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Abstract. Osteosarcoma (OS) is the most common malig-
nant bone tumour and is considered to be a disease caused 
by a dysfunction in differentiation. Bone morphogenetic 
protein 9 (BMP9) is the most potent osteogenic factor in 
mesenchymal stem cells, but it cannot induce osteogenic differ-
entiation in OS cells; this might be one of the determinants in 
the pathogenesis of OS. All-trans retinoic acid (ATRA) can 
induce osteogenic differentiation of OS cells and potentiate 
BMP9-induced osteogenesis in preadipocytes. However, the 
concomitant effect of ATRA and BMP9 in OS cells is unclear; 
therefore, in the present study, we focused on this topic. The 
results showed that BMP9 significantly promoted the prolif-
eration of human OS 143B cells and did not induce osteogenic 
differentiation of cells in vitro (p<0.01). ATRA inhibited 
proliferation and induced osteogenesis in 143B cells; these 
effects could be enhanced by BMP9 overexpression (p<0.05). 
ATRA could significantly increase the level of phosphory-
lated p38 MAPK (p-p38) in 143B cells, while BMP9 did not 
have any significant effect. Notably, BMP9 overexpression 
enhanced the ability of ATRA to increase the levels of p-p38. 
Both the osteogenic differentiation and the anti-proliferative 
activity of BMP9 in the presence of ATRA decreased upon 
treatment with a specific inhibitor of p38 MAPK (SB203580) 
(p<0.01). This study indicates that the osteogenic differentia-
tion ability of BMP9 in 143B cells can be restored by ATRA, 
and the combination of BMP9 and ATRA generated a stronger 
anti-proliferative effect on 143B cells than ATRA alone. This 
result may be due to the activation of the p38 MAPK pathway.

Introduction

Osteosarcoma (OS) is the most common malignant bone 
tumour, and it mainly affects children and adolescents (1-3). 
The progression of this disease is characterized by aggressive 
tumour growth, frequent recurrence, and high risk of pulmo-
nary metastasis (3,4). Although its treatments have advanced 
from amputation to complex limb-sparing surgery (LSS) 
and incorporated multi-agent chemotherapy (5), the 
5-year survival rate is only 60-70% (6). Moreover, the serious 
side effects associated with traditional chemotherapy drugs 
greatly decrease the patients' quality of life while reducing 
the effectiveness of the OS treatments (5). Increasing evidence 
suggest that OS may be a differentiation dysfunction disease 
caused by defects in the terminal differentiation of osteo-
blasts (7-13). Therefore, the promotion and/or circumvention 
of differentiation defects may be used as an adjuvant therapy 
for OS.

Bone morphogenetic proteins (BMPs) are multifunctional 
growth factors, which belong to the TGF-β superfamily (14). 
BMPs play important roles in development and cellular 
physiology processes, such as proliferation, differentiation, 
apoptosis, adhesion and migration (15,16). Yang et al suggested 
that OS cells might be maintained in an undifferentiated state 
secondary to impaired TGF-β/BMP signalling (13). BMP9, 
a member of BMPs, is known as the most potent osteogenic 
factor compared to the other family members in mesenchymal 
stem cells (MSCs) (17,18). However, Luo et al reported that 
BMPs (including BMP9) were unable to induce bone formation 
in twelve OS cell lines (including 143B cells) and promoted 
OS cell growth by locking the cells in the early proliferative 
phase of the osteogenic pathway (10). Other studies also indi-
cated that BMP9 failed to induce osteogenic differentiation 
in OS (8,9,11-13). Aberrant expression of BMP9 might result 
in many human tumours, such as colon cancer (19), breast 
cancer (20), ovarian cancer (21), hepatocellular carcinoma (22) 
and gastric cancer (16). These data indicate that the abnormal 
osteogenic differentiation related to BMP9 might be one of the 
determinants in the pathogenesis of OS. Therefore, restoring 
the normal osteogenic ability of BMP9 in OS cells might 
contribute to the treatment of OS.
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All-trans retinoic acid (ATRA) is a highly potent 
derivative of vitamin A, which is required for virtually all 
essential physiological processes and functions (23). The 
biological effects of ATRA are mediated by two families of 
nuclear receptors, retinoic acid receptor (RAR) and retinoid 
X receptor (RXR), which work as RAR/RXR heterodimers 
and bind to retinoic acid response elements in the promoter 
regions of retinoid-responsive genes (24). ATRA can induce 
differentiation in acute promyelocytic leukaemia (APL) and 
other tumour types, such as neuroblastoma, breast cancer and 
melanoma (25-28). Additionally, ATRA can induce osteo-
blastic differentiation of osteosarcoma cells both in vivo and 
in vitro (29,30). Luo et al (31) and Ying et al (32) have reported 
that ATRA-induced osteogenic differentiation is mediated by 
the retinoid-suppressed phosphorylation of RARα in OS cells. 
These findings indicate that RARα plays a key role in ATRA-
induced osteogenic differentiation. It has been reported that 
ATRA could potentiate BMP9-induced osteogenesis in 
3T3-L1 preadipocytes (33). However, the effect of ATRA on 
the osteogenic ability of BMP9 in OS cells is still unclear.

This study investigated the combined effect of BMP9 
and ATRA on proliferation and osteogenic differentiation of 
human OS 143B cells. The results showed that, in 143B cells, 
the osteogenic ability of BMP9 could be exerted in the pres-
ence of ATRA, and the combination of BMP9 and ATRA 
generated a stronger anti-proliferative effect than ATRA alone. 
Additionally, these effects may originate from the activation of 
the p38 MAPK pathway.

Materials and methods

Reagents and antibodies. ATRA was obtained from 
Sigma-Aldrich (St. Louis, MO, USA), dissolved in dimethyl 
sulfoxide (DMSO), divided to aliquots and stored at -20˚C. 
DMSO was used as a control. Antibodies were obtained from 
Santa Cruz Biotechnology. SB203580 was purchased from 
Selleckchem (Houston, TX, USA). All other reagents were 
purchased form Sigma-Aldrich or Thermo Fisher Scientific, 
unless otherwise indicated.

Cell lines and culture. The human 143B (OS) and HEK293 
cell lines were purchased from the American Type Culture 
Collection (ATCC). 143B cells or HEK293 cells were main-
tained in Dulbecco's modified Eagle's medium (DMEM; 
Hyclone) and supplemented with 10% heat-inactivated FBS 
(Hyclone Laboratories), 100 U/ml benzylpenicillin, and 
100 mg/ml streptomycin at 37˚C in 5% CO2.

Construction of recombinant adenoviruses. Recombinant 
adenoviruses expressing BMP9 (AdBMP9) were generated 
previously using the AdEasy technology, as described (34). 
AdBMP9 also expressed GFP as a marker to monitor infection 
efficiency. Adenoviruses expressing GFP (AdGFP) were used 
as control.

Crystal violet assay. Cell viability was determined with a 
crystal violet assay, conducted as previously described (35). 
Briefly, 143B cells were plated in a 24-well plate and treated 
with the indicated concentrations of ATRA, and/or AdBMP9 
and/or SB203580. The cells were washed carefully 2 times with 

ice-cold (4˚C) phosphate-buffered saline (PBS); then, the cell 
viability was assessed upon staining with a 0.2-0.3% crystal 
violet formalin solution at room temperature for 20 min. For 
scanning and quantification, 500 µl/well of 20% acetic acid 
were added to dissolve the crystal violet, and the plate was 
shaken for 20 min at room temperature. The absorbance was 
detected at 570 nm.

Cell cycle analysis. 143B cells were plated into 6-well plates. 
Then, the cells were treated with ATRA and/ or AdBMP9 for 
48 h. The cells were washed 3 times with PBS without calcium 
and magnesium and fixed in 70% ethanol overnight at 4˚C. The 
cells were washed twice with ice-cold PBS and centrifuged at 
300 x g for 10 min, then resuspended in a staining solution, 
which contained 0.1% Triton X-100 and 500 mg/ml propidium 
iodide (PI). After incubation in the dark at room temperature 
for 30 min, the cells were analysed by fluorescence-activated 
cell sorting (FACS) analysis.

Reverse transcription and polymerase chain reaction analysis 
(RT-PCR). 143B cells were seeded in T25 flasks and treated 
with the indicated infection rates of AdBMP9 for 48 h. Total 
RNA was extracted using the TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) and used to obtain cDNA templates by 
reverse transcription (RT). Then, the cDNAs were used as 
templates for determining the expression of target genes by 
semi-quantitative PCR (sqPCR), as described (36). The 
primers for each gene were as follows: GAPDH, F: 5'-CAAC 
GAATTTGGCTACAGCA-3', R: 5'-AGGGGAGATTCAGT 
GTGGTG-3'. BMP9, F: 5'-GCTCCGACTCTATGTCTCC 
TGT-3', R: 5'-CCAGCTTATTTTTGCTCTTGGT-3'.

Western blotting. The detailed method was previously 
described (36). In brief, subconfluent 143B cells were plated in 
6-well plates and treated with the indicated concentrations of 
ATRA and/or AdBMP9 and/or SB203580. At the chosen time-
points, the cells were washed with ice-cold PBS and lysed with 
300 µl of lysis buffer. Then, the lysates were boiled for 10 min. 
Total proteins were separated by SDS-PAGE and then transferred 
to polyvinylidene difluoride (PVDF) membranes. Membranes 
were blocked with bovine serum albumin (BSA) (5%) at room 
temperature for 1 h, and then blotted with primary antibodies. 
Finally, the bands corresponding to the targeted proteins were 
detected with the enhanced chemiluminescence method (ECL, 
substrate no. 34095; Thermo Fisher Scientific, USA).

Alkaline phosphatase (ALP) activity assay. ALP activity was 
assessed by a modified Great Escape SEAP Chemiluminescence 
assay (BD Clontech, Mountain View, CA, USA) as described 
previously (34). For the bioluminescence assays, each analysis 
was performed in triplicate, and the results were repeated 
in at least three independent experiments. ALP activity was 
normalized to total cellular protein concentration in each 
sample.

Statistical analysis. All the experiments were performed at 
least twice independently and the results were repeated in trip-
licate. Statistical analysis was performed using the GraphPad 
Prism 5 software (La Jolla, CA, USA). All data are represented 
as the mean ± SD. Statistical significance between two groups 
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was determined with Student's t-test. A value of p<0.05 was 
considered to be statistically significant.

Results

BMP9 promotes the proliferation of OS cells. First, AdBMP9 
infection was identified in human OS 143B cells (Fig. 1A 
and B). Then, to investigate the effect of BMP9 on 143B cell 
proliferation, cells were infected with AdBMP9 for 24, 48 
or 72 h in 24-well plates. The cell viability was assessed by 
crystal violet assay: the results showed that BMP9 promoted 
the proliferation of 143B cells (p<0.01) (Fig. 1C and D). We 
next examined the cell cycle distribution of 143B cells over-
expressing BMP9 by flow cytometry; the results showed that 
BMP9 decreased the percentage of cells in G1 phase compared 
to the control group (Fig. 1E). The protein level of proliferating 
cell nuclear antigen (PCNA), which plays a key role in the cell 
cycle (37), was also significantly increased (Fig. 1F). These 
results suggested that BMP9 overexpression promoted the 
proliferation of 143B cells in vitro.

BMP9 failed to induce osteogenic differentiation of OS cells. 
To investigate the osteogenic differentiation activity of BMP9 
in 143B cells, the expression level of osteogenesis-related 
markers was examined by western blotting and ALP activity 
assays. The data showed that the protein level of markers of 
both early osteogenic differentiation (such as the transcription 
factors Dlx-5, Runx-2) and late osteogenesis (such as OCN and 
OPN) in 143B cells did not significantly change between the 
AdBMP9 and AdGFP groups (Fig. 2A and B). Similar results 
were obtained in the analysis of ALP activity, an early maker 
of osteogenesis (38) (Fig. 2C). These results demonstrated 
that BMP9 could not induce osteogenic differentiation of 
143B cells in vitro.

BMP9 inhibits the proliferation of OS cells in the presence of 
ATRA. We next investigated the combined effect of BMP9 and 
ATRA on the proliferation of 143B cells. It has been reported 
that the proliferation of 143B cells is inhibited by ATRA in a 
concentration and time-dependent manner; the effective ATRA 
concentration may be 5, 10, 20, 40 or 80 µM (29). At first, 20 and 

Figure 1. Effect of BMP9 on the proliferation of 143B cells. (A) AdBMP9 effectively transfected into 143B cells. 143B cells were infected with AdBMP9 
and AdGFP. The GFP signal was detected under a fluorescence microscope (x100) 24 h after infection. (B) AdBMP9 effectively increased the expression of 
BMP9 24 h after infection, as detected by semi-quantitative PCR (sqPCR) (top) and western blotting assay (bottom). (C) Crystal violet assays showed that 
BMP9 promoted proliferation in 143B cells. (D) Quantitative results of the crystal violet assay in 143B cells (**p<0.01 vs. the control group; ***p<0.001 vs. 
the control group). (E) Quantitative results of cell cycle assay showed that BMP9 decreased the G1 phase arrest of 143B cells 48 h after infection (*p<0.05 vs. 
the AdGFP group; **p<0.01 vs. the AdGFP group). (F) Western blotting assays showed that the protein level of PCNA was affected by BMP9 in 143B cells. 
GAPDH was used as loading control. All assays were performed in triplicate. +, ++ and +++ refer to the infection rates of AdBMP9; PCNA, proliferating cell 
nuclear antigen.
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Figure 2. Effect of BMP9 on osteogenic differentiation in 143B cells. (A) Western blotting assays showed that the protein level of Dlx-5, Runx-2, OCN and OPN 
was not affected by BMP9. GAPDH was used as loading control. (B) Quantification of the western blotting results. (C) Quantitative ALP activity assay showed 
that the ALP activity was not affected by BMP9 in 143B cells. All assays were performed in triplicate. +, ++ and +++ refer to the infection rates of AdBMP9.

Figure 3. Effect of BMP9 on proliferation in the presence of ATRA in 143B cells. (A) Crystal violet assay showing the combined effects of BMP9 and ATRA 
on the proliferation of 143B cells. (B) Quantitative results of the crystal violet assay in 143B cells. (*p<0.05 vs. control group. **p<0.01 vs. control group; 
##p<0.01 vs. the ATRA (20 µM) group; ΔΔp<0.01 vs. the ATRA (40 µM) group). (C) Quantitative results of the cell cycle assay. The results showed that after 
48 h, BMP9 overexpression enhanced the effects of ATRA in 143B cells, increasing the fraction of cells arrested in the G1 phase of the cell cycle (*p<0.05 vs. 
the control group; **p<0.01 vs. the control group; #p<0.05 vs. the ATRA group). (D) Western blot assays showed that the protein level of PCNA was affected by 
concomitant treatment with BMP9 and ATRA in 143B cells. GAPDH was used as loading control. All assays were performed in triplicate. Cells treated with 
DMSO + AdGFP constituted the control group; PCNA, proliferating cell nuclear antigen.
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40 µM were chosen as the candidate concentrations of ATRA: 
the crystal violet assay showed that there was no significant 
change in proliferation upon treatment with 20 µM ATRA; 
however, the proliferation of 143B cells was significantly 
inhibited upon treatment with 40 µM ATRA (p<0.05) (Fig. 3A 
and B). This concentration was therefore used in the next steps 
of this study, together with the infection rate of ++ for AdBMP9.

A crystal violet assay suggested that BMP9 overexpres-
sion enhanced the anti-proliferative effect of ATRA (p<0.01) 
(Fig. 3A and B). Likewise, cell cycle analysis showed that 
BMP9 overexpression enhanced the effects of ATRA-induced 
cell cycle arrest in G1 phase in 143B cells (Fig. 3C). A similar 
result was found by western blotting assays detecting the 
expression of PCNA (Fig. 3D). These results suggested that 
BMP9 could inhibit the proliferation of 143B cells in the pres-
ence of ATRA in vitro.

BMP9 induces the osteogenic differentiation of OS cells in the 
presence of ATRA. Then, we studied the osteogenic differen-
tiation activity of BMP9 on OS cells in the presence of ATRA 
in vitro. The expression level of osteogenesis-related markers 
was analysed in 143B cells. Osteocalcin (OCN) expression was 
unchanged in 143B cells treated with BMP9, increased one-
half-fold in cells treated with ATRA (p<0.01, vs. the control 
group), and increased more than three-fold when the cells 
were treated with BMP9 and ATRA (p<0.001, vs. the control 
group) (Fig. 4A and B). Other osteogenesis-related markers 
(such as Dlx-5, Runx-2, OPN and ALP activity) showed similar 
changes (Fig. 4). These data indicated that BMP9 could induce 
the osteogenic differentiation of 143B cells in the presence of 
ATRA in vitro.

BMP9 affects OS cells by activating the p38 MAPK pathway 
in the presence of ATRA. Finally, we sought to determine the 
mechanism through which BMP9 overexpression effected OS 
cells in the presence of ATRA, in vitro. Western blot assays 
indicated that treatment with ATRA or ATRA combined 
with BMP9 showed no difference on the expression levels of 
phosphorylated Smad1/5/8 (p-Smad1/5/8), and phosphorylated 
Akt1/2/3 (p-Akt1/2/3) (Fig. 5A). However, ATRA could signifi-
cantly increase the level of phosphorylated p38 MAPK (p-p38) 
in 143B cells, while BMP9 did not have any significant effect. 
Interestingly, BMP9 overexpression significantly enhanced 
the ability of ATRA to increase the levels of p-p38 (Fig. 5B), 
and this effect could be partly reversed by treatment with 
SB203580 (a p38 MAPK inhibitor) (Fig. 5C). Furthermore, 
SB203580 promoted the proliferation of 143B cells and 
reduced the anti-proliferative effects of ATRA or ATRA 
combined with BMP9 (Fig. 6A). Moreover, the expression of 
Runx-2 decreased nearly one-fold when cells were treated with 
ATRA combined with BMP9 in the presence of SB203580 
(p<0.001). Other osteogenesis-related markers (such as Dlx-5 
and ALP activity) showed similar changes (Fig. 6B-D). These 
results suggested that the p38 MAPK signalling pathway was 
involved in the anti-proliferative and osteogenic differen-
tiation effects induced by BMP9 in the presence of ATRA in 
143B cells in vitro.

Discussion

BMP9 was first identified in the developing mouse liver as 
playing an important role in regulating iron metabolism and 
the development of cholinergic neurons (39). BMP9 has been 

Figure 4. Effect of BMP9 on osteogenic differentiation in the presence of ATRA in 143B cells. (A) Western blot assays showed the protein level of Dlx-5, 
Runx-2, OCN and OPN were affected by concomitant treatment of 143B cells with BMP9 and ATRA. GAPDH was used as loading control. (B) Quantification 
of the western blotting results. (C) Quantitative ALP activity assay showed that the ALP activity was affected by the concomitant treatment of 143B cells with 
BMP9 and ATRA. All assays were performed in triplicate. Cells treated with DMSO + AdGFP constituted the control group. *p<0.05 vs. the control group; 
**p<0.01 vs. the control group; ***p<0.001 vs. the control group; #p<0.05 vs. the ATRA group; ##p<0.01 vs. the ATRA group; ###p<0.001 vs. the ATRA group.
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implied in tumourigenesis (7-13,16,19-22). The prolifera-
tive effect of BMP9 on tumours varies considerably. BMP9 
promotes the proliferation of ovarian cancer cells (21) and 
hepatocellular carcinoma cells (22), but it inhibits the prolif-
eration of colon cancer cells (19), breast cancer cells (20) and 
gastric cancer cells (16). However, the proliferative effect of 
BMP9 on OS is unclear. Li et al reported that BMP9 promoted 
human OS cell proliferation and tumour growth, possibly 
through the Notch signalling pathway (40). In contrast, 
Lv et al reported that BMP9 inhibited the growth of OS cells 
through the Wnt/β-catenin pathway (41). Our study suggested 
that BMP9 promoted proliferation (Fig. 1) and failed to induce 
osteogenic differentiation in human OS 143B cells (Fig. 2). 
It has been suggested that the tight link between cell prolif-
eration and differentiation is often compromised in cancer 
cells, and the inhibition of proliferation can result from the 
induction of differentiation (42-47). The modulation of the 
activity of transcription factors can promote differentiation 
and inhibit proliferation, and it has been used in the treat-
ment of leukaemia (46). Similarly, the overexpression of CDK 
inhibitors prevents proliferation and simultaneously induces 
differentiation in a variety of tumour cells (42-44). Therefore, 
the restoration of the osteogenic ability of BMP9 in OS cells 
may contribute to the treatment of OS.

ATRA promotes terminal differentiation of immature 
cells, including various types of cancer cells (25-30), and 
can promote osteogenic differentiation (29-33,48). Yang et al 
reported that ATRA could inhibit proliferation, induce apotosis 
and promote osteogenic differentiation in 143B cells, but the 
effect of apotosis induced by ATRA is not obvious. Therefore, 
they concluded that ATRA inhibits the proliferation of OS by 
inducing osteogenesis (29). In this study, it is comfirmed that 
BMP9 could not induce osteogenic differentiation alone in 

143B cells (Fig. 2) (8,9,11-13). However, BMP9 induced osteo-
genic differentiation in 143B cells in the presence of ATRA 
(p<0.001) (Fig. 4). The effect of the combination of BMP9 
and ATRA on the inhibition of proliferation of 143B cells was 
more significant than that of ATRA alone (p<0.01) (Fig. 3). 
This indicates that ATRA can restore the osteogenic ability of 
BMP9, thus inhibiting the proliferation of 143B cells. BMP9 
signals through the canonical BMP/Smad pathway. BMP9 
binds to type II or type I BMP receptors (BMPRII or BMPRI), 
phosphorylates Smad1/5/8 and forms a complex with Smad4, 
followed by translocation to the nucleus and regulation of 
downstream targets (18,38). However, this study suggested that 
ATRA alone or ATRA combined with BMP9 groups failed to 
activate the Smad1/5/8 signalling (Fig. 5A), indicating that the 
osteogenesis induced by BMP9 in the presence of ATRA may 
not be mediated through the canonical BMP/Smad pathway 
in 143B cells. The combination of ATRA and BMP9 also 
failed to activate the Akt1/2/3 signalling (Fig. 5A). BMP9 
can exert its function through the non-canonical BMP/Smad 
pathway, involving p38 MAPK and PI3K/Akt (38,49). Thus, 
we surmised that p38 MAPK might play an important role in 
this phenomenon.

It has been reported that p38 MAPK is involved in cell 
differentiation, proliferation, apoptosis, metastasis and 
autophagy (19,50-53). Activation of p38 MAPK is essential 
for BMP9-induced osteogenesis in mesenchymal progenitor 
cells (49,54,55). However, BMP9 failed to activate p38 
MAPK in 143B cells (Fig. 5B) indicating that the inactivation 
of p38 MAPK might be the cause for the ineffectiveness of 
BMP9 to activate osteogenesis in OS cells. This study further 
suggests that ATRA activated p38 MAPK, and the concomi-
tant treatment with ATRA and BMP9 significantly enhanced 
this effect (p<0.01) (Fig. 5B). The osteogenic differentiation 

Figure 5. BMP9 activates the p38 MAPK pathway in the presence of ATRA, in 143B cells. (A) Western blot assays showing the protein levels of Smad1/5/8, 
phosphorylated Smad1/5/8 (p-Smad1/5/8), Akt1/2/3, phosphorylated Akt1/2/3 (p-Akt1/2/3) upon concomitant treatment with BMP9 and ATRA for 48 h in 
143B cells. (B) Western blot assays showing the protein level of p38 and phosphorylated p38 (p-p38) upon concomitant treatment with BMP9 and ATRA in 
143B cells. (C) Western blot assays showing the protein level of p38 and phosphorylated p38 (p-p38) upon concomitant treatment with BMP9 and ATRA and 
SB for 48 h in 143B cells. GAPDH was used as loading control. All assays were performed in triplicate. Cells treated with DMSO + AdGFP constituted the 
control group, SB, p38 inhibitor SB203580, 0.4 µM.
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and proliferation inhibition effects of ATRA alone or ATRA 
combined with BMP9 groups were inhibited by a p38 MAPK 
inhibitor (SB203580) (Fig. 6). These results indicate that 
ATRA restored osteogenic ability of BMP9 in 143B cells, 
probably through the reactivation of p38 MAPK.

In conclusion, this study suggests that the proliferative 
effect of BMP9 on human OS 143B cells is related to a failure 
in osteogenic differentiation. ATRA could restore the osteo-
genic ability of BMP9 in 143B cells, and the combination of 
ATRA and BMP9 generated a more significant anti-prolifer-
ative effect than ATRA alone. This result may be due to the 
reactivation of the p38 MAPK pathway.
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