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Abstract. - OBJECTIVE: This study aimed to
investigate the expression of miR-373 in osteo-
porosis patients and rat models induced by es-
trogen deficiency and to detect whether miR-373
can regulate the ability of osteogenic differenti-
ation of bone marrow mesenchymal stem cells
in the osteoporosis microenvironment caused
by estrogen deficiency.

PATIENTS AND METHODS: Bone tissues and
blood samples were collected from 20 osteo-
porotic patients and 20 controls. PCR analysis
was used to detect the expression of miR-373
in bone tissue and serum from postmenopausal
osteoporotic patients and normal patients. 120
SD rats were purchased and randomly divided
into sham operation group and OVX group. Rat
models of sham-operated and bilateral oopho-
rectomy mice models were constructed. The
expression of miR-373 in bone tissue, cells, and
serum of the mice was tested. Then, bone mar-
row mesenchymal stem cells from sham-operat-
ed rats and bilaterally ovariectomized rats were
isolated and cultured. After 10 days of osteo-
genic induction, alkaline phosphatase staining
and alizarin red staining were performed to test
the osteogenic differentiation ability of bone
marrow mesenchymal stem cells, and whether
miR-373 affects this ability.

RESULTS: PCR results showed that the ex-
pression of miR-373 in the bone tissue and the
serum of patients with postmenopausal osteo-
porosis was significantly reduced. The expres-
sion of miR-373 was markedly decreased in the
bone tissue, cells, and serum from the rats of
bilateral ovariectomy group. Alkaline phospha-
tase staining and alizarin red staining showed
that miR-373 could promote the differentiation
of bone marrow mesenchymal stem cells into
osteoblasts and reverse the decreased osteo-
genic differentiation of bone marrow mesenchy-
mal stem cells caused by osteoporosis.

CONCLUSIONS: The expression of miR-373
is decreased in osteoporotic patients and rat
models caused by estrogen deficiency, and it
can promote the differentiation of bone marrow
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mesenchymal stem cells into the osteogenic di-
rection. This work provides a new direction and
experimental basis for clinical diagnosis and
treatment of osteoporosis.
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Introduction

Osteoporosis (OP) is a systemic metabolic dis-
ease with reduced bone density, impaired bone mi-
crostructure, reduced bone mass, decreased bone
strength, and increased bone fragility and reso-
lution'?. According to epidemiological statistics,
there are up to 100 million people over the age of
60 in China. With the aging of the population, the
incidence of osteoporosis is increasing and it has
become a serious public health problem in Chi-
na’. As women age, especially in postmenopausal
women, estrogen levels are significantly reduced,
osteoblast dysfunction and massive bone loss oc-
cur, bone remodeling is impaired, resulting in bone
resorption greater than bone formation and even-
tually osteoporosis®. Osteoblasts mediate bone for-
mation in the bone marrow microenvironment and
thus play an important role in bone development™©.
Osteoblast viability and proliferative capacity are
significantly reduced in postmenopausal osteopo-
rosis patients, which in turn affects bone forma-
tion. Most of the osteoblasts in the human bone
microenvironment are derived from bone marrow
mesenchymal stem cells (BMSCs). Since BMSCs
have the advantages of multidirectional differentia-
tion, easy access, easy proliferation, and small im-
mune rejection, it is used for bone reconstruction
and bone repair and should be a new method for the
treatment of osteoporosis’®.
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MicroRNAs (miRNAs) are a class of non-cod-
ing RNAs composed of approximately 22 nu-
cleotides present in all eukaryotic cells with tis-
sue-specific and developmental stage specificity®!°.
miRNAs specifically bind to their target mRNA,
degrade or inhibit their translation, thereby regu-
lating the expressions of genes, and ultimately play
an important regulatory role in cell proliferation,
differentiation, apoptosis, individual growth, de-
velopment, as well as the occurrence and develop-
ment of diseases''2. Some reports*** showed that
miR-373 can participate in the occurrence and de-
velopment of cancer, liver, kidney, and other organ
diseases. In addition, Liu et al'® found that miR-373
can promote osteosarcoma cell survival and inva-
sion by activating the PI3K/AKT pathway. Huang
et al'” found that miR-373 can target the trichorhi-
nophalangeal syndrome 1 gene (TRPSI) and play
an important role in bone development and forma-
tion. Palmieri et al'® revealed that miR-373 had a
certain relationship with the translation process
of bone formation in osteoblasts. However, no re-
searches have shown the relation between miR-373
and osteoporosis or osteogenic differentiation of
bone marrow mesenchymal stem cells.

This investigation collected bone tissue and
serum from normal bone and postmenopausal
osteoporosis patients to detect the expression of
miR-373. The results were verified in bone tissue
and serum of normal mice and ovariectomy-in-
duced osteoporosis rats. The effect of miR-373 on
osteogenic differentiation of bone marrow mes-
enchymal stem cells was also examined to find
key miRNAs that affect osteoporosis caused by
estrogen deficiency, providing a new direction for
clinical diagnosis and treatment of osteoporosis.

Patients and Methods

Collection of Clinical Bone Tissue
and Serum Samples

Bone tissue of 20 patients who were diagnosed
with postmenopausal osteoporosis in Wuwei
People’s Hospital from January 2017 to October
2017 (microCT detected bone density T-score <
-2.5) was collected and stored in liquid nitrogen
or —80°C ultra-low temperature freezer (Thermo
Fisher Scientific, Waltham, MA, USA). The study
was approved by the Ethics Committee of Wuwei
People’s Hospital. 5 mL of the patient’s fasting ve-
nous blood was taken in the morning and imme-
diately sent to the test or stored in a —80°C refrig-
erator. The bone tissue and serum of 20 patients
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with normal bone tissue (microCT detected bone
density T-score > 1, hospitalized for trauma) were
collected from Wuwei People’s Hospital.

PCR Detection of MiRNAs
and Osteogenic Gene Expression
According to the miRNA extraction kit (Fore-
gene, China) instructions, the miRNA in the
sample was extracted, the concentration and pu-
rity were determined for future use. RNA, kit
components and distilled water were added to a
200 pL Eppendorf (EP) tube (Hamburg, Germa-
ny) according to the instructions of the Reverse
Transcription Kit (TaKaRa, Otsu, Shiga, Japan),
and the total system was 10 pL. The RNA was
reversely transcribed into cDNA using a reverse
transcription apparatus (Roche, Mannheim, Ger-
many) and stored at —20°C until use. 10 pL of
SYBR Green (Norvezan, China), 7 uL of distilled
water, 10 nmol of the target gene primer (Jima,
China) and 1 pL of cDNA were added to the PCR
plate, and the total system was 20 uL. The reac-
tion was carried out on a PCR machine (Roche,
Mannheim, Germany) under the following con-
ditions: 95°C for 30 s, 95°C for 5 s, 60°C for 30 s,
72°C for 30 s for 40 cycles; 72°C for 30 s. Using
U6 as an internal reference, the expression level
of miRNAs was quantified according to the 2-44
method. The sequences of all primers in this ex-
periment are shown in Table I.

Construction of a Rat Model
of Osteoporosis Caused by Estrogen
Deficiency and Collection
of Bone Tissue and Serum

120 SD rats (12 weeks, 230 to 270 g) were pur-
chased and randomly divided into 2 groups, with 60
in each group. Ovariectomy is currently recognized
as a method for constructing a rat model of osteopo-
rosis caused by estrogen deficiency. One week after
the animals were acclimated to the environment,
OVX group (ovariectomy group) underwent bilater-
al ovariectomy. Sham group (sham operation group)
underwent the same operation as OVX group, ex-
cept for the ovaries which were not removed. The
feeding environment was the same in both groups
except for the difference in the operation. After all,
rats were fed for 8 weeks, microCTL was performed
to measure bone mineral density indicators such as
the number of trabecular bone (Tb.N), bone sepa-
ration (Tb.SP), bone mineral density (BMD), and
structural model index (SMI) of the two groups to
determine whether the model was successful. In ad-
dition, SD rats in the Sham and OVX groups were
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Table I. The sequences of primers.

Gene

Forward

Reverse

Human U6

GCTTCGGCAGCACATATACTAAAAT

CGCTTCACGAATTTGCGTGTCAT

Human miR-146a

CAGTGCGTGTCGTGGAGT

GGGTGAGAACTGAATTCCA

Human miR-142

GTCACCTGTAGTGTTTCCTACTT

TATGGTTGTTCTGCTCTCTGTCTC

Human miR-28

AAGGAGCUCACAGUCUAUUGAG

CAAUAAGACUGUGAGCUCCUUU

Human miR-373 CGCGCGAAGTGCTTCGATTT GTGCAGGGTCCGAGGT

Human miR-101 TGGGCTACAGTACTGTGATA TGCGTGTCGTGGAGTC

Mouse miR-373 GTGCTTCGATTTTGGGG GTGCAGGGTCCGAGGT

Mouse ALP ACAACCTGACTGACCCTTCG TCATGATGTCCGTGGTCAAT
Mouse Runx2 AGAAGGCACAGACAGAAGCTTGA AGGAATGCGCCCTAAATCACT
Mouse BMP2 CCTTGCTGACCACCTGAACT AACATGGAGATTGCGCTGA
Mouse BMP4 TCGTTACCTCAAGGGAGTGG ATGCTTGGGACTACGTTTGG
Mouse GAPDH CATCACTGCCACCCAGAAGAC CCAGTGAGCTTCCCGTTCAG

intraperitoneally injected with phenobarbital (Sig-
ma-Aldrich, St. Louis, MO, USA) for anesthesia,
and blood was taken from the orbit. The eyeballs
were removed using ophthalmic forceps and the
whole blood was collected using a 1.5 mL EP tube,
and centrifuged at 12,000 r/min for 10 min under
low-temperature conditions. Next, the serum was
separated and stored in a —80°C refrigerator. At the
same time, the femur and tibia were separated, the
muscle tissue was scraped, and the bone tissue was
stored in a refrigerator at —80°C.

Rat BMSCs Culture

SD rats in the Sham and OVX groups were
sacrificed by cervical dislocation, and the femur
and tibia were separated in a sterile environment
after cervical dislocation. The femur and tibia
were scraped with sterile ophthalmic scissors and
forceps to exfoliate other tissues. The femur and
tibia were repeatedly washed with the cell culture
medium in a clean bench, and the culture solution
was collected with a sterile ampoule. Then, the
culture solution was transferred to a cell bottle
(Nest, Rahway, NJ, USA) by a pipette (Hyclone,
South Logan, UT, USA) and placed in an incubator
at 37°C and 5% CO,. After 24 h, the fresh medi-
um was replaced to remove unattached cells. The
culture was continued for about a week. When the
cell confluence reached 80% to 90%, the cells were
digested with trypsin digestive solution (Yantian,
China) and passaged. The cells were passed to the
third generation for subsequent investigations.

Rat BMSCs Transfection

When the cell density reached 40% to 50%,
transfection reagent and serum-free Opti medium
(Hyclone, South Logan, UT, USA) were used for

cell transfection and were grouped into miR-373
mimics group and negative control (NC) group,
respectively. The final concentration of miR-373
mimics and its NC was 50 nM. Fresh culture
medium was replaced after 6 h of transfection to
maintain normal cell growth.

Osteogenic Differentiation
of Rat BMSCs

After 24 h of cell transfection, the osteogenic
induction solution (Saiye Company, China) was
added for differentiation, and the fresh medium
was replaced every three days. After 10 days of
differentiation, subsequent investigations were
performed.

ALP Staining and ARS Staining

After 10 days of osteogenic differentiation
of BMSCs, it was gently washed 3 times with
phosphate-buffered saline (PBS), fixed in 500
uL of paraformaldehyde for 30 min, and alkaline
phosphatase (ALP) staining solution and alizarin
red (ARS) staining solution were added and in-
cubated at 37°C. ALP staining solution (Nanjing
Jiancheng Bioengineering Institute, China) and
ARS staining solution (Cyagen, China) were in-
cubated for 1 h and 30 min, respectively. After
washing the impurities with PBS, the plates were
placed under an inverted optical microscope and
photographed. The staining area and color depth
of BMSCs in Sham and OVX groups after os-
teogenic induction were compared, the larger
the staining area and the darker the color, the
stronger the osteogenic differentiation ability,
and the smaller the staining area and the light-
er the color, the weaker the ability of osteogenic
differentiation.
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Figure 1. Expression of five miRNAs in bone tissue and serum of normal and postmenopausal osteoporosis patients. A,
Expression of miRNAs in bone tissue of two groups of patients. B, expression of miRNAs in serum of two groups of patients.

Statistical Analysis

All data were statistically processed using
GraphPad software (La Jolla, CA, USA) and an-
alyzed for statistical significance, *p< 0.05, **p<
0.01, and ***p<0.001, which were statistically
significant.

Results

Detection of Expression of MiRNAs
in Clinical Bone Tissue and Serum

PCR results showed that the expressions of
miR-146a, miR-142, miR-28, miR-373, and miR-
101 in the bone tissue of postmenopausal osteo-
porosis patients were decreased compared with

normal group (Figure 1A). As shown in Figure
1B, the expressions of miR-146a and miR-142 in
the serum of postmenopausal osteoporosis pa-
tients were unchanged compared with control
group, and the expressions of miR-28, miR-373,
and miR-101 were decreased.

Detection of MiR-373 Expression
in Bone Tissue, Serum, and Cells
of Sham and OVX Rats

Compared with Sham group, the expression
of miR-373 was significantly decreased in OVX
group, and the difference was statistically signifi-
cant (Figure 2A). In addition, the expression of se-
rum miR-373 in Sham and OVX groups is shown
in Figure 2B, and the expression of miR-373 in
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Figure 2. Detection of miR-373 expression levels in femur, serum and cells of Sham and OVX rats. The results indicate that
miR-373 expression is significantly reduced in OVX rats, and the results are consistent with the trend of Figure 1. 4, Expres-
sion of miR-373 in bone tissue of two groups of rats. B, Expression of miR-373 in serum of two groups of rats. C, Expression

of miR-373 in BMSCs of two groups of rats.
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OVX was significantly lower than that in Sham
group. The expression of miR-373 in Sham and
OVX cells was significantly different, the expres-
sion was significantly decreased in OVX, and the
difference was statistically significant (Figure 2C).

Detection of Bone Microstructural
Indexes of the Two Groups of Rats

MicroCT results showed that the number of
trabecular bone (Tb.N) and bone mineral density
(BMD) of OVX rats was significantly lower than
that of Sham group, and the structural model in-
dex (SMI), Bone resolution (Tb.SP) was signifi-
cantly increased than that of Sham group (Figures
3A-3D).

Detection of the Expression
of Osteogenic Related Genes
in Bone Tissue of the Two Groups

PCR results showed that the expressions of os-
teogenic related genes ALP, Runx2, BMP2, and
BMP4 in OVX rats were significantly lower than
that in Sham group (Figures 4A-4D).

ALP Staining and ARS Staining

ALP results showed that (Figure 5), com-
pared with Sham group, the mineralization of
OVX group was significantly shallower, and
the area of mineralized nodules decreased, in-
dicating that the osteogenic differentiation abil-
ity was weakened. Compared with transfected
NC group, the color of the transfected miR-373
mimics group increased and the area of min-
eralized nodules increased, indicating that the
osteogenic differentiation ability of cells trans-
fected with miR-373 mimics increased. As
shown by ARS staining in Figure 5, compared
with Sham group, the orange-red color of the
OVX group was significantly lighter, and the
calcium deposition was significantly decreased,
while the transfection of miR-373 mimics sig-
nificantly promoted the osteogenic differenti-
ation of OVX rats. The above results showed
that compared with Sham group, the osteogenic
differentiation ability of OVX group was de-
creased, and miR-373 mimics promoted the os-
teogenic differentiation of BMSCs.
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Figure 3. Bone microstructure indicators of Sham and OVX rats. 4, Comparison of bone mineral density (BMD) between
the two groups of rats. B, Comparison of trabecular bone number (Tb. N) between the two groups of rats. C, Comparison of
trabecular bone separation (Tb. SP) between the two groups of rats. D, Comparison of structural model indices (SMI) between

the two groups of rats.
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Figure 4. Osteogenesis-related gene expression in bone tissue of Sham and OVX rats. 4, expression of ALP in bone tissue of
two groups of rats. B, expression of Runx2 in bone tissue of two groups of rats. C, expression of BMP2 in bone tissue of two
groups of rats. D, expression of BMP4 in bone tissues of two groups of rats.

Detection of Osteogenesis-
Related Gene Expression

PCR results (Figure 6) showed that compared
with Sham group, the expressions of the bone-re-
lated genes ALP, Runx2, BMP2, and BMP4 were
significantly decreased compared with Sham
group, indicating that the osteogenic differentia-
tion ability was weakened. Compared with trans-
fected NC group, the expressions of bone-related
genes ALP, Runx2, BMP2, and BMP4 were sig-
nificantly increased in transfected miR-373 mim-
ics, indicating that the osteogenic differentiation
ability of cells after transfection with miR-373
mimics was increased. The above results showed
that compared with Sham group, the osteogen-
ic differentiation ability of OVX group was de-
creased, and miR-373 mimics promoted the dif-
ferentiation of BMSCs into osteoblasts.

Discussion
We found that miR-373 was significantly re-

duced in clinical postmenopausal osteoporosis
patients. Subsequent reports showed that miR-373
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was also down-regulated in estrogen-deficient
rats with osteoporosis. Also, overexpression of
miR-373 significantly promoted the osteogenic
differentiation of bone marrow interstitial stem
cells, and miR-373 can reverse the osteogen-
ic differentiation of bone marrow mesenchymal
stem cells caused by osteoporosis. Therefore, we
believe that miR-373 can be an important target
for the treatment of postmenopausal osteoporosis,
and has important clinical significance.

Guo et al” and Zhang et al* found that miR-
373 can reduce the radiosensitivity of lung cancer
cells by targeting TIMP2. MiR-373 regulates in-
flammatory cytokine-mediated chondrocyte pro-
liferation by acting on the P2X7 receptor, thereby
participating in the occurrence and development
of osteoarthritis. However, no works have report-
ed whether miR-373 is associated with the devel-
opment and progression of postmenopausal oste-
oporosis. In this investigation, we examined the
expressions of five miRNAs in postmenopausal
osteoporosis patients. The results showed that the
expression of miR-373 in bone tissue and serum of
postmenopausal osteoporosis patients was signifi-
cantly decreased, the difference was statistically
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Figure 5. Compared with the Sham group, the osteogenic differentiation ability of the OVX group was weakened, and miR-373
mimics could promote the osteogenic differentiation of BMSCs in Sham and OV X rats. 4, Effect of overexpression of miR-373
on the osteogenic differentiation of BMSCs in the two groups was detected by ARS (magnification 100x). B, Effect of overex-
pression of miR-373 on the osteogenic differentiation of BMSCs in the two groups was detected by ALP (magnification 100x).

significant, and the trend was consistent in bone
tissue and serum. We suspect that estrogen levels
in postmenopausal women with osteoporosis are
markedly reduced, which may lead to decreased
expression of miR-373. Therefore, miR-373 plays
an important regulatory role in bone remodeling,
bone development, bone metabolism after estro-
gen reduction. Therefore, we continue to explore

whether miR-373 is involved in the development
of osteoporosis caused by estrogen deficiency.
Wang et al* found that miR-373 was more
conserved in humans and rats. Hence, we ex-
plored the expression of miR-373 in a rat model
of osteoporosis caused by estrogen deficiency,
and the results showed that miR-373 expression
was also reduced in a rat model of osteoporosis
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Figure 6. Detection of expressions of osteogenic related genes after administration of miR-373 in Sham and OV X groups. A4,
Effect of overexpression of miR-373 on the expression of osteogenic gene ALP in BMSCs of two groups of rats. B, Effect of
overexpression of miR-373 on the expression of osteogenic gene Runx2 in BMSCs of two groups of rats. C, Effect of overex-
pression of miR-373 on the expression of osteogenic gene BMP2 in BMSCs of two groups of rats. D, Effect of overexpression
of miR-373 on the expression of osteogenic gene BMP4 in BMSCs of two groups of rats.

caused by estrogen deficiency. Therefore, we ob-
served that miR-373 was down-regulated in oste-
oporosis caused by estrogen deficiency. Further in
vitro researches demonstrated that miR-373 can
significantly improve the ability of rat bone mar-
row mesenchymal stem cells to differentiate into
osteoblasts. Besides, it can reverse the osteogen-
ic differentiation of bone marrow mesenchymal
stem cells due to osteoporosis. The innovation of
this work is that miR-373 is reduced in osteopo-
rosis patients and rat models caused by estrogen
deficiency. Therefore, miR-373 can be used as
an early predictor and diagnosis of osteoporosis
caused by estrogen deficiency. This study found
that miR-373 can promote the differentiation of
bone marrow mesenchymal stem cells into the
osteogenic direction, and it can reverse the osteo-
genic differentiation of bone marrow mesenchy-
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mal stem cells caused by osteoporosis. Therefore,
miR-373 may be a new method and a new target
for clinical treatment of osteoporosis caused by
estrogen deficiency and provide a theoretical ba-
sis for the clinical application of miRNAs in the
treatment of osteoporosis caused by estrogen de-
ficiency.

Conclusions

The expression of miR-373 in osteoporosis
caused by estrogen deficiency is reduced. Over-
expression of miR-373 can promote the differen-
tiation of bone marrow mesenchymal stem cells
into osteoblasts, and can reverse the reduced os-
teogenic differentiation ability of bone marrow
mesenchymal stem cells due to osteoporosis. This
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study provides new targets and ideas for clinical
treatment and diagnosis of osteoporosis, and pro-
vides an experimental basis for the application of
miRNA in the treatment of osteoporosis. Howev-
er, it is unclear why the expression level of miR-
373 is reduced in postmenopausal osteoporosis
patients. We will further clarify the mechanism
leading to the decrease of miR-373 expression
in future experiments, and collect more clinical
samples for verification.
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