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Introduction

Currently, the major plans of treating massive bone de-
fects include: (i) Bone transplantation (autogenous bone 
transplantation, allograft bone transplantation and xeno-
genic bone transplantation), (ii) Artificial bone (bone ce-
ment, biological ceramics), (iii) Bone tissue engineered and 
bone transport operations. However, due to their limitations 

in clinical applications, there are huge gaps in clinically used 
bones. Currently, the construction of, appropriate bones with 
specific characteristics such as high biocompatibility, safety, 
economically practical and, good reliability is considered a 
major necessity in the field1,2. In recent years, autologous 
polyphyly stem cells have been widely used in various stud-
ies. In vitro culture and osteoinductive differentiation have 
provided more tools for new developments in this field3.

Recently, a growing number of studies have reported that 
inflammatory factors might play an important role in bone 
damage repair process4. As a type of protein factor of IL-6 
family, OSM is indispensable for the control and the adjust-
ment of internal and external micro-environments in the 
osteogenic differentiation process5. Recent in vitro studies 
showed that OSM could induce the osteogenic differentia-
tion in human-source mesenchymal stem cells and preosteo-
blasts of mice6,7. However there is no report on OSM acting on 
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embryonic origin in murine C3H10T1/2. Murine C3H10T1/2 
cells have many features of mesenchymal stem cells (MSCs).

The present work intends to discuss the effects of OSM on 
C3H10T1/2 cell proliferation and osteogenic differentiation. 
Also, it aims to explore the probable mechanisms involve in 
the process of inducing osteogenic differentiation. The ulti-
mate goal is to provide a new cell model for osteogenic dif-
ferentiation.

Materials and methods

Cells and regents

Murine C3H10T1/2 was purchased from Shanghai Model 
Cell Institute (Shanghai, China). Manufacturer information for 
other regents were detailed as follow: fetal calf serum (GIBCO 
BRL, Grand Island, NY, USA), TRIZOL agent (Bio-sharp, Hefei, 
China), RIPA lysate (Bio-sharp, Hefei, China), Metabolic activ-
ity test (MTS) detection kit (Beyotime, Shanghai, China), On-
costatin M protein (Bio-sharp, Hefei, China), Alizarin red dye 
solution (Jiancheng Biotech, Nanjing, China), BCA kit (BCA 
Protein Assay Kit for detection of protein concentration) 
(Bio-sharp, Hefei, China), Real-time-RT-PCR kit (Bio-sharp, 
Hefei, China), reverse transcription kit (Bio-sharp, Hefei, 

China), ALP buffer (Jiancheng Biotech, Nanjing, China), rab-
bit anti-mice OC, OPN, COL-1, BSP primary antibodies were 
purchased from Abcam (Cambridge, MA, USA).

Cell culture and osteogenesis induction

Cells at passage 3-5 were used to inoculate at 96-well 
plate (105/ml). The day after, they were swapped into sub-
strates with the OSM concentrations of 0, 5, 10, 20, 40 and 
80 ng/ml, and MTS detection method was used to evaluate 
the efficiency of cell proliferation after 48 and 72 hours. The 
cells were divided into four groups: (i) Basal nutrient solution 
group (CON); (ii) osteogenesis induced liquid group (OS); (iii) 
OSM (20 ng/ml) group and (iv) experimental group (OS+ 20 
ng/ml OSM ). 

Cell viability detection

MTS assay was performed to explore cell viability. We em-
ployed 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethophe-
nyl) 2-(4-sulfophenyl)-2Htetrazolium (MTS) and electron cou-
pling agent phenazine methosulphate (PMS). MTS is converted 
into a medium soluble formazan product by dehydrogenase 
enzymes found in metabolically active cells. 20 µl MTS solution 
was added to experiment culture to terminate the exposure of 
the tested agent. After 2 hours incubation, absorbance was 
measured at 490 nm using microtiter plate reader (VeraMax, 
Molecular Devices, USA). The quantity of formazan products is 
proportional to the number of viable cells in the culture.

Alizarin red staining and calcium quantitative 
analysis

After being fixed in 4% paraformaldehyde for 10 min, cells 
were stained with 2% ARS staining reagent (Jiancheng Bio-
tech, Nanjing, China) for 15 min and then washed twice with 
deionized water. The red positions were recognized as calci-
um deposits. Calcium content were detected after 14 and 21 
days Images were taken using microscope (Olympus, Tokyo, 
Japan) for further calcium quantitative analysis. Detailed 
protocols for calcium quantitative analysis was according to 
a previous report8.

ALP activity detection

After being seeded at a density of 2×105 cells per well in 
24-well plates, cells were and induced into osteoblast dif-
ferentiation. At 7, 14 and 21 days after induction, cells were 
lyzed with a lysis buffer composed of 20 mM Tris-HCl (pH 
7.5), 150 mM NaCl and 1% Triton X-100. Intracellular alka-
line phosphatase activity was determined by using an ALP 
activity kit (Jiancheng Biotech, Nanjing, China). The protein 
concentration of cell lysate was determined by using Brad-
ford assay (Bio-Rad, USA) at 595 nm on a microplate spec-
trophotometer (TECAN, Australia). The specific ALP activity 
was normalized to the protein concentration. Each experi-
ment was repeated in sextuple.

Table 1. The sequences of common primers used in RT-PCR.

GAPDH 
Forward GGAAGGTGAAGGTCGGAGTCAAC 

Reverse CTCGCTCCTGGAAGATGGTGATG

COL-I 
Forward CCCGGGTTTCAGAGACAACTTC

Reverse TCCACATGCTTTATTCCAGCAATC

OC 
Forward CTATTGGCCCTGGCCGCACT

Reverse AGCGCCGATAGGCCTCCTGA

BSP 
Forward ACGGGGAACCTCGTGGGGAC

Reverse AGGCTGGAGCTTCACTGGTGGT

OPN 
Forward CCCACGGACCTGCCAGCAAC

Reverse GGCAACGGGGATGGCCTTGT

ALP 
Forward CTGGACGGACCCTCGCCAGT

Reverse TTGCGCTTGGTCTCGCCAGT

RUNX2 
Forward CACTGGCGCTGCAACAAGA

Reverse CATTCCGGAGCTCAGCAGCAGAATAA

SP7 
Forward ACTGAACCCCCAGCTGCCCA

Reverse TGCTGCTCCCAGCCGCTCTA

DLX5 
Forward TCCTCCTCTCCTCCTCCTC

Reverse GCGGTGGCTGCTCTTCTACT

BMP2 
Forward TGAGGATTAGCAGGTCTTTGC

Reverse GCTGTTTGTGTTTGGCTTGA

ON 
 Forward CCGCCTACAAACGCATCTAT

Reverse CAGGGCAGAGAGAGAGGACA
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Quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR)

Total RNA was extracted after induction for 3, 7, 14 and 
21 days using TRIzol reagent. Reverse transcription was per-
formed using a PrimeScript RT reagent kit (TaKaRa, Dalian, 
China). Osteogenesis-related genes such as RUNX2, BMP2, 
SP7, ALP, DLX5, OC, OPN, ON, BSP and COL-1 was detected. 
The sequences of the primers used are shown in Table 1. 
Amplification and detection were performed using the SYBR 
Premix Ex Taq II kit (TaKaRa) and the Applied Biosystems ABI 
Prism 7500 HT sequence detection system (Applied Biosys-
tems, Darmstadt, Germany), respectively. β-actin was used 
as internal control.

Western blot

Cell lysates were extracted after induction of 14 and 21 
days with lysis buffer and total protein concentration was de-
termined with a BCA kit (Bio-sharp, Hefei, China) following 
the manufacturer’s instructions. A Total of 20 µg protein was 
boiled for 5 min in 1× loading buffer, chilled on ice, and then 
separated on 10% SDS-PAGE and transferred to a PVDF 
membrane (Millipore, Bedford, MA, USA). Non-specific pro-
tein interactions were blocked by incubation with 5% fat-free 
milk in TBST buffer (50mM Tris–HCl, 150 mM NaCl, 0.05% 
Tween 20, pH 7.6) at 4°C for 1 h. The membranes were in-
cubated overnight with primary antibodies in the blocking 
buffer at 4°C. Unbound antibody was removed by washing in 
TBST buffer three times (5 min/wash). Then, the membranes 
were incubated with horseradish peroxide-conjugated sec-
ondary antibody for 1 h at 20°C, followed by washing with 
TBST buffer for three times (5 min/wash). The membranes 
were developed using ECL according to the manufacturer’s 
protocols (Millipore, Billerica, MA, USA).

Statistical analyses

SPSS 17.0 software was used for the statistical data analy-
ses. One-way analysis of variance was used for comparisons 
among groups. Dunett, T3 test was adopted for the compari-
sons between any two means in each group. ANOVA was used 
for comparisons among multiple groups, and the results were 
represented by mean ± standard deviation ( sx ± ); *P<0.05, 
**P<0.01, and P<0.05 was considered as of statistical signifi-
cance. All experiments were performed in triplicates.

Results

The effects of OSM on the proliferation of murine C3H10T1/2 
cells

After adding OSM in different concentrations to substrate 
containing 10% fetal calf serum, the C3H10T1/2 cells prolif-
eration efficiency was verified at two time points of 48 h and 
72 h. The results showed that OSM treatment at a concen-
tration of 20 ng/ml had stimulating effects on C3H10T1/2 
proliferation at both 48 and 72 h. We deducted that prolif-
eration stimulatory effect of OSM on C3H10T1/2, correlated 

Figure 1. The effect of OSM on C3H10T1/2 cells prolifera-
tion at different time points and different concentrations. OSM 
treatment at 20 ng/ml significantly increased cell viability. 
*p<0.05, Compared to 0 ng/ml (OSM); **p<0.01, Compared to 
0 ng/ml (OSM).

Figure 2. Expression of ALP activity in the process of osteo-
genic differentiation.

Figure 3. Calcium quantitative analysis in the process of osteo-
genic differentiation.
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positively with time and concentration. The proliferation ef-
ficiency was significantly higher at 20 ng/ml (Figure 1).

The effect of OSM on ALP activations in the process of murine 
C3H10T1/2 cells osteogenic differentiation

In the process of osteogenic differentiation, ALP staining 
method was used to detect ALP activity at different experi-
mental time points after 7, 14 and 21 days. Results showed 
that ALP activity in the OS group had no significant difference 
with that in CON group after 7 days. Although we observed 
higher expression which peaked at 14 days and then declined 
slowly, the difference was not statistically significant for the 
CON group (P<0.01). Variation trends in the OSM group and 
the OS + OSM group were similar, which showed that they 
expressed higher ALP at 7 days (P<0.05), and then declined, 
however we found no significant differences compared with 
CON group after 21 days (P>0.05) (Figure 2). OSM and os-
teogenesis induced media can both stimulate ALP activity, 
but the effect of OSM was detected earlier than those of os-
teogenesis induced media. We deducted that OSM can induce 
the process of osteogenesis differentiation in advance.

Calcium quantitative analysis and calcium staining in the  
process of osteogenic differentiation

Results of calcium deposition and formation of mineral-
ized nodule showed that calcium deposition was enhanced 
after treatment with a combination of OS and OSM at 14 
or 21 days. However, there were no statistically signifi-
cant differences among other the 3 groups (CON, OS and 
OSM) both at 14 and 21 days. We also found that calcium 
deposition was even more markedly increased at 21 days 

(Figure 3). Calcium staining photos showed more percep-
tual and obvious results. Calcium staining photos of the 
experimental group had few calcium deposits and sparse 
mineralized nodule at 14 days, while at 21 days, abundant 
calcium deposits and the formation of mineralized nod-
ule was observed under the microscope; while no obvious 
mineralized nodule was detected in the negative control 
group, the positive control group and the OSM group (Fig-
ure 4). These results suggested that in the process of in-
ducing C3H10T1/2 cells osteogenic differentiation, OSM 
can promote calcium deposits formation in cellular matrix 
and the formation of mineralized nodules.

Transcription levels of genes involved in osteogenesis and  
osteogenic differentiation in murine C3H10T1/2 cells

The expression levels of genes such as RUNX2, BMP2, 
SP7, ALP, DLX5, OC, OPN, ON, BSP and COL-1 in the process 
of osteogenic differentiation in each experimental groups at 
four time points of 3, 7, 14 and 21 days were evaluated. For 
mRNA expression of RUNX2, BMP2, SP7, DLX5, OC, OPN, 
ON, BSP and COL-1, only the combined treatment of OS + 
OSM significantly upregulated compared with CON group, es-
pecially at 21 days. For ALP mRNA, OS treatment alone also 
elevated its expression at 14 and 21 days (Figure 5).

Expression levels for proteins involved in osteogenesis and 
osteogenic differentiation in murine C3H10T1/2 cells

Western-Blot and double antibodies hybrid immune meth-
od were performed on protein extractions in order to analyze 
the relative expression levels of COL-1, OPN, OC and BSP pro-
teins in osteogenic differentiation. Results showed the pres-

Figure 4. Alizarin red staining during the process of osteogenic differentiation.
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Figure 5. Expression levels of genes involved in osteogenesis in the process of osteogenic differentiation detected by RT-PCR.
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ence of these proteins at 14 and 21 days, and the variance 
regulations were similar to the results of PCR (Figure 6). 

Discussion

In the present study, we found that OSM can not only pro-
mote proliferation of C3H10T1/2 cells, but also its osteogen-
ic differentiation, evidenced by significantly increased ALP 
activity, up-regulated osteogenesis-associated mRNAs and 
proteins, enhanced calcium deposition and increased Aliza-
rin red staining.

Previous evidence has demonstrated that combinations of 
OSM and gp130/OSMR and gp130/LIFR activates JAK fam-
ily signal transducer factors9 through the channel of winding 
phosphorylated amino acid, further activates STAT signal fac-
tors and selectively combines with MAPK or PI3K/AKT10,11, 
which play biological roles such as adjusting cell differentia-
tion and regeneration12-16. Currently, more reports about the 

influences of OSM on osteogenic differentiation in various cell 
lines are available; however there are no reports about the ef-
fects of OSM on C3H10T1/2 cell lines. Our study intended to 
evaluate the effects of OSM on osteogenic differentiation ad-
justments of C3H10T1/2 cell lines under different conditions.

Using osteosarcoma cells and human bone marrow-de-
rived mesenchymal stem cells (hBMMSCs) in vitro, it was 
shown that OSM regulated the expression of osteogenetic 
genes, promoted the proliferation of bone cells and inhibited 
the proliferation of Osteosarcoma cells through PKC, ERK1/2 
and STAT3 pathways17. Scaffidi et al18 revealed that OSM can 
enhance cell mitosis and promote the proliferation of lung 
fibroblast by activating MAPK signal pathway in vitro. The 
intensity of OSM effects on promoting cell proliferation was 
found to be related to the concentration and culturing time 
of OSM. In stimulating the proliferation of lung fibroblast, the 
most effective concentration was 2 ng/ml and the best time 
was 48 h18. Sims Na et al19 found that OSM, as a multifunc-
tional transcriptional regulator, promoted the proliferation 

Figure 6. (A) Zebra Imaging of OC Western-blot; (B) Zebra Imagings of COL-1, OPN and BSP Western-blot.
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of bone cells by regulating the function of osteoblast and 
osteoclast cells under physiological and pathological condi-
tions. In this experiment, after C3H10T1/2 cells were stimu-
lated by OSM at different concentration, higher levels of cell 
proliferation was observed after 48 h and 72 h, with higher 
cell proliferation rates at 72 h. Our results showed that the 
most effective concentration of OSM for promoting the pro-
liferation of C3H10T1/2 cells was 20 ng/ml and the highest 
proliferation rate took place at 72 h. Comparing our results 
to those reported by Scaffidi et al18, we obtained different 
conclusions. Those differences might be attributed to the 
fact that these two studies used different cell lines and these 
cells reacted differently under OSM induction. OSM in vitro 
promoted C3H10T1/2 cell proliferation and maturation thus 
established the foundation for osteogenic differentiation. 

Inflammatory condition was once regarded as the impor-
tant factor inhibiting the process of bone formation and bone 
resorption during bone injury repair. Nevertheless, new find-
ings revealed that inflammatory cytokines played an impor-
tant role in the process of promoting bone formation and bone 
resorption. There is a complex relation between the immune 
system and the bone tissues, in which inflammatory cytokines 
promote bone formation. In chronic inflammation, activated 
T cells release soluble inflammatory factors that increase 
the ALP activity and induce over-expression of RUNX2, SP7, 
BSP and OC mRNAs in marrow stroma cells. This increases 
the level inflammatory cytokines originated from T cells and 
promote osteogenic differentiation and bone cell maturation 
by regulating the interaction between osteoblast and osteo-
clast cells, which accelerates the process of bone formation20. 
Bedi et al believe that activated T cells can promote osteo-
genic differentiation by regulating the signal pathway directed 
by Wnt21. According to this, inflammatory factors have a huge 
promotion effect on osteogenic differentiation.

Nicolaidou et al. prepared cultures with hMSC and mac-
rophages or monocytes cells and reported that the secreted 
OSM increased ALP expression on the 7th day and the forma-
tion of mineralized nodules observed on the 21st day. Their 
results proved that OSM induced hMSC osteogenic differen-
tiation and promoted mineralization22,23. OPN genes showed 
almost the same changing rules as ALP, and OPN appeared 
in the early period of osteogenic differentiation and induced 
bone cell adhesion. RUNX2 and SP7 genes are the key tran-
scription factors24 in regulating early-stage osteogenic dif-
ferentiation and final-stage matrix mineralization. Zhou et 
al25 proved that SP7 gene in newly-born mice, was one of the 
necessary in vivo factors in bone formation and bone bal-
ance. The result of the experiment showed that the expres-
sion of RUNX2 mRNA in the experiment group became high-
er starting the 1st week and continued until reaching its peak 
at the 3rd week. Expression of SP7 mRNA increased from the 
1st week and reached its peak at the 2nd week, but still had 
higher edge compared to comparison group at the 3rd week. 
This proved that OSM regulated the continuous high expres-
sion of RUNX2 and SP7 in the process of osteogenic differ-
entiation and induced stem cells to differentiate directionally 
towards bone cells and promoted bone cell maturation. Rat-

tanasopha et al26 knocked out neonatal mouse homologous 
transcription factor DLX5, and found that all the mice showed 
deformity on their fore or hind limbs, which proved that DLX5 
was indispensable in the process of bone development. There 
are many kinds of matrix proteins in the extracellular micro-
environment of osteoblasts, and as an extracellular matrix 
protein adhesion scaffold, COL-1 is mainly regulated by vi-
tamin C and ALP activity. We know that ON combines with 
COL-1 to form a compound that induces calcium and phos-
phorus deposition in the extracellular matrix and forming 
hydroxyapatite (HA). Subsequently, BSP and OC show up in 
the medium and we have the final term of bone formation 
related to final mineralization. This experiment, through RT-
PCR, detected the expression of extracellular matrix during 
the stem cell differentiation process and the result showed 
that in the process of OSM stimulating stem cells or bone dif-
ferentiation, OC, ON, BSP and COL-1 mRNA in the experiment 
group showed stable growth trends and reached peaks in the 
final stage of osteogenic differentiation. Interestingly, finding 
that OSM can promote the expression of BMP-2 to increase 
in the process of experiment was in conformity with the re-
port produced by Alfons et al27. In that experiment, Western 
Blot results suggested a steady expression of extracellular 
matrix proteins including OC, OPN, BSP and COL-1 in osteo-
genic differentiation. Additionally, calcium quantity analysis 
suggested that the level of calcium deposition in extracellular 
matrix in the experiment group at the 2nd and 3rd week were 
meaningfully higher than other groups. Mineralized nodule 
staining imaging results directly reflect the formation of a 
big quantity of extracellular matrix calcium nodule in vitro. 
Our result showed that OSM had the capability of inducing 
C3H10T1/2 osteogenic differentiation in vitro and promoted 
final formation of mineralized nodules. 

There is evidence showing that OSM realizes its biological 
regulating function by regulating JAK/STAT and MAPK signal 
pathways. In osteogenic differentiation, OSM activates these 
signal transcription pathways, regulating the expression of 
particular osteogenic genes that are linked to cell functions 
and may induce the obvious cell shape changes in osteogenic 
cell lines28. Also, mesenchymal stromal cells have multi-direc-
tional differentiation potentials in different culturing environ-
ments and OSM has effects on human adipose tissue derived 
stem cells in vitro, which can promote osteogenic differentia-
tion and mineralization by upregulating ALP and inhibiting 
adipogenic differentiation29. Pierre et al reported that OSM in-
duced the osteogenic directed differentiation in human bone 
marrow mesenchymal stem cells in vitro30. It can be inferred 
that OSM played a significant part in the process of stem cell 
directed differentiation. In the current study, we set 4 differ-
ent groups and established different extracellular environ-
ment and our results revealed that OSM had exact effects on 
inducing stem cell osteogenic differentiation and matrix min-
eralization. OSM could promote bone formation in the process 
of osteogenic differentiation in each stage of osteogenic cells. 
Early in 2002, in vivo studies conducted on mice suggested 
that injecting Ad-mOSM into knee joint cavity can induce sub-
periosteal bone deposition and it was found at the same time 
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that OSM had special inhibitory effect on bone sclerosis pro-
tein and disturbed the bone resorption process in osteoclast 
mediation27. Song et al pointed out that OSM promoted the 
high expression of ALP and OC while affecting the BMSCs. 
Mineralized nodules started to appear at the 2nd week and 
starting 3rd week, the expression of some relevant osteo-
genic genes declined, which was in accord with the physical 
changing trends seen in osteogenic differentiation29.

In 2010 Sims et al31 demonstrated the importance of gp130 
family of transcription factors in bone repair phenomenon and 
proposed the OSM application in hospitals. Walker et al found 
out that some mice suffered from osteoporosis after knock-
ing out their receptor gene32. Sato et al33 proposed that OSM 
adjusted the oriented differentiation of mesenchymal bone 
cells in the bone marrow hematopoietic microenvironment. In 
2012, Bolin et al reported that injecting OSM to Balb/c mice 
tibia could find obvious bone deposition and bone mineraliza-
tion34. In 2015 Guihard et al successfully realized the bone 
injury repairing induced by membranous ossification bones 
under the periosteum in the mice tibia damage model by OSM 
injection35. Using calcium alizarin red staining, this trial dis-
covered that calcium nodules deposits in the extracellular ma-
trix both at 2 and 21 days, showing precisely the occurrence 
of the bone deposition during the culture process. Besides, 
OSM has close relation with VEGF, PTH, HIF1 and MIR200 in 
cellular microenvironment and those biomolecules play im-
portant roles during the process of osteogenic differentiation. 
To sum up, the function of OSM in the induction of osteogenic 
differentiation and repairing of bone defect is affirmed.

OSM is a multifunctional adjustable proteomics, meditat-
ing the whole process of osteogenic differentiation through 
different methods in extracellular microenvironment. This 
study established that OSM could promote the proliferation 
of murine C3H10T1/2 stem cells and induce its osteogenic 
differentiation and matrix mineralization. We also showed 
that OSM might control the process of osteogenic differen-
tiation by BMP-2 or Wnt signal pathway, however this needs 
further verification. OSM can be developed and used in clini-
cal nonunion and for its role in promoting the osteogenesis. It 
can also be useful for treating large segmental bone defects.
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