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Abstract
Background: The imbalance of proliferation and apoptosis plays an important role in the pathogenesis of
osteoporosis. MicroRNAs play an important role in the apoptosis of osteoblasts cells. However, the role
and potential mechanism of miR-545-3p in regulating osteoblast apoptosis remain unclear. The purpose
of this study was to investigate the effect of miR-545-3p on osteoblast cells apoptosis and explore the
mechanism of osteoporosis.

Methods: Osteogenic medium was used to induce the differentiation of osteoblasts MC3T3-E1 to
construct the osteoporosis model, and the expression of ALP, Runx2, OCN were detected by western blot;
miR-545-3p mRNA was detected by RT-PCR. Transfected with miR-545-3p mimics into MC3T3-E1, then
�ow cytometry was used to detected the changes of apoptosis status. The expression of apoptosis
related proteins Bcl-2 and Bax were detected by western blot. Bioinformatics was used to analyze the
binding protein of miR-545-3p, and luciferase reporter gene experiment was used to verify whether miR-
545-3p directly targets SIRT6; RT-qPCR and western blot were used to detect the expression level of SIRT6
after transfection of miR-545-3p mimics or miR-545-3p inhibitor. After co-transfection of miR-545-3p
mimics and pcDNA3.1-SIRT6, the apoptosis status of osteoblasts was analyzed by �ow cytometry, and
the expression of apoptosis related proteins Bcl-2 and Bax were detected by western blot.

Results: The expression of miR-545-3p in patients with osteoporosis was signi�cantly higher than that of
normal in GEO database (P<0.05). After osteoblasts were cultured in osteogenic medium, the expression
of ALP, Runx2 and OCN was increased, and the expression of miR-545-3p was decreased. Flow cytometry
analysis showed that overexpression of miR-545-3p promoted the apoptosis of osteoblasts. Western blot
results showed that overexpression of miR-545-3p promoted the expression of Bax and decreased the
expression of Bcl-2. Bioinformatics analysis showed that miR-545-3p could target SIRT6. The results of
real-time PCR and western blot showed that SIRT6 expression was signi�cantly inhibited by miR-545-3p
mimics (P<0.05). Luciferase reporter gene assay showed that miR-545-3p signi�cantly inhibited
luciferase activity of wild-type SIRT6-3'UTR plasmid transfected cells (P<0.05), but had no effect on
luciferase activity of mutant SIRT6-3'UTR plasmid transfected cells (P<0.05). However, co-transfection of
miR-545-3p mimics and pcDNA3.1-SIRT6 could reduce the apoptosis, and western blot results showed
that co-transfection promoted the expression of Bcl-2 and decreased the expression of Bax.

Conclusions: miR-545-3p can promote the apoptosis of osteoblasts by inhibiting the expression of SIRT6,
which provides a certain idea for the treatment of osteoporosis.

Introduction
Osteoporosis is a kind of bone degenerative disease characterized by the destruction of the body bone
unit structure and accelerated bone loss, which seriously affects people’s quality of life and even
endangers their lives [1]. It is predicted that by 2050, the number of osteoporotic fracture patients in China
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will reach to 5.99 million [2]. Bone fragility and fracture susceptibility in patients with osteoporosis are
associated with mortality and poor quality of life [3].

Although various drugs have been developed to inhibit bone resorption and increase bone formation, their
side effects limit their long-term use [4]. The cost of treatment of senile osteoporotic fracture will become
a heavy burden of social medical treatment, and the prevention and treatment of senile osteoporosis has
important medical and economic signi�cance. Therefore, it is necessary to further study the role of
molecular and cellular factors.

According to the characteristics of bone metabolism in senile osteoporosis, it is important to improve the
differentiation and activity of osteoblasts to enhance the synthesis of bone matrix [5]. In recent years,
miRNAs have been reported as a key posttranscriptional regulator involved in osteoblast induced bone
formation and osteoclast mediated bone remodeling [6]. They regulate the expression of multiple genes
involved in many biological processes, such as osteoblast cell growth, differentiation, apoptosis and
tumorigenesis by binding speci�cally to the 3’ untranslated region of target mRNAs [7]. And reported
shows that functional characterization of genetic factors involved in the pathogenesis of osteoporosis
may provide new ideas for the development of targeted therapy [8]. The increased miR-194-5p in the
mesenchymal stem cells (MSCs) of ovariectomized (OVX) mice signi�cantly suppressed bone formation
by target Wnt family member 5a (Wnt5a) [9]. Mir300 negatively regulates the differentiation of
osteoblasts by targeting the crosstalk between Smad3, β-Catenin and Runx2 [10]. Similarly, Li et al.
indicated that miR-545-3p downregulated in osteogenesis and played an inhibitory role in osteogenic
differentiation [11].

Above all, osteoblasts apoptosis inhibited the process of differentiation, which revealing its great ability
as a therapeutic target for bone related diseases. However, there are few reports on the mechanism of
miR-545-3p regulating osteoblast apoptosis. In this study, we aim to establish the osteogenic
differentiation model of osteoblast MC3T3-E1 cells in vitro and to explore the exact role of miR-545-3p on
apoptosis in the process of osteogenesis.

Methods
Chemicals and materials

MC3T3-E1 obtained from Chinese Academy of Sciences (Shanghai, China). The miR-545-3p mimics and
miR-545-3p inhibitor were purchased from Genepharma (Shanghai, China), pcDNA3.1-SIRT6 was
constructed by Genepharma (Shanghai, China), Lipofectamine 3000 transfection reagent was obtained
from Genepharma (Shanghai, China). Apoptosis assay kit was obtained from Thermo Fisher (Shanghai,
China). Alkaline phosphatase (ALP), Run family transcription factor 2 (Runx2) and osteocalcin (OCN), β-
actin and SIRT6 antibodies were purchased from Abcam (Cambridge, UK).

GEO analysis and R-based open-source software
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We obtained clinical data from GSE103473 with 192 miRNAs in 12 mutation-positive (median age 39
years, range 11-76 years) and 12 mutation-negative (35 years, range 9-59 years) of osteoporosis patient
or normal. Gene differential expression was performed by the limma package which is a core component
of Bioconductor, an R-based open-source software. ‘ggplot2’ package was used to achieve the
visualization of above analysis.

Cell culture

MC3T3-E1 cultured with growth medium (GM) prepared by modi�ed Eagle medium (MEM) (Gibco®

Invitrogen, Grand Island, NY), 10% fetal bovine serum (FBS) (Hyclone; USA) and 1% Penicillin‐
Streptomycin Solution (Gibco) (ratio 9:1:1). The growth medium was cultured in incubator with constant
temperature of 37℃ and 5% CO2 saturation humidity. The medium was changed every 2 or 3 days.

Osteogenic induction

In order to induce osteoblasts, 10 mmol/L sodium β-glycerophosphate, 50 mg/ L vitamin C and 10
nmol/L dexamethasone were mixed as osteogenic medium (OM) and added into the culture medium for
osteogenic differentiation.

Cell transfection

The miR-545-3p mimics and miR-545-3p inhibitor were purchased from Genepharma (Shanghai, China).
pcDNA3.1-SIRT6 was constructed by Genepharma (Shanghai, China), pcDNA3.1 blank vector was used
as negative control (NC). MC3T3-E1 were seeded in 6-well plates at the rate of 5 × 105/well. When the
cells reached 70% fusion, the cells were transfected by Lipofectamine 3000 (Invitrogen company, USA)
with miR-545-3p mimics or miR-545-3p inhibitor or the corresponding negative control (transfected with
empty plasmid). The culture medium was changed after 6 hours, and the cells were harvested for real-
time qPCR detection after 48 hours, and western blotting was used after 72 hours.

Quantitative real-time PCR

All of miRNA expression was detected by qRT-PCR analysis. Trizol reagent (Invitrogen, USA) was used to
lyse cells for the extraction of total RNA. 2 µg total RNA was performed by MicroRNA kit (Invitrogen,
Shanghai) for reversing transcribed. 20 µl �nal reaction mixture was used for PCR ampli�cations by
using the SYBR Green PCR Master mix (Thermo Fisher, Shanghai). The expression of results was
standardized by β-actin. Factors of expression level of RNA was calculated by the 2−ΔΔCt value. Primer
sequence are follows:

miR-545-3p: forward 5’- TGCGCTCAGCAAACATTTATTG-3’,

reverse 5’- CCAGTGCAGGGTCCGAGGTATT-3’;

β-actin: forward 5’-AGCGAGCATCCCCCAAAGTT-3’,
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reverse 5’-GGGCACGAAGGCTCATCATT-3’

Apoptosis assay

Performing 48 hours transfection, the cells were obtained, and then, these cells were washed for three
times by PBS. Then, 100 μL buffer was used to suspend cells, and 5 μL 1X Annexin‐V‐FITC and 5 μL 1X PI
were added in the suspension about 15 min and keep darkness. And then �ow cytometer was performed
to evaluate the cell apoptosis of each group and the assays was performed for more than three times.

Western blot assay

The cells were prepared by RIPA (Beytime, Shanghai) after collected at 4°C for 2 hours. 10% SDS‐PAGE
gels were used for protein extracts and then proteins were moved onto PVDF membrane (Thermo Fisher,
Beijing). And then blocking in 5% BSA for 2 hours at 37°C, all the membranes were incubated with the
ALP, Runx2, OCN, SIRT6 (1:1000, Abcam) or β-actin (1:1000, Abcam) primary antibodies overnight at 4℃.
Then after the primary antibody incubation, it next incubates with horseradish peroxidase (HRP). The grey
value of these proteins was measured by using Image J Software.

Luciferase reporter assay.

The 3′UTR speci�c targeting site of SIRT6 for miR-545-3p and by polymerase chain reaction (PCR), we
ampli�ed mutant sequences of a speci�c site and then the sequences were inserted into the pre-miR‐RB‐
REPORT (Thermo Fisher, Beijing). After 24h transfection, we used the Luciferase assay system (Thermo
Fisher Scienti�c, Beijing) performing the assay and these results with the Renilla luciferase were
normalized.

Statistically analysis

All data analyzed by using the SPSS 22.0 (SPSS, Chicago, IL), and are presented as the mean ± standard
deviation (SD). *P<0.05 considered statistical signi�cance.

Results
Comparative analysis of differences of GEO database

To analyze the differentially expressed miRNAs in patients with osteoporosis, we performed a
bioinformatics analysis of osteoporosis patient and normal in the GSE103473 data sets. The results were
evaluated using Differential expression analysis, Among the differentially expressed miRNAs in
GSE103473, 100 were upregulated and 87 were downregulated in osteoporosis patient compared with
normal. Among them, 10 genes were signi�cantly increased (Fig. 1A). The expression of miR-545-3p was
signi�cantly different between osteoporosis patients and normal controls (Fig. 1B) 

Expression level of miR-545-3p in MC3T3-E1 cells by osteogenic induction
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In order to con�rm the expression of miR-545-3p in the process of osteogenic differentiation, we used
osteogenic medium (OM) to detect the osteogenic differentiation marker proteins alkaline phosphatase
(ALP), Run family transcription factor 2 (Runx2) and osteocalcin (OCN) levels (Fig.1A). And it was found
that the expression of miR-545-3p decreased with the increase of ALP, Runx2 and OCN expression in OM
group (Fig.1B).

Upregulation of miR-545-3p inducing osteoblast cell apoptosis

To explore the role of miR-545-3p in osteoblasts, we transfected miR-545-3p mimics or miR-545-3p
inhibitor into osteoblasts to up-regulate or down-regulate the expression of miR-545-3p. RT-qPCR was
used to detected the transfection e�ciency, the result shows the expression of miR-545-3p in control
group and overexpressed group was 1:19.37 (Fig. 2A), and the expression of control group and miR-545-
3p inhibitor group was 1:0.26 (Fig. 2B). Next, we detected the expression of osteoblast differentiation
markers after transfected miR-545-3p mimics or miR-545-3p inhibitor. After transfection of miR-545-3p
mimics, the expression of ALP, Runx2 and OCN decreased signi�cantly, while the expression of ALP,
Runx2 and OCN increased after transfection with miR-545-3p inhibitor, which indicated that miR-545-3p
had a certain inhibitory effect on osteoblast differentiation (Fig. 2C). We know that apoptosis is one of
the important markers to prevent the differentiation of osteoblasts. Therefore, we examined the effect of
miR-545-3p on osteoblast apoptosis. Apoptosis was detected by �ow cytometry. The results showed that
the apoptotic index of normal osteoblasts was (2.35±1.52%), while miR-545-3p inhibitor group was
(0.75±1.26%), miR-545-3p mimics group was (12.64+1.33%), which indicated that overexpression of miR-
545-3p could promote the apoptosis of osteoblasts (Fig. 2D). To further con�rm this result, we then
detected two groups of apoptosis related proteins Bcl-2 and Bax by western blot. The results show that
the trend is consistent with the �ow cytometry results (Fig. 2E). 

Upregulation of miR-545-3p limit SIRT6 expression

In order to explore how miR-545-3p regulates osteoblast apoptosis, we used bioinformatics database and
found that miR-545-3p has multiple binding sites with SIRT6 (Fig. 3A). To further verify the regulation of
miR-545-3p on SIRT6 expression, we detected SIRT6 expression after overexpression or knockdown of
miR-545-3p. The results showed that SIRT6 mRNA expression was decreased or increased by
overexpression or knockdown compared with control group (Fig. 3B). Then, Western blot was used to
detect the expression of SIRT6 protein after overexpression of miR-545-3p, and the results were
consistent (Fig. 3C). After that, luciferase reporter gene experiment was used to verify whether miR-545-3p
directly targets SIRT6. The results showed that miR-545-3p signi�cantly inhibited the luciferase activity of
wild-type SIRT6-3'UTR plasmid transfected cells (P<0.05), but had no effect on the luciferase activity of
mutant SIRT6-3'UTR plasmid transfected cells (P<0.05). Therefore, SIRT6 signi�cantly inhibited the
luciferase activity of wild-type SIRT6-3'UTR plasmid transfected cells, but had no effect on the luciferase
activity of mutant SIRT6-3'UTR plasmid transfected cells (Fig. 3D). Therefore, combined with informatics
and experimental science, we speculate that SIRT6 is a direct target of miR-545-3p. 

MiR-545-3p regulates osteoblast apoptosis by targeting SIRT6
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To further explore whether miR-545-3p regulates osteoblast apoptosis by inhibiting SIRT6. We used
osteoblast cells to transfected miR-545-3p mimics and miR-545-3p mimics+pcDNA3.1-SIRT6 respectively.
RT-qPCR was used to detected the transfection e�ciency, the result shows the expression of pcDNA3.1
and pcDNA3.1-SIRT6 was 1:6.14 (Fig. 4A). And western blot used to detect the expression of SIRT6 (Fig.
4B). Then, we measured the apoptosis index by �ow cytometry, the results showed that the apoptotic
index of normal osteoblasts was (2.13±1.18%), while miR-545-3p mimics group was (7.16±1.34%), miR-
545-3p mimics+pcDNA3.1-SIRT6 group was (2.66+1.57%), which indicated that SIRT6 overexpression
could reduce the apoptosis induced by miR-545-3p (Fig. 4C). To further con�rm this result, we detected
the expression of Bcl-2 and Bax by Western blot, which was consistent with the results of �ow cytometry
(Fig. 4D).

Discussion
In this study, we �rst revealed that miR-545-3p regulates osteoblast apoptosis by regulating silent mating
type information regulation 2 homolog 6 (SIRT6). Sirtuins family play an important role in the process of
osteoblasts differentiation. Such as peroxisome proliferator-activated receptor (PPAR) γ promotes
osteogenic differentiation in a SIRT1-dependent manner [12]. SIRT6 is a member of Sirtuins family in
mammalian, which located in the nucleus and play an important role in many aspects of cell activity
such as transcriptional silencing, apoptosis regulation, fat mobilization and life span regulation [13].

SIRT6 regulated osteoclast mainly through osteoblast paracrine manner and its inhibition may enhances
osteoclast activation regulated by the hyperactive NF-κB signaling [14]. And the loss of SIRT6 in
osteoblasts activates osteoclasts, which leads to osteopenia [15].

Zhao et al. reported that miR-128 inhibits osteoblast differentiation in osteoporosis by down regulating
SIRT6 expression, thus accelerating the development of osteoporosis [16]. Osteogenic differentiation of
rat bone mesenchymal stem cells (BMSCs) can be interfered by miR-186 target SIRT6. Toshifumi et al.
indicated that SIRT6 interacts with Runx2 and osterix (Osx), which are the two key transcriptional
regulators of osteoblastogenesis, and SIRT6 de�ciency leads to hyperacetylation of dickkopf-related
protein 1 (DKK1) promoter H3K9, which is a powerful negative regulator of osteoblast formation [17]. The
apoptosis of osteoblasts induced by hypoxia is dependent on glycolytic activity. And SIRT6 is a negative
regulator of in�ammation can reduce periapical lesions by inhibiting glycolysis and apoptosis of
osteoblasts [18]. Similarly, SIRT6 has a therapeutic effect on periapical lesions through suppression of
chemokine (C-C motif) ligand 2 (CCL2) synthesis [19]. However, Xiao et al. indicated that SIRT6 have an
inhibitory effect on osteogenic differentiation of BMSCs [20]. In our study, we found overexpression of
SIRT6 attenuates the inhibitory effect of miR-545-3p on osteoblasts. This suggests that more
comprehensive and in-depth studies are needed.

Our study established a new mechanism of osteoblast differentiation in miR-545-3p. Circulating miR-545-
3p inhibits the expression of SIRT6, thus promoting osteoblast apoptosis and inducing osteoporosis.
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Therefore, the therapeutic intervention targeting miR-545-3p has a great prospect in the treatment of
osteoporosis.

Abbreviations
MSCs
Mesenchymal stem cells; Wnt5a:Wnt family member 5a; GM:Growth medium; OM:Osteogenic medium;
ALP:Alkaline phosphatase; Runx2:Run family transcription factor 2; OCN:osteocalcin; SIRT6:Silent mating
type information regulation 2 homolog 6.
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Figure 1

a Differential expression analysis of GSE103473 data sets. b The expression of miR-545-3p was
signi�cantly different between osteoporosis patients and normal controls.
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Figure 2

a The expression level of proteins ALP, Runx2 and OCN under osteogenic medium (OM) culture or growth
medium (GM). b The expression level of miR-545-3p mRNA under osteogenic medium (OM) culture or
growth medium (GM).
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Figure 3

a The expression level of miR-545-3p mRNA under transfected miR-545-3p mimics. b The expression level
of miR-545-3p mRNA under transfected miR-545-3p inhibitor. c The expression level of proteins ALP,
Runx2 and OCN under transfected miR-545-3p mimics or miR-545-3p inhibitor. d The apoptotic index of
osteoblasts under transfected miR-545-3p mimics or miR-545-3p inhibitor. e The expression level of
proteins Bcl-2 and Bax under transfected miR-545-3p mimics or miR-545-3p inhibitor.
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Figure 4

a Target gene prediction of miR-545-3p by Targetscan. b The expression level of SIRT6 mRNA under
transfected miR-545-3p inhibitor. c The expression level of SIRT6 mRNA under transfected miR-545-3p
mimics. d The expression level of protein SIRT6 under transfected miR-545-3p mimics or miR-545-3p
inhibitor. e Detection of SIRT1 binding to miR-545-3p by luciferase reporter gene assay.
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Figure 5

a The expression level of SIRT6 mRNA under transfected pcDNA3.1-SIRT6. b The expression level of
protein SIRT6 under transfected pcDNA3.1-SIRT6. c The apoptotic index of osteoblasts under transfected
miR-545-3p mimics or miR-545-3p mimics+pcDNA3.1-SIRT6. d The expression level of proteins Bcl-2 and
Bax under transfected miR-545-3p mimics or miR-545-3p mimics+pcDNA3.1-SIRT6.


