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Abstract. In this study, we sought to investigate the expres-
sion of microRNA (miR)-214 on the osteogenic differentiation 
of bone marrow‑derived mesenchymal stem cells  (BMSCs) 
and explore the possible underlying mechanisms. We found 
that the overexpression of miR‑214 effectively promoted the 
adipocyte differentiation of BMSCs in vitro, reduced alkaline 
phosphatase (ALP) activity and the gene expression of collagen 
type  I  (Col  I), osteocalcin  (OCN) and osteopontin  (OPN) 
in the BMSCs. We further found that the overexpression of 
miR‑214 suppressed the protein expression of fibroblast growth 
factor (FGF), phosphorylated c‑Jun N-terminal kinase (p-JNK) 
and phosphorylated p38 (p-p38) in the BMSCs. The downregu-
lation of miR‑214 promoted the osteogenic differentiation of 
BMSCs, and increased ALP activity and Col I, OCN and OPN 
gene expression in the BMSCs. It also increased FGF p-JNK 
and p-p38 protein expression in the BMSCs. The use of JNK 
inhibitor (SP600125) enhanced the inhibitory effects of miR‑214 
overexpression on osteogenic differentiation, ALP activity, and 
Col I, OCN and OPN gene expression in the BMSCs. Lastly, the 
use of p38 inhibitor (SB202190) also enhanced the inhibitory 
effects of miR‑214 overexpression on ALP activity, and Col I, 
OCN and OPN gene expression in the BMSCs. These results 
provide a mechanism responsible for the suppressive effects of 
miR‑214 on the osteogenic differentiation of BMSCs involving 
the inhibition of the JNK and p38 pathways.

Introduction

Chronic inflammatory bone disease has the major charac-
teristics of osteopenia, mainly including post-menopausal 

osteoporosis, rheumatoid arthritis and periodontal disease. The 
disease is widely observed on a global scale, and is the primary 
cause of fractures and bone loss, and seriously threatens human 
health (1). The suppression of bone-forming ability is the main 
pathogenesis of the disease. Methods with which to enhance 
bone-forming ability are of major importance in providing a 
cure for the disease. Bone marrow-derived mesenchymal stem 
cells (BMSCs) are adult stem cells with self-renewal and multi-
directional differentiation ability. Under different induction 
environments, they can differentiate into osteoblasts, adipo-
cytes, chondroblasts and neuroblasts (2). Studies have indicated 
that BMSCs are the source of osteoblasts and osteocytes (3,4). 
Inducing BMSCs to differentiate directionally is of signifi-
cance to curing inflammatory bone disease and repairing bone 
loss (3,4). However, the specific mechanisms involved remain 
unclear, as osteogenic differentiation involves a complex 
network, including the regulation of multiple signaling path-
ways at the transcriptional and post-transcriptional level (3).

MicroRNAs (miRNAs or miRs) are non-coding RNAs 
approximately  18-25  nucleotides in length and have been 
discovered in recent years. By targeting the 3’UTR of target 
genes, they can restrain the translation and stability of genes (5). 
It has been demonstrated that miRNAs plays an important role 
in regulating the self-renewal and differentiation ability of stem 
cells (6). Studies have found that miRNAs exert a regulatory 
effect on osteogenic differentiation in different cells; however, 
the osteogenic differentiation of stem cells is an extremely 
complex process and may involve the mutual coordination of 
multiple factors and different signaling pathways on different 
levels (6,7). As a result, studying the regulatory role of miRNAs 
in the osteogenic differentiation of BMSCs may be crucial to 
providing a cure for osteoporosis and bone loss.

As adult stem cells derived from mesoblast, BMSCs can not 
only differentiate into adult cells from mesoblasts, including 
osteocytes, chondrocytes and adipocytes under the function 
of an appropriate inducer for culture in vitro, but can also can 
transdifferentiate into nerve cells from the neuroderm (8). 
Therefore, in the process of transdifferentiation, it is necessary 
to transmit the signal with induced differentiation into cells 
through the signal transduction pathway, so as to induce cell 
differentiation and impact outcomes. Mitogen-activated protein 
kinase (MAPK) is a type of serine/threonine protein kinase in 
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cells. When extracellular growth factors are combined with 
corresponding receptors of the cytomembrane, this activates 
the MAPK cascade reaction, so as to impact the expression of 
corresponding cellular transcription factors and impact cell 
proliferation, differentiation and outcomes (9,10).

With the development of cytobiology, it has been realized 
that cell adhesion is not a pure mechanical connection. Instead, 
it also involves complex signal transduction pathways (8). When 
studying the categories, structure and functions of the cell 
surface for adhesion molecules, the investigation of the signal 
transduction process mediated by these adhesion molecules 
has already become the hotspot in the field of life science. In 
a previous study, it was demostrated that genistein promotes 
osteoblastic differentiation through the p38 mitogen activated 
protein kinase (MAPK)-core-binding factor 1 (Cbfa1) pathway. 
Downstream JUN/p38 is activated (9). Thus, JUN/p38 may 
participate in the process of cell differentiation and prolifera-
tion. However, the mechanisms and function of miR‑214 in the 
osteogenic differentiation of BMSCs remain unclear. Thus, the 
purpose of the present study was to investigate the function and 
possible molecular mechanisms of miR‑214 in the osteogenic 
differentiation of BMSCs.

Materials and methods

Animals, isolation of BMSCs and cell culture. Male Sprague-
Dawley rats (n=6; weighing, 180‑210 g) were purchased from 
Beijing Vital River (Beijing, China). This study was approved 
by the Ethics Committee of Beijing Army General Hospital, 
Beijing, China.The rats were then sacrificed by decollation under 
5% chloral hydrate and sterilized using 75% ethyl alcohol for 
3-5 min. The femur of each rat was separated and excess tissue 
was removed using surgical scissors. The bone marrow was 
flushed out using Dulbeccos modified Eagle's medium (DMEM; 
HyClone, Waltham, MA, USA) and the bone marrow cells were 
washed and filtered using a 200 mesh sieve. Bone marrow cell 
were collected following centrifugation at 500 x g for 10 min. 
The cells were washed with PBS and cultivated with red blood 
cell lysis buffer. The cell precipitate (1-2x106) was cultivated 
with DMEM supplemented with 10% fetal bovine serum (FBS), 
100 U/ml penicillin and 100  lg/ml streptomycin)  (all from 
HyClone) and seeded in a 6 well-plate at 37˚C in 5% CO2. The 
culture medium was replaced every 3 days. Primary rat BMSCs 
were digested with 10%trypsin after large colonies had formed 
and became confluent.

Transfection of cells with miR‑214 and anti-miR‑214 plasmids. 
miR‑214 and the negative control plasmids, and the anti-miR‑214 
plasmid were packaged using lentiviral vectors generated 
by GeneChem (Shanghai, China). Lentivirus (1x107 TU/ml; 
Invitrogen, Carlsbad, CA, USA) was used to infect the cells 
according to the manufacturer' s instructions. Untransfected 
cells were used as controls. The cells were then cultured in fresh 
medium for further experiments after the lentivirus for 8 h.

Osteogenic differentiation of BMSCs, treatment with p38 
and c‑Jun N-terminal kinase (JNK) inhibitors and Oil Red O 
staining. Osteogenic differentiation was induced using 
standard osteoblast induction medium (10-8 M dexametha-
sone, 0.2 mM l-ascorbic acid, 10 mM, β-glycerophosphate 

and 10 mM 1.25‑vitamin D3), as previously described (11). 
The JNK inhibitor, SP600125 (final concentration 20 µM; 
MedChemexpress, Princeton, NJ, USA), and the p38 inhibitor, 
SB202190 (final concentration 20 µM; MedChemexpress), 
were added to the BMSCs for 7 days. The BMSCs were fixed 
in 10% formalin for 30 min at room temperature and stained 
with Oil Red O (Beyotime, Jiangsu, China) to assess adipo-
cyte differentiation. Subsequently, 85% propylene glycol was 
added to the cells for 5 min and the cells were observed under a 
microscope (LSM510 Meta Confocal Microscope; Carl Zeiss, 
Oberkochen, Germany).

Alkaline phosphatase (ALP) activity assay. The BMSCs trans-
fected with the miR‑214 or anti-miR‑214 plasmids, or treated 
with JNK inhibitor or p38 inhibitor were seeded at a density of 
2x105 cells/well in 24-well plates and subjected to osteogenic 
differentiation. The BMSCs were lysed with RIPA lysis buffer 
(Thermo Fisher Scientific, Wilmington, DE, USA) supple-
mented with protease inhibitor. The protein concentration was 
determined by Bradford assay (Bio-Rad, Hercules, CA, USA) 
on a microplate spectrophotometer (Tecan, Port Melbourne, 
Australia). ALP activity was determined using an ALP activity 
kit (Nanjing Jiancheng Biotech, China) on a microplate spec-
trophotometer (Tecan).

Reverse transcription-quantitative PCR  (RT-qPCR). Total 
RNA was extracted from the BMSCs transfected with miR‑214 
or anti-miR‑214 plasmids, or treated with JNK inhibitor or p38 
inhibitor using TRIzol reagent (Takara, Dalian, China). A total 
of 2 µl of total RNA was reverse transcribed into cDNA using 
a HiFi-MMLV cDNA kit (Tiangen, Beijing, China). The Quant 
SYBR-Green PCR kit (Bio-Rad, Munich, Germany) was used 
for qPCR. The temperature profile of the reaction was 95˚C for 
2 min, followed by 40 cycles of denaturation at 95˚C for 20 sec, 
annealing at 60˚C for 30 sec and an extension at 72˚C for 
45 sec. The relative quantitation was calculated using the 2-ΔΔCt 
method. The sequences of the primers are listed in Table I.

Western blot analysis. The BMSCs transfected with miR‑214 
or anti-miR‑214 plasmids, or treated with JNK inhibitor 
or p38 inhibitor were lysed on ice for 30 min in RIPA lysis 
buffer (Thermo Fisher Scientific) supplemented with protease 
inhibitor. The protein concentration was determined by Bradford 
assay (Bio-Rad) on a microplate spectrophotometer (Tecan). A 
total of 40 µg proteins was resolved on a 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel 
and electro-transferred onto polyvinylidene difluoride (PVDF) 
membranes  (Pall Corporation, New York, ΝΥ, USA). The 
membranes were incubated with the appropriate primary 
antibodies  [anti-fibroblast growth factor  (FGF; 1:1,000; 
9740), anti-phosphorylated  (p-)JNK  (1:2,000; 4668), anti-
p‑p38 (1:2,000; 4511) (all from Cell Signaling Technology, 
Danvers, MA, USA) and GAPDH (1:5,000; H00002597-D01P; 
Abnova, Taiwan, China) at 4˚C overnight. The membranes 
were then incubated with an HRP-conjugated secondary 
antibody  (Xi'an Kehao Biological Engineering  Co.  Ltd, 
Xi'an, China) and developed by enhanced chemilumines-
cence (ECL; Millipore, Billerica, MA, USA). Protein expression 
was analyzed using an Odyssey Two-Color Infrared Imaging 
System (LI-COR Biosciences, Lincoln, NE, USA).
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Statistical analysis. All measurements are expressed as the 
means ± SD. Comparisons were made using one/two-way 
analysis of variance (ANOVA) followed by the Turkey post 
hoc test for multiple comparisons. A value of P<0.05 was 
considered to indicate a statistically significant difference.

Results

Overexpression of miR‑214 promotes the adipocyte differen‑
tiation of BMSCs. To investigate the miRNAs involved in the 
differentiation of BMSCs, an miR‑214 overexpresion plasmid 
was constructed and transfrected into the BMSCs. Transfection 
with miR‑214 plasmid significantly increased miR‑214 expres-
sion in the BMSCs  (Fig. 1A) and promoted the adipocyte 
differentiation of BMSCs (Fig. 1B).

Overexpression of miR‑214 suppresses ALP activity and collagen 
type I (Col I), osteocalcin (OCN) and osteopontin (OPN) gene 
expression in BMSCs. We then examined the effects of the 
overexpression of miR‑214 on ALP activity and Col I, OCN 

and OPN gene expression in BMSCs. We performed ALP 
activity assay and RT-qPCR. As expected, the overexpression 
of miR‑214 significantly suppressed ALP activity and inhibited 
Col I, OCN and OPN gene expression in the BMSCs (Fig. 2). 
These results indicated that the overexpression of miR‑214 
suppressed the osteogenic differentiation of BMSCs.

Overexpression of miR‑214 suppresses FGF protein expres‑
sion in BMSCs. To determine whether FGF is a direct target 
of miR‑214 in BMSCs, we measured FGF protein expression in 
the BMSCs following the overexpression of miR‑214. As shown 
in Fig. 3, there was a significant inhibition of FGF protein expres-
sion in the BMSCs following the overexpression of miR‑214.

Overexpression of miR‑214 suppresses p-JNK protein expres‑
sion in BMSCs. In addition, western blot analysis was applied 
to examine the effects of miR‑214 on JNK protein expression. 
Compared with the controls, the overexpression of miR‑214 
significantly suppressed p-JNK protein expression in the 
BMSCs (Fig. 4).

Table I. Primer sequences use for PCR.

Gene	 Forward primer	 Reverse primer

miR‑214	 5'-AGCCGACAGCAGGCACAGACA-3'	 5'-AGCCGACAGCAGGCACAGACA-3'
U6	 5'-CGCTTCACGAATTTGCGTGTCAT-3	 5'-GCTTCGGCAGCACATATACTAAAAT-3
Col I	 5'-CTGCCCAGAAGAATATGTATCACC-3'	 5'-GAAGCAAAGTTTCCTCCAAGACC-3'
OCN	 5'-GAGGGCAATAAGGTAGTGAA-3'	 5'-CATAGATGCGTTTGTAGGC-3'
OPN	 5'-CCAAGCGTGGAAACACACAGCC-3'	 5'-GGCTTTGGAACTCGCCTGACTG-3'
Actin	 5'-GTAAAGACCTCTATGCCAACA-3'	 5'-GGACTCATCGTACTCCTGCT-3'

Col I, collagen type I; OCN, osteocalcin; OPN, osteopontin.

Figure 1. Overexpression of miR‑214 promotes the adipocyte differentiation of bone marrow-derived mesenchymal stem cells (BMSCs). (A) miR‑214 expression 
increased following transfection with miR-214 overexpression plasmid; (B) overexpression of miR‑214 promoted the adipocyte differentiation of BMSCs, as shown 
by Oil Red O staining; magnification, x400. Control, control group; negative, negative infection group; miR-124, miR-124 infection group. *p<0.01 compared with 
the control group. 
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Overexpression of miR‑214 suppresses p-p38 protein expres‑
sion in BMSCs. To determine whether the overexpression of 
miR‑214 affects p38 protein expression in BMSCs, western 
blot analysis was then performed to examine the effects of the 
overexpression of miR‑214 expression on p-p38 protein expres-
sion in BMSCs. The overexpression of miR‑214 significantly 
inhibited p-p38 protein expression in the BMSCs (Fig. 5).

Downregulation of miR‑214 promotes the osteogenic differ‑
entiation of BMSCs. Conversely, we examined whether the 
downregulation of miR‑214 affects the osteogenic differentia-
tion of BMSCs. Anti-miR‑214 plasmid was tansfected into the 
BMSCs. We found that the inhibition of miR‑214 significantly 
decreased miR‑214 expression in the BMSCs (Fig. 6A) and 
promoted the osteogenic differentiation of BMSCs (Fig. 6B).

Downregulation of miR‑214 enhances ALP activity, and 
increases Col I, OCN and OPN gene expression in BMSCs. We 
then examined whether the downregulation of miR‑214 also 
affects ALP activity, and Col I, OCN and OPN gene expres-
sion in BMSCs. The downregulation of miR‑214 significantly 

increased ALP activity and promoted Col I, OCN and OPN 
gene expression in the BMSCs (Fig. 7).

Downregulation of miR‑214 increases FGF protein expression 
in BMSCs. To further determine whether FGF is a direct target 
of miR‑214 in BMSCs, we measured FGF protein expression in 
BMSCs following the downregulation of miR‑214. Τhere was 
a significant increase in FGF protein expression in the BMSCs 
following the downregulation of miR‑214 (Fig. 8).

Downregulation of miR‑214 increases p-JNK protein expres‑
sion in BMSCs. When miR‑214 expression was downregulated, 
western blot analysis was applied to examine the effects of 
miR‑214 inhibition on JNK protein expression. The down-
regulation of miR‑214 significantly increased p-JNK protein 
expression in BMSCs (Fig. 9).

Downregulation of miR‑214 increases p-p38 protein expression 
in BMSCs. To further determine whether the downregulation 
of miR‑214 affects p38 protein expression in BMSCs, western 
blot analysis was then performed to examine the effects of 

Figure 3. Overexpression of miR‑214 suppresses fibroblast growth factor (FGF) protein expression in bone marrow-derived mesenchymal stem cells(BMSCs). 
Overexpression of miR‑214 suppressed FGF protein expression as shown by (A) western blot analysis and (B) statistical analysis of FGF protein expression in 
BMSCs. Control, control group; negative, negative infection group; miR-124, miR-124 infection group. *p<0.01 compared with the control group. 

Figure 2. Overexpression of miR‑214 suppresses alkaline phosphatase (ALP) activity, and decreases collagen type I (Col I), osteocalcin (OCN) and osteo-
pontin (OPN) gene expression in bone marrow-derived mesenchymal stem cells (BMSCs). (A) Overexpression of miR‑214 suppressed ALP activity and 
decreased (B) Col I, (C) OCN and (D) OPN gene expression in BMSCs. Control, control group; negative, negative infection group; miR-124, miR-124 infection 
group. *p<0.01 compared with the control group. 
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the downregulation of miR‑214 expression on p-p38 protein 
expression in BMSCs. p-p38 protein expression in the 
BMSCs was significantly increased by the downregulation of 
miR‑214 (Fig. 10).

Effect of the inhibition of JNK expression on the adipocyte 
differentiation of BMSCs following the overexpression of 
miR‑214. To assess the significance of the inhibition of JNK 
expression on the osteogenic differentiation of BMSCs 

Figure 4. Overexpression of miR‑214 suppresses p-c‑Jun N-terminal kinase (JNK) protein expression in bone marrow-derived mesenchymal stem cells (BMSCs). 
Overexpression of miR‑214 suppressed p-JNK protein expression as shown by (A) western blot analysis and (B) statistical analysis of p-JNK protein expression 
in BMSCs. Control, control group; negative, negative infection group; miR-124, miR-124 infection group. *p<0.01 compared with the control group. 

Figure 5. Overexpression of miR‑214 suppresses p-p38 protein expression in bone marrow-derived mesenchymal stem cells (BMSCs). Overexpression of 
miR‑214 suppressed p-p38 protein expression as shown by (A) western blot analysis and (B) statistical analysis of p-p38 protein expression in BMSCs. Control, 
control group; negative, negative infection group; miR-124, miR-124 infection group. *p<0.01 compare d with the control group. 

Figure 6. Downregulation of miR‑214 promotes the osteogenic differentiation of bone marrow-derived mesenchymal stem cells (BMSCs). (A) miR‑214 expres-
sion was downregulated by transfection with anti-miR-214 plasmid. (B) The downregulation of miR‑214 increased the osteogenic differentiation of BMSCs. 
Control, control group; negative, negative infection group; anti-miR-124, anti-miR-124 infection group. *p<0.01 compared with the control group. 
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following the overexpression of miR‑214, we treated the 
BMSCs with JNK inhibitor during the course of osteogenic 

differentiation following the overexpression of miR‑214. The 
use of the JNK inhibitor, SP600125, significantly suppressed 

Figure 7. Downregulation of miR‑214 activates alkaline phosphatase (ALP) activity and collagen type I (Col I), osteocalcin (OCN) and osteopotin (OPN) gene 
expression in bone marrow-derived mesenchymal stem cells (BMSCs). Downregulation of miR‑214 suppressed (A) ALP activity, and decreased (B) Col I, 
(C) OCN and (D) OPN gene expression in BMSCs. Control, control group; negative, negative infection group; anti-miR-124, anti-miR-124 infection group. 
*p<0.01 compared with the control group.

Figure 8. Downregulation of miR‑214 promotes fibroblast growth factror (FGF) protein expression in bone marrow-derived mesenchymal stem cells (BMSCs). 
Downregulation of miR‑214 suppressed FGF protein expression as shown by (A) western blot analysis and (B) statistical analysis of FGF protein expression 
in BMSCs. Control, control group; negative, negative infection group; anti-miR-124, anti-miR-124 infection group. *p<0.01 compared with the control group.

Figure 9. Downregulation of miR‑214 increases p-c‑Jun N-terminal kinase (JNK) protein expression in bone marrow-derived mesenchymal stem cells (BMSCs). 
Downregulation of miR‑214 suppressed p-JNK protein expression as shown by (A) western blot analysis and (B) statistical analysis of p-JNK protein expression 
in BMSCs. Control, control group; negative, negative infection group; anti-miR-124, anti-miR-124 infection group. *p<0.01 compared with the control group.
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the protein expression of p-JNK (Fig. 11A and B) and enhanced 
the promoting effects of miR‑214 on the adipocyte differentia-
tion of BMSCs (Fig. 11C).

Effect of the inhibition of JNK expression on ALP activity, and 
Col I, OCN and OPN gene expression in BMSCs following 
the overexpression of miR‑214. We then examined the effects 
of the inhibition of JNK expression on ALP activity, and 
Col I, OCN and OPN gene expression in BMSCs following 
the overexpression of miR‑214. The use of the JNK inhibitor, 
SP600125, significantly inhibited ALP activity, and decreased 
Col I, OCN and OPN gene expression in the BMSCs following 
the overexpression of miR‑214 (Fig. 12).

Effect of the inhibition of p38 expression on the adipocyte 
differentiation of BMSCs following the overexpression of 
miR‑214. To further assess the significance of the inhibition 
of p38 expression on the adipocyte differentiation of BMSCs 
following the overexpression of miR‑214, we treated the 

BMSCs with p38 inhibitor during the course of differentia-
tion following the overexpression of miR‑214. The use of the 
p38 inhibitor, SB202190, significantly suppressed the protein 
expression of p-p38  (Fig.  13A and  B) and enhanced the 
promoting effect of miR‑214 on the adipocyte differentiation 
of BMSCs (Fig. 13C).

Effect of the inhibition of of p38 expression on ALP activity, 
and Col  I, OCN and OPN gene expression in BMSCs 
following the overexpression of miR‑214. Finally, we exam-
ined the effect of the inhibition of p38 expression on ALP 
activity, and Col I, OCN and OPN gene expression in BMSCs 
following the overexpression of miR‑214. The use of the p38 
inhibitor, SB202190, significantly inhibited ALP activity, 
and decreased Col I, OCN and OPN gene expression in the 
BMSCs following the overexpression of miR‑214 (Fig. 14). 
Thee findings indicated that the use of the p38 inhibitor 
enhanced the inhibitory effects of miR‑214 on the osteogenic 
differentiation of BMSCs.

Figure 10. Downregulation of miR‑214 increases p-p38 protein expression in bone marrow-derived mesenchymal stem cells (BMSCs). Downregulation of 
miR‑214 suppressed p-p38 protein expression as shown by (A) western blot analysis and (B) statistical analysis of p-p38 protein expression in BMSCs. Control, 
control group; negative, negative infection group; anti-miR-124, anti-miR-124 infection group. *p<0.01 compared with the control group.

Figure 11. Inhibition of c‑Jun N-terminal kinase (JNK) expression enhances the promoting effects of miR-214 on adipocyte differentiation and decreases p-JNK 
protein expression in bone marrow-derived mesenchymal stem cells (BMSCs) following the overexpression of miR‑214. p-JNK protein expression was even more 
significantly suppressed by treatment of the cells with JNK inhibitor as shown by (A) western blot analysis and (B) statistical analysis of p-JNK protein expression. 
(C) Inhibition of JNK expression enhanced the adipocyte differentiation of BMSCs, shown by Oil Red O staining; magnification, x400. Control, control group; 
miR-124, miR-124 infection group; JNK inhibitor, JNK inhibitor (SP600125) group. *p<0.01 compared with the control group; #compared with the miR-124 
infection group. 
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Discussion

As adult stem cells from mesoblast, BMSCs do not only 
differentiate into adult cells from mesoblasts, including osteo-
cytes, chondrocytes and adipocytes under the function of an 
appropriate inducer for culture in vitro, but can also be transdif-
ferentiated into nerve cells from the neuroderm (4). However, 

whether BMSCs can differentiate into nerve cells has become a 
top of extensive investigation. The differentiation mechanisms 
can be studied from different angles, which can be summarized 
as: cellular mechanisms of toxicity, cellular fusion mechanism 
and transdifferentiation (5). Cellular toxicity refers to certain 
oxidative stress reaction and results in tearing of the cytoskel-
eton of BMSCs, shrinking of the cytoplasm, and cell shrinking 

Figure 12. Inhibition of c‑Jun N-terminal kinase (JNK) expression enhances alkaline phosphatase (ALP) activity, and increases collagen type I (Col I), osteo-
calcin (OCN) and osteopontin (OPN) gene expression in bone marrow-derived mesenchymal stem cells (BMSCs) following the overexpression of miR‑214. 
Inhibition of JNK expression increased (A) ALP activity, and (B) Col I, (C) OCN and (D) OPN gene expression in BMSCs. Control, control group; miR‑124, 
miR‑124 infection group; JNK inhibitor, JNK inhibitor (SP600125) group. *p<0.01 compared with the control group; #compared with the miR-124 infection group. 

Figure 13. Inhibition of p38 expression enhances the promoting effect of miR-214 on the adipocyte differentiation of bone marrow-derived mesenchymal stem 
cells (BMSCs) following the overexpression of miR‑214. p-p38 protein expression decreased following treatment with p38 inhibitor, as shown by (A) western 
blot analysis, and (B) statistical analysis of p-p38 protein expression. (C) Inhibition of p38 expression promoted the adipocyte differentiation of BMSCs, shown 
by Oil Red O staining; magnification, x400. Control, control group; miR-124, miR-124 infection group; p38 inhibitor, p38 inhibitor (SB202190) group. *p<0.01 
compared with the control group; #compared with the miR-124 infection group. 
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as regards morphology (12). Cytoskeletal proteins are extended 
to form vimineous and prominent structures similar to nerve 
cells (13). Changes in biology and molecular remodeling are 
derived from the toxicity of the inducer on the BMSCs. Thus, 
they do not really differentiate into neuronal-like cells (13). 
Cellular fusion mechanism refers to when BMSCs and nerve 
cells are cultured together, and thus two cells become fused, 
resulting in gene fusion and the regulation of the gene expres-
sion of BMSCs, making the morphology and functions similar 
to those of nerve cells (14). In this study, the overexpression of 
miR‑214 suppressed osteogenic differentiation and the down-
regulation of miR‑214 activated thez osteogenic differentiation 
of BMSCs.

ALP is a type of exoenzyme of osteoblasts and a marker 
of osteogenic differentiation at the early stage. Its expres-
sive activity is an obvious characteristic of osteoblast 
differentiation (15). ALP can be used for identifying the degree 
of osteogenic differentiation at the early stage for BMSCs (16). 
During the later period of differentiation, OCN (also known as 
bone γ-carboxylic glutamic acid containing protein) is a type 
of protein composed and secreted by osteoblasts. Through the 
gene expression level of OCN, we can identify osteoblasts, 
particularly at the active stage of newly-formed osteoblasts. 
This study demonstrated that the overexpression of miR‑214 
suppressed ALP activity, and Col  I, OCN and OPN gene 
expression. The downregulation of miR‑214 enhanced ALP 
activity, and increased Col I, OCN and OPN gene expression in 
the BMSCs. Ramazzotti et al (17) indicated that the inhibition 
of miR‑214 enhanced ALP activity and osterix expression in 
C2C12 cells.

Integrin is a heterosexual cell adhesion molecule. In 
combination with the extracellular matrix, they form adhe-
sion plaque compounds with other molecules  (FAK, talin, 
vinculi and paxillin) to mediate interactions between cells and 

the extracellular matrix, as well as mutual communications 
between intracellular signals and extracellular cells, including 
force signals. Adhesion plaque is an important signaling 
molecular compound connecting with intracellular and 
extracellular environments. FAK is a star molecule in adhe-
sion plaque. Studies have shown that FAK plays an important 
regulatory role in related gene expression and the fate of cell 
differentiation. The study by Torsoni et al (18) demonstrated 
that mechanical stretching can regulate Tyr phosphorylation at 
FAK 397 sites through integrin. Moreover, FAK phosphoryla-
tion is an important regulatory signaling molecule of β-MHC 
induced by mechanical stretching. Moreover, FAK is also 
an important induction molecule of force signals relating to 
cellular feeling matrix hardness. It can induce different matrix 
hardness and adjust BMSCs induced by matrix hardness to 
differentiate into osteoblast. FAK thus plays a decisive role in 
the process of force signal transduction and the induction of 
stem cell differentiation. In the present study, the upregulation 
of miR‑214 suppressed FAK protein expression and the down-
regulation of miR‑214 activated FAK protein expression in 
BMSCs. Yang et al suggested that miR‑214 inhibits osteogenic 
differentiation by targeting the FGFR1/FGF signaling pathway 
in mesenchymal stem cells (19).

MAPK is a type of serine/threonine protein kinase, and 
is distributed in cell plasma and is equipped with the double 
phosphorylation of serine and tyrosine. The MAPK pathway 
in eukaryocytes is extremely abundant  (10). The pathway 
participates in cellular activities through interaction, such as 
cellular genetic expression, mitosis, metabolism, autonomic 
activities, proliferation, apoptosis, or even differentiation. 
MAPK is a type of serine/threonine protein kinase in cells, 
mainly including ERKs, JNKs and p38  MAPK  (8,10). 
Generally speaking, the ERK signal pathway is activated by 
mitogens, such as the growth factor, IGFs and FGFs (20). On 

Figure 14. Inhibition of p38 expression decreases alkaline phosphatase (ALP) activity and collagen type I (Col I), osteocalcin (OCN) and osteopontin (OPN) 
gene expression in bone marrow-derived mesenchymal stem cells (BMSCs) following the overexpression of miR‑214. Inhibition of p38 expression decreased 
(A) ALP activity, and (B) Col I, (C) OCN and (D) OPN gene expression in BMSCs. Control, control group; miR-124, miR-124 infection group; p38 inhibitor, p38 
inhibitor (SB202190) group. *p<0.01 compared with the control group; #compared with the miR-124 infection group. 
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the other hand, the JNK signaling pathway and p38 MAPK 
signaling pathway are mainly activated through bone 
morphogenetic proteins (BMPs) and oxidative stress. Three 
signaling pathways of MAPKs participate in the proliferation 
and differentiation of osteoblasts (10). In a previous study, 
following the co-culture of BMSCs, it was found that the 
phosphorylation level of p38 MAPK and ERK1/2 protein 
kinase increased (20). In the present study, we found that the 
upregulation of miR‑214 suppressed p-JNK and p-p38 protein 
expression, and the downregulation of miR‑214 increased 
p-JNK and p-p38 protein expression in BMSCs.

The JNK/p38  MAPK signaling pathway exist in all 
mammals, and participate in and regulate multiple biological 
reactions (21). After MEK identifies JNK/p38 MAPK selec-
tively, the conservative threonine-glycine-tyrosine sequence 
in JNK/p38  MAPK subtype is phosphorylated  (22). The 
corresponding subtype of JNK/p38 MAPK is activated, so 
as to activate JNK/p38 MAPK signaling. JNK/p38 MAPK in 
rats provides a safeguard for the normal development of the 
skeleton (22). If coding gene in any MAPK signal transduction 
pathway is deficient, such as MKK3, MKK6, p38a or p38b, 
this results in the reduction of bone mass and osteoblast differ-
entiation defects  (23). In osteoblasts, Transforming growth 
factor‑β (TGF-β)-activated kinase 1 (TAK1) TGF-β is the key 
site of activating upstream JNK/p38 MAPK (24). In this study, 
we found that the inhibition of JNK/p38 MAPK enhanced the 
inhibitory effect of miR‑214 on osteogenic differentiation and 
inhibited ALP activity and Col I, OCN and OPN gene expres-
sion in BMSCs. This result indicated that JNK/p38 MAPK 
plays a role in the effects of miR‑214 on the osteogenic differ-
entiation of BMSCs.

In the present study, we demonstrate that miR‑214 inhibits 
the osteogenic differentiation of BMSCs, and results in the 
suppression of the JNK and p38 pathways. Importantly, our 
data indicate that miR‑214 may have potential for use in chronic 
inflammatory bone diseases.
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