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Abstract: Background: Exploration of the molecular mechanisms governing osteoblast proliferation and differentiation is very important for improving the treatment of osteoporosis. MicroRNAs (miRNAs) have been shown to act as
a regulator during osteoblastic differentiation. In this study, we examined the role of miR-215 in the proliferation
and differentiation of MC3T3-E1 cells. Methods: The murine pre-osteoblast cell line MC3T3-E1 was used in the experiment. After transfected with miR-215 mimic, miR-215 inhibitor, or negative control, the expressions of miR-215,
Runx2, Ocn, c-fos, MAPK, and JAK/STAT were assessed using qRT-PCR. Cell viability and migration were analyzed
by Cell Counting Kit-8 assay and the level of expressions of Runx2, Ocn, c-fos, MAPK, and JAK/STAT were detected
by western blotting. Results: MiR-215 expression was significantly upregulated during osteoblastic differentiation.
Overexpression of miR-215 significantly promoted viability, migration, and differentiation of MC3T3-E1 cells, whereas silencing of miR-215 inhibited these processes. Furthermore, it was found that overexpression of miR-215 significantly upregulated the expression of c-fos, MAPK, and JAK/STAT proteins, while silencing of c-fos reversed these
effects. These findings together indicate that miR-215 promotes proliferation and differentiation of osteoblasts by
upregulating the expression of c-fos. Conclusion: Our findings imply that miR-215 promotes osteoblastic differentiation of MC3T3-E1 cells by regulating c-fos expression, and thus represent a novel and potential therapeutic target
for treatment of osteoporosis.
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Introduction
Bone homeostasis is maintained by a balance
between bone formation and bone resorption.
During bone remodeling, osteoclasts are activated first which lead to bone resorption, followed by activation of osteoblasts leading to
bone formation. Osteoporosis occurs when osteoclastic bone resorption exceeds osteoblastic bone formation [1]. Osteoporosis is a common skeletal disorder characterized by poor
bone strength that predisposes patients to
increased risk of fracture [2]. The progress of
osteoporosis depends on the balance between
osteoclasts and osteoblasts activities. Typical
treatment strategy for osteoporosis focuses on
inhibiting the excessive activation of osteoclasts [1]. However, mechanism of osteoblast
differentiation is not much explored for treatment of osteoporosis. Therefore, understanding the mechanisms of osteoblast differentia-

tion and maturation will assist in developing
novel treatments options for osteoporosis.
MicroRNAs (miRNAs) are small, non-coding
RNAs that enter the RNA interference pathway
to regulate the expression of protein-encoding
genes at the post-transcriptional level. miRNAs
are involved in various cellular processes such
as cell proliferation, migration, apoptosis, and
differentiation [3-5]. miRNAs have been shown
to be involved in osteoporosis in many studies,
as miR-21, miR-23a, miR-24, miR-93, miR-100,
miR-122a, miR-124a, miR-125b, and miR-148a
were found to be significantly upregulated in
the serum of patients with osteoporosis [6].
Additionally, miR-21 and miR-31 have been
reported to play a critical role in osteoclast differentiation [1]. De-Ugarte et al showed that
miR-320a and miR-483-5p were overexpressed
in osteoporotic samples and expressed in primary osteoblasts [7].

Role of microRNA-215 on osteoblast differentiation
MiR-215 is a p53-inducible miRNA that has the
capability of increasing p21 level and arresting
cell cycle [8-10]. Altered expression of miR-215
has been reported in several types of cancers
[11-13]. However, the role of miR-215 in osteoporosis is not yet studied. Here, we assessed
the expression of miR-215 during osteoblastic
differentiation and the effect of forced expression of miR-215 on osteoblast proliferation and
differentiation. In addition, we also analyzed
the underlying molecular mechanisms by measuring the expressions of c-fos gene, mitogenactivated protein kinases (MAPK), Janus kinase/signal transducers, and activators of transcription (JAK/STAT) pathways.
Materials and methods
Cell culture and differentiation induction
MC3T3-E1 is an osteoblast precursor cell line
derived from C57BL/6 mouse calvaria. MC3T3E1 cells were plated in 100-mm dishes and
incubated in α-Minimum Essential Medium
(MEM), with 10% fetal bovine serum (FBS;
Atlanta), 100 units/ml of penicillin, and 100 g/
ml of streptomycin. At confluence (Day 0), these
cells were treated with osteogenic differentiation media containing 10 mM β-glycerophosphate and 50 µg/ml of ascorbic acid. The differentiation media was refreshed every 48 hourly
after the initial differentiation treatment.
Quantitative reverse transcription polymerase
chain reaction (qRT-PCR)
Total RNA was extracted from the cells and tissues using Trizol reagent (Life Technologies
Corporation, Carlsbad, CA, USA) according to
the manufacturer’s instructions. The Taqman
MicroRNA Reverse Transcription Kit and Taqman Universal Master Mix II with the TaqMan
MicroRNA Assay of miR-215 and U6 (Applied
Biosystems, Foster City, CA, USA) were used for
testing the expression levels of miR-215 in
cells.
miRNAs transfection
MiR-215 mimic, si-miR-215, si-c-fos, and negative control (NC) were obtained from GenePharma Co. (Shanghai, China). Cell transfections were conducted using Lipofectamine
3000 reagent (Invitrogen) following the manufacturer’s protocol.
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Cell Counting Kit-8 (CCK-8) assay
Cells were seeded in 96-well plate with 5000
cells/well. Cell proliferation and migration were assessed by Cell Counting Kit-8 (CCK-8,
Dojindo Molecular Technologies, Gaithersburg,
MD) assay. Briefly, after stimulation, the CCK-8
solution was added to the culture medium, and
the cultures were incubated for 1 hour at 37°C
in humidified 95% air and 5% CO2. The absorbance was measured at 450 nm using a
Microplate Reader (Bio-Rad, Hercules, CA).
Alkaline phosphatase activity
Osteoblasts were cultured for up to 21 days in
osteogenic media containing 10 µM ascorbic
acid and 50 µM β-glycerolphosphate. For alkaline phosphatase (ALP) staining, cells were
fixed in 10% formalin and stained as previously
detailed [14].
Western blot analysis
The protein used for western blotting was
extracted using RIA lysis buffer (Beyotime
Biotechnology, Shanghai, China) supplemented
with protease inhibitors (Roche, Guangzhou,
China). The proteins were quantified using the
BCA™ Protein Assay Kit (Pierce, Appleton, WI,
USA). The western blot system was established
using a Bio-Rad Bis-Tris Gel system according
to the manufacturer’s instructions. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
antibody was purchased from Sigma. Primary
antibodies were prepared in 5% blocking buffer
at a dilution of 1:1,000. Primary antibody was
incubated with the membrane at 4°C overnight,
followed by wash and incubation with secondary antibody marked by horseradish peroxidase
for 1 hour at room temperature. After rinsing,
the polyvinylidene difluoride membrane carried
blots and antibodies were transferred into the
Bio-Rad ChemiDoc™ XRS system, and then
200 μl Immobilon Western Chemiluminescent
HRP Substrate (Millipore, MA, USA) was added
to cover the membrane surface. The signals
were captured and the intensity of the bands
was quantified using Image Lab™ Software
(Bio-Rad, Shanghai, China).
Statistical analysis
All experiments were repeated three times. The
results of multiple experiments are presented
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Figure 1. MiR-215 expression is increased during differentiation of osteoblasts. A. Total RNA was
analyzed for expression of miR-215 by qRT-PCR at
the indicated time points using MC3T3 cells. Absolute expression (y axis) was normalized to U6 small
RNA. B. MC3T3 cells were transfected with miR-215
mimic, si-miR-215, or negative control (NC) to measure the transfection efficiency of miR-215 mimic
and si-miR-215 in the cells using qRT-PCR. *P<0.05,
***P<0.001.

as the mean ± standard deviation. Statistical
analyses were performed using SPSS 19.0 statistical software. The P-values were calculated
using a one-way analysis of variance (ANOVA).
P-value of <0.05 was considered to indicate a
statistically significant result.
Results
MiR-215 expression is increased during differentiation of osteoblasts
Differentiation of MC3T3 pre-osteoblasts occurs in three stages of phenotypic maturation:
Day 7 (post-confluency, early differentiation),
Day 12 (mature osteoblasts), and Days 15-21
(mineralization). We measured total RNA for
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Figure 2. Overexpression of miR-215 promotes cell
viability and migration. Cell Counting Kit-8 assay
was used to measure MC3T3 cells viability (A) and
migration (B). The cells were transfected with miR215 mimic, si-miR-215, or negative control (NC).
*P<0.05.

expression of miR-215 during this maturation
program using qRT-PCR at indicated time points
using MC3T3 cells. The results showed that
relative expression of miR-215 continuously increased during this differentiation process,
with a short decline during Days 7 to 14 (Figure
1A). Furthermore, we showed that transfection
of the osteoblasts with miR-215 mimic significantly increased relative miR-15 expression as
compared with negative control (P<0.05; Figure
1B). However, silencing the expression of miR215 using si-miR-215 significantly decreased
the expression of miR-215 in osteoblasts (P<
0.05; Figure 1B). These findings show that miR215 is upregulated during differentiation of
osteoblasts.
Overexpression of miR-215 promotes cell viability and migration
We then evaluated effect of miR-215 on viability and migration of osteoblasts. Cell viability
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miR-215 resulted in significant decrease in cell migration (P<0.05, Figure 2B);
the decrease in cell viability
was not statistically significant (Figure 2A).
Overexpression of miR-215
promotes differentiation of
osteoblasts
To evaluate effect of miR215 on osteoblast differentiation, we measured the
expression of osteogenic
differentiation markers, Runx2 and osteocalcin (Ocn),
in osteoblasts transfected
with negative control, miR215-mimic, or si-miR-215.
The qRT-PCR results (Figure 3A and 3B) showed
overexpression of miR-215
significantly increased expression of Runx2 and Ocn
at Days 7 and 14 (P<0.05),
while knockdown of miR215 significantly decreased
the expression of Runx2
(P<0.05) but had no significant effects on Ocn expression. The western blot analysis showed the similar results at Day 7 and Day 21
(Figure 3C). Thus, miR-215
overexpression promotes
osteoblast differentiation
and knockdown of miR-215
inhibits differentiation.
MiR-215 upregulates expression of c-fos
Figure 3. Overexpression of miR-215 promotes differentiation of osteoblasts.
MC3T3 cells were transfected with miR-215 mimic, si-miR-215, or negative control (NC). Total RNA was analyzed by qRT-PCR for mRNA expression profile of
bone marker genes Runx2 (A) and Ocn (B) at Day 7 and Day 14. The Runx2 transcription factor and Ocn are represented as markers of early and late stages of
osteoblast lineage cells. (C) Western blot analysis at Day 7 and Day 21. GAPDH:
glyceraldehyde 3-phosphate dehydrogenase. *P<0.05.

and migration were measured by CCK-8 assay.
Introduction of miR-215 into osteoblasts significantly increased cell viability and migration
(both P<0.05; Figure 2A and 2B). In contrast,
silencing the expression of miR-215 using si6539

C-fos gene is a proto-oncogene which is involved in
various important cellular
processes, such as cell proliferation, differentiation,
and survival. We measured
the expression of c-fos in
osteoblasts transfected with miR-215 mimic,
si-miR-215, or negative control. The qRT-PCR
results (Figure 4A) showed that overexpression
of miR-215 significantly increased the relative
expression of c-fos (P<0.05) while knockdown
Int J Clin Exp Pathol 2017;10(6):6536-6543
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Discussion
In the present study, we demonstrated the positive role of miR-215 during in vitro osteoblast
differentiation. First, we provided evidence that miR-215 expression was increased during
osteoblast differentiation. Further analysis demonstrated that overexpression of miR-215
promoted MC3T3-E1 cell proliferation, migration and differentiation into osteoblasts, while
miR-215 silencing inhibited cell proliferation,
migration and differentiation. The mechanism
assays confirmed that miR-215 regulated osteoblast proliferation and differentiation by activating the MAPK and JAK/STAT signaling pathways via upregualtion of c-fos gene. These findings suggest the potential role of miR-215 in
regulating the process of bone regeneration.

Figure 4. MiR-215 upregulates expression of c-fos. A.
MC3T3 cells were transfected with miR-215 mimic,
si-miR-215, or negative control (NC). Total RNA was
analyzed by qRT-PCR for mRNA expression profile of
c-fos. B. Western blot analysis was used to measure
the expression of c-fos in the transfected cells. GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
*P<0.05, **P<0.01.

of miR-215 significantly decreased the expression of c-fos (P<0.05). The western blot analysis showed the similar results (Figure 4B). This
result indicates that miR-215 positively regulates expression of c-fos.
MiR-215 regulates downstream signaling pathway
Lastly, we explored the possible roles of the
MAPK and JAK/STAT pathways in proliferation
and differentiation of osteoclasts. The qRT-PCR
results (Figure 5A) showed that overexpression
of miR-215 increased the relative expressions
of p/t-p38MAPK, p/t-JAK1, p/t-STAT1, and p/tSTAT2, while knockdown of miR-215 expression reversed these results. Interestingly, the
effects of miR-215 overexpression were also
reversed by silencing of c-fos (Figure 5A). The
western blot analysis showed the similar results
(Figure 5B). These findings indicate that miR215 upregulates the MAPK and JAK/STAT
pathways.
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Recently, many miRNAs have emerged as important regulators of posttranscriptional gene
expressions [15]. miRNAs play critical roles in
osteogenesis [16]. Overexpression of several
miRNAs during osteoblast differentiation has
been reported in previous studies. In an in vitro
study using human bone marrow stromal cells,
miR-15b was found to be highly expressed in
differentiated osteoblasts [17]. In a study using
human mesenchymal stem cells, miR-21 expression was found to be elevated during osteoblast differentiation [18]. In another study using
human mesenchymal stem cells, the expression of miR-27 was increased during osteoblast
differentiation [19]. Consistent with these findings, we demonstrated that the expression of
miR-215 is significantly increased during the
maturation process of osteoblasts.
Reports show that miR-215 acts as a positive
or negative regulator in several types of cancer.
Mostly, miR-215 overexpression inhibits cell
proliferation and migration in cancer. It has
been demonstrated that the expression of miR215 is downregulated in pancreatic and nonsmall lung cancer cells, and overexpression of
miR-215 inhibits cell proliferation, migration
and invasion by targeting ZEB2 [12, 20]. In contrast to this report, miR-215 was found to be
upregulated in gastric cancer cells and it promoted cell proliferation, migration and invasion
by directly targeting Runx1 [21]. Consistent
with this report, we showed that miR-215 is
upregulated in osteoblasts and it promotes cell
proliferation and migration. Silencing of miR-
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Figure 5. MiR-215 regulates downstream signaling pathway. A. MC3T3 cells
were transfected with miR-215 mimic, si-miR-215, negative control (NC), or
miR-215 + si-c-fos. Total RNA was analyzed by qRT-PCR for mRNA expression
profile of c-fos, p/t-p38MAPK, p/t-JAK1, p/t-STAT1, and p/t-STAT2. B. Western
blot analysis was used to measure the expression of these proteins in the transfected cells. GAPDH: glyceraldehyde 3-phosphate dehydrogenase; JAK: Janus
kinase; MAPK: mitogen-activated protein kinases; STAT: signal transducers and
activators of transcription.

215 expression inhibited proliferation and
migration of osteoblasts.
Osteoblast differentiation is tightly controlled
by several regulators including miRNAs [22,
23]. Recent studies suggest that miRNAs may
act as positive or negative regulators in osteoblast differentiation. MiR-355 acts as a negative regulator and inhibits proliferation and
migration of human mesenchymal stem cells
6541

by targeting Runx2 [24] and
to name a few, other negative regulators include miR204, miR-211, and miR155 [25]. In contrast, there
are several miRNAs which
act as positive regulators of
osteoblast differentiation.
MiR-218 promotes osteoblast differentiation by inhibiting ERB1 and sclerostin. MiR-2861 promotes osteoblast differentiation by
repressing histone deacetylase 5 expressions [26].
We demonstrated that miR215 is a positive regulator
which promotes differentiation of osteoblasts by increasing the expression of
differentiation markers, Runx2 and Ocn. Runx2 is a
bone-related transcription
factor which is essential for
osteoblast differentiation
[27]. Overexpression of Runx2 in nonosseous mesenchymal cells increases expression of osteoblast phenotypic genes [28]. Runx2
can directly upregulate the
expression of osteoblast
marker genes, such as Ocn.
Ocn is a late bone marker
during osteogenic differentiation and mineralization
[29].

The transcription factor activator protein 1 (AP-1) is
composed of heterodimers
of the c-fos and c-Jun family
members [30]. AP-1 is a
regulator of major biological functions, such as cell
proliferation, migration, differentiation, and
apoptosis [31]. Several reports suggest that
c-fos plays a crucial role in differentiation of
osteoblasts. In an in vitro study, the expression
of c-fos was increased during osteoblast differentiation [32]. Kano et al., reported that c-fos
gene is involved in the regulation of osteoblast
proliferation and osteoclast differentiation
[33]. In our study, forced expression of miR-215
significantly increased the expression of c-fos,
Int J Clin Exp Pathol 2017;10(6):6536-6543
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indicating that miR-215 promotes cell proliferation, migration and differentiation via upregulation of c-fos gene.
To further understand the underlying mechanism, we examined the MAPK and JAK/STAT
pathways. The MAPK pathway is a downstream
signaling pathway which regulates miRNAs:
several miRNAs are upregulated (e.g., miR-155)
while few are downregulated (e.g., miR-99a) by
the MAPK [34]. The MAPK pathway can also
activate c-fos gene [30]. Activation of the JAK
stimulates cell proliferation, differentiation, migration and apoptosis [35]. It has been reported that JAK2 is essential for the activation of
c-fos promoters [36]. This establishes that the
MAPK and JAK/STAT pathways activate c-fos
gene, and thus, altered expression of c-fos
gene may be regulated by altered expression of
these downstream signaling pathways. Consistent with this mechanism, we demonstrated
that overexpression of miR-215 increased the
expressions of p38MAPK, JAK1, STAT1, and
STAT2 proteins. Furthermore, we found that
silencing the expression of c-fos or miR-215
reversed these effects. These findings indicate
that miR-215 can activate the MAPK and JAK/
STAT pathways.
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In conclusion, miR-215 was identified as a novel regulator in osteoblast proliferation and differentiation through upregulating c-fos expression in vitro. Therefore, this study may provide
new insights into the possibility of miR-215
being a potential therapeutic target for the
treatment of osteoporosis.
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