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Abstract

MiR-140-5p is high expressed in normal fracture healing, but its specific role and mecha-

nism in tissue-to-bone healing are rarely reported. Therefore, this study investigated the

effects of miR-140-5p on tissue-to-bone healing. Clone formation experiment, flow cyto-

metry, Alizarin Red S Staining and Oil Red O Staining were performed to investigate the

biological characteristics of mouse embryonic bone marrow mesenchymal stem cells

C3H10T1/2. MiR-140-5p mimic was transfected into osteogenic medium (OS)-treated

C3H10T1/2 cells to investigate the effects of miR-140-5p on osteogenic differentiation.

MiR-140-5p transgenic mouse model and the transgenic fracture model were established,

and the effects of miR-140-5p on osteogenic differentiation, bone mineral density (BMD)

and bone mass of bone tissues were detected by haematoxylin and eosin staining and

computed tomography scan. The expressions of osteocalcin, differentiation-related genes

(Runx2, ALP, Spp1 and Bglap3) and miR-140-5p were determined by quantitative real-

time polymerase chain reaction. C3H10T1/2 cells showed the abilities of forming cloned

differentiation of osteogenesis, fat cells, and its phenotypes including CD44, CD90.1 and

Sca-1 but excluding CD45 haematopoietic stem cell marker. Overexpression of miR-

140-5p promoted the expressions of differentiation-related genes and calcium deposition

of OS-treated C3H10T1/2 cells. MiR-140-5p increased the expression of osteocalcin,

BMD and bone mass and promoted bone healing of miR-140-5p-transgenic mice with

fracture. MiR-140-5p promoted osteogenic differentiation of mouse embryonic bone

marrow mesenchymal stem cells and post-fracture healing in mice.

Significance of the study

C3H10T1/2 cells showed the abilities of forming cloned differentiation of osteogenesis, fat

cells and its phenotypes including CD44, CD90.1 and Sca-1 but excluding CD45

haematopoietic stem cell marker. Overexpression of miR-140-5p promoted the expres-

sions of differentiation-related genes and calciumdeposition of osteogenicmedium-treated

C3H10T1/2 cells. MiR-140-5p increased the expression of osteocalcin and bone mineral

density and bone mass and promoted bone healing of miR-140-5p-transgenic mice with
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fracture. Our results showed that miR-140-5p promoted osteogenic differentiation of

mouse embryonic bone marrowmesenchymal stem cells and post-fracture healing in mice,

whichmay be a therapeutic target for treating fractures and promoting bone healing.
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1 | INTRODUCTION

Bone fracture is one of the most frequent injuries in the musculoskel-

etal system,1 and its causes are complex and the types of fractures

are diverse.2,3 Despite the strong healing capacity of bones, 5%-10%

of fracture patients experience a certain degree of disturbance during

healing, leading to delayed healing of fractures or nonunion, thus

causing physical discomfort to the patients.4 Therefore, studying the

physiological process of fracture healing and its regulatory mechanism

will be helpful to promoting fracture healing.

The differentiation, maturation and activity of osteoblasts involve a

variety of hormones and cytokines that mediate the regulation of

differentiation-related gene expressions via different signal transduction

pathways, and the maintenance of osteoblast differentiation and activity

plays a crucial role in fracture healing.5 In recent years, MicoRNAs

(miRNAs)-mediated post-transcriptional regulation has been found to

inhibit cellular protein expression and considered to be an important intra-

cellular regulatory pathway in a wide range of life processes.6-8 Besides,

studies have found that miRNAs, as important regulators, are involved in

various complex links of osteoblast differentiation and bone formation.9,10

It has been reported that miR-133, miR-135, miR-29, miR-141 and miR-

200a inhibit the differentiation of osteoblasts through regulating key pro-

teins in osteoblast differentiation.11-13 Studies confirmed the role of miR-

214 in inhibiting bone formation in three animal models of miR-214 trans-

genic mice, oariectomized mice and hindlimb deloading mice. in vitro cell

experiments have found that miR-214 inhibits osteoblastic activity after

transcriptional expression.14 So far, however, few studies have reported

the mechanism of miRNAs in osteoblast differentiation and activity in frac-

ture healing. What's more, miR-140-5p has been reported to be high

expressed in healing fractures compared with unhealed fractures,15 but its

specific role and mechanism in fractures are rarely reported.

Therefore, this study further explored the role and mechanism of

miR-140-5p in bone healing after fracture by transfecting miR-140-5p

into osteoblasts to detect cell biological functions and mineralisation.

Moreover, a transgenic fracture mouse model was established to

detect changes in bone density and bone mass in mice.

2 | METHODS

2.1 | Cell culture

Mouse Embryonic Bone Marrow Mesenchymal Stem Cells C3H10T1/2

were obtained from Cell Bank of Shanghai Institutes for Biological

Sciences, Chinese Academy of Sciences. All the cells were cultured in

Dulbecco's modified Eagle's medium (DMEM) cell culture medium con-

taining 10% foetal bovine serum (FBS, Gibco, USA), 100 mg/mL strep-

tomycin and 100 U/mL penicillin (15 140 163, Thermo Fisher

Scientific) in a 5% CO2 atmosphere at 37�C. After the cells were cul-

tured 14 days, colony formation assay was used to observe the colony

formation, an optical microscope (CKX31, Olympus, Japan) was used to

observed the cell morphology. Moreover, Alizarin red S and Oil Red O

staining were used to analyse the pluripotent differentiation of cells.

After Alizarin red S, if the cells have calcium nodules, it proves that the

cells are induced to osteoblasts. After Oil Red O staining, if the cells

have fat particles, it proves that the cells are induced to adipocytes.

2.2 | Transfection

A culture medium (2 mL) containing 2 × 105 C3H10T1/2 cells was

added into each well of a 6-well plate and the plate was then placed in

an incubator to culture the cells at 37�C until they reached 60% conflu-

ence. Next, A and B transfection solution were prepared. A solution

was prepared by dissolving 20 pmol of miR-140-5p mimic (Shanghai

GenePharma Co., Ltd., China) in 50 μL of DMEM (Hyclone, USA), whilst

B solution was prepared by dissolving 1 μL of Lipofectamine2000

(Invitrogen, USA) in 50 μL of DMEM. Then, the two solutions were

thoroughly mixed and stood for 5 minutes. The mixture was then

added to the medium at 37�C and held for 24 hours. The sequence of

miR-140-5p mimic was CAGUGGUUUUACCCUAUGGUAG.

2.3 | Colony formation assay

After transfection, digestion and cell counting, the cells were cultured

in 12-well plates at 100 cells per well at 37�C in a 5% CO2 atmo-

sphere for 3 weeks, and the conditioned medium was changed every

3 days (d) to observe clone formation. The culture was terminated

when the cloned cells were within 50-150 fields, and then the

medium was discarded, and the cells were rinsed twice in Dulbecco's

Phosphate Buffered Saline (DPBS, D8662, Sigma-Aldrich, USA). Next,

1 mL of methanol (34 860, Sigma-Aldrich, USA) was added into each

well to fix the cells for 15 minutes, and 1 mL of giemsa (999D715,

Thermo Fisher Scientific, USA) was added into each well and held for

30 minutes. Colony formation rate was calculated by the following

equation: colony formation rate = (number of colonies/number of

seeded cells) × 100%. Each treatment was carried out in triplicate.
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2.4 | Alizarin red S

After culturing C3H10T1/2 cells in osteogenic medium (50 μmol of

ascorbic acid, 10 mmol of β-glycerol phosphate and 100 nmol of

dexamethasone were added to α-MEM culture medium containing

10% FBS), Alizarin Red Staining was performed using an Alizarin Red

S Staining Kit (ST1078-25g, Beyotime Biotechnology, China).

According to the protocol, the cells were washed with 1 mL of phos-

phate buffer saline (PBS) twice, and then fixed with 4% paraformal-

dehyde in PBS for 15 minutes at room temperature. Before staining,

the fixation fluid was removed and the cells were washed with

diH2O for three times. After removing diH2O, 1 mL of 2% Alizarin

Red S Stain solution was added into each well and incubated with

the cells for 20 minutes at room temperature. Then the solution was

removed and the cells were washed with diH2O for 3 times. Next,

1 mL of diH2O was added into each well to prevent the cells from

drying. The samples were then observed under the optical micro-

scope (CKX31, Olympus, Japan).

2.5 | Oil Red O staining

HG-DMEM culture medium containing FBS (10%) was configured

and 1 μM dexamethasone, 10 μg/mL insulin, 200 μM indomethacin

and 0.5 mM IBMX were added to the medium. C3H10T1/2 cells

were cultured in adipogenic medium and lipid droplets were

observed by Oil Red O staining. Then, 0.05 g of Oil Red O powder

(00625, Sigma-Aldrich, USA) was added into 99% propanediol

(30157018, Sinopharm Chemical Reagent Beijing Co., Ltd, http://

www.crc-bj.com/Products.aspx?, China) to prepare Oil Red O dyes.

After removing C3H10T1/2 cell culture medium, the cells were

washed with 1 mL of PBS twice. Then the cells were fixed with 4%

paraformaldehyde in PBS for 15 minutes at room temperature.

Afterwards, the solution was removed and the cells were washed

with diH2O for three times. After that, 0.5% Oil Red O was added to

incubate the cells for 1 hour and then the cells were washed with

70% ethanol for three times. Finally, an optical microscope was used

to observe the pathological changes.

2.6 | Flow cytometry assay

To determine the surface phenotypes of C3H10T1/2 cells, the cells

were suspended in 100 μL of PBS and a 1 × 106/mL cell suspension

was prepared. Then 100 μL of the cell suspension was incubated with

fluorochrome-conjugated primary antibodies against Sca-1 (ab25031,

Abcam, USA), CD90.1 (205 903, Biolegend, USA), CD44 (103 011,

Biolegend, USA), and CD45 (103 111, Biolegend, USA) for

30 minutes, followed by incubation with phocein isothiocyanate-

labelled goat anti-mouse secondary antibody (406 001, Biolegend,

USA) at room temperature in the dark for 30 minutes. The stained

cells were subjected to flow cytometry analysis.

2.7 | Ethics statement

The animal experiments in this study were approved by the animal

ethics committee of the Second Hospital of Jilin University

(TSHJU20181105) and were in accordance with the guidelines of the

National Institutes of Health (USA) for animal experiments.

2.8 | Establishment of transgenic mouse model
and fracture model

A total of 32 6-week-old male BALB/c mice were obtained from

CAVENS, Changzhou, China. The mice were divided into four groups

(n = 8), namely, model group, model+miR-140-5p group (miR-140-5p

transgenic mice construction), fracture model group and fracture

model+miR-140-5p group.

For constructing of miR-140-5p transgenic mice: the miR-140-5p

sequence was synthesized, and surface plasmids containing preserved

osteocalcin initiators were obtained by Sall and EcoR I double enzyme

digestion, and DNA gel recovery kit was used to retract linear carrier

fragments. The linearized plasmid was connected to the synthesized

miR-140-5p sequence overnight at 16�C. Sensitive thin Escherichia

coli DH5α strain was prepared, the junction product was transformed

into DH5α sensitive cells, and the reassembly vector was screened.

The white resistant colonies were amplified, the plasmids were

extracted, and the recombinant plasmids were identified by Sall and

EcoR I restriction endonuclease. The miR-140-5p plasmids normally

expressed in mouse cells were sent to Guangzhou Saiye Biotechnol-

ogy Co., Ltd. for pronuclei microinjection, and the bone tissue-specific

high-expressed miR-140-5p and transgenic mouse models were gen-

erated. In this study, we injected the constructed miR-140-5p expres-

sion plasmid into the pronucleus of fertilized eggs of C57BL/6 mice

by fibre injection. Three weeks after the mouse was born, polymerase

chain reaction (PCR) was used to identify whether the expression

plasmid was integrated into the genome of the newborn mouse. In

this experiment, a total of 50 mice were born after microinjection of

miR-140-5p expression plasmid embryos, and 16 mice were success-

fully overexpressed by PCR.

In the fracture model and fracture model+miR-140-5p groups

(fracture model), after the mice were narcotized by intraperitoneal

injection of 65 mg/kg pentobarbital for 1 hour, a 10 mm incision was

made on the right thigh of the mice. Then, the vastus lateralis and

hamstring muscles were separated to expose the femur. Next, the

central shaft of the femur was amputated by osteotomy. Then

25 needles were placed into the intramedullary canal of the femoral

condyle in a retrograde fashion to fix the severed femur. Muscle sep-

tum and skin incisions were closed by absorbable sutures. The mice

were sacrificed at week 6 to observe the bone callus reconstruction.

Computed tomography (CT) was used to evaluate femora of the mice

with fracture through measuring bone mineral density (BMD), volume

of high density bone (BVh, mm3), total tissue volume (TV, mm3),

volume of low density bone (BVl, mm3), total bone volume
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(BVt, = BVh + BVl), and their proportions were normalized to the tis-

sue volumes (=BVh/TV, BVl/TV, BVt/TV).

2.9 | Quantitative reverse transcription-
polymerase chain reaction (qRT-PCR)

Total RNAs were extracted from tissues or cells using Trizol reagent

(12183555, Thermo Fisher Scientific, USA), and NanoDrop

One/OneC micro-UV-visible spectrophotometer (ND-ONEC-W,

Thermo Scientific, USA) was used to measure RNA concentration,

which was then adjusted to 500 ng/μL for subsequent experiments.

Then, RNAs were reverse-transcribed into cDNAs using a PrimeScript

RT kit (RR037A, Takara, China). The miRNA expression levels were

determined using a SuperScript III Platinum SYBR Green One-Step

qRT-PCR Kit (11736059, Thermo Fisher Scientific, USA). U6 served as

an internal reference. The ABI7500 system (Applied Biosystems) was

used in a qRT-PCR reaction, and 2−ΔΔCT method was used to calculate

multiple changes in relative mRNA expression levels.16 One micro-

litres of distilled water, 3 μL of cDNA, 5 μL of DNA polymerase, and

1 μL of primer were thoroughly mixed together. The PCR cycle pro-

gram was set as follows: at 95�C for 10 minutes, at 95�C for

15 seconds, at 72�C for 15 seconds, for a total of 40 cycles. All primer

sequences used for qRT-PCR in this study were listed in Table 1.

2.10 | Haematoxylin and eosin (HE) staining

HE staining was performed on the bone tissues of mice. Briefly, after

being fixed with formaldehyde for 24 hours, the tissues were

dehydrated with gradient alcohol, transparentized with xylene,

embedded in paraffin and sectioned into 5 μm slices. Then, the sec-

tions were stained with haematoxylin for 20 minutes, and placed in

acidification solution (1% hydrochloric acid in 75% ethanol) for

1 minute to remove cytoplasm blue, and then rinsed in tap water

for 10 minutes. Next, the tissue sections were stained with eosin for

15 minutes. Afterwards, the sections were dehydrated in 100% etha-

nol for 15 minutes, and then transparentized with xylene for

15 minutes. Finally, neutral gum was used to seal the film, and the

pathological changes of rat aortic tissues were observed under an

optical microscope (CKX31, Olympus, Japan).

2.11 | Statistical analysis

SPSS 18.0 (Chicago, USA) was used to analyse the data. In this study,

the data were shown as mean ± SD. Differences between more than

two groups were compared by ANOVA, whilst differences between

two groups were compared by t test. Each experiment was performed

in triplicate. P < .05 was defined as statistically significant.

3 | RESULTS

3.1 | Characteristics of mouse embryonic
mesenchymal stem cells (C3H10T1/2)

We first detected the biological characteristics of C3H10T1/2 cells,

and the results showed that C3H10T1/2 cells could form clones

(Figure 1A), at the same time, as shown in Figure 1B, after Alizarin

Red S, the cells had calcium nodules compared to the BMSC group,

indicating that the cells were induced as osteoblasts. After oil red O

staining, there were fat particles in the cells compared to the BMSC

group, which proved that the cells were induced as adipocytes. Then,

the phenotype of C3H10T1/2 cells was detected by flow cytometry,

and the results showed that the phenotypes included CD44, CD90.1

and Sca-1 but excluded CD45 haematopoietic stem cell marker

(Figure 1C).

3.2 | Effects of miR-140-5p on osteogenic
differentiation of C3H10T1/2 cells

The transfection rate of miR-140-5p in C3H10T1/2 cells was deter-

mined by qRT-PCR, and the results showed that miR-140-5p was high

expressed in the cells after the transfection (P < .001, Figure 2A). The

cells were then cultured in OS for 3 days, and the expressions of oste-

ogenic differentiation-related genes were detected by qRT-PCR, and

the results showed that overexpressed miR-140-5p promoted OS-

induced expressions of osteoblast differentiation-related genes

(Runx2, ALP, Spp1 and Bglap3) (P < .05, P < .001, Figure 2B). Calcium

deposition was determined by Alizarin Red S staining after the cells

were treated with miR-140-5p mimic and OS, and the results demon-

strated that overexpressed miR-140-5p promoted calcium deposition

in OS-treated C3H10T1/2 cells (P < .05, P < .001, Figure 2C).

TABLE 1 Primer sequences and products size for polymerase
chain reaction

Gene Sequence (50 to 30)

miR-140 Forward: CGTATCCAGTGCAATTGCCG

Reverse: GTCGTATCCAGTGCGTGCG

Runx2 Forward: CATCCCCATCCATCCACTCC

Reverse: GCCAGAGGCAGAAGTCAGAG

ALP Forward: ACCCGAAGAACAGAACCGAC

Reverse: TGCGGTTCCAGACATAGTGG

Spp1 Forward: CTGGCAGCTCAGAGGAGAAG

Reverse: TTCTGTGGCGCAGGACATT

Bglap3 Forward: CAAGCAGGAGGGCAATAAGGT

Reverse: AGCAGGGTCAAGCTCACATAG

GAPDH Forward: ATACGGCTACAGCAACAGGG

Reverse: GCCTCTCTTGCTCAGTGTCC
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3.3 | Expression of miR-140-5p in transgenic mice
and its effects on bone differentiation in mice with
fracture

The transgenic mouse model of miR-140-5p was established, and the

expression of miR-140-5p in bone, lung, brain, heart, spleen, liver, fat

and skeletal muscle tissues was detected by qRT-PCR. The data dem-

onstrated that miR-140-5p was highly and specifically expressed in

the bones of modelled mice (P < .001, Figure 3). In the fracture models

of wild-type, miR-140-5p and transgenic mice, histological examina-

tions were performed at the fracture site 7, 14 and 21 days after frac-

ture to observe the effects of miR-140-5p-specific expression in bone

tissue during fracture healing. The results showed that in wild-type

mice, a large amount of granulation tissue could be seen at the broken

end 7 days after fracture, and calluses were not obvious. However,

more fibrous and cartilaginous calluses, and some calcified and large

callus were observed on day 21, and some of the calluses were con-

nected into pieces and woven into bone. In miR-140-5p transgenic

mice, fewer fibrous and cartilaginous calluses could be seen 7 days

after fracture, and a large number of calcified calluses could be seen

14 days after fracture; moreover, calcified calluses were connected

21 days after fracture, and the woven bone was connected into

pieces, and the medullary cavity began to form (Figure 4A). The

expression of Osteocalcin was detected by qRT-PCR 7, 14 and

21 days after fracture, and the results showed that miR-140-5p pro-

moted the expression of osteocalcin in fracture model mice (P < .05,

P < .001, Figure 4B). In addition, BMD and bone mass of fractured

mice were calculated by CT scan. As shown in Table 2, the BMD and

bone mass of miR-140-5p transgenic mice with fracture were signifi-

cantly higher than those of the control group and the fracture model

group (P < .05, P < .001).

4 | DISCUSSION

After bone injury, in addition to orderly regulation of growth factors,

the migration, proliferation and other functional roles of various

repair cells are key to obtain an ideal result of bone repair.17-19 Bone

marrow mesenchymal stem cells adhere to bone marrow stromal

cells and have the potential to self-renew and differentiate into

bone, cartilage, fat and muscle cell lines.20 Studies have found that

C3H10T1/2 cells are undifferentiated mouse embryonic mesenchy-

mal stem cells characterized by having a strong proliferation ability

and multi-directional differentiation potential, and they can differen-

tiate into adipocytes, osteoblasts and chondrocytes under certain

conditions.21,22 In this study, we studied the characteristics of

C3H10T1/2 cells, and the results showed that the formed cell colo-

nies were visible 14 days after culture. CD44, CD90.1, and Sca-1 are

important surface markers for bone marrow mesenchymal stem

cells.23 BMSCs are non-haematopoietic cells and do not express

CD45.24 In this study, the expressions of CD44, CD90.1 and Sca-1,

rather than that of CD45, were detected by flow cytometry, indicat-

ing that C3H10T1/2 cells are not bone marrow haematopoietic cells

but bone marrow mesenchymal stem cells. In addition, our research

found that C3H10T1/2 cells could differentiate into osteoblasts and

adipocytes.

F IGURE 1 Characterisation of mouse embryonic mesenchymal stem cells (C3H10T1/2). (A) The number of C3H10T1/2 cells was counted in
the cloning experiment. (B) Alizarin Red S staining was used to observe the osteogenic differentiation of C3H10T1/2 cells, and Oil Red O staining
was used to observe the adipogenesis of the cells. (C) The expressions of CD45, CD44, CD90.1 and sca-1 in C3H10T1/2 cells were detected by
flow cytometry
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Several studies have shown that miRNAs play an important role

in the differentiation of mesenchymal stem cells into osteoblasts. For

example, overexpression of miR-140-5p can promote the differentia-

tion of bone marrow mesenchymal stem cells into chondrocytes.25

Therefore, C3H10T1/2 cells were used as the research objects to

explore the effect of miR-140-5p on osteogenic differentiation. Runx2

is an osteogenesis-specific transcription factor that plays a vital role in

the development, differentiation and bone formation of osteoblasts,

and its expression can be regulated by a variety of miRNAs26,27; ALP

is a marker for early cell differentiation and is related to bone cell syn-

thesis before bone calcification,28 and overexpressed miR-615-3p can

inhibit ALP expression29; Spp1 is a late marker for osteoblasts and is

closely related to bone matrix mineralisation; Bglap is a signature

enzyme of osteoblasts. Studies found that the differential expressions

of miR-29b, miR-30c2 and miR-125b are closely related to Spp1 and

Bglap.30 In this study, we investigated the effects of miR-140-5p on

the expressions of Runx2, ALP, Spp1 and Bglap in C3H10T1/2 cells,

and the data demonstrated that overexpressed miR-140-5p can pro-

mote the expressions of osteogenesis-related genes. At the same

time, by staining calcified nodules on C3H10T1/2 cells, we also con-

firmed that overexpression of miR-140-5p can promote osteogenic

differentiation of cells. Therefore, miR-140-5p can regulate the differ-

entiation of C3H10T1/2 cells into bone, which is consistent with the

findings of Mahboudi et al25 Moreover, we speculated that miR-

140-5p was closely related to bone healing.

Murata et al found that inhibition of miR-92a expression in mice

with fracture can promote bone healing by promoting angiogenesis.31

In order to further investigate the effect of miR-140-5p on fracture

healing, we transfected miR-140-5p overexpression vector into mice,

and found that miR-140-5p was specifically overexpressed in the

bone of transgenic mice. Then, a fracture model was established in

mice and transgenic fracture models. Through histopathological

F IGURE 2 Effects of miR-140-5p on the osteogenic differentiation of C3H10T1/2 cells. (A) The conversion rate of miR-140-5p in
C3H10T1/2 cells was detected by qRT-PCR. (B) The cells were cultured in OS for 3 days, and the expressions of osteogenic differentiation-
related genes were detected by qRT-PCR. (C) Calcium deposition was determined by Alizarin Red S staining after the cells were treated with miR-
140-5p mimic and OS. *P < .05, **P < .01, ***P < .001, vs Blank; ^P < .05, ^^P < .01, ^^^P < .001, vs mimic control; ###P < .001, vs OS; &&&P < .001,
vs mimic control + OS;+++P < .001, vs mimic
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observation, we found that 21 days after the mice with fracture were

transfected with miR-140-5p, there were a large number of calcified

nodules at the fracture site of the mice, and braved bones joined into

slices, and medullary cavities began to form. At the same time, the

BMD and bone mass of the fractured mice were calculated, and the

results showed that the mice transfected with miR-140-5p had higher

bone density and bone mass than those in the fractured model group.

Therefore, miR-140-5p is involved in the physiological process of mice

with fracture and promotes bone healing. Moreover, rescue experi-

ments will be conducted to further verify our results in our future

studies.

In conclusion, miR-140-5p promoted osteogenic differentiation

of mouse embryonic bone marrow mesenchymal stem cells and post-

fracture healing in mice, which may be a therapeutic target for

treating fractures and promoting bone healing. However, we still need

to perform experiments to further reveal the molecular regulatory

mechanism of miR-140-5p in promoting bone healing.

F IGURE 3 Expression of miR-140-5p in transgenic mice. The
transgenic mouse model of miR-140-5p was established, and the
expressions of miR-140-5p in the bone, lung, brain, heart, spleen, liver,
fat and skeletal muscle tissues were detected by qRT-PCR. ***P < .001,
vs mimic control. 16 BALB/c mice were used and eight in each group

F IGURE 4 Effect of miR-140-5p on bone differentiation in fractured mice. (A) A fracture mouse model was established. After 7, 14 and
21 days of fracture, HE staining was used to observe the effects of miR-140-5p on the physiological changes of the fracture site. (B) Osteocalcin
expression was detected by qRT-PCR on day 7, 14 and 21 after fracture. *P < .05, **P < .01, ***P < .001, vs Model. 16 BALB/c mice were used and
eight in each group
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