. Following
purification with Ficoll-Paque, cells were cultured for 24 h and then stained with antibodies against (A) CD14, (B)
CD34, (C) CD45, (D) CD44, (E) CD90, and (F) CD105 (indicated by the blue line). The species matched isotype anti-
bodies were used as negative controls (indicated by the red line). The cultured cells in vitro exhibited a fibroblast-like
morphology in monolayer culture with the positive MSC specific markers CD44, CD90, and CD105, but the hemato-
poietic markers CD14, CD34, and CD45 were negative in the isolated MSC. The representative data from the MSCs
of one mouse are presented. MSC: marrow stem cells, CD: cluster of differentiation.

minutes, before being incubated with incuba-
tion buffer (5 ml 3-B sodium glycerophosphate,
5 ml 2% barbital sodium, 10 ml distilled water,
10 ml 2% CaCl,, and 2% MgSO0,) for 4 hours
37°C. Cells were then soaked in 2% cobalt
nitrate for 5 min, and in 1% ammonium sulfide
for 2 min. Finally, they were rinsed with water,
dried, and examined with phase contract
microscopy.

Statistical analysis

All data are expressed as means * standard
deviations. Statistical analysis was conducted
using a one-way analysis of variance, followed
by Tukey’s post-hoc test. A p value <0.05 was
considered to be a significant difference.

Results

Identification of bone marrow-derived mesen-
chymal stem cells

The cultured cells in vitro exhibited fibroblast-
like morphology in a monolayer culture. Anti-
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bodies against CD14, CD34, CD45, CD44,
CD90, and CD105 were used for immunostain-
ing and species matched isotype antibodies
were used as the negative controls. The expres-
sions of the hematopoietic markers CD14,
CD34, and CD45 were low, indicating a lower
contamination of hematopoietic cells in the iso-
lated BMSCs than in the negative controls
(Figure 1A-C). However, flow cytometric analy-
sis indicated that the MSCs expressed high lev-
els of CD44, CD90, and CD105. The positive
cells were >95%, indicating a high BMSC purity
(Figure 1D-F).

MSC cells were differentiated into osteoblastic
and chondrogenic lineages

Following 1 day of MSC cell culture, a chondro-
cyte permissive medium containing growth fac-
tors was added to cells and was maintained for
21 days. The levels of the osteoblastic and
chondrogenic lineage markers were subse-
quently measured. BMSCs exhibited fibroblast-
like morphology and RT-gPCR demonstrated

Int J Clin Exp Med 2018;11(3):1835-1844
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Figure 2. MSC cells differentiated into osteoblastic and chondrogenic lin-
eages following 21 days of culture in chrondrocyte permissive medium.
MSCs cultured in chondrocyte permissive medium for 21 days exhibited a
fibroblast-like morphology. Levels of osteoblastic and chondrogenic lineage
markers were analyzed using reverse transcription-quantitative polymerase
chain reaction. Following 21 days culture, (A) TGF-3, TNF-q, IL-6, IL-10, BMP-
7,and (B) ACAN, COL2A1, and SOX9 expressions were significantly increased
but the expressions of ALP, COLXA1, and RUNX2 significantly decreased.
Data are presented as the mean of DDCq normalized to the internal control
GAPDH + standard error of the mean. One of 3 independent experiments is
presented, n=4, "P<0.05 vs. day 1 of initial cell culture. MSC: marrow stem
cells, TGF-B: transforming growth factor-3, TNF-a: tumor necrosis factor-, IL:
interleukin, BMP: bone morphogenetic protein, ACAN: aggrecan, COL2A1:
type Il collagen, SOX9: SRY-related high-mobility-group box 9, ALP: alkaline
phosphatase, COLXA1: type | collagen, RUNX2: runt-related transcription
factor 2.
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Figure 3. Overexpressing BMP-7 increased the differentiation of bone mar-
row stromal cells into chondrocytes in vitro. Bone marrow stromal cells were
transfected with different concentrations (O, 1, and 5 nM) of plasmid encod-
ing BMP-7, a secretory protein and maintained in permissive medium for
21 days. Cells transfected with empty plasmid were used as the negative
control. (A) The expressions of chondrocyte specific protein markers (ACAN,
COL2A1, and SOX9) and other relevant proteins (ALP, COLXA1, and RUNX2)
were analyzed by reverse transcription-quantitative polymerase chain reac-
tion. Data are presented as mean of DDCq + standard error of the mean,
n=3. Representative data from 3 independent experiments are presented.
“P<0.05, ""P<0.01 vs. day 1 negative control. (B) Target gene expression in
the treated cells was confirmed by western blot analysis. An antibody against
GAPDH was used as the internal loading control. Representative blot of 3
independent experiments is presented. BMP: bone morphogenetic protein,
ACAN: aggrecan, COL2A1: type Il collagen, SOX9: SRY-related high-mobility-
group box 9, ALP: alkaline phosphatase, COLXA1: type | collagen, RUNX2:
runt-related transcription factor 2.
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that the expression of trans-
forming growth factor (TGF)-j3,
tumor necrosis factor-a (TNF-
o), IL-6, and IL-10 were signi-
ficantly increased in BMSCs
following 21 days of culture
(P<0.05; Figure 2A). In addi-
tion, the expressions of chon-
drogenic lineage specific mar-
kers BMP-7, ACAN, COL2A1,
and SOX-9 were significantly
elevated (P<0.05), whereas
the expressions of ALP, COL-
XA1, and RUNX2 decreased
(P<0.05; Figure 2). These res-
ults indicate that MSC cells
were differentiated into chon-
drocyte-like cells after 21
days of culture.

Overexpressing BMP-7 in-
creased differentiation of
MSCs into chondrocytes in
vitro

A significant increase in the
expression of BMP-7 protein
was observed in the cultured
cells, leading to the hypothe-
sis that BMP-7 may facilitate
the development of chondro-
cytes from BMSCs. In order
to test this, cells were trans-
fected with different concen-
trations of plasmid encoding
BMP-7 one day after the initial
cellculture.After21daysofcult-
ure, following transfection wi-
th both 1 nM and 5 nM BMP-7,
a significant increase in the
expressions of the chondro-
cyte specific markers ACAN,
COL2A1, and SOX-9 was ob-
served, compared with their
expressions in the controls
transfected with empty plas-
mid (P<0.05; Figure 3A). Cells
transfected with 5 nM BMP-7
encoding plasmid expressed
the highest levels of these
markers (Figure 3A). In con-
trast, the expressions of ALP,
COLXA1, and RUNX2 were
suppressed following BMP-7

Int J Clin Exp Med 2018;11(3):1835-1844
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Figure 4. Knockdown of BMP-7 expression suppressed differentiation of
bone marrow stromal cells into chondrocytes in vitro. Bone marrow stromal
cells were transfected with two different silencing RNAs against BMP-7 in
distinct coding regions. Cells transfected with the same amount of scramble
shRNA were used as a negative control. (A) After 21 days of culture, the
expressions of chondrocyte specific protein markers (ACAN, COL2A1, and
S0X9) and other relevant proteins (ALP, COLXA1, and RUNX2) were analyzed
by reverse transcription-quantitative polymerase chain reaction. Data are
presented as mean of DDCq * standard error of the mean, n=3. Represen-
tative data of 3 independent experiments are presented. *P<0.05, vs. day
1 negative control. (B) Target gene expression in the shRNA treated cells
was confirmed by western blot analysis. An antibody against GAPDH was
used as the internal loading control. Representative blot of 3 independent
experiments is presented. BMP: bone morphogenetic protein, shRNA: short
hairpin RNA, ACAN: aggrecan, COL2A1: type Il collagen, SOX9: SRY-related
high-mobility-group box 9, ALP: alkaline phosphatase, COLXA1: type | colla-

significantly downregulated,
(P<0.05; Figure 4A) compared
with cells transfected with
scramble shRNA. However,
the expressions of ALP, COL-
XA1, and RUNX2 increased
significantly in shBMP7-1 and
shBMP7-2 transfected cells
compared with cells transfe-
cted with scramble shRNA
(P<0.05; Figure 4A). The west-
ern blot analysis also revealed
similar results (Figure 4B).
This indicates that BMP-7
pushes BMSCs towards chon-
drocyte-like differentiation in
vitro and that the downregula-
tion of BMP-7 may reverse
these effects. The modulation
and overexpression of BMP-7
may have beneficial effects
in BMSC-based therapies for
articular degeneration in pati-
ents with arthritis and articu-
lar injury.

BMP-7 expression modulated

gen, RUNX2: runt-related transcription factor 2.

overexpression (P<0.05; Figure 3A). Similar
results were also seen when assessing protein
levels using western blot analysis, with levels
of the chondrocyte specific protein markers
ACAN, COL2A1, and SOX-9 markedly increasing
and those of ALP, COLXA1, and TUNX2 mark-
edly decreasing following BMP-7 overexpres-
sion (Figure 3B). Therefore, the overexpression
of BMP-7 facilitated BMSC chondrogenesis and
may have potential implications in cartilage tis-
sue engineering.

Knockdown of BMP-7 expression suppressed
differentiation of MSCs toward chondrocytes
in vitro

The current study demonstrates that BMP-7
is involved in the differentiation of BMSCs
toward chondrocyte-like cells. Therefore, to
confirm the role of BMP-7 in chondrocyte dif-
ferentiation, shRNA covering two BMP-7 encod-
ing sequences was synthesized. Scramble
shRNA was used as a negative control. Follo-
wing transfection into BMSCs and culture for
21 days, RT-gPCR demonstrated that the ex-
pressions of ACAN, COL2A1, and SOX-9 were
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the differentiation of MSCs
toward chondrocytes

Alizarin red staining was used to examine the
mineralized nodules formed by BMSCs after 21
days of culture. AKP is a marker enzyme for
mature osteoblasts. Light microcopy photo-
graphs (original magnification, 100X) and
graphs showed the higher intensity of Alizarin
Red S and ALP staining for BMSCs in cells
transfected with 5 nM BMP-7 encoding plas-
mid, and the lower intensity in shBMP7-1 cells,
which also indicated that BMP-7 expression
modulated the differentiation of MSCs toward
chondrocytes (Figure 5).

Discussion

Due to the feasibility and high capacity of
BMSCs to differentiate into multiple lineages of
cells, they have been recognized as a major
stem cell source for tissue repair in many
degenerative diseases, including OA, which is a
common articular cartilage disease character-
ized by articular tissue degeneration, chondro-
cyte senescence, and apoptosis [2, 12]. Chronic
inflammation serves an important role in the
pathogenesis of OA and current therapeutics

Int J Clin Exp Med 2018;11(3):1835-1844
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Figure 5. Alizarin red staining and Alkali phosphatase staining after 21 days of culture in chrondrocyte permissive
medium. (A) Bone marrow stromal cells were transfected with 5 nM of plasmid encoding BMP-7. Cells transfected
with empty plasmid were used as the negative control. (B) Bone marrow stromal cells were transfected with silenc-
ing RNA against BMP7-1. Cells transfected with the same amount of scramble shRNA were used as the negative
control. ALP: alkaline phosphatase. Scale bar=50 ym, magnification: 100 x.

using anti-inflammatory reagents may effec-
tively relieve pain and reduce inflammation [7].
However, these therapeutic strategies are lim-
ited by the fact that anti-inflammatory medi-
cines lack the ability to repair degenerated tis-
sue. Therefore, cell-based replacement therapy
has become essential in order to actually
improve the functional recovery of tissue. Stem
cells from adipose tissue, umbilical cords, and
synovial fluid have been investigated in previ-
ous studies to facilitate repair in a number of
degenerative diseases [14, 16, 17, 27].
However, these strategies are limited in scope,
since they use stem cells from sources that
cannot easily be replenished. Due to the suffi-
cient sourcing of BMSCs from the marrow cavi-
ties of femurs and tibias in rodents, and to their
self-renewing behavior, the capability of BMSCs
in the present study to differentiate towards
chondrocyte-like cells was investigated. The
results revealed that isolated BMSCs expressed
stromal cell markers, including CD44, CD90,
and CD105, but lacked the hematopoietic cell
markers CD14, CD34, and CD45. The purity of
the isolated BMSCs was >95%. Further culture
of BMSCs under permissive medium for 21
days led to the high expression of chondrocyte-
like cell markers and a fibroblast-like morphol-
ogy in a monolayer culture. BMP-7, ACAN,
COL2A1, and SOX-9 are important chrondro-
cyte specific transcription factors and prod-
ucts, critically involved in cell differentiation,
proliferation, and survival. SOX-9 has been
reported to promote COL2A1 transcription and
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chondrocyte differentiation [28]. Following 21
days of culture, the expressions of these cell
markers were significantly elevated (P<0.05).
Our results indicate that these molecules might
serve a critical role in chondrocyte differentia-
tion. In contrast, we also observed the sup-
pressed expression of ALP, COLXA1, and
RUNX2 in the differentiated cells. A previous
study demonstrated that ALP, COLXA1, and
RUNX2 are suppressive regulators of chondro-
cytes and osteoblasts [29]. In osteoarthritic
chondrocytes, RUNX2 is highly expressed but
SOX-9 expression is reduced. Thus, the elevat-
ed expression of RUNX2 may suppress SOX-9
in normal chondrocytes [30]. Downregulation of
these negative regulators is beneficial to the
development of chrondrocytes and further
investigations into their function in the present
BMSC differentiation model by molecular inter-
vention would be useful. In addition, the
increased expressions of Thl and Th2 cyto-
kines, including TNF-a, TGF-B, IL-6, and IL-10
were observed in the differentiated cells. Their
biological function in chrondrocyte differentia-
tion is not currently well defined. According
to previous studies, these cytokines promote
endogenous progenitor cell differentiation into
the target cells and are beneficial to tissue self-
repair and regeneration during and following
tissue inflammation and damage [31-33]. Hou,
et al., indicated that MiR-193b may inhibit early
chondrogenesis by targeting TNF-a, TGF-B2,
and TGF-B3 [34]. Increased levels of the cyto-
kines TNF-a, TGF-B, IL-6, and IL-10, therefore,

Int J Clin Exp Med 2018;11(3):1835-1844
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have important implications in chondrocyte dif-
ferentiation and regeneration.

BMP-7 is an important molecule that critically
participates in chrondrocyte differentiation. In
the present study, a significantly increased ex-
pression of BMP-7 was observed after 21 days
of cell culture. According to previous studies,
BMP-7 is an important chondrocyte specific
marker. In order to investigate whether BMP-7
is involved in chrondrocyte differentiation after
21 days of culture, its overexpression was in-
duced in BMSC cells, resulting in the enhanced
expressions of ACAN, COL2A1, and SOX-9 , but
the suppressed expressions of ALP, COLXA1,
and RUNX2 in BMP-7 transfected cells com-
pared with those in the empty vector trans-
fected cells. These results were confirmed by
RT-gPCR and western blot analysis, suggesting
that BMP-7 signaling controls the downstream
expression of protein expression and is criti-
cally involved in BMSC differentiation towards
chrondrocyte-like cells. In order to further con-
firm the role of BMP-7 in chondrogenesis,
BMP-7 expression was knocked down by trans-
fecting cells with BMP-7 shRNA. The BMP-7
knockdown significantly suppressed the ex-
pressions of ACAN, COL2A1, and SOX-9, but
enhanced the expressions of ALP, COLXA1, and
RUNX2 compared with cells transfected with
scramble shRNA.

In conclusion, BMP-7 is a potent inducer
of chondrocyte-directed BMSC differentiation.
Its overexpression increases the capability of
BMSCs towards chondrocyte differentiation.
The present study achieved novel insights into
the role of BMP-7 in promoting chondrocyte-
directed BMSC differentiation and provided
a novel strategy for improving BMSC-based
therapy to treat OA. Nevertheless, more direct
and deeper data are needed in order to con-
firm the function of BMP-7 in the process of
BMSC differentiation towards the chondrocyte
phenotype.
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