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Abstract

Purpose: To investigate the effect of miR-28-3p on fracture healing, and the involvement of Sox6 gene
and PI3K/Akt signaling pathway in the process.

Methods: Mouse osteoblast cell lines were cultured in vitro, and miR-28-3p over-expression and
inhibitory plasmids were separately added to the medium. The corresponding control groups were set
up. Real-time quantitative polymerase chain reaction (QRT-PCR) was used to measure the mRNA
expressions of the osteogenesis-related genes Collal, Col- Z and Col-X in osteoblasts. The protein
expressions of Sox6, Collal, Col- Z, Col-X, PI3K, p-PI3K, Akt and p-Akt in rat cartilage tissue were
determined with Western blotting assay.

Results: The expression of Sox6 protein in the miR-28-3p over-expression group was significantly
reduced, when compared with the miR-28 overexpression control, but Sox6 protein expression in the
miR-28-3p inhibition group was significantly increased, relative to inhibition control group (p < 0.05). In
the miR-28-3p over-expression and Sox6 over-expression groups, Collal protein expression was
significantly increased, while Col- Z and Col-X protein expressions decreased, when compared with the
respective over-expression control group (p < 0.05). Over-expression of miR-28-3p markedly
upregulated phosphorylation levels of PI3K and Akt, relative to over-expression control group, while
miR-28-3p inhibition significantly downregulated the phosphorylations of PI3K and Akt, relative to the
inhibition control group (p < 0.05).

Conclusion: Over-expression of miR-28-3p may enhance the healing of fractures by induction of
PI3K/Akt signaling route via negative regulation of the expression of Sox6 gene.
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INTRODUCTION

Brittle fracture is a serious complication of
osteoporosis, also known as osteoporotic
fracture. Osteoporosis refers to fracture injury
caused by a fall at, or below the center of gravity

of the body. It results in relatively serious harm,
usually in postmenopausal women, with adverse
impact on the affected individuals and society.
Due to dysfunction in osteoclasts and
osteoblasts, bone resorption is greater than bone
formation in patients with osteoporosis, resulting
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in rapid loss of bone mass and eventual
reduction in bone strength [1]. In addition, due to
decline in osteoblast cell function and decreased
levels of growth factor, bone formation is
insufficient during bone reconstruction, resulting
in bone microdamage. The healing of fractures is
a continuous process in which osteoblasts
synthesize bone matrix, while osteoclasts absorb
bone matrix and interact to ensure healing of the
fracture [2]. Several investigations have
confirmed that miRNAs are involved in regulatory
roles in fracture healing during osteoblast
differentiation and proliferation [3]. The miRNAs
constitute a very important group of non-coding
RNA which regulate the expressions of target
genes in multicellular organisms by affecting the
stability of mRNAs and their translation [4].
Studies have shown that miRNAs regulate
balance between osteogenesis and
osteoporosis, and are involved in the
pathogenesis of osteoporosis [5]. In the present
investigation, miR-28-3p was transfected into
osteoblasts in order to study its effect on fracture
healing, as well as the mechanisms involved.

EXPERIMENTAL
Reagents and equipment

Mouse osteoblasts were obtained from Shanghai
Kanglang Biotechnology Co. Ltd. The reagents
used, and their sources (in parenthesis) were:
fetal bovine serum (Wuhan Punuosai Life
Technology Co. Ltd); DMSO (Beijing Kairuiji
Biotechnology Co. Ltd); RIPA tissue cell rapid
lysis buffer (Shanghai Beinuo Biotechnology Co.
Ltd.); BCA protein quantitative kit and developer
powder (Shanghai Hengfei Biotechnology Co.
Ltd); Bromophenol blue and ammonium dodecyl
sulfonate (Shanghai Yuanye Biotechnology Co.
Ltd); 30 % acrylamide (Shanghai Sangon
Bioengineering Co. Ltd); ECL kit (Shanghai
Qiaoyu Biotechnology Co. Ltd), and protein
antibodies (Abcam Company, USA).

The instruments/equipment used and their
suppliers were: constant temperature incubator
(Beijing Qinyeyongwei Technology Co. Ltd);
electric homogenizer (Wuxi Depu instrument
manufacturing Co. Ltd); Benchtop refrigerated
centrifuge (Beijing Taize Jiaye Technology
Development Co. Ltd); thermostatic culture
oscillator (Wuxi MicroSep Biotechnology Co.
Ltd); ultra-low temperature refrigerator (China
Haier Group); vertical electrophoresis tank
(Shanghai Zhennuo Biotechnology Co. Ltd);
fluorescence microscope (Guangzhou Mingmei
Optoelectronic Technology Co. Ltd), and
ultrasonic  pulverizer (Shanghai Tiancheng
Technology Co. Ltd).

This research was approved by the Animal
Ethical Committee of Department of Orthopedics,
Tangdu Hospital, Air Force Military Medical
University, Xi'an 710038, PR China, according to
Principles of Laboratory Animal Care, with the
approval number of 201845802 [6].

Cell culture, transfection and grouping

Osteoblasts were cultured in DMEM containing
15% serum, incubated in a 37 °C constant
temperature incubator with CO2, and subjected
to digestion and passage. When the cell spacing
increased and the cells became round (as
observed under the microscope), a culture
medium containing 15 % bovine serum was
added to terminate the digestion. Then, 2 uL Lipo
2000 was dissolved in 100 yL serum-free opti-
MEM medium and left at room temperature for
5min. Thereafter, miR-28-3p over-expression
and inhibitory plasmids were added to the
medium (separately), and the corresponding
control groups were set up. The various groups
were incubated at room temperature for 20 min.
The cells were divided into 4 groups, based on
different transfection plasmids, and 400 pL
mixture was added to each well and replaced
with a complete medium, followed with further
culturing for 48 h.

Real-time polymerase reaction (QRT-PCR)

Quantitative real-time PCR assay was used to
determine the mRNA expressions of osteogenic
genes in osteoblasts. Culture medium was
removed from cells in logarithmic growth phase,
and total RNA of rat cartilage tissues in each
group was extracted with Trizol method. Reverse
transcription was carried out using dilutions of
the RNA samples. Real-time quantitative PCR
assay was used for quantitative analysis of
mRNA. Reverse transcription and PCR were
performed at 42 °C for 50 min, and incubation
was done at 95 °C for 5 min. Reverse
transcriptase was inactivated at 42 °C for 50min
and at 95 °C for 5min. After the reaction, PCR
amplification was performed using the prepared
cDNA. The internal reference gene was GAPDH.
The Ct value of each target gene was obtained.
The PCR conditions were: pre-denaturation at
95°C for 10 min, 95 °C for 15 s, 60 °C for 45 s,
and extension at 72 °C for 2 min in 40 cycles, and
storage at 4°C. The relative quantification of each
gene was carried out using the 2-24¢T formula.

Western blotting
Protein expressions in rat cartilage tissue were
assayed with Western blotting. Osteoblasts of

each group in logarithmic growth phase were
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subjected to lysis with RIPA buffer containing
protease inhibitor and phosphatase inhibitor
PMSF. The protein content of each lysate was
determined using BCA protein quantitative
analysis. Then, protein (30ug) and 4x sample
loading buffer were mixed and centrifuged to
obtain a supernatant which was separated using
SDS-polyacrylamide gel electrophoresis and
transferred to PVDF membrane. The membrane
was sealed by incubation with 10mL of 5%
skimmed milk powder at room temperature for 2h
at 4 °C overnight so as to block non-specific
binding of the blot. Thereafter, the PVDF
membrane was incubated with primary
antibodies for Sox6, Col1a1, Col-II, Col-X, PI3K,
p-PI3K, Akt and p-Akt at 4 °C overnight, after
which TBST was used to wash off non-specific
binding of primary antibodies from the
membrane. Then, incubation of the membrane
with secondary antibody at room temperature
was done for 1 to 2 h. Non-specific binding of
secondary antibody was washed off, and ECL
chemiluminescence was used for color
development.

Statistical analysis

Data analysis was done with SPSS version. 20.0.
Quantitative data are presented as mean + SD.
Two-group comparison of mean values was done
with independent sample t-test, while ANOVA
was employed for comparison of mean values
among multiple groups. Statistical significance
was assumed at p < 0.05.

RESULTS

Effect of miR-28-3p transfection on
expressions of osteogenesis-related genes in
osteoblasts

Over-expression of miR-28-3p resulted in
significant increases in Col1a1 expression level
and decreases in expression levels of Col-II and
Col-X, relative to miR-28p over-expression
control (p < 0.05). Compared to the inhibition
control group, miR-28-3p inhibition group had
marked decreases in Col1al expression level,
and increases in expression levels of Col-II and
Col-X (p < 0.05; Table 1).

Effect of miR-28-3p transfection on Sox6
protein expression in osteoblasts

As shown in Figure 1, relative to the over-
expression control group, the protein expression
of Sox6 in the miR-28-3p over-expression group
was significantly reduced, while, relative to the
inhibition control, the expression of Sox6 protein

in the miR-28-3p inhibition group was markedly
elevated (p < 0.05).

Table 1: Effect of miR-28-3p transfection on
expressions of osteogenesis-related genes in
osteoblasts (mean + SD, n = 8)

Group Col1a1 Col-II Col-X
mRNA mRNA mRNA
Over- 102+ 112+ 106%
expression 0.03 0.09 0.10
control
2“\,'5;_28'3'0 411+ 054+ 060+
. 0.23 0.06 0.09
expression
Inhibition 098+ 103+ 098z
control 0.11 0.10 0.17
miR-28-3p 060+ 423+ 357%
inhibition 0.07 0.56 0.48

P < 0.05, vs over-expression control group; #p < 0.05,
vs inhibition control group

over-expression  miR-28-3p  inhibition
control group over-expression control

miR-28-3p
inhibition group

Figure 1: Effect of miR-28-3p transfection on Sox6
protein expression in osteoblasts

Sox6

p-actin

Effect of Sox6 transfection on expressions of
osteogenesis-related genes in osteoblasts

The miR-28-3p over-expression group and Sox6
over-expression group had increased protein
expressions of Col1a1l and markedly decreased
protein expressions of Col-I and Col-X, when
compared with the over-expression control group
(p < 0.05). These results are presented in Figure
2 and Table 2.

over-expression  miR-28-3p Sox6
control group over-expression  over-cxpression

Colial

Col-1II

Col-X

B-actin

Figure 2: Effect of Sox6 transfection on expressions
of osteogenesis-related genes in osteoblasts
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Table 2: Effect of Sox6 transfection on protein
expression levels of Col1al, Col-I and Col-X in
osteoblasts (mean + SD, n = 8)

Group Col1al Col-I Col-X
Over-expression 1.02+ 103z 1.15%
control 0.06 0.07 0.12

miR-28-3p over- 415+ 041+ 052+
expression 0.17* 0.12* 0.11*
Sox6 over- 344+ 058+ 0.63%
expression 0.21* 0.20* 0.17*

P < 0.05, vs over-expression control

Effect of miR-28-3p transfection on PI3K/Akt
signaling pathway

Over-expression of miR-28p resulted in marked
upregulation of phosphorylation levels of PI3K
and Akt, when compared with the over-
expression control, while, relative to the inhibition
control, inhibition of miR-28-3p resulted in
reduced phosphorylation levels of PI3K and Akt
(p < 0.05; Figure 3).

miR-28-3p
inlubition group

over-expression  miR-28-3p  inhibition
control group over-expression control

p-PI3K

PI3K

P-AKT

B-actin

Figure 3: Effect of miR-28-3p transfection on PI3K/Akt
signaling pathway

DISCUSSION

Osteoporotic fractures are the most serious
consequences of osteoporosis, a disease which
has a high prevalence in the elderly population.
Osteoporosis reduces bone mass and bone
mechanical strength, and results in loss of the
normal weight-bearing capacity of the skeleton,
leading to hip fractures and multiple vertebral
fractures. Thus, osteoporosis is associated with
high disability and mortality. It is considered a
manifestation of bone failure [7].

Fractures are caused by bone fatigue and micro-
fractures in the bone. Bone trabecula fracture
and defects often impair the mechanical
functions of bones. Bone trabecula forms the
bone resorption lacunae which can result in
punch and fracture, especially when the

trabecular connection structure is missing. This
results in disordered arrangement of internal
collagen fibers and impairment of stress
distribution and transmission which inevitably
lead to reduction in the overall mechanical
strength of bone, with attendant osteoporotic
fractures [8]. The healing of osteoporotic
fractures proceeds through the stages of repair
and reconstruction during which osteoblastic
absorption increases, while bone formation slows
down. However, in postmenopausal women,
estrogens significantly inhibit the proliferation and
differentiation of osteoblasts, resulting in
excessive loss of bone trabecula at the bone
resorption site, lack of new bone formation, and
decreased healing of fractures [9].

The miRNAs are non-coding RNAs with
regulatory functions in eukaryotes. They have
lengths in the range of 20 to 24 nucleotides, and
exist in the non-coding region of eukaryote
genomes. Each miRNA is complementary to the
UTR region at the 3’ end of target gene mRNA,
and the regulation of gene expression is realized
through inhibition of translation or mMRNA
cleavage [10]. Studies have shown that miRNAs
have significant cell tissue specificity and may
determine the behavioral changes in the growth
and development of organisms [11]. In addition,
studies have shown that miRNAs are significantly
correlated with the etiologies of a variety of
diseases (including cancer), and they act as
oncogenes or as tumor suppressor genes, and
participate in the regulation of cancer-related
genomic regions or fragile sites [12].

Researchers have identified miRNAs with partial
changes in expressions in osteoblasts, thereby
confirming that miRNAs are associated with bone
formation. In particular, miR-138 promotes
osteoblastic differentiation. It has been reported
that the over-expression of miR-138 reduced
osteoblastic differentiation of mesenchymal stem
cells in vitro, and reduced ectopic bone formation
in vivo by 85%, confirming that miR-138 plays a
negative regulatory role in osteogenesis [13]. In
addition, it has been found that the expression of
miR-17-92 was down-regulated with
differentiation of osteoblasts, indicating that miR-
17-92 is involved in the regulation of proliferation
and differentiation of osteoblasts [13].

The miR-28-3p is a newly discovered miRNA
which has been confirmed by studies to be
involved in induction of cell proliferation and
inhibition of cell apoptosis [14]. Collal is
expressed only in osteoblasts, and Col-II is the
first  protein  encoded in  chondrocyte
differentiation and osteogenesis. The results of
this study revealed that, relative to the over-

Trop J Pharm Res, October 2020; 19(10): 2064



Lietal

expression control, miR-28-3p over-expression
significantly increased Col1a1 expression level
and decreased the expressions of Col-I and
Col-X, suggesting that miR-28-3p has potential
effect on healing of fractures.

A previous study reported that Sox6, a member
of the Sox transcription factor family, inhibited
cell proliferation and apoptosis by up-regulating
the expression of p53 [15]. Therefore, it was
speculated, as part of the bases for this
investigation, that the enhancement effect of
miR-28-3p on fracture healing might be mediated
through downregulation of Sox6. Interestingly,
the results obtained indicated that, compared
with the over-expression control group, the
expression of Sox6 protein in the miR-28-3p
over-expression  group  was  significantly
downregulated. Moreover, miR-28-3p over-
expression and Sox6 over-expression resulted in
significantly increased protein expression of
Col1a1, and decreased protein expressions of
Col-I and Col-X. These results suggest that
miR-28-3p may indeed promote healing of
fractures by targeted regulation of Sox6 gene
expression. The PI3K/Akt signaling pathway, an
ubiquitous pathway in cells, regulates cell
proliferation and differentiation. It is enhanced by
many known factors; for example, it is
hyperactive in a variety of diseases, and it is
involved in the reduction of apoptosis and
promotion of cell proliferation [16]. The results of
this study showed that miR-28-3p over-
expression markedly upregulated the
phosphorylation levels of PI3K and Akt, when
compared with the over-expression control
group. This confirms that the promotion influence
of miR-28-3p on fracture healing is closely
related to the PI3K/Akt signaling pathway.

CONCLUSION

The results obtained in this study demonstrate
that over-expression of miR-28-3p may enhance
healing of fractures through induction of PI3K/Akt
signaling route via negative regulation of the
expression of the target gene Sox6.
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