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Abstract. The present study investigated the expression
and role of microRNA-146a (miR-146a) on ankle fracture,
and explored the underlying mechanism. miR-146a levels
in the blood of patients with ankle fracture was measured
using reverse transcription-quantitative PCR (RT-qPCR).
Expression of pro-inflammatory factors in the peripheral
blood of ankle fracture patients was also detected using
ELISA. Oxidative stress biomarkers including malondial-
dehyde (MDA), superoxide dismutase (SOD) and catalase
(CAT) were additionally investigated. The role of miR-146a
in ankle fracture was investigated in vitro where MG-63 cells
were transfected with miR-146a mimic or miR-146a inhibitor
for 2 h, then treated with 1 pgg/ml bradykinin for 24 h. An
MTT assay was then performed to assess cell viability and
pro-inflammatory factors were detected via RT-qPCR and
western blot analysis. Finally, activation of the TNF receptor
associated factor 6 (TRAF6)/NF-kB pathway was determined
via western blotting and RT-qPCR. The results demonstrated
that miR-146a was significantly downregulated in the blood
of patients with ankle fracture. The protein levels of tumor
necrosis factor (TNF-a), interleukin (IL)-1p and IL-6 were
significantly upregulated in patients with ankle fracture. In
addition, MDA content significantly increased, and SOD and
CAT activity significantly decreased in patients with ankle
fracture. In vitro experiments demonstrated that miR-146a
overexpression significantly enhanced cell viability. miR-146a
mimic suppressed BK-induced upregulation of TNF-a, IL-1f,
IL-6 and MDA, and increased SOD and CAT activity. Finally,
miR-146a mimic inhibited activation of the TRAF6/NF-«B
pathway whilst miR-146a inhibitor had the opposite effect. In
conclusion, miR-146a may be a potential therapeutic target for
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the treatment of ankle fracture by inhibiting the inflammatory
response and attenuating oxidative stress.

Introduction

Ankle fractures, especially in children, are one of the most
common injuries of the bone, with an incidence rate of
187 per 100,000 people (1,2). Delayed diagnosis or treatment
of ankle fractures can lead to deformities and disability (3).
Therefore, timely diagnosis and effective treatment of frac-
tures are essential for relieving pain and fracture healing.
Bone formation is a balanced process between osteoblast and
osteoclast activity (4). Following fracture, the expression of
pro-inflammatory cytokines, including tumor necrosis factor
(TNF)-a and interleukin (IL)-1p, are positively correlated with
the number of osteoclasts whilst a large number of osteoblasts
are required during fracture healing (5). Therefore, the inflam-
matory response serves an important role in the pathogenesis
of ankle fractures whilst oxidative stress has also been impli-
cated in affecting fractures (6).

MicroRNAs (miRNAs or miRs) are a class of small
non-coding single stranded RNA that negatively regulates
gene expression by binding to the 3'untranslated region
(UTR) of multiple target mRNAs (7). miRNAs are involved
in various pathophysiological processes, such as the immune
response, inflammatory response and oxidative stress (8-10).
During fracture, miRNA levels in bone tissue are significantly
altered, which may be associated with the fracture healing
process affecting osteoblasts and bone growth factors (11).
miRNAs serve important roles in fracture healing (11-13);
however, the underlying molecular mechanisms have not been
fully elucidated.

miR-146a is involved in the development and progres-
sion of several diseases, including cancer, arthritis, coronary
heart disease and diseases of the nervous system (14-18).
Studies have also revealed the important roles of miR-146a in
the regulation of inflammation and oxidative stress (19,20).
To the best of our knowledge, the expression and functional
role of miR-146a in ankle fractures has yet to be fully
determined.

The aim of the present study was to investigate the
expression and role of miR-146a in the development of ankle
fractures and to determine the associated underlying molecular
mechanism.
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Materials and methods

Clinical samples. A total of 60 patients with ankle fracture
(12-53 years old; sex ratio, 1:1) presenting at the Affiliated
Drum Tower Hospital of Nanjing University Medical School
from June 2016 to June 2017 were included in the current
study. Peripheral blood samples (2 ml per individual) were
collected from each patient and 60 healthy volunteers
(11-55 years old; sex ratio, 1:1) during the same time period.
Each patient provided informed consent and the present study
was approved by the Ethics Committee of the Affiliated Drum
Tower Hospital of Nanjing University Medical School.

Cell culture and treatment. Human osteoblastic osteosarcoma
cell line MG-63 was obtained from the American Type Culture
Collection (cat. no. CRL-1427). Cells were cultured in DMEM
(Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and
1% penicillin/streptomycin solution (Gibco; Thermo Fisher
Scientific, Inc.), then incubated at 37°C with 5% CO,. The cells
were passaged every 2-3 days. MG-63 cells were then treated
with bradykinin (BK, 1 yg/ml; Sigma-Aldrich, Merck KGaA)
for 24 h to establish an in vitro model of ankle fracture

Cell transfection. MG-63 cells were seeded into 6-well plates
(1x10cells per well) and cultured at 37°C for 24 h. Then 50 nM
miR-146a mimic (sense 5'-UGAGAACUGAAUUCCAUG
GGUU-3' and antisense 5'-CCCAUGGAAUUCAGUUCU
CAUU-3'; Shanghai GenePharma Co., Ltd.), 50 nM mimic
control (sense 5'-UUCUCCGAACGUGUCACGUTT-3' and
antisense 5'-ACGUGACACGUUCGGAGAATT-3"; Shanghai
GenePharma Co., Ltd.), 50 nM miR-146a inhibitor (5'-UGA
GAACUGAAUUCCAUGGGUU-3'; Shanghai GenePharma
Co., Ltd.) or 50 nM inhibitor control (5'-CAGUACUUU
UGUGUAGUACAA-3"; Shanghai GenePharma Co., Ltd.)
was transfected into MG-63 cells using Lipofectamine®
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
following the manufacturer's protocol. Transfection efficiency
was measured after 24 h. MG-63 cells were pre-transfected
with miR-146a mimic, mimic control, miR-146a inhibitor or
inhibitor control for 2 h and then treated with 1 ug/ml BK at
37°C for 24 h, as previously described (21). Subsequently, the
cells were subjected to following experiments.

Cell viability assay. Cell viability was determined using an
MTT assay. Following transfections and BK treatment, 20 pl
MTT solution (5 mg/ml) was added to each well and cells
were further incubated for 4 h at 37°C. To assess cell viability,
absorbance at 490 nm was measured using a microplate reader
(Bio-Rad Laboratories, Inc.).

ELISA. TNF-a, IL-1p and IL-6 levels were measured using
ELISA. Peripheral blood was collected from patients with or
without ankle fracture, after which the serum was isolated
via centrifugation at 3,000 x g at 4°C for 15 min. Levels of
TNF-a (cat. no. PT518; Beyotime Institute of Biotechnology),
IL-1p (cat. no. PI305; Beyotime Institute of Biotechnology)
and IL-6 (cat. no. PI330; Beyotime Institute of Biotechnology)
in serum were detected using ELISA kits according to the
manufacturer's protocol.

Measurement of oxidative stress-associated indicators.
Peripheral blood from patients with or without ankle fracture
was collected and the serum was isolated by centrifugation at
3,000 x g at 4°C for 15 min. For in vitro experiments, MG-63
cells (5x10* cells per well) were plated into six-well plates and
transfected with miR-146a mimic, mimic control, miR-146a
inhibitor or inhibitor control for 2 h, after which cells were
treated with 1 yg/ml BK at 37°C for 24 h. Subsequently,
MG-63 cells were harvested and the supernatants collected via
centrifugation at 1,600 x g for 10 min at 4°C. malondialdehyde
(MDA cat. no. S0131M; Beyotime Institute of Biotechnology)
levels, and superoxide dismutase (SOD; cat. no. S0086;
Beyotime Institute of Biotechnology) and catalase (CAT;
cat. no. S0082; Beyotime Institute of Biotechnology) enzy-
matic activities were determined in the blood of patients with
or without ankle fracture. MG-63 cells were detected using
the appropriate kits as per the manufacturer's protocol. The
enzyme activity of cells was presented as units/mg of protein
as previously described in the literature (22).

Western blot analysis. Protein levels of TNF receptor associ-
ated factor 6 (TRAFG6), phosphorylated (p)-NF-«xB (p-p65),
p-65, TNF-a, IL-1B, IL-6 or B-actin in MG63 cells were
determined via western blot analysis. Total protein from cells
was extracted using lysis buffer (Cell Signaling Technology,
Inc.). A bicinchoninic acid protein assay (Thermo Fisher
Scientific, Inc.) was used to determine the concentration of
protein samples. An equal quantity of protein (30 pg per lane)
were then separated by SDS-PAGE on a 12% gel, transferred
onto polyvinylidene difluoride membranes then blocked with
5% non-fat milk at room temperature for 2 h. Subsequently, the
membranes were incubated with primary antibodies against
TRAF6 (cat. no. 8028), p-NF«xB p65 (cat. no. 3033), p65
(cat. no. 8242), TNF-a (cat. no. 3707), IL-1f (cat. no. 12703),
IL-6 (cat. no. 12153) or B-actin (cat. no. 4970; all 1:1,000; all
Cell Signaling Technology, Inc.) overnight at 4°C. Membranes
were then incubated with an anti-rabbit immunoglobulin G,
horseradish peroxidase-linked antibody (1:5,000; cat. no. 7074;
Cell Signaling Technology, Inc.) at room temperature for 2 h.
Finally, protein bands were visualized using the enhanced
chemiluminescence detection system (Super Signal West
Dura Extended Duration Substrate; Pierce Chemical; Thermo
Fisher Scientific, Inc.) and quantified with Image J software
(version 1.48u; National Institutes of Health).

Reverse transcription-quantitative PCR (RT-gPCR). TRIzol®
regent (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to extract RNA from blood samples and cells. PrimeScript
reverse transcription reagent kit (Takara Biotechnology Co.,
Ltd.) was used to synthesize cDNAs as per the manufac-
turer's protocol. The temperature protocol for this step was as
follows: 70°C for 5 min, 37°C for 5 min and 42°C for 1 h. qPCR
was subsequently performed using a TagMan Universal PCR
Master Mix kit (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The following primer sequences were
used: miR-146a forward, 5-GCGAGGTCAAGTCACTAG
TGGT-3' and reverse, 5-CGAGAAGCTTGCATCACCAGA
GAACG-3"; TRAF6 forward, 5-GCAGTGAAAGATGAC
AGCGTGA-3" and reverse, 5-TCCCGTAAAGCCATCAAG
CA-3"; TNF-a forward, 5-GAACTGGCAGAAGAGGCA



EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 3, 2020 3

1.20

>

1.00 -

0.80

0.60 -

0.40 - *

Relative miR-146a level

0.20 -

0.00 . J
Control Patient

B 120
1.00}
0.80|
0.60

040+

Relative miR-146a level

0.20

0.00 .
Control BK

Figure 1. miR-146a expression was decreased in patients with ankle fracture and following BK treatment. (A) miR-146a levels in the blood samples of patients
with and without ankle fracture were detected via RT-qPCR. (B) MG-63 cells were stimulated with 1 yg/ml BK for 24 h, after which miR-146a levels were
detected via RT-qPCR. “P<0.01 vs. control. miR, microRNA; BK, bradykinin; RT-qPCR, reverse transcription-quantitative PCR.

CT-3' and reverse, 5-GGTCTGGGCCATAGAACTGA-3';
IL-1B forward, 5"“TGTGAAATGCCACCTTTTGA-3' and
reverse, S"-TGAGTGATACTGCCTGCCTG-3"; IL-6 forward,
5'-CCGGAGAGGAGACTTCACAG-3' and reverse, 5'-CAG
AATTGCCATTGCACA-3'; GAPDH forward, 5-GGCATT
GCTCTCAATGACAA-3' and reverse, 5-TGTGAGGGAGAT
GCTCAGTG-3' and U6 forward, 5'-CTCGCTTCGGCAGCA
CA-3' and reverse, 5-AACGCTTCACGAATTTGCGT-3". U6
or GAPDH was used as internal reference genes. mRNA rela-
tive expression was quantified using the 2224 method (23).

Statistical analysis. All data were analyzed using SPSS version
18.0 (SPSS, Inc.) and data were presented as the mean + standard
deviation. Differences between two groups were determined
using a Student's t test and differences between multiple
groups were determined using one-way ANOVA followed by
Student-Neuman-Keuls post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-146a is decreased in patients with ankle fracture. Levels
of miR-146a in the blood of patients with or without ankle
fracture were determined via RT-qPCR. Compared with the
healthy control, levels of miR-146a were significantly decreased
in patients with ankle fracture (Fig. 1A). Furthermore, MG-63
cells stimulated with BK to establish an in vitro model of
ankle fracture demonstrated significantly decreased miR-146a
levels (Fig. 1B).

Inflammatory response and oxidative stress increases in
patients with ankle fracture. ELISA was used to determine
the levels of pro-inflammatory factors (TNF-a, IL-1p and
IL-6) in the blood of patients with ankle fracture. The results
determined that, compared with the healthy controls, TNF-a,
IL-1p and IL-6 levels significantly increased in patients with
ankle fracture (Fig. 2A-C).

In addition, MDA levels significantly increased, whilst
SOD and CAT activities significantly decreased in patients with
ankle fracture compared with the healthy controls (Fig. 2D-F).

These results indicated that there was an enhanced inflamma-
tory response and increased oxidative stress in patients with
ankle fracture.

miR-146a increases cell viability following BK treatment
in vitro. To further elucidate the role of miR-146a in ankle
fracture, MG-63 cells were transfected with miR-146a mimic,
mimic control, miR-146a inhibitor or inhibitor control, after
which cells were treated with 1 zg/ml BK for 24 h. Transfection
efficiency was determined via RT-qPCR 24 h post cell
transfection. The results demonstrated that compared with
the control group, miR-146a mimic significantly enhanced
miR-146a expression, whilst miR-146a inhibitor significantly
decreased the level of miR-146a (Fig. 3A and B). Additionally
cell viability was significantly decreased in BK-treated MG-63
cells compared with the control group. miR-146a mimic
significantly promoted cell viability following BK treatment
(Fig. 3C), while miR-146a inhibitor significantly decreased
cell viability (Fig. 3D).

miR-146a decreases pro-inflammatory factor expression
following BK treatment in vitro. Levels of pro-inflammatory
factors (TNF-a, IL-1p and IL-6) in MG-63 cells were deter-
mined via RT-qPCR and western blot analysis. The results
revealed that BK treatment significantly increased TNF-a, IL-13
and IL-6 mRNA and protein levels (Fig. 4A-D). By contrast,
miR-146a mimic treatment decreased pro-inflammatory factors
following BK treatment (Fig. 4A-D). miR-146a inhibitor signifi-
cantly increased TNF-a, IL-1f and IL-6 levels compared with
the controls and BK treatment group (Fig. 4E-H).

miR-146a attenuates oxidative stress following BK treatment
in vitro. BK treatment significantly increased MDA levels,
while the activities of SOD and CAT decreased compared
with the control (Fig. 5A-C). Additionally, miR-146a mimic
significantly decreased MDA levels, and increased SOD and
CAT activities following BK treatment (Fig. SA-C). miR-146a
inhibitor significantly increased MDA levels, while the activi-
ties of SOD and CAT decreased compared with the control
and BK treatment groups (Fig. 5D-F).
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Figure 2. Inflammatory response and oxidative stress levels were increased in patients with ankle fracture. (A) TNF-a, (B) IL-1f and (C) IL-6 levels in patients
with or without ankle fracture were detected via ELISA. (D) MDA levels, (E) SOD and (F) CAT activities in patients with or without fractured ankle were also
determined. "P<0.05 and “"P<0.01 vs. control. TNF-a, tumor necrosis factor-a; IL, interleukin; MDA, malondialdehyde; SOD, superoxide dismutase; CAT,

catalase.
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Figure 3. miR-146a increased cell viability following BK treatment in vitro. (A) miR-146a-mimic increased miR-146a levels and (B) miR-146a inhibitor
reduced miR-146a levels. (C) miR-146a-mimic increased cell viability and (D) inhibition of miR-146a reduced cell viability following BK treatment. “P<0.01
vs. control; “P<0.05 vs. BK only treatment group. miR, microRNA; BK, bradykinin.
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Figure 4. miR-146a reduced the inflammatory response following BK treatment in vitro. (A) Representative blots of cytokine protein expression following
miR-146a overexpression and BK treatment. (B) miR-146a-mimic reduced TNF-a, (C) IL-1f and (D) IL-6 mRNA levels following BK treatment, as detected
via RT-qPCR. (E) Representative blots of cytokine protein expression following miR-146a inhibition and BK treatment. (F) Inhibition of miR-146a increased
TNF-a, (G) IL-1B and (H) IL-6 mRNA levels following BK treatment, as detected via RT-qPCR. “P<0.01 vs. control; “P<0.05 and #P<0.01 vs. BK only treat-
ment group. miR, microRNA; BK, bradykinin; TNF-a, tumor necrosis factor-a; IL, interleukin; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 5. miR-146a attenuated oxidative stress following BK treatment in vitro. (A) The effect of miR-146a overexpression on MDA levels. (B) SOD and
(C) CAT activity following miR-146a overexpression and BK treatment. (D) The effect of inhibition of miR-146a on MDA levels. (E) SOD and (F) CAT activity
following miR-146a inhibition and BK treatment. “P<0.01 vs. control; “P<0.05 and *P<0.01 vs. BK only treatment group. miR, microRNA; BK, bradykinin;

MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase.

Effect of miR-146a on the TRAF6/NF-xB pathway following BK
treatment in vitro. Previous studies have identified the inhibitory
effect of miR-146a on the TRAF6/NF-xB pathway (14,20,24).
Therefore, the molecular mechanism of miR-146a in ankle
fracture and whether the TRAF6/NF-kB pathway was involved,
was assessed in the present study. The results demonstrated that
TRAFG6 protein and mRNA levels, and p-NF-«kB p-p-65 protein
levels were increased compared with the control group following
BK treatment (Fig. 6). miR-146a mimic significantly decreased
TRAF6 protein and mRNA levels, and p-p-65 protein level
following BK treatment (Fig. 6A and B). miR-146a inhibitor

significantly increased TRAF6 protein and mRNA levels, and
p-NF-kB p-p-65 protein level compared with the control and
BK treatment (Fig. 6C and D). No significant changes were
obtained in the protein expression of p-65.

Discussion

Fractures, particularly affecting the ankles, are common. Ankle
fractures can have serious consequences without timely diag-
nosis and treatment. Therefore, effective treatment strategies
are urgently required. In recent years, an increasing number
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Figure 6. miR-146a inhibited the activation of the TRAF6/NF-«xB pathway following BK treatment in vitro. (A) Representative blots for TRAF6 and p-NF-«xB
p65 following miR-146a overexpression and BK treatment. (B) TRAF6 mRNA expression following miR-146a overexpression and BK treatment, as detected
via RT-gPCR. (C) Representative blots for TRAF6 and p-NF-kB p65 following miR-146a inhibition and BK treatment. (D) TRAF6 mRNA expression following
miR-146a inhibition and BK treatment, as detected via RT-qPCR. (E) Ratio of p-p65/total-p65 in cells following miR-146a inhibition and BK treatment.
(F) TRAF6 mRNA expression in cells following miR-146a inhibition and BK treatment. “P<0.01 vs. control; “P<0.05, #/P<0.01 vs. BK only treatment group.
miR, microRNA; TRAF6, TNF receptor associated factor 6; p-NF-kB, phosphorylated-NF-«xB; BK, bradykinin; RT-qPCR, reverse transcription-quantitative

PCR.

of studies have demonstrated the important roles of miRNAs
in the pathogenesis and development of fractures (25-29).
Zou et al (25) identified that miR-124 polymorphism is associ-
ated with fracture healing by targeting bone morphogenetic
protein 6. Yoshizuka et al (26) reported that miR-222 down-
regulation accelerated bone healing in rats. Lee et al (27)
determined that miR-29b promoted bone healing in a mouse
fracture model. In addition, mesenchymal stem cells overex-
pressing miR-21 accelerated fracture healing in a rat closed
femur fracture model (28). A further study demonstrated that
miR-92a inhibition enhanced fracture healing by promoting
angiogenesis (29). Therefore, miRNAs may provide a novel
approach for the treatment of ankle fracture.

The present study investigated the expression and role
of miR-146a in the development of fractures. miR-146a is
involved in various diseases, such as numerous types of cancer,
arthritis, coronary heart disease and Alzheimer's disease, and
serves important roles in regulating inflammation and oxida-
tive stress (14-20). In the present study, the level of miR-146a
in the blood samples of patients with ankle fracture was lower
than those without ankle fracture. For in vitro experiments,
MG-63 cells were treated with 1 xg/ml BK for 24 h to estab-
lish a model of ankle fracture. The results demonstrated that
BK treatment significantly decreased the level of miR-146a in
cells. These results indicated that miR-146a was significantly
decreased during fracture, further suggesting that it might
serve an important role in fracture development. To confirm
the elevated inflammatory response and oxidative stress during
ankle fracture, levels of pro-inflammatory factors, including
TNF-a, IL-1f and IL-6, and bio-markers of oxidative stress,

including MDA, SOD and CAT, were determined. The results
revealed that the inflammatory response and oxidative stress
significantly increased in ankle fracture. miR-146a was then
overexpressed or downregulated in MG-63 cells following BK
treatment. miR-146a overexpression significantly promoted
cell viability and suppressed the BK-induced elevation of the
inflammatory response and oxidative stress. By contrast, treat-
ment with the miR-146a inhibitor demonstrated the opposite
effect on cell viability, the inflammatory response and oxida-
tive stress. Previous studies have identified the inhibitory
effect of miR-146a on the TR AF6/NF-kB pathway (30,31).
Therefore, whether the TRAF6/NF-kB pathway was involved
in the molecular mechanism of miR-146a on ankle fracture
was investigated in the present study. The results demonstrated
that miR-146a overexpression markedly inhibited the
TRAF6/NF-kB pathway following BK treatment, whilst
miR-146a inhibition promoted the TRAF6/NF-kB pathway.

The present study is preliminary work into the role of
miR-146a in ankle fracture; therefore, to make the conclusions
more convincing, the correlation between miR-146a expression
and clinical characteristics of patients with ankle fracture will
be investigated in future.

In conclusion, the clinical results of the present study iden-
tified that miR-146a was downregulated during ankle fracture.
For in vitro experiments, miR-146a protected against inflam-
mation and oxidative stress and inhibited the TRAF6/NF-«B
pathway following establishment of a fracture model. The
present results suggested that miR-146a might promote ankle
fracture healing and thus, may be a potential therapeutic target
for ankle fracture treatment.
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