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miR-30b-5p inhibits osteoblast differentiation through targeting BCL6
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ABSTRACT
Human bone marrow mesenchymal stem cells (hBMSCs) are attractive candidates for new thera-
pies to improve bone regeneration and repair. This study was to identify the function of the miR- 
30b-5p/BCL6 axis in osteogenic differentiation of hBMSCs. Realtime-quantitative PCR (RT-qPCR) 
and Western blotting were used to measure the relative expression of ALP, OCN, RUNX2, miR-30b- 
5p, and BCL6 during osteogenic differentiation of hBMSCs. The relationship between miR-30b-5p 
and BCL6 in hBMSCs was identified using dual-luciferase reporter system and RNA pull-down 
assay. Alizarin red S staining (ARS) was used to detect the calcium nodules in hBMSCs. We found 
that the expression of miR-30b-5p was downregulated, whereas that of BCL6 was upregulated 
during osteogenic differentiation of hBMSCs. Downregulating miR-30b-5p enhanced the expres-
sion of OCN, RUNX2, and ALP, and promoted calcium deposition. Conversely, transfection with si- 
BCL6 had the opposite effect that it inhibited osteogenic differentiation. However, the inhibitory 
effect of si-BCL6 was abrogated by miR-30b-5p inhibitor. miR-30b-5p inhibits the osteogenic 
differentiation of hBMSCs by targeting BCL6.
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Introduction

Human bone marrow mesenchymal stem cells 
(hBMSCs) are important in bone tissue regenera-
tion or repair due to its strong abilities of self- 
renewal and multi-directional differentiation[1]. 
hBMSCs differentiate into many types of cells 
including adipocytes, chondrocytes, and osteo-
blasts [2,3]. Improving the differentiation ability 
of BMSCs is key to bone regeneration, and BMSCs 
play a crucial role in promoting bone remodeling 
and repair in patients with osteoporosis[4]. As the 
differentiation of BMSCs is crucial for the devel-
opment of osteoblasts, they constitute the ideal 
seed cells for bone tissue engineering[5].

MicroRNAs (miRNAs) are small single stranded 
RNA molecules that regulate gene expression by 
binding to mRNAs, resulting in translational inhi-
bition and/or instability of the target mRNAs [6– 
8]. miRNAs have been demonstrated to be impor-
tant regulators of the pathogenesis of clinical dis-
eases[9]. Several miRNAs are involved in the 
differentiation of MSCs into osteoblasts. miR- 

19a-3p significantly induced the osteogenic differ-
entiation of BMSCs and limited bone loss in aging 
mice[10]. Another study reported the potential of 
miR-223–3p as a therapeutic target for regulating 
autophagy and thereby promoting osteogenic dif-
ferentiation and enhancing bone function of 
BMSCs[11]. miR-30b-5p, as a widely studied 
miRNA, has been proved to play a certain regula-
tory function in a variety of cancers (including 
liver cancer and breast cancer) and cardiovascular 
related diseases (such as myocardial injury and 
diabetes) [12–15]. In addition, members of the 
miR-30 family have been shown to regulate the 
osteogenesis pathway[16]. Eguchi et al.[17] 
revealed that the miR-30b-5p expression declined 
in the later stages of osteo-induction. Studies by 
Balderma et al.[18] have shown that BMP2 pro-
motes calcification by downregulating miR-30b-5p 
in vascular smooth muscle cells and upregulating 
RUNX2. However, the mechanism on miR-30b-5p 
to regulate osteogenic differentiation remains 
unclear. Therefore, this study is the first to explore 
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the effect of miR-30b-5p on osteogenic differentia-
tion of hBMSCs.

B-cell lymphoma 6 (BCL6), a protein predomi-
nantly found in B lymphocytes, plays a crucial role 
in the development of B lymphocytes [19,20]. 
BCL6 has been shown to promote osteogenic dif-
ferentiation, and BCL6-deficient mice show 
a reduction in bone mass and osteogenesis para-
meters in vivo[21]. Yang et al. reported that BCL6 
was upregulated during osteoblast differentiation, 
and BCL6 knockdown blocked the nuclear trans-
location of RUNX2[22]. Therefore, it is important 
to study the specific mechanism of BCL6 in osteo-
genic differentiation.

The aim of this study was to elucidate the effect 
of miR-30b-5p on osteoblastic differentiation of 
hBMSCs, focusing on the mechanism of miR- 
30b-5p/BCL6 in osteogenic differentiation of 
hBMSCs.

Methods

Bioinformatics analyses

Two mRNA expression microarrays (GSE35958 
and GSE37558) from the gene expression omnibus 
(GEO) database stored the data on mRNA expres-
sion in osteoporosis samples and normal samples, 
and were used to screen the differentially 
expressed genes (DEGs) with adjusted P < 0.05, 
and |logFC| ≥ 1.5. Then, the STRING database was 
used to construct a protein-protein interaction 
network for the DEGs. Finally, Tarbase (http:// 
carolina.imis.athena-innovation.gr/diana_tools/) 
and TargetScan (http://targetscan.org/vert_72) 
databases were used to predict the miRNAs that 
target the key genes in osteoporosis. GSE91033, 
a miRNA microarray from GEO database, stored 
the data on miRNA expression in osteoporosis 
samples and normal samples, and was used to 
identify the differentially expressed miRNAs with 
adjusted P < 0.05 and |logFC| ≥ 1.5. The process of 
bioinformatics analysis was shown in 
Supplementary Figure 1.

Cell culture and osteogenic differentiation

HBMSCs were purchased from Cyagen 
(Guangzhou, China) and cultured in α-minimum 

essential medium (αMEM; Invitrogen, CA, USA) 
with 10% fetal bovine serum (FBS; Gibco, USA), 
1% penicillin-streptomycin (Gibco), and 2 mM L- 
glutamine (Sigma-Aldrich, USA). For osteogenic 
differentiation, hBMSCs were induced using fresh 
osteogenic medium containing 0.1 mM dexa-
methasone, 10 mM β-glycerophosphate, and 
0.1 mM ascorbic acid (all from Sigma-Aldrich). 
The cells were cultured in a cell incubator under 
the condition of 5% CO2 and 37°C.

Cell transfection

The miR-30b-5p inhibitor, small-interfering RNA 
(siRNA) targeting human BCL6 (si-BCL6), and 
their negative control (si-NC and inhibitor-NC) 
were purchased from RiboBio (Guangzhou, 
China). HBMSCs were transfected with NC, si- 
BCL6, and miR-30b-5p inhibitor using 
Lipofectamine 3000 (Invitrogen) diluted in Opti- 
MEM (Thermo Fisher Scientific, MA, USA). 
5 × 104 cells/well cells plated in a 6-well plate were 
transfected once they reached approximately 70% 
confluence. The cell transfection was performed 
for 48 h before the subsequent experiments. The 
sequences are listed in Supplementary Table 1.

RT-qPCR

miRNA was isolated from hBMSCs by the Qiagen 
miRNeasy FFPE Kit (Qiagen, Hilden, Germany). 
The miR-X miRNA First Strand Synthesis Kit 
(Clontech Laboratories, CA, USA) with a specific 
stem-loop miRNA primer was used for reverse 
transcription. The miR-30b-5p expression was 
detected by miR-X miRNA qRT-PCR TB Green 
Kit from TaKaRa (Japan) and ABI 7500 system 
from Applied Biosystems (USA). U6 was used as 
an internal reference of miRNA.

Total RNA was isolated from hBMSCs by RNA 
high-purity Total RNA Rapid Extraction Kit 
(Qiagen). The total RNA was then reverse tran-
scribed into cDNA using the PrimeScript RT 
Reagent Kit (TaKaRa) with gDNA Eraser. The 
mRNA levels of ALP, OCN, and RUNX2 were 
detected by SYBR Premix Ex Taq II Kit 
(TaKaRa) and ABI 7500 system. GAPDH was 
used as the internal reference of mRNA. The pri-
mers are listed in Table 1.
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Cell viability assay

Cells with the density of 1 × 104 cells/well were 
plated in 48-well plates. After transfection for 24, 
48, and 72 h, 10 μl/well of CCK-8 reagent 
(Dojindo, Japan) was used to incubate cells for 2 
h at 37°C. The absorbance was identified by 
microplate reader (Bio-Rad, USA) at 450 nm.

Alizarin red S (ARS) staining

The mineralization of hBMSCs was assessed using 
ARS staining. HBMSCs were fixed in 4% parafor-
maldehyde at room temperature for 20 min and 
washed with phosphate buffered saline (PBS). The 
cells were then incubated with 1% ARS staining 
solution (Sigma-Aldrich) for 20 min followed by 
rinsing with PBS. An inverted microscope (Nikon, 
Japan) was used to visualize the cells and obtain 
representative images.

Western blot analysis

HBMSCs after washing with pre-chilled PBS were 
lysed with lysis buffer (Beyotime, Jiangsu, China). 
The BCA Protein Detection Kit (Thermo Fisher 
Scientific) was used to determine the protein con-
centrations. The 20 μg protein was separated by 
10% SDS-PAGE and transfer to nitrocellulose 
membranes (Pall, NY, USA). The membrane was 
incubated by 5% skim milk for 60 min at 25°C, 
and then was incubated with primary antibodies 
including anti-BCL6 (1:500; ab203619, Abcam, 
Cambridge, UK), anti-RUNX2 (1:2000; ab76956, 
Abcam), anti-ALP (1:2000; ab229126, Abcam), 

anti-OCN (1:2000; ab93876, Abcam), and anti- 
GAPDH (1:1000; ab181602, Abcam) for 12 h at 
4°C. Following washing the membranes, the cor-
responding secondary antibodies were continued 
to incubate membranes for 1 h. A multi- 
chemiluminescence detection system (Tanon, 
China) was used to visualize the protein bands. 
Image J software (NIH, USA) was used to quantify 
the bands.

Dual-luciferase assay

Sequences with mutations in the binding 
sequences of BCL6 and miR-30b-5p (BCL6- 
MUT) and the corresponding wildtype sequences 
of BCL6 (BCL6-WT) were constructed by TsingKe 
Int. (Beijing, China). 2.5 × 104 cells hBMSCs were 
cultured in a 24-well plate and co-transfected 
50 nM BCL6-WT or BCL6-MUT together with 
50 nM miR-30b-5p mimic or mimic-NC using 
Lipofectamine 3000. After transfection for 6 h, 
the culture medium was replaced with antibiotic- 
free medium for 42 h. The luciferase activities of 
firefly and Renilla were detected by Dual- 
Luciferase Reporter Assay System (Promega, 
WI, USA).

RNA pull-down assay

RNA pulldown assays were performed according 
to a previously described method[23]. Biotinylated 
miR-30b-5p (Bio-miR-30b-5p), miR-30 c-5p (Bio- 
miR-30 c-5p), miR-10b-5p (Bio-miR-10b-5p) and 
their negative control (Bio-NC) were commercially 
synthesized by Sangon Biotech and transfected 
into hBMSCs. The cells were lysed in radioimmu-
noprecipitation assay (RIPA) lysis buffer and incu-
bated with T1 Streptavidin magnetic Dynabeads 
(Invitrogen) after transfection for 48 h. BCL6 
RNA levels were analyzed using RT-qPCR.

Statistical analysis

All data from three independent experiments were 
shown as the mean ± standard deviation, and 
analyzed by the SPSS V20.0 (IBM SPSS, IL, 
USA). Differences among groups were analyzed 
using unpaired Student’s t-test (for two groups) 
or one-way ANOVA (for multiple groups). 

Table 1. Primer sequences for this study.
Gene Primer sequence

RUNX2 Forward:5’-ATTTAGGGCGCATTCCTCATC-3’
Reverse:5’-GTGGTGGAGTGGATGGATGG-3’

ALP Forward:5′-CACCATTTTTAGTACTGGCCATCG-3′
Reverse:5′-GCTACATTGGTGTTGAGCTTTGG-3′

OCN Forward:5′-CAAAGGTGCAGCCTTTGTGTC-3′
Reverse:5′-TCACAGTCCGGATTGAGCTCA-3′

BCL6 Forward:5′-AGACGCACAGTGACAAACCATACA-3′
Reverse:5′-CTCCACAAATGTTACAGCGATAGG-3′

miR-30b-5p Forward:5`- GCAGTGTAAACATCCTACACTCA – 3`
Reverse:5’-ACCTAAGCCAGGGAGGTTA-3’

GAPDH Forward:5′-AATGG ATTTGGACGCATTGGT-3′
Reverse:5′-TTTGCACTGGTACGTGTTGAT-3′

U6 Forward:5′-CGCTTCACGAATTTGCGT-3′
Reverse:5′-CTCGCTTCG CAGCACA-3′
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Pearson correlation analysis was performed to 
measure the relationship between ALP, RUNX2, 
OCN, and miR-30b-5p or BCL6 mRNA levels in 
osteogenic differentiation. Statistically significance 
was set at p < 0.05.

Results

Candidate regulators of osteogenesis

The DEGs in osteogenesis and osteoporosis were 
screened by analyzing GSE35958 and GSE37558 
datasets (selection criteria: adjusted P < 0.05, | 
logFC| ≥1.5) and eleven DEGs were identified 
(Figure 1(a)). These DEGs were then uploaded to 
the STRING database for identify protein-protein 
interaction networks. BCL6 was associated with 
CD44 expression (Figure 1(b)). BCL6 has been 
reported to participate in bone development: 
BCL6 promotes osteoblastogenesis [21,22] and 
inhibits osteoclastogenesis [24,25]. By intersecting 
the candidate regulator miRNAs of BCL6 from 

Tarbase and TargetScan databases, twelve com-
mon miRNAs (hsa-miR-9–5p, hsa-miR-26a-5p, 
hsa-miR-30b-5p, hsa-miR-30 c-5p, hsa-miR-22– 
5p, hsa-miR-30a-5p, hsa-miR-30d-5p, hsa-miR 
-30e-5p, hsa-miR-625–5p, hsa-miR-628–5p, hsa- 
miR-93–5p, hsa-miR-10b-5p) in Tarbase and 
TargetScan were identified. Among the twelve 
miRNAs, three were found to be significantly 
downregulated in the osteoporosis miRNA expres-
sion microarray GSE91033, including miR-10b-5p, 
miR-30 c-5p, and miR-30b-5p (Figure 1(c)). miR- 
10b has been found to regulate BCL6 in osteoblast 
differentiation[22], whereas the miR-30 family has 
been reported to inhibit osteoblast differentiation 
[26]. Nonetheless, no study has demonstrated 
whether the miR-30 family regulates osteoblasto-
genesis by targeting BCL6. miR-30b-5p was down-
regulated more than miR-30 c-5p (logFC = −1.73 
vs −1.53). In addition, RNA pull-down experi-
ments showed that the levels of BCL6 RNA in bio- 
miR-10b-5p, bio-miR-30 c-5p, and bio-miR-30b- 
5p groups were about 6, 3 and 13 times higher 

Figure 1. The candidate regulators in osteoblastogenesis. a. The identification of key genes that participate in osteogenesis and 
osteoporosis. degs: differentially expressed genes. Selection criteria: adjusted P < 0.05 and |logFC|≥1.5). b. The protein-protein 
interaction network showing the interaction between the genes identified in figure a. c. The identification of candidate regulator 
miRNAs of BCL6. d. The enrichment of BCL6 on Biotin-labeled miR-10b-5p, miR-30 c-5p and miR-30b-5p determined by RNA pull- 
down. * P < 0.05, ** P < 0.001 vs. Bio-NC. E. A schematic diagram of miR-30b-5p binding sites in the 3’ UTR of BCL6 mRNA.
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than that in Bio-NC group, respectively (Figure 1 
(d)). Hence, miR-30b-5p was therefore selected for 
further studies. Moreover, to elucidate the mole-
cular mechanisms of miR-30b-5p and BCL6, we 
scanned the TargetScan website and found that 
they have targeted binding sites (Figure 1(e)).

miR-30b-5p inhibits osteoblast differentiation

The changes in the expression of miR-30b-5p in 
hBMSCs on days 0, 3, 7, and 16 of osteogenic 
differentiation were detected by RT-qPCR, show-
ing that miR-30b-5p expression reduced over time 
during osteogenic differentiation (Figure 2(a)). To 
confirm the relationship between miR-30b-5p and 
osteogenic differentiation, we examined the levels 
of the key osteogenic genes ALP, RUNX2, and 
OCN. As shown in Figure 2(b), RUNX2, ALP, 
and OCN expression levels increased during osteo-
genic differentiation. Pearson’s correlation analysis 
of the relationship between RUNX2, ALP, OCN, 
and miR-30b-5p revealed that miR-30b-5p was 
negatively correlated with RUNX2, ALP, and 
OCN during osteogenic differentiation (Figure 2 
(c)). These findings revealed that miR-30b-5p is 
involved in osteogenic differentiation to a certain 
extent.

After transfecting miR-30b-5p inhibitor to 
hBMSCs, the expression of miR-30b-5p in 
hBMSCs decreased by approximately 70% 
(Figure 2(d)). The viability of hBMSCs, measured 
using the CCK-8 assay, was increased by approxi-
mately 1.5-fold following downregulation of miR- 
30b-5p downregulated (Figure 2(e)). Furthermore, 
examination of RUNX2, ALP, and OCN expres-
sion levels revealed that transfection with miR- 
30b-5p inhibitor increased their expression levels 
by 3.2, 2.6, and approximately 2-fold, respectively 
(Figure 2(f)). Similarly, Western blot analysis 
showed that the expression of RUNX2, ALP, and 
OCN was increased following miR-30b-5p silen-
cing (Figure 2(g)). Finally, mineralized bone 
matrix formation of hBMSCs was studied by ARS 
staining. As shown in Figure 2(h), knockdown of 
miR-30b-5p enhanced the degree of calcium 
nodules. These results revealed that inhibiting 
miR-30b-5p promotes osteogenic differentiation 
of hBMSCs.

BCL6: a target of miR-30b-5p

Based on our previous results, BCL6 was chosen 
for the follow-up studies. RT-qPCR analysis 
revealed that BCL6 mRNA levels increased with 
time during osteogenic differentiation (Figure 3 
(a)). Pearson’s analysis showed that BCL6 
expression was negatively correlated with miR- 
30b-5p and positively correlated with RUNX2, 
ALP, and OCN (Figure 3(b,c)). BCL6 is involved 
in osteogenic differentiation, and the expression 
pattern of BCL6 is contrary to that of miR-30b- 
5p. Next, we constructed BCL6-WT and BCL6- 
MUT. Co-transfection of BCL6-WT and miR- 
30b-5p mimic significantly inhibited luciferase 
activity, whereas co-transfection of BCL6-MUT 
and miR-30b-5p mimic had no effect on lucifer-
ase activity (Figure 3(d)). To determine whether 
BCL6 was downregulated by miR-30b-5p, we 
analyzed the mRNA expression of BCL6. We 
found an increase in BCL6 mRNA level follow-
ing transfection with the miR-30b-5p inhibitor 
and a decrease following si-BCL6 transfection. 
Furthermore, the miR-30b-5p inhibitor reversed 
the negative effect of si-BCL6 on BCL6 expres-
sion (Figure 3(e)). Additionally, Western blot 
analysis of BCL6 protein showed similar results 
to mRNA (Figure 3(f)), suggesting that miR-30b- 
5p negatively regulates BCL6 mRNA expression 
in hBMSCs.

miR-30b-5p negatively regulates BCL6 to inhibit 
osteogenic differentiation

To verify the involvement of BCL6 in miR-30b- 
5p-mediated osteogenic differentiation of 
hBMSCs, we transfected BMSCs with either si- 
BCL6 or miR-30b-5p inhibitor. The CCK-8 assay 
proved that silencing BCL6 reduced the viability 
of hBMSCs by approximately 30%, whereas 
silencing miR-30b-5p partially abrogated the 
inhibitory effect of si-BCL6 on hBMSC viability 
(Figure 4(a)). The expression of OCN, RUNX2, 
and ALP mRNA was decreased by approximately 
70%, 60%, and 40%, respectively, following 
transfection with si-BCL6, whereas the levels 
were reversed by the miR-30b-5p inhibitor 
(Figure 4(b-d)). In addition, BCL6 knockdown 
reduced the protein expression of OCN, RUNX2, 
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Figure 2. miR-30b-5p inhibits osteoblast differentiation. (a) The expression levels of miR-30b-5p were quantified by RT-qPCR on days 
0, 3, 7, and 16 after the osteogenic induction of BMSCs. (b) The expression of RUNX2, ALP, and OCN was measured via RT-qPCR on 
days 0, 3, 7, and 16 after the osteogenic induction of BMSCs. * P < 0.05, ** P < 0.001 vs. 0 days. (c) A correlation between miR-30b- 
5p expression and the expression of RUNX2, ALP, and OCN during the osteogenic induction. (d) The expression of miR-30b-5p in 
BMSCs transfected with the miR-30b-5p inhibitor, as determined by RT-qPCR. (e) Cell viability was measured by CCK-8 assay in the 
miR-30b-5p low-expression BMSCs. (f) In BMSCs with down-regulated miR-30b-5p, the expression levels of RUNX2, ALP, and OCN 
were determined by RT-qPCR. (g) In BMSCs with down-regulated miR-30b-5p, the expression levels of RUNX2, ALP, and OCN were 
determined by Western blot. (h) ARS staining after low expression of miR-30b-5p transfected BMSCs following 16 days of osteogenic 
induction. CON, blank control. NC, negative control. Inhibitor, miR-30b-5p inhibitor. * P < 0.05, ** P < 0.001 vs. CON.
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Figure 3. BCL6 is a target of miR-30b-5p. (a) The expression levels of BCL6 were quantified by RT-qPCR on days 0, 3, 7, and 16 after the 
osteogenic induction of BMSCs. * P < 0.05, ** P < 0.001 vs. 0 days. (b) The correlation between the expression of BCL6 and miR-30b-5p during 
the osteogenic induction. (c) A correlation between BCL6 expression and the expression of RUNX2, ALP, and OCN during the osteogenic 
induction. (d) The luciferase reporter assay was performed to study the relation between miR-30b-5p and BCL6. ** P < 0.001 vs. mimic NC. (e) 
RT-qPCR analyses of BCL6 mRNA expression in BMSCs transfected with miR-30b-5p inhibitor or si-BCL6. (f) BCL6 protein levels were examined 
by Western blotting in the BMSCs transfected with the miR-30b-5p inhibitor or si-BCL6. CON, blank control. NC, negative control. Inhibitor, 
miR-30b-5p inhibitor. si, si-BCL6. ** P < 0.001 vs. CON. ## P < 0.001 vs. si+inhibitor.
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and ALP, which was restored by the miR-30b-5p 
inhibitor (Figure 4(e)). ARS staining showed 
a similar decrease in the amount of calcium 
nodules in hBMSCs following downregulation 
of BCL6, whereas the miR-30b-5p inhibitor 
reversed the si-BCL6-mediated inhibition of cal-
cium nodules (Figure 4(f)).

Discussion

Because of their strong capacity for bone regenera-
tion, BMSCs hold great potential for application in 
bone tissue engineering and regeneration. The 
osteogenic differentiation of BMSCs is mediated 
via a variety of cellular events that are influenced 

Figure 4. MiR-30b-5p negatively regulates BCL6 to inhibit osteogenic differentiation. (a) Cell viability was measured by CCK-8 assay 
in the miR-30b-5p or BCL6 low-expression BMSCs. (b-d) In BMSCs with down-regulated miR-30b-5p or BCL6, the expression levels of 
RUNX2, ALP, and OCN were determined by RT-qPCR. (e) In BMSCs with down-regulated miR-30b-5p or BCL6, the expression levels of 
RUNX2, ALP, and OCN were determined by Western blot. (f) ARS staining after low expression of miR-30b-5p or BCL6 transfected 
BMSCs following 16 days of osteogenic induction. CON, blank control. NC, negative control. Inhibitor, miR-30b-5p inhibitor. si, si- 
BCL6. ** P < 0.001 vs. CON. ## P < 0.001 vs. si+inhibitor.
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by various cellular processes and molecules during 
bone development [27–29]. Therefore, it is crucial 
to identify the key factors that are involved in this 
phenomenon, and to understand the underlying 
mechanism. Previous studies have shown that 
miRNAs target different genes involved in signal-
ing pathways that affect bone regeneration[30].

Various miRNAs are differentially expressed 
during hMSC differentiation[31]. Wu et al.[32] 
found that miR-30b acts on RUNX2 and nega-
tively regulates osteogenic differentiation. Yang 
et al.[33] further revealed an increase in miR- 
30b-5p in exosomes derived from osteoblastic dif-
ferentiated adipose stem cells (ADSCs) by micro-
array analysis and RT-qPCR. In this study, we 
observed a similar phenomenon. First, we ana-
lyzed miR-30b-5p expression in hBMSCs during 
osteogenic differentiation. miR-30b-5p levels 
decreased with time during osteogenic differentia-
tion. Previous studies have shown that osteoblast- 
specific genes RUNX2, ALP, and OCN are impor-
tant markers of osteoblast maturation and differ-
entiation, as well as key genes for osteoblast 
survival [34,35]. We found that miR-30b-5p was 
negatively correlated with the expression of ALP, 
RUNX2, and OCN during osteogenic differentia-
tion. Furthermore, Liu et al.[36] reported that 
estrogen-mediated suppression of miR-30b inhib-
ited its expression and promoted the proliferation 
and osteogenesis of BMSCs. To study the effect of 
miR-30b-5p on hBMSC differentiation, we 
silenced miR-30b-5p in hBMSC, and found that 
miR-30b-5p inhibition enhanced hBMSC prolif-
eration, increased the expression of ALP, 
RUNX2, and OCN, and promoted calcium 
nodules. As in previous studies, miR-30b-5p was 
found to inhibit osteogenic differentiation. 
miRNAs target specific mRNAs by sharing bind-
ing sequences, and thereby influence many cellular 
processes[37]. Previous studies have reported 
mutations in BCL6-related molecules found in 
bone pathology such as finger and clavicular 
deformities[38], and recent studies have shown 
that BCL6 promotes osteoblast differentiation 
[21,22]. Bioinformatics analysis revealed that 
miR-30b-5p and BCL6 contained targeted binding 
sites. Dual-luciferase reporter and RNA pulldown 
assays confirmed that miR-30b-5p targets BCL6. 

In addition, miR-30b-5p inhibitor increased the 
expression level of BCL6. To our knowledge, this 
is the first study to show that BCL6 is the target of 
miR-30b-5p, and promotes the proliferation of 
hBMSCs and osteogenic differentiation.

The miR-30 family members are proved to be 
closely associated with osteogenic differentiation 
[32]. Multiple miRNAs have been shown to co- 
regulate the same target gene[39]. Therefore, the 
focus on one miRNA, miR-30b-5p, in this study 
has its limitations. Therefore, we intend to study 
the co-regulation of BCL6 by the miR-30 family in 
hBMSC osteogenesis in the future. Most preclini-
cal and clinical trials that have used BMSCs in 
treating a variety of diseases, such as osteoarthritis, 
immune disorders, neurodegenerative diseases, 
and sports injuries have shown promising results 
[40]. Thus, it is possible to elucidate the preclinical 
effect of the miR-30b-5p/BCL6 axis on osteoarthri-
tis and osteoporosis. However, BMSCs tend to 
senesce and lose their multi-differentiation poten-
tial over time in culture[41]. Therefore, it is neces-
sary to overcome the limitations of BMSCs and 
identify the function of the miR-30b-5p/BCL6 axis 
in treatment of osteoarthritis, osteoporosis, and 
other diseases in vivo in the future.

In conclusion, miR-30b-5p is downregulated 
during osteogenic differentiation of hBMSCs, and 
is negatively correlated with osteogenic gene 
expression and calcium nodules. The effect of the 
miR-30b-5p/BCL6 axis on osteogenic differentia-
tion of hBMSCs is explored in this study, which 
may provide new evidence for the mechanisms on 
osteogenic differentiation of hBMSCs, thereby 
facilitating the clinical application of hBMSC in 
bone tissue regeneration and repair.
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