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Abstract. – OBJECTIVE: To explore the effect 
of miR-30a-3p on osteoporosis in rats after ova-
riectomy.  

MATERIALS AND METHODS: The ovariecto-
mized (OVX) rat model was established to mimic 
postmenopausal osteoporosis. The primary bone 
marrow mesenchymal stem cells (BMMSCs) iso-
lated from female rats were transfected with mimic 
or inhibitor. Real Time Reverse Transcription-Poly-
merase Chain Reaction (RT-PCR) and Western 
blotting were used to examine the expressions 
of miR-30a-3p and osteoporosis-related proteins. 
The bone mineral density (BMD) was detected 
via micro-Computed Tomography (CT) and the 
bone histomorphometry was performed. Lucifer-
ase assay was also performed to confirm whether 
SFRP1 is a target of miR-30a-3p. 

RESULTS: According to micro CT, BMD sig-
nificantly declined in OVX group. MiR-30a-3p and 
SFRP1 were negatively correlated after ovariec-
tomy. SFRP1 was acknowledged as a target of 
miR-30a-3p. Besides, the miR-30a-3p inhibitor 
promoted osteogenic differentiation in vitro and 
bone formation in vivo.

CONCLUSIONS: MiR-30a-3p inhibitor promotes 
bone formation through decreasing SFRP1 ex-
pression and miR-30a-3p may be a potential novel 
molecular target in the treatment of osteoporosis.
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Introduction

Osteoporosis (OP) refers to the disease in which 
the decline in whole bone mass and bone density, 
and the degeneration of bone tissue microstructure 
lead to decreased bone strength and increased bone 
fragility, accompanied by pathological fractures1-6. 
The pathogenesis of OP is very complex and has not 
been fully clarified and it involves various factors 
such as bone remodeling disorder, inhibitory im-

mune dysfunction, inhibition on bone differentia-
tion, vitamin D deficiency, and hormonal regulation. 
Current studies7-9 have demonstrated that during the 
physiological process of bone remodeling, the bal-
ance between bone resorption and bone formation is 
maintained by osteoblasts and osteoclasts. The os-
teoblasts move to the resorption site and secrete the 
bone matrix, mineralizing and forming new bones; 
osteoclasts can absorb and degrade bone matrix at 
multiple sites, while the osteoblasts differentiate into 
new bone tissues at the resorption site. The OP oc-
curs due to the bone imbalance with bone resorption 
greater than bone formation; however, the specific 
molecular signal transduction pathway, the genes 
involved, the regulatory way and other biological 
mechanisms during bone formation and bone re-
sorption have no definite answer yet. 

In 1993, Lee et al10 found the first small non-cod-
ing RNA-lin-4 with 22 nucleotides in Caenorhab-
ditis elegans using genetic analysis, whose micro 
ribonucleic acid (miRNA or miR) has been studied. 
However, the diversity and universality of RNA-
lin-4 are not revealed until 200311. Some studies12-14 
have demonstrated that miR plays an important 
role in the occurrence, development, and chang-
es of OP, and participates in regulating the cells, 
cytokines, and signaling pathways related to the 
occurrence of OP. With the continuous deepening 
of investigation, the research on the miR-regulated 
bone metabolism has gradually developed from the 
quantitative surface changes to the mechanism of 
action. Moreover, miR is closely associated with a 
variety of signaling pathways in OP, which has be-
come the potential detection marker and therapeu-
tic target. MiR-30a-3p is significantly increased in 
the blood of OP patients, but whether it is involved 
in postmenopausal osteoporosis (OPM) remains 
unclear. Therefore, the present study aims to in-
vestigate the effects of miR-30a-3p and its potential 
mechanism in OP.
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Materials and Methods

Establishment of Osteoporosis Models
This investigation was approved by the Ani-

mal Ethics Committee of Xi’an Jiaotong Univer-
sity Animal Center. Rats were fed adaptively for 
1 week and randomly divided into Sham group 
(n=10) and ovariectomized (OVX) group (n=10). 
The ovariectomy was performed as follows: once 
the rats were anesthetized with an intraperitoneal 
injection of pentobarbital sodium (30 mg/kg), they 
were fixed ventrally, followed by a routine of skin 
preparation in the mid-lower back and disinfec-
tion with 3% iodophor. Then, a 0.5 cm-long lon-
gitudinal incision was made at about 1 cm below 
the costal margin and 1 cm at the junction of both 
sides of the spine under sterile conditions. Next, the 
skin was separated and the dorsal muscle was cut 
to fully expose the ovary. The fat around the ovary 
was bluntly separated and the fallopian tubes and 
blood vessels were ligated, followed by total ova-
riectomy. The uterus was placed back in the ab-
dominal cavity and the incision was sutured layer 
by layer. The ovary on the other side was removed 
in the same way as above. The operations were the 
same in Sham group as in OVX group, except that 
the ovaries were not removed. At 3 days after the 
operation, penicillin (200,000 IU/kg) was applied 
for routine anti-inflammation and infection preven-
tion. At 45 or 90 days after the operation, the rats 
were sacrificed for the following investigation.

Bone mineral density (BMD) and biomechan-
ics of the right femur were detected. The right fe-
mur was frozen in liquid nitrogen and stored at 
–80°C for protein analysis and RNA expression.

Isolation and Culture of BMMSCs
The primary bone marrow mesenchymal stem 

cells (BMMSCs) were isolated from female rats 
weighing about 200 g, and cultured in 10% Dul-
becco’s Modified Eagle’s Medium (DMEM; Hy-
clone, South Logan, UT, USA) containing 100 
μg/mL streptomycin and 100 U/mL penicillin in 
a humid environment with 5% CO2 at 37°C. Then, 
the cells were treated with miR-30a-3p mimic/in-
hibitor/inhibitor mutant and non-specific control 
purchased from GeneChem (Shanghai, China).

Real Time-Polymerase Chain 
Reaction (RT-PCR)

Total RNA was extracted using TRIzol (Invi-
trogen, Carlsbad, CA, USA) according to the man-
ufacturer’s protocol. The expressions of miR-30a-
3p and secreted frizzled-related protein 1 (SFRP1) 

were measured via RT-PCR using the SABI SYBR 
Green Master Mix kit (Invitrogen, Carlsbad, CA, 
USA). Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) or U6 was used as the control. 
The primers were used as follows: GAPDH for-
ward: 5-TGGCCTTCCGTGTTCCTAC-3, reverse: 
5-GAGTTGCTGTTGAAGTCGCA-3. SFRP1 for-
ward: 5-TACTGGCCCGAGATGCTCAA-3, reverse: 
5-GAGGCTTCCGTGGTATTGGG-3. MiR-30a-3p 
forward: 5-GCGCTTTCAGTCGGATGTT-3, re-
verse: 5-AGTGCAGGGTCCGAGGTATT-3.

Western Blotting
The cells were added with radioimmunoprecip-

itation assay (RIPA) buffer and protease inhibitor 
phenylmethanesulfonyl difluoride (PMSF; Bey-
otime, Shanghai, China), and incubated on ice for 
30 min, during which the cells were continuously 
blown and washed to avoid bubbles. Then, the mix-
ture was transferred into the centrifuge tube for cen-
trifugation at 15, 000 rpm for 15 min on ice to avoid 
protein degradation. The protein concentration was 
detected according to the instructions of the bicin-
choninic acid (BCA; Beyotime, Shanghai, China) 
protein quantification kit, and the loading quantity 
of all the samples was adjusted to be the same. An 
equal volume of dodecyl sulfate, sodium salt (SDS)- 
loading buffer was added and mixed evenly with 
the samples. Next, and the samples were boiled at 
100°C for 10 min, followed by dodecyl sulfate, so-
dium salt-polyacrylamide gel electrophoresis (SDS-
PAGE). The samples and standards were loaded and 
the protein was separated via electrophoresis. Then, 
the protein was transferred onto a polyvinylidene 
difluoride (PVDF) membrane (Roche, Basel, Swit-
zerland) on ice at constant pressure of 100 V for 1 h 
using the three-layer sandwich method, sealed with 
5% skim milk on a shaking table for 1 h in a prop-
erly-sized box, and incubated with the primary an-
tibody (the primary antibody bound directly to the 
target protein antigen). The membrane was washed 
with Tris-Buffered Saline and Tween-20 (TBST) for 
3 times (5 min/time). Subsequently, the protein was 
incubated again with the horseradish peroxidase 
(HRP)-labeled secondary antibody (the secondary 
antibody bound to the primary antibody). Once the 
appropriate enzyme substrate was added, the com-
plex was converted into the substance with chemi-
luminescence property through the HRP oxidation 
reaction, followed by detection. The membrane was 
washed again with TBST for 4 times (8 min/time), 
followed by exposure: the substrate was added, the 
signal was collected with film, and the image was 
developed. 



H.-P. Liu, D.-J. Hao, X.-D. Wang, H.-M. Hu, Y.-B. Li, X.-H. Dong

9756

Validation of SFRP1 as 
a Direct Target of MiR-30a-3p

SFRP1 is located in chromosome 8p12-11.1 
and acts as an inhibitor of the Wnt signaling. 
SFRP1 has a function and prognostic signifi-
cance in bladder cancer. The SFRP1 expression 
is reduced in various malignancies, including col-
orectal, breast, and kidney cancer, and it is also 
involved in regulating multiple signaling path-
ways in the osteogenic differentiation. To gain 
further insights on the molecular mechanism of 
SFRP1 in regulating postmenopausal osteoporo-
sis, its upstream miRNA was determined. Tar-
getScan was used to predict the potential targets 
of SFRP1. Among the candidate target miRNAs, 
it was found that there was complementarity be-
tween miR-30a-3p and SFRP1 3’untranslated 
region (3’UTR). The SFRP1 3’UTR luciferase 
reporter vector was purchased from GeneChem 
(Shanghai, China). Luciferase reporter assay was 
performed based on the previous research15.

Micro CT Analysis
At 45 or 90 days after the operation, rats were 

anesthetized via intraperitoneal injection of pen-
tobarbital sodium and fixed on the Micro CT (80 
KV, 500 μA) table for the distal femoral scanning. 
Then, the morphometric assay for bone tissues 
was performed using the built-in software, and 
the BMD (mg/cm2), the bone volume relative to 
tissue volume (BV/TV, %), trabecular number 
(Tb.N. 1 / mm) and trabecula thickness (Tb.Th, 
μm) were analyzed.

Statistical Analysis
Statistical analysis was performed using Sta-

tistical Product and Service Solutions (SPSS) 22. 
0 software (IBM, Armonk, NY, USA). Data were 
represented as mean ± SD (Standard Deviation). 
The t-test was used to analyze measurement data. 
Comparison between groups was done using 
One-way ANOVA test followed by Post-Hoc Test 
(Least Significant Difference). p<0.05 indicated a 
significant difference.

Results

BMD Significantly Declined in OVX 
Group Compared with Sham Group

The estrogen-deficient OVX rat model was 
chosen to mimic postmenopausal osteoporosis. 
To confirm the effect of surgery on osteoporosis, 
the rats were sacrificed at 45 or 90 days to detect 

the BMD. Compared to Sham group, OVX group 
had decreased BMD (Figure 1), suggesting that 
the rat model of ovariectomy-induced osteoporo-
sis was successfully established.

MiR-30a-3p Was Up-Regulated 
and SFRP1 Was Down-Regulated 
After Ovariectomy

The expression of miR-30a-3p in BMMSCs of 
Sham group and OVX group was detected via RT-
PCR. Results revealed that compared to Sham group, 
the miR-30a-3p level was significantly increased in 
OVX group at 45 and 90 days (Figures 2A-2C). In 
addition, SFRP1 was remarkably down-regulated 
after ovariectomy (Figures 2D-2F).

SFRP1 Was Determined as 
the Target of MiR-30a-3p

MiR-30a-3p was positively correlated with 
SFRP1 (Figure 3A). To further explore the un-
derlying molecular mechanism of miR-30a-3p in 
regulating osteoporosis, TargetScan was used to 
search for potential target genes in regulating os-
teoporosis. It was found that there was a comple-
mentarity between miR-320b and SFRP1 3’UTR 
(Figure 3B), which was also verified by the results 
of the luciferase assays (Figure 3C). 

MiR-30a-3p Inhibited Osteogenic
Differentiation

The effects of mimic and inhibitor on the ex-
pression of miR-30a-3p and SFRP1 were verified 
via PT-PCR. The results showed that the mimic 
increased miR-30a-3p and SFRP1 level, whereas 

Figure 1. Bone mineral density of the femur was significant-
ly decreased in OVX group compared to that in control group 
at 45d and 90d after surgery (*<0.05).
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the inhibitor decreased them (Figures 4A-4B). 
The expression of specific markers for osteoblasts 
(ALP and OCN) in MSCs transfected with miR-
30a-3p mimic or miR-30a-3p inhibitor was detect-
ed via RT-PCR. Compared to the normal control, 

miR-30a-3p mimic significantly decreased the 
expression of ALP, OCN, and RUNX2 (p<0.05) 
(Figure 4C), whereas miR-30a-3p inhibitor mark-
edly increased these specific markers (p<0.05) 
(Figure 4D).

Figure 2. Expression of mir-30a-3p (A-C) and SFRP1 (D-E) was markedly increased on day 45 and 90.

A

D

B

E

C
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Figure 3. Correlation analysis of mir-30a-3p and SFRP1 expressions. A, Mir-30a-3p was negatively correlate with SFRP1. B, Sche-
matic diagram of mir-30a-3p target site in the 3′ UTR of SFRP1. C, Luciferase reporter showed SFRP1 as a target of mir-30a-3p.
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MiR-30a-3p Inhibitor Promoted 
Bone Formation In Vivo

To investigate the function of miR-30a-3p 
in vivo, rats treated with Sham surgery or OVX 
were given miR-30a-3p inhibitor. Results showed 
that rats treated with miR-30a-3p inhibitor had a 
significant increase in BMD compared to that in 
OVX group (Figure 5A). Moreover, the BV/TV, 
Tb.N, and Tb.Th were detected via micro CT. 
The results revealed that significant decrease in 
BV/TV, Tb.N, and Tb.Th were found in OCX 
group, and miR-30a-3p inhibitor could remark-
ably up-regulate these indexes for bone formation 
(Figures 5B-5D).

Discussion

The occurrence of OP is a very complex pro-
cess involving multiple factors and is affected by 
them. In OP, the proliferation and apoptosis of 
osteoblasts and osteoclasts are regulated through 
various signaling pathways and downstream tar-
get genes, leading to decreased bone mass and 
fractures16. OP is a multifactorial disease, which 
is a complex pathophysiological process probably 
caused by genetics, endocrine disorder, and nutri-
tional factors. Parathyroid hormone (PTH), calci-
tonin, estrogen, and vitamin D are considered as 
the most important hormones in the pathogenesis 

Figure 4. Role of mir-30a-3p in regulating MSC differentiation. A-B, Mir-30a-3p mimic increased miR-30a-3p and SFRP1 level 
and mir-30a-3p inhibitor decreased their expression. C, MiR-30a-3p mimic significantly decreased the expression of ALP, OCN and 
RUNX2. D, MiR-30a-3p inhibitor significantly increased the expression of ALP, OCN, and RUNX2.
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of OP, which can not only increase the production 
of vitamin D in the activated form but also increase 
the absorption rate of calcium in the kidneys, bone, 
and intestine. In addition, PTH can also increase 
the activity of osteoclasts, leading to further bone 
resorption17-20. Calcitonin protects calcium ions 
through directly and indirectly inhibiting PTH, so 
that the calcium absorption declines in the kidneys 
but increases in the intestine, thus inhibiting bone 
resorption. There is a lot of evidence that miRNAs 
have important regulatory roles in the growth, dif-
ferentiation, and function of osteocytes, and they 
may serve as new targets in the drug therapy of 
bone diseases. Although there are increasingly 

more studies21-23 on miRNAs, the understanding of 
the exact mechanism of miRNAs in regulating the 
interaction among different types of cells during 
bone remodeling under physiological conditions 
or in bone diseases remains limited. The effect 
of miR-30a-3p on osteoblast differentiation was 
explored using BMMSCs. The results manifested 
that miR-30a-3p inhibitor enhanced the expression 
of specific markers of osteoblasts. Then, the role of 
miR-30a-3p in ovariectomy-induced osteoporosis 
in rats was further investigated. It was found that 
inhibiting miR-30a-3p decreased SFRP1 protein 
expression, increased bone mass, and bone forma-
tion, and decreased bone loss in OVX rats.

Figure 5. MiR-30a-3p inhibitor-treated rats showed increased bone formation. After 4 weeks, rats were injected mir-30a-3p inhib-
itor. A-D, Mir-30a-3p improved the bone formation after ovariectomy compared to OVX group.
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Conclusions

We demonstrated that MiR-30a-3p can promote 
the development of osteoporosis via down-regu-
lating the expression of SFRP1 and it may be a 
target in the treatment of osteoporosis.
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