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Abstract. – OBJECTIVE: To explore wheth-
er microRNA-579-3P was involved in the devel-
opment of osteoporosis, and to investigate the 
possible molecular mechanisms.

PATIENTS AND METHODS: The messen-
ger RNA (mRNA) expression levels of microR-
NA-579-3P, alkaline phosphatase (ALP), runt-re-
lated transcription factor 2 (RUNX2) and bone 
sialoprotein (BSP) in serum samples of osteopo-
rosis patients and normal controls were detect-
ed by quantitative Real-time polymerase chain 
reaction (qRT-PCR), respectively. Meanwhile, 
the expressions of the above genes during os-
teogenic differentiation of human bone marrow 
mesenchymal stem cells (hMSCs) were exam-
ined as well. To investigate the effect of microR-
NA-579-3P on osteogenesis, microRNA-579-3P 
was overexpressed and knocked down in hM-
SCs. Subsequently, the mRNA and protein ex-
pression levels of osteogenesis-related genes, 
such as ALP, RUNX2 and BSP, were detected by 
qRT-PCR and Western blot, respectively. In ad-
dition, ALP activity and mineralization forming 
ability were evaluated by ALP staining and aliz-
arin red staining. Bioinformatics predicted that 
Sirt1 was the target gene of microRNA-579-3P. 
Subsequent luciferase reporter gene assay was 
performed to verify the binding relationship of 
microRNA-579-3P to Sirt1. Meanwhile, qRT-PCR 
and Western blot were used to detect the chang-
es in the mRNA and protein expression levels of 
Sirt1, respectively. After overexpression of mi-
croRNA-579-3P and Sirt1, qRT-PCR, Western 
blot, ALP staining and alizarin red staining as-
says were performed to detect the osteogenic 
differentiation of hMSCs.

RESULTS: The expression of microRNA-579-3P 
in serum of patients with osteoporosis was sig-
nificantly higher than that of normal controls. 

Meanwhile, the expression of microRNA-579-3P 
decreased gradually during osteogenic differ-
entiation of hMSCs. Overexpression of microR-
NA-579-3P significantly reduced the expres-
sions of osteogenic related genes, including 
ALP, RUNX2 and BSP. Besides, ALP activity and 
mineralized nodule formation ability decreased 
obviously as well. Luciferase reporter gene as-
say showed that microRNA-579-3P could bind to 
Sirt1. After overexpression of microRNA-579-3P, 
the mRNA and protein expression levels of Sirt1 
were significantly reduced, which were reversed 
after silence of microRNA-579-3P. Simultaneous 
overexpression of microRNA-579-3P and Sirt1 
could reverse the inhibition of osteogenic differ-
entiation of hMSCs caused by overexpression of 
microRNA-579-3P alone.

CONCLUSIONS: MicroRNA-579-3P could in-
hibit osteogenic differentiation of hMSCs by 
regulating Sirt1, thereby promoting the develop-
ment of osteoporosis.
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Introduction

Osteoporosis is a systemic disease, in which 
bone mass is low and the microstructure of bone 
tissue is destroyed. This may result in increased 
bone fragility and fracture1. Due to the lack of 
typical symptoms, early stages of osteoporosis 
are often overlooked until the occurrence of brit-
tle fractures of the hip, spine, proximal humer-
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us, pelvis and distal forearm2. Therefore, it is of 
great significance to investigate the development 
of osteoporosis. Boyce et al3 have shown that os-
teoblasts play an important role in bone metab-
olism, which also participate in the process of 
bone resorption and bone remodeling. Therefore, 
osteoblast proliferation and differentiation play 
important roles in the maintenance of normal 
bone structure4. In recent years, Di Bella et al5 
have found that mesenchymal stem cells (MSCs) 
are stromal cells with constant self-renewal and 
multi-directional differentiation potential. Under 
specific induction conditions, MSCs can differen-
tiate into osteoblasts, chondrocytes, fat cells, etc. 
Therefore, this provides a new direction and strat-
egy for the treatment of bone-related diseases in 
cell regeneration medicine. Furthermore, we have 
explored the mechanism of osteoporosis develop-
ment by establishing model of osteogenic differ-
entiation of human bone marrow mesenchymal 
stem cells (hMSCs) in vitro, with far-reaching 
significance. MicroRNAs (miRNAs) are a type of 
single-stranded RNA molecules with about 20-25 
nt in length. They are regulated by base pairing 
with target genes to regulate their expression6. In 
recent years, Zhang et al7 have shown that miR-
NAs promote or inhibit the differentiation of bone 
precursor cells and osteoblasts by regulating key 
transcription factors and osteogenic markers on 
the osteogenic signaling pathway. Fattore et al8 
have confirmed that microRNA-579-3P is asso-
ciated with the healing of melanoma. However, 
few studies have investigated the exact role of 
microRNA-579- 3P in osteoporosis. SIRT1 is a 
deacetylase in mammals, and is widely expressed 
in mature tissues recently becoming a hot spot 
in the medical research9,10. It is known to all that 
SIRT1 is expressed in MSCs. With the passage 
and differentiation of MSCs in vitro, the expres-
sion of SIRT1 decreases and the activity weakens. 
At the same time, the multi-potential differentia-
tion of MSCs decreases as well11. This indicates 
that SIRT1 may have important regulation during 
differentiation of MSCs. Moreover, studies12,13 
have confirmed that SIRT1 plays an important 
role in the differentiation of MSCs into osteo-
blasts, adipocytes, as well as chondrocytes. In 
this work, we identified differentially expressed 
miRNAs by detecting differences in gene expres-
sion in osteoporotic patients and normal controls. 
Our results found microRNA-579-3P was aber-
rantly expressed in osteoporotic patients. Besides, 
bioinformatics predicted that microRNA-579-3P 
could target bind to SIRT1. Using hMSCs as a 

research model, we investigated whether microR-
NA-579- 3P and its regulation on SIRT1 could 
affect osteogenic differentiation of hMSCs. Our 
findings might provide new clues and ideas for the 
research and clinical treatment of osteoporosis.

Patients and Methods

Cell Culture
This study was approved by the Ethics Com-

mittee of The Affiliated Hospital (Traditional 
Chinese Medicine) of Southwest Medical Univer-
sity. Informed consent was obtained from each 
subject before the study. Serum samples of oste-
oporosis patients and normal controls were col-
lected and placed in ethylenediaminetetraacetic 
acid (EDTA) anticoagulation tubes. Bone mar-
row of normal controls was added to 10 mL of 
serum-free low-glucose α-modified Eagle’s me-
dium (α-MEM) medium (HyClone, South Logan, 
UT, USA), followed by centrifugation at 400 g 
for 10 min at room temperature. Next, fat layer 
was aspirated, and cells were re-suspended in 
low-sugar α-MEM medium. An equal volume of 
Fircoll isolate was slowly added along the tube 
wall. After centrifugation for 30 min, the layer of 
mononuclear cells was washed and re-suspend-
ed in low sugar alpha-MEM medium containing 
10% fetal bovine serum (FBS) (Gibco, Rockville, 
MD, USA). Cell density was then adjusted to 2 × 
106 /mL. After that, the cells were inoculated into 
culture flasks, and cultured in a 37°C and 5% CO2 
incubator. After 24 h, fresh culture medium was 
replaced to remove non-adherent cells. The me-
dium was changed every day, and the cells were 
routinely digested and passaged with 0.25% tryp-
sin every 3 to 5 days.

Cell Osteogenic Differentiation Induction
hMSCs in logarithmic growth phase were 

routinely digested and seeded into 24-well cul-
ture plates at a density of 2×104 /well. When the 
cells grew to 80% of confluence, the medium was 
changed to osteogenic induction medium. The 
culture medium was an osteogenic induction cul-
ture containing dexamethasone 10 nM, sodium 
β-glycerophosphate 10 mM, ascorbic acid Vc 0.2 
mM, and 10% FBS in H-DMEM.

Cell Transfection
Logarithmic growth phase hMSCs were first 

seeded into 24-well culture plates (2×104 /well). 
When the cells grew to 80% of confluence, they 
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were transfected with microRNA-579-3P mim-
ics, microRNA-579- 3P inhibitor as well as pcD-
NA-SIRT1 according to the instructions of Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA). 
After 6 hours, the medium was replaced by con-
ventional medium for another 48 hours of culture.

Alkaline Phosphatase (ALP) Staining
Cells were first washed three times with phos-

phate buffered saline (PBS), and then fixed for 30 
s at room temperature. After washing twice with 
PBS, the cells were added with 1.5 mL of ALP 
stain solution (Sigma-Aldrich, St. Louis, MO, 
USA) at room temperature for 15 min in dark. Af-
ter discarding the staining solution, the cells were 
washed 3 times with distilled water, air-dried and 
observed.

ALP Activity Detection
Osteoblast suspension was first inoculated into 

96-well sterile cell culture plates at a density of 
1×105/mL. ALP activity was determined in strict 
accordance with alkaline phosphatase kit.

Alizarin Red Staining
Cells were first washed twice with PBS buf-

fer, and fixed in 95% ethanol for 10 min. After 
washing twice with double distilled water, the 
cells were incubated with 1% alizarin red-Tris-
HCl (pH 8.3) at 37°C for 30 min. After rinsing 
with double distilled water and dried in an oven at 
65°C, photographs were taken under an inverted 
fluorescence microscope. Images were taken at 
200 times.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR) 

Total RNA in serum samples and cells was ex-
tracted using TRIzol Reagent (Invitrogen, Carls-
bad, CA, USA). The concentration and purity of 
RNA were determined by ultraviolet spectro-
photometer. The expression levels of microR-
NA-579-3P, SIRT1, ALP, runt-related transcription 
factor 2 (RUNX2) and bone sialoprotein (BSP) 
were detected using a PCR detection kit. Primer 
sequences used in this study were as follows: mi-
croRNA-579-3p: upstream: 5’-ACACTCCAGCT-
GGGTTCATTTGGTATAAACC-3’, downstream: 
5’-TGGTGTCGTGGAGTCG-3’; U6: upstream 
5’-CGCTTCGGCAGCACATATACTAAAATTG-
GAAC-3’, downstream 5’-GCTTCACGAATTTG-
CGTGTCATCCTTGC-3’. SIRT1: upstream 
5’-CAT AGA CAC GCT GGA ACA GG-3’; down-
stream 5’-TTGAGGGAAGACCCAATAACA-3’; 

ALP: upstream: 5’-AACATCAGGGACATTGAC-
GTG-3’, downstream: 5’-GTATCTCGGTTT-
GAAGCTCT-3’; RUNX2: Upstream: 5’-GGAG-
CGGACGAGGCAAGAGT-3’, downstream 
5’-AGGAATGCGCCCTAAATCAC-3’; BSP, up-
stream: 5’-’GCGTGCTTCTTAGACGGACTG-3’; 
Downstream: 5’-CGTCAGAGGGCTGG-
GATG-3’; GAPDH Upstream: 5’-TTCTTTTGC-
GTCGCCAGCCGA-3’; Downstream: 5’-GTCAC-
CACCCGCCCAATACGA-3’.

Western Blot
Total proteins in cells were first extracted. The 

concentration of extracted protein was deter-
mined by the bicinchoninic acid (BCA) method 
(Pierce, Rockford, IL, USA). 50 μg of total pro-
tein was electrophoresed by 8% sodium dodecyl 
sulfate polyacrylamide gel (SDS-PAGE) and 
transferred onto membranes. After blocking with 
5% skim milk for 1 h, the membranes were incu-
bated with primary antibodies of GAPDH (Ab-
cam, Cambridge, MA, USA) or RUNX2 (Abcam, 
Cambridge, MA, USA) diluted 1:1000 for 12 h in 
a 4°C shaker. After washing with Tris-buffered 
saline and Tween 20 (TBST) for 3 times (10 min / 
time), the membranes were incubated with horse-
radish peroxidase (HRP)-labeled goat anti-rabbit 
or anti-mouse IgG secondary antibody. Finally, 
immune-reactive bands were detected using hy-
persensitive enhanced chemiluminescence (ECL) 
reagent (Thermo Fisher Scientific, Waltham, MA, 
USA).

Luciferase Reporter Gene Assay
The miRNA precursor sequence and the 3’-un-

translated region (3’-UTR) of SIRT1 gene were 
cloned into pSUPER vector and psi-CHECK 2 
vector by PCR. Cloned results were confirmed by 
sequencing. Subsequently, two plasmids (0.5 μg 
3’-UTR and l μg miRNA per well) were co-trans-
fected into HEK 293 cells. Finally, luciferase ac-
tivity was performed 32 h later.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 statistical software (IBM, Armonk, 
NY, USA) was used for all statistical analysis. 
The results were expressed as mean ± standard 
deviation (x̅±s). t-test was used to compare the 
differences between two groups. One-way analy-
sis of variance was used to compare the differenc-
es among different groups, followed by Post-Hoc 
Test LSD (Least Significant Difference). p<0.05 
was considered statistically significant.
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Results

Expression of microRNA-579-3P in Serum 
of Osteoporosis Patients and Osteogenic 
Differentiation of hMSCs

To preliminarily determine whether there 
was a close relationship between microR-
NA-579-3P and osteoporosis, we first extract-
ed total RNA from serum of osteoporosis and 
normal controls. Next, microRNA-579-3P ex-
pression was detected by qRT-PCR. Results 
showed that microRNA-579-3P expression in 
serum of osteoporosis patients was significant-
ly higher than that of normal controls (Figure 
1A). The expression of microRNA-579-3P de-
creased gradually after induction of osteogenic 

differentiation of hMSCs for 1 d, 3 d, 7 d, and 
10 d (Figure 1B). Meanwhile, the expressions 
of osteogenesis-related genes, including ALP, 
RUNX2 and BSP, gradually increased after 
osteogenic differentiation of hMSCs for 1 d, 3 
d, 7 d and 10 d (Figure 1C). The above results 
indicated that microRNA-579-3P might be as-
sociated with osteoporosis.

High Expression of microRNA-579- 3P 
Inhibited Osteogenic Differentiation 
of hMSCs

To further verify the relationship between mi-
croRNA-579-3P and osteogenic differentiation of 
hMSCs, we overexpressed microRNA-579-3P in 
cells. QRT-PCR and Western blot found that the 

Figure 1. Expression of miR-579-3P in the serum of 
osteoporosis patients and osteogenic differentiation 
of hMSCs. A, QRT-PCR showed that miR-579-3P ex-
pression in the serum of patients with osteoporosis was 
significantly higher than that of normal controls. B, 
QRT-PCR indicated that, during the osteogenic differ-
entiation of hMSCs, with the increase of induction days, 
miR-579-3P expression gradually decreased. C, QRT-
PCR demonstrated that the expressions of osteogenic 
related genes of ALP, RUNX2 and BSP in the process 
of osteogenic differentiation of hMSCs, increased grad-
ually with the increase of induction days.
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mRNA and protein expression levels of osteogen-
ic-related genes, such as ALP, RUNX2 and BSP, 
decreased significantly. However, knocking down 
microRNA-579-3P could markedly elevate the 
expressions of the above genes (Figure 2A, 2B). 
Meanwhile, overexpression of microRNA-579-3P 
significantly decreased ALP activity, which 
was upregulated after knockdown of microR-
NA-579-3P (Figure 2C). After overexpression of 
microRNA-579-3P, ALP staining showed signifi-
cant decrease in ALP content. Meanwhile, aliza-
rin red staining detected a significant decrease in 
mineralized nodule formation. On the other hand, 
knocking down of microRNA-579-3P could re-
markably reverse these phenotypes (Figure 2D). 
These results indicated that high expression of 
could inhibit osteogenic differentiation of hMSCs, 
while microRNA-579-3P low expression could 
promote osteogenic differentiation. Our findings 
suggested that microRNA-579-3P had a regulatory 
effect on the development of osteoporosis.

MicroRNA-579-3P Targeted Binding to Sirt1
Bioinformatics predicted that microR-

NA-579-3P had a binding site with Sirt1 (Figure 
3A). Luciferase reporter gene assay showed that 
overexpression of microRNA-579-3P significant-
ly quenched wild-type Sirt1 fluorescence (Figure 
3B), indicating that microRNA-579-3P could bind 
to Sirt1 in a targeted manner. To verify wheth-
er there was a regulatory relationship between 
microRNA-579-3P and Sirt1, we overexpressed 
microRNA-579-3P in vitro. Next, we detected the 
mRNA and protein expression levels of Sirt1 by 
qRT-PCR and Western blot. The results indicated 
that the expressions of Sirt1 were significantly re-
duced. After knocking down microRNA-579-3P, 
opposite results were observed (Figure 3C,D). 
These results indicated that microRNA-579-3P 
had the ability to target bind to Sirt1 and regulate 
its expression.

MicroRNA-579-3P Regulated Osteogenic 
Differentiation of hMSCs via Sirt1

To further verify the regulatory relationship 
between microRNA-579-3P and Sirt1 during os-
teogenic differentiation of hMSCs, we divided 
the cells into three groups, including: control 
group, microRNA-579-3P overexpression group, 
and microRNA-579-3P + Sirt1 overexpression 
group. The results showed that overexpression 
of Sirt1 significantly reversed the decrease in 
the mRNA expression levels of ALP, RUNX2 
and BSP caused by microRNA-579-3P overex-

pression (Figure 4A, B). Besides, decreased ALP 
content and decreased mineralization forming 
ability were observed after Sirt1 overexpression 
(Figure 4C). These results suggested that microR-
NA-579-3P could inhibit osteogenic differentia-
tion of hMSCs via Sirt1.

Discussion

Osteoporosis is a severe bone metabolic dis-
ease with high risk and incidence. It seriously 
threatens the health of patients in middle-aged 
and elderly people, especially in menopausal 
women14. With the aging of the population, os-
teoporosis has become a worldwide concern, 
resulting in an average of 8.9 million fractures 
per year15. Meanwhile, it may place a heavy 
burden on the medical system. Osteoblasts can 
synthesize and secrete bone matrix, as well 
as promote mineralization of bone matrix. 
They are a kind of cells that play an import-
ant role in bone formation16. MSC is the most 
important source of osteoblasts. With the in-
crease of age, the number of MSCs gradual-
ly reduces, which is accompanied by cell ag-
ing. This may eventually result in decreased 
sources of osteoblasts, decrease activity and 
affect the normal balance of bone metabolism. 
Furthermore, it may cause a variety of bone 
diseases17 such as osteoporosis, rheumatoid 
arthritis, etc. Therefore, how to promote the 
directional induction of MSCs into osteoblasts 
is a key issue in bone tissue engineering. MiR-
NAs are a class of non-coding small RNAs 
discovered in recent years. They can degrade 
mRNA of target genes and play vital roles in 
post-transcriptional regulation. Previously Li 
et al18 have shown that miRNAs are important 
supplements to traditional regulatory mecha-
nisms, which also have one-to-many and ma-
ny-to-one characteristics. Dicer is an enzyme 
necessary for the maturation of miRNAs. The 
lack of Dicer will result in the formation of 
defects in all miRNAs. In vivo studies have 
found that conditional knockout of Dicer in 
bone precursor cells leads to death in mice 
after birth. Meanwhile, gene-deficient mice 
have significant skeletal malformations and 
bone and cartilage formation disorders. Condi-
tional knockout of Dicer in osteoblasts results 
in delayed bone formation after birth, while 
bone remodeling is accelerated 4-8 months af-
ter birth19,20. With the deepening of research 
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on miRNAs, their roles in the differentiation 
of stem cells into osteoblasts have also been 
carried out21. For example, overexpression of 
miR-346 promotes the differentiation of hM-
SCs into osteoblasts22. In this study, we found 
that microRNA-579-3P had a significant in-

hibitory effect on osteogenic differentiation 
of hMSCs. SIRT1 is an important regulator of 
Wnt signaling pathway, which promotes the 
expression of downstream differentiation-re-
lated factors by de-acetylating β-catenin23. It 
has been reported that SIRT1 regulates osteo-

Figure 2. High expression of miR-579-3P inhibited osteogenic differentiation of hMSCs. A, After overexpression of miR-
579-3P in hMSCs cells, the expression levels of ALP, RUNX2 and BSP decreased significantly, and the expressions of the 
above genes increased obviously after knockdown of miR-579-3P. B, After overexpression of miR-579-3P in hMSCs cells, the 
protein level of RUNX2 decreased significantly, while the expression of RUNX2 increased significantly after knockdown of 
miR-579-3P. C, After overexpression of miR-579-3P in hMSCs cells, ALP activity assay kit detected a significant decrease 
in ALP activity. D, After overexpression of miR-579-3P in hMSCs cells, ALP staining showed a significant decrease in ALP 
content. Meanwhile, alizarin red staining detected a significant decrease in mineralized nodule formation. After knocking 
down miR-579-3P, the staining results were reversed.
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genesis and adipogenic transcription factors. 
In vitro cultured MSCs, via stimulating SIRT1, 
can alter its lineage, up-regulate osteogenic 
differentiation and myogenic differentiation, 
as well as down-regulate adipogenic differ-
entiation24,25. The involvement of miRNAs in 
the regulation of osteogenic differentiation is 
a complex process, in which multiple factors 
and multiple signaling pathways are co-reg-
ulated including BMP pathway26 and classi-
cal Wnt pathway27. Lv et al28 have found that 

miR133 inhibits MSCs differentiation into 
osteoblasts by inhibiting Runx2, which is a 
key transcription factor in osteogenic differ-
entiation. In the present study, we found that 
microRNA-579-3P could bind to SIRT1 and 
regulate its expression. Overexpression of mi-
croRNA-579-3P significantly inhibited osteo-
genic differentiation of hMSCs, whereas over-
expression of SIRT1 reversed the inhibitory 
outcomes. This suggested that the regulation 
of microRNA-579-3P on osteogenic differenti-

Figure 3. MiR-579-3P could target bind to Sirt1. A, Binding site of miR-579-3P to Sirt1. B, Luciferase reporter gene as-
say showed that overexpression of miR-579-3P significantly quenched wild-type Sirt1 fluorescence. C, QRT-PCR detection 
showed that after overexpression of miR-579-3P, the mRNA expression level of Sirt1 significantly decreased. After knocking 
down miR-579-3P, the expression level of Sirt1 mRNA significantly increased. D, Western blot indicated that after overexpres-
sion of miR-579-3P, the protein expression level of Sirt1 significantly decreased. After knocking down miR-579-3P, the protein 
expression level of SIRT1 significantly increased.
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ation of hMSCs was dependent on SIRT1. Our 
study first explored the relationship between 
microRNA-579-3P and osteoporosis. In addi-
tion, our findings might provide new ideas and 
directions for the diagnosis and treatment of 
clinical osteoporosis.

Conclusions

We demonstrated that microRNA-579-3P is high-
ly expressed in the serum of patients with osteopo-
rosis. Meanwhile, it can target bind to SIRT1, there-
by inhibiting osteogenic differentiation of hMSCs 
and promoting the development of osteoporosis.
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