
INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  39:  1605-1612,  2017

Abstract. MicroRNAs (miRNAs or miRs) have been shown 
to play a critical role in osteoblast differentiation. miR-10b has 
been found to be downregulated during osteoblast differentia-
tion; however, its precise effect on osteoblast differentiation 
remains unknown. In this study, we aimed to investigate the 
potential role of miR-10b and the potential underlying mecha-
nism in regulating osteoblast differentiation. We found that 
miR-10b was downregulated during osteoblast differentiation. 
Overexpression of miR-10b inhibited osteoblast differentia-
tion, whereas the suppression of miR-10b promoted osteoblast 
differentiation. Bioinformatics analysis and the dual-luciferase 
reporter assay demonstrated that miR-10b could target the 
3'-untranslated regions of B cell lymphoma 6 (Bcl6) which is 
an important regulator of osteoblast differentiation. Real‑time 
quantitative polymerase chain reaction and western blot 
analysis showed that miR-10b directly regulated Bcl6 expres-
sion. Further experiments showed that the overexpression of 
miR-10b increased the expression of signal transducer and 
activator of transcription 1 (STAT1) and blocked Runt-related 
transcription factor 2 (Runx2) nuclear translocation, whereas 
miR-10b suppression showed an opposite effect. Moreover, the 
miR-10b suppression-induced effects were partially reversed 
by Bcl6 knockdown. Taken together, our study suggests that 
miR-10b contributes to osteoblast differentiation through 
targeting Bcl6, providing a novel insight into understanding 

the molecular mechanism underlying osteoblast differentia-
tion and suggesting a potential target for inhibiting bone loss.

Introduction

Bone homeostasis is controlled by the balance between 
resorption and bone formation, mediated by osteoblasts and 
osteoclasts (1,2). The excessive bone loss results in osteopo-
rosis which is a common disease among women worldwide 
after menopause  (3). However, current treatments for bone 
mass recovery are still limited. Osteoblasts are a specialized 
subset of cells that play an important role in bone formation (1). 
Osteoblasts originate from mesenchymal stem cells that secrete 
alkaline phosphatase (ALP) and bone matrix proteins, including 
osteopontin (OPN) and collagen type  Iα1  (COL1A1)  (4). 
Targeting osteoblast differentiation has become a promising 
therapeutic strategy for osteoporosis.

Osteoblast differentiation is mediated by a variety of 
multiple factors, including microRNAs (miRNAs or miRs) (5). 
miRNAs are a group of small RNAs, ~22  nucleotides in 
length, which negatively regulate gene expression by targeting 
the 3'-untranslated regions (3'-UTR) (6-8). By post-transcrip-
tionally modulating gene expression, miRNAs can regulate 
numerous biological processes, including cell proliferation, 
apoptosis and differentiation (6-8). In recent years, a growing 
body of evidence has reported that miRNAs play a critical 
role in regulating osteoblast differentiation (9-12). Therefore, 
targeting osteoblast differentiation by miRNAs may show 
great promise for the treatment of bone loss diseases, such as 
osteoporosis.

Runt-related transcription factor 2 (Runx2) is a master 
transcription factor for controlling osteoblast differen-
tiation  (13-16). The signal transducer and activator of 
transcription  1  (STAT1) has been found to be a critical 
regulator for Runx2  (17). STAT1 can interact with Runx2 
and thus restrain Runx2 in the cytoplasm leading to the 
inhibition of osteoblast differentiation  (18). STAT1 has 
been shown to promote bone resorption in mice  (19,20). 
Interestingly, B cell lymphoma 6 (Bcl6) has been reported as 
a transcriptional repressor for STAT1 (21). Bcl6 is primarily 
expressed in B lymphocytes and plays an important role in 
regulating B lymphocyte growth and development (22,23). 
It has been found that Bcl6 inhibits the expression of STAT1 
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and thus promotes osteoblast differentiation (21). Therefore, 
Bcl6/STAT1/Runx2 signaling plays an important role in bone 
homeostasis targeting which may provide a novel strategy for 
the control of osteoblast differentiation.

miR-10b has been suggested as a regulator for cell differ-
entiation (24,25). A recent study has reported that miR-10b 
shows decreased expression during osteoblast differentia-
tion (26). However, the precise effect of miR-10b on osteoblast 
differentiation remains unknown. In this study, we aimed to 
investigate the potential role of miR-10b and the potential 
underlying mechanism in regulating osteoblast differentiation. 
We found that miR-10b was downregulated during osteoblast 
differentiation. Overexpression of miR-10b inhibited osteoblast 
differentiation, whereas suppression of miR-10b promoted 
osteoblast differentiation. Bcl6 was identified as a target gene of 
miR-10b in osteoblast differentiation. miR-10b regulated Bcl6 
expression as well as STAT1/Runx2 signaling. However, the 
miR-10b suppression-induced effects were partially reversed 
by Bcl6 knockdown. Taken together, our study suggests that 
miR-10b contributes to osteoblast differentiation through 
targeting Bcl6, providing novel insight into understanding the 
molecular mechanism underlying osteoblast differentiation and 
suggesting a potential target for inhibiting bone loss.

Materials and methods

Cell culture. Pre-osteoblast MC3T3-E1 cells were purchased 
from the Type Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China) and cultured in Alpha Modified 
Eagle's Medium (α-MEM; Invitrogen, Carlsbad, CA, USA) 
containing 10% fetal bovine serum (FBS; Gibco, Rockville, 
MD, USA) and 1% penicillin/streptomycin (Sigma-Aldrich, 
St. Louis, MO, USA). The cells were grown in a humidified 
atmosphere of 5% CO2 at 37˚C. To induce osteoblast differen-
tiation, cells were grown in osteogenic differentiation medium 
(HyClone, Logan, UT, USA) supplemented with 10% FBS, 
50 µg/ml ascorbic acid and 10 mM sodium β-glycerophosphate. 
The medium was refreshed every two days for the induction of 
osteoblast differentiation (27).

Quantitative (real-time) polymerase chain reaction (RT-qPCR). 
Total RNAs or miRNAs were extracted by TRIzol (Invitrogen) 
or mirVana miRNA isolation kit (Applied Biosystems, 
Foster City, CA, USA), respectively. For mRNA detection, total 
RNAs were reverse-transcribed into cDNA by M-MLV reverse 
transcriptase (Takara, Dalian, China). For miRNA detection, 
miRNAs were reverse-transcribed into cDNA by the TaqMan 
microRNA reverse transcription kit (Applied Biosystems). 
qPCR was performed using Power SYBR-Green PCR Master 
Mix on an Applied Biosystems AB7500 Real-Time PCR system 
(both from Applied Biosystems) following the procedures: 94˚C 
for 5 min, 30 cycles of two-step cycling program (94˚C for 
10 sec, 60˚C for 20 sec and 72˚C for 30 sec), and 72˚C for 10 min. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and 
small nuclear RNA U6 served as the internal controls. Relative 
gene expression was quantified by using the 2-ΔΔCt method. The 
primer sequences were as follows: miR-10b forward, 
5'-TACCCTGTAGAACCGAATTTG-3' and reverse, 
3'-GTGCGTGTCGTGGAGTC-5'; U6 forward, 5'-CGCTTCAC 
GAATTTGCGT-3' and reverse, 5'-CTCGCTTCG CAGCA 

CA-3'; Bcl6 forward, 5'-AGACGCACAGTGACAAACCAT 
ACA-3' and reverse, 5'-CTCCACAAATGTTACAGCGAT 
AGG-3'; ALP forward, 5'-CACCATTTTTAGTACTGGCCA 
TCG-3' and reverse, 5'-GCTACATTGGTGTTGAGCTTTGG-3'; 
OPN forward, 5'-TCTCCTTGCGCCACAGAATG-3' and 
reverse, 5'-TCCTTAGACTCACCGCTCTT-3'; COL1A1 forward, 
5'-CCCCGGTCAGAGAGGAGAAA-3' and reverse, 5'-TCC 
AGAAGGACCTTGTTTGC-3'; GAPDH forward, 5'-AATGG A 
TTTGGACGCATTGGT-3' and reverse, 5'-TTTGCACTGGTA 
CGTGTTGAT-3'.

Transfection. The miR-10b mimics, miR-10b inhibitor and 
negative control  (NC) were purchased from GenePharma 
(Shanghai, China) and transfected into cells using 
Lipofectamine 2000 (Invitrogen) according to the manufac-
turer's protocols. Bcl6 siRNA and NC siRNA were obtained 
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA) 
and transfected into cells as per the recommended methods. 
The transfection efficiency was evaluated by RT-qPCR or 
western blot analysis.

ALP activity assay. Cells were transfected with miR-10b 
mimics or miR-10b inhibitor followed by the induction of 
osteoblast differentiation for 6 days. Then, the cells were 
harvested and detected by ALP assay kit. Briefly, the cells 
were lysed in lysis buffer and the supernatants were collected 
and incubated with SensoLyte p-nitrophenylphosphate at 37˚C 
for 30 min. The absorbance at a wavelength of 405 nm was 
detected by an enzyme-linked immunosorbent assay (ELISA) 
reader (Bio‑Rad, Hercules, CA, USA).

Measurement of matrix mineralization. After the induction 
of osteoblast differentiation, cells were harvested and fixed in 
70% ethanol for 1 h. Then, cells were incubated with 40 mM 
Alizarin Red S solution (Sigma-Aldrich) for 10 min. The 
mineral deposits stained by Alizarin Red S were isolated and 
dissolved in 0.1 N NaOH. The absorbance at a wavelength of 
540 nm was measured by an ELISA reader (Bio-Rad).

Dual-luciferase reporter assay. Bioinformatics analysis was 
performed by using microRNA.org-Targets and Expression 
(http://www.microrna.org/) and TargetScan (http://www.
targetscan.org/). The miR-10b target region of Bcl6 3'-UTR was 
inserted into a pmirGLO luciferase vector (Promega, Madison, 
WI, USA) to obtain wild-type pmirGLO-Bcl6 3'-UTR. 
Meanwhile, Bcl6 3'-UTR sequences containing the mutant 
binding sites for miR-10b were cloned into a pmirGLO lucif-
erase vector (Promega) to obtain mutant-type pmirGLO‑Bcl6 
3'-UTR. To confirm the interaction between miR-10b and Bcl6 
3'-UTR, wild-type or mutant-type pmirGLO-Bcl6 3'-UTR was 
co-transfected into MC3T3-E1 cells with miR-10b mimics or 
miR-10b inhibitors. After incubation for 48 h, the cells were 
harvested and the relative luciferase activity was measured by 
Dual-GLO Luciferase assay system (Promega).

Western blot analysis. Cytosolic and nuclear fractions were 
extracted using the nuclear extraction kit (Beyotime, Haimen, 
China) according to the manufacturer's protocols. Briefly, 
cells were harvested and washed with phosphate-buffered 
saline (PBS) followed by centrifugation at 8,000 x g for 15 min 
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at 4˚C. The cell sediments were treated with buffer A containing 
1 mM pheylmethylsulfonyl fluoride (PMSF) and incubated in an 
ice bath for 10 min. Afterward, buffer B was added and incubated 
for 1 min followed by centrifugation at 12,000 x g for 15 min 
at 4˚C. The supernatants containing cytoplasmic fractions were 
collected. The sediments were collected and re-suspended in 
nuclear protein extraction agent and subjected to an ice bath for 
30 min with vortexing at an interval of 2 min. After centrifuga-
tion (12,000 x g for 15 min at 4˚C), the supernatants containing 
nuclear protein was collected. Protein concentration was 
measured by a BCA kit (Beyotime). Equal amounts of proteins 
were loaded on 10% sodium dodecyl sulfate polyacrylamide 
gels for separation. The separated proteins were electro-blotted 
to a polyvinylidene fluoride membrane (Millipore, Boston, MA, 
USA). The membrane was blocked with 3% non-fat milk in 
Tris-buffered saline containing 0.1% Tween-20 (TBST) for 1 h 
at 37˚C. Then, the membrane was blotted with primary anti-
bodies at appropriate dilutions at 4˚C overnight. After washes 
with TBST, the membrane was incubated with horseradish 
peroxidase-conjugated secondary antibodies (1:2,000; goat 
anti‑rabbit IgG; sc‑2004; Santa Cruz Biotechnology, Inc.) for 1 h 
at 37˚C. The protein signals were visualized using Pierce ECL 
Western Blotting kit (Pierce, Rockford, IL, USA). Quantitative 
analysis of the protein bands was performed by Image-Pro 
Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD, 
USA). The primary antibodies including anti-Bcl6 (sc‑368), 
anti‑STAT1 (sc‑346), anti‑Runx2 (sc‑10758), anti‑GAPDH 
(sc‑25778) and anti-Lamin B (sc‑6217) were purchased from 
Santa Cruz Biotechnology, Inc.

Data analysis. All data are presented as means ± standard 
deviation. The statistical analysis was performed by SPSS 
version  18.0 (SPSS  Inc., Chicago, IL, USA). Differences 
were assessed by one-way analysis of variance followed by 
a Bonferroni correction. A p-value of <0.05 was regarded as 
indicative of statistically significance.

Results

miR-10b is downregulated during osteoblast differentiation. 
To investigate the potential role of miR-10b in osteoblast 

differentiation, we examined the expression pattern of miR-10b 
during osteoblast differentiation in MC3T3-E1 cells by 
RT-qPCR. The results showed that miR-10b was significantly 
downregulated post-osteoblast differentiation  (Fig.  1A), 
indicating a critical role of miR-10b involved in osteoblast 
differentiation.

miR-10b regulates osteoblast differentiation. To explore 
the exact biological effect of miR-10b on osteoblast differ-
entiation, miR-10b was overexpressed or suppressed by 
transfecting miR-10b mimics or miR-10b inhibitors, respec-
tively  (Fig. 1B). We then examined the effect of miR-10b 
overexpression or suppression on osteoblast differentiation 
by evaluating ALP activity and matrix mineralization. The 
results showed that both ALP activity (Fig. 2A) and matrix 
mineralization (Fig. 2B) were markedly repressed by miR-10b 
overexpression. Conversely, the suppression of miR-10b 
significantly promoted ALP activity  (Fig. 2A) and matrix 
mineralization (Fig. 2B). Moreover, we detected the expression 
of osteoclast marker genes, including ALP, COL1A1 and OPN 
by RT-qPCR. We found that the expression of these genes was 
significantly suppressed by miR-10b overexpression, while 
miR-10b suppression markedly elevated the expression of 
these genes (Fig. 3). Overall, these results suggest that miR-10b 
suppression promotes osteoblast differentiation.

Bcl6 is a target gene of miR-10b in osteoclasts. To investi-
gate the underlying mechanism by which miR-10b regulates 
osteoblast differentiation, we predicted the potential target 
genes of miR-10b by bioinformatics analysis. Among these 
putative target genes, Bcl6, a critical regulator of osteoblast 
differentiation (21), gained our interest for further analysis. 
The complementary seed-matched wild-type or mutant-type 
binding sites between miR-10b and Bcl6 3'-UTR are described 
in Fig. 4A. To verify the interaction between miR-10b and Bcl6 
3'-UTR, wild-type or mutant-type pmirGLO-Bcl6 3'-UTR was 
co-transfected into MC3T3-E1 cells with miR-10b mimics or 
miR-10b inhibitor. The results showed that miR-10b overex-
pression significantly inhibited the luciferase reporter activity 
of wild-type luciferase vector while miR-10b suppression 
increased the luciferase reporter activity (Fig. 4B). However, 

Figure 1. Expression of miR-10b during osteoblast differentiation. (A) RT-qPCR analysis of miR-10b expression in MC3T3-E1 cells post‑osteoblast differentia-
tion induction. *p<0.05 vs. day 0. (B) The expression of miR-10b in MC3T3-E1 cells transfected with miR-10b mimics or miR-10b inhibitor was detected by 
RT-qPCR after transfection of 24 h. *p<0.05 vs. NC. 

https://www.spandidos-publications.com/10.3892/ijmm.2017.2955
https://www.spandidos-publications.com/10.3892/ijmm.2017.2955


YANG et al:  ROLE OF miR-10b IN OSTEOBLAST DIFFERENTIATION1608

Figure 2. miR-10b regulates osteoblast differentiation. Cells were transfected with miR-10b mimics or inhibitor for 24 h and then cultured in differentiation 
medium for inducing osteoblast differentiation for 6 days. (A) Alkaline phosphatase (ALP) activity was detected by an ALP activity assay kit and the absorbance 
was measured at 405 nm. (B) Matrix mineralization was determined by Alizarin Red S staining and the absorbance was measured at 540 nm. *p<0.05 vs. NC.

Figure 3. miR-10b affects the expression of osteoclast marker genes. The mRNA expression of (A) alkaline phosphatase (ALP), (B) collagen type Iα1 (COL1A1) 
and (C) osteopontin (OPN) was detected by RT-qPCR analysis in MC3T3-E1 cells. Cells were transfected with miR-10b mimics or inhibitor for 24 h and then 
cultured in differentiation medium to induce osteoblast differentiation for 6 days. *p<0.05 vs. NC.

Figure 4. B cell lymphoma 6 (Bcl6) is a target gene of miR-10b. (A) Sequence alignment of seed-matched binding sites between mouse miR-10b with Bcl6 
3'-UTR. (B) The effect of miR-10b on luciferase activity in MC3T3-E1 cells transfected with the Bcl6 3'-UTR luciferase reporter. The luciferase activity was 
detected by dual-luciferase method after a 48-h transfection. *p<0.05 vs. NC. (C) mRNA and (D) protein expression of Bcl6 were detected by RT-qPCR or 
western blot analysis, respectively. MC3T3-E1 cells were transfected with miR-10b mimics or miR-10b inhibitors for 24 h. *p<0.05 vs. NC.
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no obvious effect of miR-10b overexpression or suppression on 
mutant-type luciferase vector was observed (Fig. 4B). These 
data indicated that miR-10b directly targeted the 3'-UTR 
of Bcl6. To further confirm that this interaction is effective, 
we then examined the effect of miR-10b on Bcl6 expression. 
The results showed that miR-10b significantly suppressed the 
mRNA (Fig. 4C) and protein (Fig. 4D) expression of Bcl6, 
whereas miR-10b suppression increased Bcl6 expression. 
Taken together, these results suggest that Bcl6 is the target of 
miR-10b in osteoblasts.

miR-10b regulates STAT1/Runx2 signaling. Considering the 
regulatory effect of miR-10b on Bcl6 expression, we detected 
the effect of miR-10b on downstream target genes of Bcl6 
involved in osteoblast differentiation. STAT1, which is an 
important regulator for osteoblast differentiation  (21), has 

been reported as a target gene of Bcl6 (21). STAT1 negatively 
regulates osteoblast differentiation by repressing Runx2 
nuclear translocation (18). We found that the overexpression 
of miR-10b increased while the suppression of miR-10b 
decreased STAT1 expression (Fig. 5A). Moreover, the Runx2 
nuclear translocation was significantly blocked by miR-10b 
overexpression whereas miR-10b suppression promoted 
Runx2 nuclear translocation (Fig. 5B). These results indicate 
that miR-10b affects STAT1/Runx2 signaling.

miR-10b regulates osteoblast differentiation through targeting 
Bcl6. To confirm that the regulatory effect of miR-10b on 
osteoblast differentiation is regulated by targeting Bcl6, we 
silenced Bcl6 expression along with miR-10b suppression. 
The results showed that the promotive effect of miR-10b 
suppression on Bcl6 expression was significantly blocked by 

Figure 5. miR-10b regulates signal transducer and activator of transcription 1 (STAT1)/Runt-related transcription factor 2 (Runx2) signaling. MC3T3-E1 cells 
were transfected with miR-10b mimics or miR-10b inhibitors for 24 h, followed by osteoblast differentiation for 6 days. (A) Western blot analysis of STAT1 
protein expression. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used for normalization. (B) Western blot analysis of Runx2 protein expression 
in nuclear fractions. Lamin B was used for normalization. *p<0.05 vs. NC.

Figure 6. B cell lymphoma 6 (Bcl6) knockdown abrogates the effects of miR-10b suppression on osteoblast differentiation. (A) Western blot analysis of Bcl6 
protein expression in MC3T3-E1 cells co-transfected with miR-10b inhibitor and Bcl6 siRNA for 24 h. After the induction of osteoblast differentiation for 
6 days, (B) alkaline phosphatase (ALP) activity and (C) mineralization were detected. *p<0.05.
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Bcl6 knockdown (Fig. 6A). As expected, the osteoblast differ-
entiation promoted by miR-10b suppression was apparently 
abolished by Bcl6 knockdown (Fig. 6B and C). Moreover, 
the miR-10b suppression-induced inhibitory effect on STAT1 
expression  (Fig.  7A) and the promotive effect on Runx2 
nuclear translocation (Fig. 7B) were significantly reversed by 
Bcl6 knockdown.

Discussion

A growing body of evidence has highlighted the critical role 
of miRNAs in bone homeostasis  (28). Osteoblasts secrete 
ALP and bone matrix proteins to promote bone formation (4). 
Through targeting critical genes involved in osteoblast differ-
entiation, miRNAs regulate osteoblast differentiation (9-12). 
Targeting osteoblast differentiation by miRNAs has become a 
promising therapeutic strategy for inhibiting bone loss. In this 
study, we showed that miR-10b is a novel miRNA involved 
in regulating osteoblast differentiation. We delineated 
that miR-10b regulates osteoblast differentiation through 
targeting Bcl6, implying an important role of miR-10b in bone 
homeostasis.

miR-10b has been widely studied in cancer (29,30), angio-
genesis (31) and embryonic development (32) by focusing on 
different targets. It has been found that miR-10b regulates 
myeloid differentiation and neuroblastoma cell differentia-
tion (24,25). Okamoto et al found that miR-10b was significantly 
downregulated during osteoblast differentiation (26). In line 
with these findings, our results also showed decreased miR-10b 
expression during osteoblast differentiation. Functional 
experiments demonstrated that the overexpression of miR-10b 
suppressed osteoblast differentiation while the suppression 
of miR-10b promoted osteoblast differentiation. Our results 
suggest that miR-10b is an osteoblast differentiation-related 

miRNA. However, the underlying mechanism needs to be 
investigated.

To investigate the underlying mechanism by which miR-10b 
regulates osteoblast differentiation, we aimed to identify the 
functional target of miR-10b. Through bioinformatics analysis, 
we found that Bcl6 is a putative target gene of miR-10b. Bcl6 
has been reported to positively regulate osteoblast differ-
entiation (21). Bcl6 is a transcriptional repressor primarily 
expressed in B lymphocytes and regulates B  lymphocyte 
growth and development  (22,23). Bcl6 participates in the 
regulation of B-cell lymphomas and numerous types of human 
cancer  (33,34). Bcl6 also regulates T follicular helper cell 
differentiation (35,36) and germinal center formation (37,38). 
A previous study showed that Bcl6 inhibits osteoclast differ-
entiation (39). Bcl6 suppresses the expression of nuclear factor 
of activated T cells c1 (NFATc1) which promotes osteoclast 
differentiation (40-42). Importantly, Bcl6 also participates in 
osteoblast differentiation (21). It has been reported that Bcl6 
promotes osteoblast differentiation through the transcriptional 
repression of STAT1 (21). STAT1 is a negative regulator of 
osteoblast differentiation (18-20). The lack of STAT1 promotes 
bone formation and bone mass (18). STAT1 inhibits osteoblast 
differentiation by blocking Runx2 nuclear translocation (18). 
Targeting the inhibition of STAT1 by various agents showed 
a promotive effect on osteoblast differentiation  (43-46). 
In this study, we demonstrated that inhibition of STAT1 by 
miR-10b suppression-induced Bcl6 promoted Runx2 nuclear 
translocation and osteoblast differentiation, indicating a 
potential strategy for the control of osteoblast differentiation 
by targeting STAT1.

Several studies have reported that Bcl6 is targeted by 
various miRNAs  (47,48). Bcl6 has been reported to be 
targeted by miR-155 in macrophages involved in atheroscle-
rosis (49). miR-127 regulates breast cancer cell proliferation 

Figure 7. B cell lymphoma 6 (Bcl6) knockdown reverses the effects of miR-10b suppression on signal transducer and activator of transcription 1 
(STAT1)/Runt‑related transcription factor 2 (Runx2) signaling. MC3T3-E1 were cells co-transfected with miR-10b inhibitor and Bcl6 siRNA for 24 h, fol-
lowed by osteoblast differentiation for 6 days. (A) Western blot analysis of STAT1 protein expression. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
was used for normalization. (B) Western blot analysis of Runx2 protein expression in nuclear fractions. Lamin B was used for normalization. *p<0.05.
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and senescence by targeting Bcl6 (50). miR-187 suppresses 
lung cancer development by targeting Bcl6 (51). Consistently, 
the targeting of Bcl6 by miR-187 also functions in regulating 
diffuse large B-cell lymphoma cell apoptosis (52). Here, our 
study for the first time reported that miR-10b is a novel miRNA 
that targets and modulates Bcl6 expression in osteoblasts. 
Taken together, these findings suggest that Bcl6 undergoes 
epigenetic regulation in various cell types and pathological 
processes.

Overall, this study showed that miR-10b participates in 
osteoblast differentiation by targeting Bcl6 and STAT1/Runx2 
signaling. Our findings provide novel insight into under-
standing the molecular mechanism of osteoblast differentiation. 
miR-10b has great potential to serve as an effective target for 
bone formation.
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