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Abstract. – OBJECTIVE: To investigate the 
effect of micro ribonucleic acid (miR)-214-3p 
on the fracture healing process of mice and its 
mechanism. 

MATERIALS AND METHODS: 90 mice were 
selected and randomly divided into three groups 
to establish the right tibial fracture model. Ago-
miR-214-3p or agomiR negative control (ago-
miR-NC), or the same volume of phosphate-buff-
ered saline (PBS), was injected locally at 0 d, 7 
d, 14 d and 21 d after operation, respectively. At 
the end of the experiment, the imageological ob-
servation, histological observation and the de-
tection of callus osteocalcin level were conduct-
ed for mice in each group to evaluate the frac-
ture healing. At the same time, Real-time poly-
merase chain reaction (RT-PCR) and Western 
blotting were used to detect the expression of 
β-catenin at different time points in each group. 

RESULTS: Imageological and histological ob-
servations showed that the fracture lines of 
mice in the PBS injection group and the ago-
miR-NC injection group were found to be healed 
at 28 d after fractures, while fuzzy fracture lines 
could be seen in mice with fewer calluses in the 
agomiR-214-3p injection group, and the expres-
sion level of osteocalcin at each time point in the 
agomiR-214-3p injection group was decreased 
compared with that in the control group. In ad-
dition, RT-PCR and Western blotting results re-
vealed that the expression level of the miR-
214-3p target gene, β-catenin, was decreased 
at each time point in the agomiR-214-3p group 
compared with that in the control group. 

CONCLUSIONS: MiR-214-3p delays the frac-
ture healing by inhibiting the Wnt/β-catenin sig-
naling pathway.
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Introduction

The fracture is the most serious complication 
of osteoporosis and is one of the most common 
diseases in orthopedic clinics. Once it occurs, it 
will seriously affect the quality of life of patients 
and even threaten their lives1. Fractures trigger a 
complex and highly regulated bone regeneration 
process, whose purpose is to restore the original 
structure and function of bones. The process 
of fracture healing is similar to the long bone 
development in the embryonic period, and its 
original structure and mechanical function can 
be basically restored through tissue remodeling 
with no scar tissues2. Fracture healing is affected 
by a variety of factors, including the trauma en-
ergy of fractured ends, local load size, fracture 
type, stability of fractured ends, compression 
or displacement degree and the degree of soft 
tissue injury3-5. However, from the perspective of 
molecular biology, functions of osteoblasts play 
important roles in the process of fracture healing. 
Osteoblasts secrete and synthesize procollagens 
into the extracellular space under the action of 
various cytokines such as bone morphogenet-
ic proteins (BMPs), insulin-like growth factors 
(IGFs), platelet-derived growth factors (PDGFs) 
and fibroblast growth factors (FGFs), so as to 
form Type I collagen network. Then, these pro-
collagens were deposited on its grid in the form 
of calcium phosphate crystals, thus forming a 
mineralized bone matrix6-8. On the other hand, 
osteoblasts complete new bone remodeling by se-
creting receptor activator for nuclear factor-κB li-
gands (RANKLs) and inducing the maturation of 
osteoclasts9. However, the regulation mechanism 
of osteoblast functions in the process of fracture 
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healing remains to be further studied. Micro 
ribonucleic acids (miRNAs) are a class of endog-
enous single-strand non-coding RNA molecules 
with the length of 19-25 nucleotides. MiRNA can 
degrade proteins or inhibit the translation of mes-
senger RNA (mRNA) after transcription by bind-
ing to it, playing an important role in physiology, 
development and pathology. The differentiation 
and function of osteoblasts are also regulated by 
miRNAs. It has been reported that miR-26a, miR-
133, miR-135, miR-29, miR-141, etc., can inhibit 
the differentiation of osteoblasts by regulating 
the key proteins in the differentiation process 
of osteoblasts10-14; miR-2861/3960 can promote 
the differentiation of osteoblasts15,16, and miR-
93 can inhibit the mineralization of osteoblasts 
by inhibiting the expression of the transcription 
factor, Sp717. In addition, researchers found that 
in bone tissues of aging female patients with 
osteoporosis, the highly expressed miR-214-3p 
in osteoclasts can be secreted to the extracellular 
site in the form of encapsulated exosomes, which 
inhibits the activity of osteoblasts, thus reducing 
the osteogenic capability and delaying fracture 
healing18. Therefore, we established a model of 
fracture healing in mice with highly expressed 
miR-214-3p on the basis of the animal model of 
internal fixation of tibial fractures, observed the 
effect of miR-214-3p on the fracture healing in 
vivo, and investigated its potential mechanism.

Materials and Methods

Experimental Animals and Methods
90 clean male C57BL/6 mice at the age of 10-

12 weeks old were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd. 
(Beijing, China). They were randomly divided 
into 3 groups, 30 mice in each group, using a 
random number table. Group A was the phos-
phate-buffered saline (PBS) control group, Group 
B was the agomiR negative control (agomiR-NC) 
group, and Group C was the agomiR-214-3p 
group. The model of right tibial fractures in mice 
was established according to the method in the 
following literature. The mice were weighed after 
they were numbered, and then they were injected 
with 10% chloral hydrate for anesthesia. After 
the mice were completely anesthetized, they were 
fixed on the operating table, and their hair in the 
surgical area was cut. Conventional iodophor dis-
infection and draping were conducted, and then 
the middle of the knee was longitudinally incised 

with about 2 cm skin incision. The surrounding 
tissues were separated, and the tibia was exposed. 
The tibia was sawed off using a metal saw at about 
1 cm under the knee. The action should be gently 
performed to reduce hemorrhage. After the well 
reduction of fractured ends, the assistant used a 
drill to insert a 1.0 mm Kirschner wire for intra-
medullary fixation. After the firm fixation, the 
Kirschner wire was cut off. After the wound was 
washed with normal saline, it was sutured layer 
by layer. The penicillin sodium was intramus-
cularly injected after operation for continuous 3 
d to prevent infection. The whole operation was 
conducted in strict accordance with the principle 
of sterility. The mice were placed in a cage under 
the close observation until they woke up, and then 
they freely ate food and drank water. The suture 
was not taken out after operation, so that it came 
off naturally. 50 μL (2 nmol) agomiR-214-3p or 
agomiR-NC, or the same volume of PBS, was 
injected locally in mice of each group at 0 d, 7 
d, 14 d and 21 d after fractures. This study was 
approved by the Animal Ethics Committee of 
Shandong University of Chinese Medicine Ani-
mal Center.

Radiological Analysis
At 7 d and 28 d after operation, mice were 

anesthetized (6 in each group) until their mus-
cles were loose, then the mice were fixed. After 
anesthesia, the mice were fixed on A3 papers 
with medical tapes with the abduction and exter-
nal rotation of two lower limbs. X-ray shooting: 
41 KV, 160 mA and 8 mAh were set as fixed 
parameters of X-ray instrument, and the right 
tibial lateral X-ray of each mouse was shot. 
Radiograph reading and analysis: analysis con-
tents included the location of fractures, fracture 
types, density and size of the callus and the state 
of fracture lines; the results were independently 
evaluated by three persons from the Department 
of Orthopedics, Department of Radiology and 
the Research Laboratory of Metabolic Bone 
Disease. They exchanged views and reached 
a unified conclusion so as to assess the model 
stability and fracture healing. After the radio-
logical analysis, the mice were sacrificed by the 
cervical dislocation method and placed on the 
foam board covered by the sterile gauze. Callus 
tissues at the bone incision were completely 
taken and placed in the tissue cryopreserva-
tion tube, and the liquid nitrogen was quickly 
injected into the tube for storage and stand-by 
application.
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Extraction of the Total RNA and 
Detection by Real-Time Polymerase 
Chain Reaction (RT-PCR)

The mortar was precooled using liquid nitro-
gen and added with 2-3 mL TRIzol. Callus tis-
sues or tissues in the middle tibial stem froze by 
the liquid nitrogen were taken and placed in the 
mortar and ground to powder. The powder was 
transferred into a 1.5 mL Eppendorf (EP) tube, 
and the total RNA was extracted using TRIzol 
method. 1 μL total RNA was taken out for quality 
inspection. An ultraviolet spectrophotometer was 
used to detect the concentration of total RNA and 
A260/A280, and RNA was preserved at -70°C 
for standby application. The extracted total RNA 
was reversely transcribed using Taqman miRNA 
reverse transcription kit manufactured by Ap-
plied Biosystems (Fosters City, CA, USA). The 
levels of mmu-miR-214-3p and osteocalcin in 
callus tissues were measured by quantitative RT-
PCR (qRT-PCR) at 7 d, 14 d, 21 d and 28 d after 
modeling with U6 and 18S as internal references, 
respectively. Nanjing Jinsirui Biotechnology Co., 
Ltd. was commissioned to synthesize and puri-
fy primers. Primer sequences: miR-214-3p: up-
stream: GACAGCAGGCACAGACA and down-
stream: GTGCAGGGTCCGAGG; U6: upstream: 
CTCGCTTCGGCAGCACA3 and downstream: 
AACGCTTCACGAATTTGCGT; Osteocalcin: 
upstream: CTGACAAAGCCTTCATGTCCAA 
and downstream: GCGCCGGAGTCTGTTCAC-
TA.

Extraction of the Total Protein in 
Callus Tissues

Callus tissues at different points after fractures 
were placed in the liquid nitrogen for grinding, 
after which they were placed in a 1.5 mL EP 
tube, and each tube was added with 120 μL ly-
sate. After phacofragmentation and ultrasonic 
splitting on the ice (on and off with 2 s each; 10 
cycles), the standing was performed for 15 min; 
cell lysates were centrifuged at 4°C at the rate of 
12000 rpm for 10 min; the supernatant was trans-
ferred to the 1.5 mL EP tube and stored at -70°C. 
The bicinchoninic acid (BCA) kit was used to 
quantify the protein concentration. The sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) was conducted for separation, 
polyvinylidene fluoride (PVDF) was used for 
transfer membranes, and 5% skim milk was used 
for sealing at room temperature for l h. β-catenin 
proteins were identified by β-catenin rabbit an-
ti-mouse monoclonal antibodies (Abcam, Cam-

bridge, MA, USA 1:1000) and goat anti-rabbit 
secondary antibodies (1:2000) with glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) as 
control. After 4 h of incubation with primary 
antibodies, the Tris-buffered saline and Tween 
20 (TBST-20) was used to wash membranes for 6 
min×5 times. After 1 h incubation with secondary 
antibodies, the TBST was used for washing mem-
branes for 6 min×5 times, and water was dried 
using the filter paper. The enhanced chemilumi-
nescence (ECL) reagent kit was used to enhance 
the color development.

Hematoxylin and Eosin (HE) Staining
Each tibial specimen was placed in a 5 mL 

centrifuge tube with a lid containing 4 mL para-
formaldehyde for fixation for 24 h. The specimens 
were washed with phosphate-buffered saline 
(PBS) for three times, and then steeped in 10% 
ethylenediaminetetraacetic acid (EDTA) decal-
cifying solution for decalcification. The solution 
was changed once every 5-7 days until the tibia 
became soft, and then specimens were embedded 
in paraffin and sliced. They were toasted at 60°C 
till the wax was melted. Turpentine was used 
for dewaxing, ethanol for dehydration, HE for 
staining, and neutral gum for sealing. The results 
were observed under an inverted microscope, 
which showed that the nucleus was dark blue, and 
the cytoplasm and fibrous tissues became red at 
different degrees.

Statistical Analysis
All data in this experiment were expressed as 

mean ± standard deviation (x– ± s), and processed 
using Statistical Product and Service Solutions 
(SPSS) 19.0 software (IBM, Armonk, NY, USA). 
The intergroup data were detected by one-way 
analysis of variance. Pairwise comparisons of the 
mean were conducted, and p < 0.05 represented 
that the difference was statistically significant.

Results 

X-ray Manifestations of Mice with 
Overexpressed agomiR-214-3p on the
7th Day and 28th Day After Fractures

The miR-214-3p mimic, agomiR-214-3p, was 
locally injected at the fracture site of mice to ob-
serve the effect of the change in miR-214-3p ex-
pression on fracture healing of mice. There were 
no differences among the three groups on the 7th 
d after fractures. On the 28th d after fractures, the 
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X-ray images of mice injected with PBS or ago-
miR-NC showed that fracture lines disappeared, 
calluses were relatively small and the density 
was high. In the agomiR-214-3p injection group, 
fuzzy fracture lines could be seen in mice with 
fewer calluses, suggesting that agomiR-214-3p 
inhibits fracture healing of mice (Figure 1).

Histological Manifestations of Mice with 
Overexpressed agomiR-214-3p on
the 7th and 21st Day After Fractures

After agomiR-214-3p, agomiR-NC and PBS 
were locally injected at the fracture site of mice, 
HE staining was conducted at the fracture site of 
mice on the 7th and 21st d after fractures. It was 

found that bone trabecula of mice in the ago-
miR-NC injection group and the PBS injection 
group were regularly arranged on the 21st d after 
fractures, and some mature tabular bones were 
observed under the microscope. However, in the 
agomiR-214-3p injection group, bone trabecula of 
mice were arranged in disorder and discontinu-
ous (Figure 2).

Change in the Expression Level of Callus 
Osteocalcin in Mice with Overexpressed 
agomiR-214-3p After Fractures

The expression levels of osteocalcin and miR-
214-3p at the fracture site were detected by qRT-
PCR at 1 d, 7 d, 14 d, 21 d and 28 d after frac-

Figure 1. X-ray appearance of mice with overexpressed agomiR-214-3p on the 7th and 28th day after fractures. A-C, Little 
external calluses are formed on the 7th day after operation, and there is no difference. D-F, X-ray images of mice in the PBS 
injection group and the agomiR-NC injection group show that fracture lines disappear, but they can be indistinctly seen in the 
agomiR-214-3p injection group.
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tures. The expression level of miR-214-3p was 
increased gradually after the local injection with 
agomiR-214-3p at the fracture site (Figure 3A). 
Compared with that of mice in the PBS injection 
group, the expression level of osteocalcin in the 
agomiR-NC injection group was not different, but 
that of mice in the agomiR-214-3p injection group 
after fractures was decreased compared with that 
in the control group (Figure 3B).

Change in the Expression of β-catenin in 
Mice with Overexpressed agomiR-214-3p 
After Fractures

The expression level of β-catenin at the frac-
ture site was detected by qRT-PCR at 1 d, 7 d, 
14 d, 21 d and 28 d after fractures. The results 
showed that the expression level of β-catenin in 
mice injected with agomiR-NC and PBS after 
fractures was compensatively up-regulated, thus 
promoting the fracture healing. However, the 
level of β-catenin in the agomiR-214-3p injec-
tion group was progressively declined, and was 
significantly lower than that in the control group 
(Figure 4A). In addition, the expression level of 

β-catenin proteins in callus tissues on the 21st 
day after fractures was detected using Western 
blotting. The results revealed that the level of 
β-catenin protein was significantly down-reg-
ulated in callus tissues after the injection with 
agomiR-214-3p (Figure 4B).

Discussion 

In recent years, more and more miRNAs have 
been shown to play important roles in orthopedic 
diseases. In a study on the regulation of miRNAs 
in bone and cartilage tissues, miR-214 has been 
found to be a new factor regulating osteogenic 
transformation, which inhibits the osteogenic dif-
ferentiation of mouse myoblasts19. In osteoblasts, 
miR-214 inhibits osteoblast activity and matrix 
mineralization process by the target regulation of 
the expression of transcriptional activators, thus 
promoting the occurrence and development of os-
teoporosis20. In order to further study the function 
of miR-214, this investigation aimed to explore its 
role in the development of the fracture healing and 

Figure 2. HE staining (100×) of tissues at the fracture site of mice with overexpressed agomiR-214-2p on the 7th day and 28th 
day after fractures. A-C, At 7 d after operation, granulation and fibrous tissues grow in callus tissues in each group. D-F, On the 
28th day after operation, bone trabecula of mice in the agomiR-NC injection group and the PBS injection group grow vigorously 
and are regularly arranged, and some mature tabular bones are observed under the microscope. However, in the agomiR-214-3p 
injection group, bone trabecula of mice are still arranged in disorder.
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its mechanism. The fracture healing is a complex 
regeneration process similar to the development 
of human long bones in the embryonic period. 
The difference is that the fracture healing process 
began in the inflammatory response. Holmen et 
al21 showed that Wnt signaling pathway plays an 
important role in bone development and matu-

ration in the embryonic period. More and more 
researches have revealed that the activation of 
Wnt/β-catenin leads to increased phenotypic phe-
notypes, which shows a promising prospect in the 
treatment of low bone mass disease. β-catenin 
is a hinge molecule of the Wnt signaling system 
that mediates the transmission of Wnt signals 

Figure 3. Change in the expression level of callus osteocalcin in mice with overexpressed agomiR-214-3p after fractures. A, 
The expression level ofmiR-214-3p at the fracture site is gradually increased after the injection with agomiR-214-3p. B, qRT-
PCR is used to detect the expression level of osteocalcin of mice in each group at 1 d, 7 d, 14 d, 21 d and 28 d after fractures. 
The expression level of osteocalcin of mice in the agomiR-214-3p injection group after fractures at each time point is decreased 
compared with that in the control group, ***p < 0.001.
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from the membrane to the cytoplasm. Previously, 
Chen et al22, constructed transgenic mice [type 
II collagen a1 (Cor2a1)-isotope-coded affinity 
tag (ICAT)] with Cor2a1 as the promoter, which 
can specifically express β-catenin and lymphoid 
enhancer-binding factor-inhibitor/T-cell factor 
(LEF-I/TCF) [(inhibitor of β-catenin and TCF, 
isotope-coded affinity tag (ICAT)] in chondro-
cytes. It has been found that β-catenin can affect 
chondrocyte hypertrophy during bone develop-
ment, thus affecting endochondral ossification 
process. The fracture healing is thought to be 
the recurrence of long bone development in the 
embryonic period, and whether the Wnt signaling 
pathway affects the fracture healing process was 
one of the topics of this study. In this work, the 
tibial fracture model of mice with overexpressed 
miR-214-3p was established. The results showed 
that fuzzy fracture lines at the fracture site of 
mice could be seen with fewer calluses at 28 d af-
ter the high expression of miR-214-3p. HE stain-

ing revealed that there were relatively more 
polyfibrous and cartilaginous calluses that are 
partly calcified, and the expression level of os-
teocalcin was decreased compared with that in 
the control group. However, in the PBS injec-
tion group and the agomiR-NC injection group, 
fracture sites were found to be well healed, 
suggesting that miR-214-3p inhibits the frac-
ture healing of mice. At the same time, change 
in the expression level of β-catenin in calluses 
was detected, and it was found that the expres-
sion levels of β-catenin mRNAs and proteins 
were gradually decreased after the high expres-
sion of miR-214-3p. Previous researches have 
confirmed that inhibiting β-catenin signaling 
pathways blocks blood vessels in callus tissues 
for a long term, so that osteoclasts cannot be 
gathered in time around calluses, thus reducing 
the secretion of matrix metalloproteinases and 
resulting in delayed absorption and alteration 
of callus tissues.

Figure 4. Change in the expression of β-catenin in mice with overexpressed agomiR-214-3p after fractures. A, The expression level 
of β-catenin in mice injected with agomiR-NC and PBS after fractures is compensatively up-regulated, while that in the agomiR-
214-3p injection group is progressively declined and significantly lower than that in the control group. B, The expression level of 
β-catenin proteins in callus tissues after the injection with agomiR-214-3p is significantly down-regulated, ***p < 0.001.



J.-W. Teng, P.-F. Ji, Z.-G. Zhao

24

Conclusions

The results of this work suggested that highly 
expressed miR-214-3p inhibits β-catenin signal-
ing pathway and the endochondral ossification 
process in the fracture healing, eventually lead-
ing to delayed fracture healing.
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