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Abstract: Objective: To determine whether long-chain non-coding RNA (IncRNA) HAGLR can regulate BMP2 by
absorbing microRNA-214-3p (miR-214-3p), and to explore its role and mechanism in tibial fracture (TF) healing.
Methods: The HAGLR, miR-214-3p, and BMP2 expression levels in TF and in adjacent normal tissues were mea-
sured using quantitative real-time polymerase chain reaction (QRT-PCR). MC3T3-E1 osteoblasts were used to con-
struct the in vitro model. HAGLR was localized subcellularly through RNA-fluorescence in situ hybridization (FISH).
A dual-luciferase report experiment confirmed that miR-214-3p has a targeted relationship with HAGLR and BMP2.
It was then divided into a HAGLR over-expression group, an miR-214-3p mimic group, a HAGLR+miR-214-3p mimic
group, an sh-HAGLR group, a BMP over-expression group, an sh-HAGLR+over-expression BMP2 group, and a nega-
tive control group. The proliferation and apoptosis of the MC3T3-E1 osteoblasts were examined using MTT assays
and flow cytometry. A TF model was established in male C57BL/6J mice. The serum alkaline phosphatase (ALP)
and osteoprotegerin (OPG) levels in the sham group, the TF group, and the TF group that were injected with HAGLR
were compared using ELISA. Hematoxylin-eosin (HE) staining was used to confirm the fracture healing in the mouse
model. Results: Compared with the adjacent normal tissues in the TF patients, the HAGLR and BMP2 expressions
decreased but the miR-214-3p expressions increased in the TF tissues (P<0.05). HAGLR, an endogenous sponge,
absorbed the miR-214-3p, and the BMP2 expression was directly regulated by miR-214-3p. HAGLR increased the
proliferative activity of the osteoblasts and decreased the apoptosis rate. The over-expression of miR-214-3p partly
reversed the effect of HAGLR on the cells, decreased the proliferative activity, and increased the apoptosis rate (all
P<0.05). The sh-HAGLR decreased the proliferative activity and increased the apoptosis rate. But after the over-
expression of BMP2, the proliferative activity of the cells was higher, and the apoptosis rate was lower than it was in
the sh-HAGLR group (all P<0.05). The over-expression of HAGLR can up-regulate the ALP and OPG levels in mouse
models (P<0.05). Conclusion: INcRNA HAGLR can regulate BMP2 to play a protective role in TF by absorbing miR-
214-3p, and it is related to promoting the osteoblast proliferation, inhibiting apoptosis, and up-regulating the serum
ALP and OPG levels to accelerate bone healing.
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Introduction the first choice for treating tibial fractures, it’'s

difficult to treat intra-articular fractures surgi-

Tibial fractures (TF) are considered to be the
most common form of traumatic fracture, and
they will lead to a permanent decrease in bone
density. Postoperative TF patients often also
suffer from limb deformities, joint dysfunction
etc. [1, 2]. Bone formation, remodeling and
healing are highly regulated and extremely
complex processes, which requires the coordi-
nation of different types of cells [3]. Osteoblast-
mediated delayed bone formation will lead to
delayed fracture healing [4]. Although surgery is

cally. So, it is still a great challenge for trauma
surgeons to ensure positive treatment results
[5].

It has been found that long chain non-coding
RNAs (LncRNAs) play an important role in frac-
ture healing [6]. Previous studies have shown
that the expression of LncRNA HAGLR is down-
regulated in patients with femoral neck frac-
tures (FNF). HAGLR can promote the survival
rate and migration of MC3T3-E1 cells, inhibit
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apoptosis, and up-regulate the activity of osteo-
blasts [7], but its role in TF is unclear, so that is
the focus of this research.

microRNA (miRNA) has the ability to regulate
the expressions of many genes, and it is related
to many physiological functions and disease
processes [8]. Research has shown that miR-
NAs can play a key role in the process of osteo-
arthritis after TF by regulating the target genes,
and their functions almost always involve prolif-
eration, differentiation, aging, and the apopto-
sis of cell processes [9]. Research has also
suggested that the amounts of callus and
osteocalcin in mice decreases after the injec-
tion of miR-214-3p, which can delay the healing
of TF by inhibiting the Wnt/B-catenin signaling
pathway [10].

BMP2 is a crucial member of the transforming
growth factor-B family [11]. Research shows
that BMP2 expression is significantly decreased
in patients with delayed bone healing [12]. In
addition, BMP2 is involved in cartilage forma-
tion and stimulates bone marrow mesenchymal
stem cells to differentiate into osteoblasts to
accelerate fracture healing [13]. Therefore, the
BMP2 expression will affect fracture healing
and callus formation.

The purpose and innovation of this study is to
show the role of IncRNA HAGLR in TF and dis-
close its possible mechanism for the first time,
in order to provide a new and targeted molecu-
lar therapeutical treatment strategy.

Materials and methods
Ethical statement

This research was approved by the ethics com-
mittee of our hospital. With the informed con-
sent of each patient, their clinical data records
were renumbered to keep them secret. The ani-
mal experiment scheme was examined and
approved by the animal ethics committee of our
hospital, and the experimental operation was
carried out strictly in accordance with the
guidelines for the nursing and use of experi-
mental animals formulated by the National
Institutes of Health.

Collection of the TF tissue samples

From January 2019 to August 2020, 42 patients
with complex tibial plateau fractures diagnosed
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through CT in our hospital were recruited as the
research cohort. There were 28 male and 14
female patients, and they ranged in age from
34 to 75 years old, with an average age of
52.1 years old. There were 17 cases of open
fractures and 25 of closed fractures. The frac-
tured bones and the adjacent normal tissues
were stored in liquid nitrogen. Inclusion criteria:
(1) all the patients were diagnosed with tibial
plateau fractures through CT examinations, (2)
patients with unhealed fractures within the
previous 4 months and whose X-ray images
showed that the fracture line was blurred and
there was continuous callus, and (3) patients
with relatively complete clinical data [14].
Exclusion criteria (1) patients with a history of
tibial plateau fractures or surgical operations,
(2) patients with dysfunction of the vital organs
such as the heart, liver, and kidneys, (3) pa-
tients comorbid with malignancies, and (4)
patients who had participated in other research
projects.

Cell culture and transfection

MC3T3-E1 osteoblasts were purchased from
the American Type Culture Collection (ATCC),
and the cells were frozen in an RPMI 1640
(12633012, Thermo Fisher Scientific, Inc. USA)
medium containing 40% fetal bovine serum
(FBS) (16000-077, Gibco, USA) and 5% dimeth-
yl sulfoxide (methyl sulfoxide, DMSO) (D2650,
Sigma-Aldrich, USA) according to the instruc-
tions. They were shaken and thawed in a water
bath at 37°C, and then centrifuged at 1000
rom for 3 min. The supernatant was discard-
ed, and 1 mL of culture medium was mixed in
and blew well. Next, all the cell suspensions
were transferred to a flask containing 5 mL cul-
ture medium and cultured overnight. The cells
were sub-cultured after reaching 80%-90%
confluency. The cells in the logarithmic growth
phase were digested with 0.25% pancreatin
(PB180224, Procell, China), then inoculated
into a 6-well plate (A1098202, Thermo Fisher
Scientific, Inc. USA), and cultivated in a 5%
CO, incubator at 37°C all night long. The len-
tivirus against IncRNA HAGLR (sh-IncRNA
HAGLR) and the negative control (sh-HAGLR-
NC) were designed and constructed by Sh-
anghai Gene Co., Ltd. A lentivirus packaging
system plasmid was prepared, then MC3T3-E1
cells were co-infected and the virus was pack-
aged, and the virus-containing supernatant
was collected. In a 40 mL ultracentrifuge tube,
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Table 1. Vector sequence for the transfection

Name Sequences (5-3’)
sh-HAGLR-NC Sense strand 5’-ACTGCCCTGATGCTAGCTAGCACCGGT-3’
Antisense strand 5’-GCUCGATCCTGCTAGATCUUCGCUAC-3’
sh-HAGLR Sense strand 5-GGUCGAUUGAUUGCAUCUATT-3’
Antisense strand 5’-UAGCUC UAACCAGAGACAUTT-3’
pcDNA3.1-BMP2 Forward 5’-TAGAATCTTCTTTTCGACGAAGATGTATGA-3’
Reverse 5’-CTTGAACGGATTGTGATATACCCCTTACAG-3’
pcDNA3.1-HAGLR Forward 5’-TATTCTTTGAATCTCGACGAAGATGTATGA-3’
Reverse 5’-CTTGAACGGATTGTGATATACCCCTTACGA-3’
mimic-NC Forward 5’-UCUCAGCGUCGUCAUUCGATT-3’
Reverse 5’-ACAACGAGGAAUUUCGGGCTT-3’
miR-214-3p mimic Forward 5-UAGCCAGAGGUGCCGUGAAC-3’
Reverse 5’-CCGACUUACUGUUCGACCUU-3’

the cells were centrifuged at 80,000 rpm, at
4°C for 2 h, resuspended in pre-cooled PBS,
and dissolved at 4°C overnight. When the
fusion degree of MC3T3-E1 cells reached 60%-
70%, sh-HAGLR and sh-HAGLR-NC were dro-
pped on the cell surface respectively. After 8
h, they were changed into a normal DMEM
medium containing 10% FBS. The full-length
sequences of BMP2 and HAGLR were cloned
into a pcDNA3.1 vector, and high expres-
sion vectors of BMP2 (pcDNA3.1-BMP2) and
HAGLR (pcDNA3.1-HAGLR) were constructed.
The miR-214-3p mimic and its matched nega-
tive control (mimic-NC) were designed and syn-
thesized by Shanghai GenePharma. The cells
were transfected using a LipofectamineTM
3000 (L3000015, Invitrogen, USA) transfec-
tion reagent based on the instructions. After
that, the cells were incubated in an incubator at
37°C and 5% CO, for the subsequent experi-
ments. The sequences of the transfected vec-
tors are shown in Table 1.

Fluorescence in situ hybridization test

In the MC3T3-E1 osteoblasts, whether IncRNA
HAGLR was located in the nuclei or cytoplasms
was determined using fluorescence in situ
hybridization (FISH): the MC3T3-E1 cells were
sliced and washed 2-3 times in PBS, for five
minutes each time. At 4°C, they were fixed with
4% paraformaldehyde for 5-10 min and rinsed
with PBS. Then, 0.5% TritonX-100 permeable
liquid (PO096, Beyotime, China) was added,
and the cells were incubated for 20 min and
rinsed for 10 min in PBS. Afterwards, absolute
alcohol was added and dried, and a hybridiza-
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tion solution (Xishitan Town) was supplement-
ed. The probe was put on a PCR instrument and
denatured, and then it was added to the culture
hole for immersion climbing. Subsequently, the
cells were incubated at 37°C overnight, rinsed
and then mixed with 3% BSA dropwise and
blocked. A digoxin fluorescent secondary anti-
body was added. Subsequently, they were incu-
bated for 1 h and dyed for 10 min with DAPI
(4’-6-diamidino-2-phenylindole) staining solu-
tion (C1006, Beyotime, China). Afterwards, they
were cleaned again with PBS solution for 15-20
min, then we washed off the excess PBS with
clear water, and then we dried the cells at room
temperature. The cells were protected from
light and sealed. Finally, they were observed
under a fluorescence microscope and captured
and photographed (CKX53, Olympus, Japan).

Dual-luciferase report analysis

The targeted relationship between miR-214-3p
and HAGLR or BMP2 was predicted through
the LncSNP online prediction target websi-
te (http://210.46.80.146/lincsnp/search.php).
The luciferase activity was measured accord-
ing to the instructions of dual-luciferase report-
er assay kit (RGO27, Beyotime, China). The
sequence containing the miR-214-3p binding
site on HAGLR or BMP2 3’ (the untranslated
region) UTR was amplified using PCR and
cloned into a luciferase vector and recorded as
HAGLR-WT or BMP2-WT (Wild type). At the
same time, PCR amplified the mutant sequenc-
es and were cloned into mutant plasmids,
which were named HAGLR-MUT or BMP2-MUT
(the mutant type). In view of the instructions of
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Table 2. The gRT-PCR sequences

Name Sequences (5-3")

IncRNA HAGLR Forward GAATGGATATDCTGGGTTTC
Reverse TACATGAAATCGATCTTGCCG

miR-214-3p Forward CGTTAACAGCTGTACCATC
Reverse AGTGATGGTGTAGGTGTAGG

BMP2 Forward TCACTAGTAGCAAACCCACGT
Reverse TTCTTCCCTTGGTATCTATCTCG

GAPDH Forward CTCACTGCTACATCCAGTACAC
Reverse CCTGCCTACCATGTTT ACC G

ue Forward ACGCAUCAUAGUUAUGCACCAAAUG

Reverse  GUAUACUUGGCUCGCUCCG AUAU

Lipofectamine™ 3000 (L3000015, Invitrogen,
USA), the mimic-NC or miR-214-3pmimic and
luciferase plasmids were transfected into
MC3T3-E1 cells in groups. Forty-eight hours
after the transfection, the old culture medium
was discarded. The cells were washed with PBS
2-3 times, and 100 L lysis buffer was added to
each well and then shaken for 15 min in a table
concentrator. The cell lysate was collected and
centrifuged at 10000 rpm for 3 min. Then, 50
uL firefly luciferase reaction solution and 50 L
sea cucumber luciferase reaction solution were
added, and they were mixed quickly and evenly,
and then we put them into a luminescent plate
for quantification and reading. Each experiment
was repeated 3 times. The luciferase activity of
the fireflies in the transfected cells was tested
using a microplate reader (TekELX800, Bio-
TEK, USA). With the sea kidney luciferase activ-
ity as the internal control, the relative luciferase
activity was the ratio of the firefly luciferase
activity to the sea kidney luciferase activity.

Quantitative real-time polymerase chain reac-
tion (RT-PCR)

The cells were incubated for 48 h after the
transfection and were then collected, and the
total RNA was extracted using Trizol reagent
(15596018, Invitrogen, USA) based on the kit
instructions. The cDNA was synthesized from
the tissues and cell samples using a reverse
transcription kit (RRO37A, TaKaRa, Japan). The
reaction system was described with reference
to the reverse transcription kit, and the condi-
tions were as follows: incubation at 37°C for
0.5 h, 85°C for 10 s and standing at 4°C for 10
min. After the reaction was terminated, a
TagMan Universal Master Mix Il (4440043,
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Thermo Fisher, USA) was used to carry out
the real-time quantitative PCR. The reac-
tion system was as follows (total volume
20 uL): 2xTagman Universal Master Mix Il
10 pL, Rnase Free ddHZO 8 yL, cDNA tem-
plate 1 ulL, 20xTagman Assay 1 uL. The
real-time quantitative PCR reaction condi-
tions were as follows: 95°C, 10 min, 95°C,
30 s, 95°C, 5 s, 60°C, 34 seconds. A to-
tal of 45 cycles were amplified. GAPDH
was regarded as the internal reference of
LncRNA HAGLR and BMP2, and U6 was
used as an internal reference of Mir-214-
3p. The relative expression levels were cal-
culated using 224°T, The tissue test proce-
dure was the same. The gene sequences were
retrieved from the Shengxin database and the
primers were designed. The primer sequences
are shown in Table 2.

Western blot (WB)

Forty-eight hours after the transfection, the
cells in each group were collected, lysed by
adding 1% Triton-100 on ice, and centrifuged at
12000 RPM at 4°C for 10 min, and then the
supernatant was collected. The steps were
strictly carried out according to the (RO010,
Solarbio, China) instructions of the protein
extraction kit. After the BCA was quantified, 30
pug of protein was extracted and separated
using SD-SPAGE gel electrophoresis. The volt-
ages in the concentrated gel and separated gel
were 80 V and 120 V respectively. After the
electrophoresis, the separation gel was soaked
in a membrane transfer solution, and trans-
ferred to a PVDF membrane. The membrane
was placed in TBST sealing solution and sealed
for 2 h. It was taken out again and washed 2-3
times in TBST, 5 min each time. Primary anti-
body BMP2 was added (1:1000; ab214821,
Abcam, UK), incubated at 4°C for more than 15
h, and washed with TBST solution 2-3 times the
next day, five minutes each time. Horseradish
peroxidase (HRP) labelled second antibody I1gG
(1:2000; abab6721, Abcam, UK) was added,
then it was reacted at room temperature in a
table concentrator for 2 h, and then the mem-
brane was cleaned with TBST. The samples
were measured using enhanced chemilumines-
cence (ECL), developed in an ECL color-sub-
strate solution (WBKIS0100, Millipore, USA),
and then fixed with a fixing solution. Image J
software was used for the gray analysis, and
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protein level = target band gray value/internal
reference protein (GAPDH) band gray value.

MTT test

The cell proliferation activity was examined
using MTT assays. The transfected MC3T3-E1
cells in the logarithmic growth phase were col-
lected, then they were digested with 0.25%
trypsin, and then they were added to a 96-
well plate with the adjusted concentration.
After the cell attachment, 10 uyL MTT solution
(PB180519, Procell, China) was added at O, 24,
48, and 72 h, respectively, and the supernatant
was discarded after incubation for 4 h. Then,
150 yL DMSO solution (D2650, Sigma, USA)
was added, and the cells were shaken at room
temperature for 5 min under dark conditions.
The absorbance (OD) at a wavelength of 450
nm was measured using a microplate reader
(TekELX800, Bio-TEK, USA).

Flow cytometry analysis

The apoptosis of the cells was tested using
the Annexin V/PI dual staining kit (BB-4101,
BestBio, China). First, the cells were collected
and digested with 0.25% trypsin without EDTA
to prepare a single cell suspension. Next, they
were centrifuged for 5 min at 800 RPM. Finally,
the supernatant was discarded. After the cells
were cleaned with PBS, precooled 70% ethan-
ol was added, fixed at 4°C and centrifuged
again for 5 min. The lower layer cells were
washed with PBS solution and then sieved and
resuspended. FITC labeled Annexin V was
added at room temperature, mixed gently, and
reacted for 15 min. Afterwards, Pl dye liquor
was added, incubated for 5 min away from light,
and then measured using flow cytometry
(DxFLEX, Beckman, USA).

TF model establishment

Sixty clean healthy male C57BL/6 mice (12
weeks old, weighing 25-30 g) were randomly
selected from the Hunan Experimental Animal
Research Center (License for use of laboratory
animals: SYXK (Xiang) 2012-0004). The rats
were randomized into 3 groups: a sham group
(n=5, the sham operation group, only anesthe-
sia without an operation), a TF group (n=5, a TF
operation after anesthesia), and a pc-HAGLR
group (n=5, after modeling, 5 yL pc-HAGLR was
injected directly around the fracture site).
Mouse TF models were established according
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to previously published studies [15]. The mice
were exposed to 2% isoflurane (26675-46-7,
Macklin, China) in a transparent anesthetic
box. The mice in all the groups except the sham
group were anesthetized, depilated, disinfect-
ed, and skinned. Then the left tibia of the mice
was exposed, and holes were drilled in the mid-
dle of the tibia, and 0.1 mm bone nails were
inserted along the direction of bone marrow
cavity for fixation. After the transverse stage,
the incision was closed and injected accord-
ingly. The sham group was also administered
isoflurane anesthesia in the lateral tibia inci-
sion surgery, and the incision was sutured after
peeling off periosteum. Afterwards, the mice in
each group were given compound lidocaine gel
ointment to relieve their inflammation and pain.

Enzyme-linked immunosorbent assay (ELISA)

Forty-eight hours after the operations, blood
samples were collected from the submandibu-
lar vein in the fasting mice in each group (5 in
each group). Before the blood collection, mice
were anesthetized with fentanyl 20 ug/kg+ dro-
peridol 500 ug/kg to relieve the animals’ pain,
and 0.5 mL was collected from each mouse.
The venous blood was transferred to the anti-
coagulant EP tube, and the supernatant was
obtained after 3000 rpm centrifugation for 10
min. The levels of alkaline phosphatase (ALP)
and osteoprotegerin (OPG) in the mouse serum
were compared using ELISA. The specific oper-
ation steps were carried out strictly in accor-
dance with the enzyme labeling instrument
(TeKELX800, Bio-TEK, USA), the supporting ALP
detection kit (SP11042, Saipei Bio, China), and
the OPG detection kit (SP10950, Saipei Bio,
China) instructions.

HE staining

First, the mice were anesthetized with 2% pen-
tobarbital sodium and then sacrificed by cervi-
cal dislocation (5 in each group). The tibia tis-
sues of each group were obtained by soak-
ing them in 75% ethanol (D885934, Macklin,
China) for 5 min in an aseptic environment at
room temperature.

The specific procedures: The skin was cut
through a small orifice of 2-3 cm to the lateral
thigh, and the abdominal skin was dissociated.
Then, the skin was cut and fixed with tweezers.
The Achilles tendon was cut off, and the tibial
head was fixed with tweezers. The free tibia
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Figure 1. The relative expression of INcRNA HAGLR. A: The expression of HAGLR in the TF tissues (n=42) and adja-
cent normal tissues (n=42) is measured using qRT-PCR; B: A diagnostic value curve (AUC=0.8798, 95% Cl: 0.8076-

0.9520, P<0.0001).

was exposed to the callus. The tibia was ampu-
tated 1 cm away from the callus, and the callus
was left. It was rinsed in a Petri dish containing
4-10°C and 10 mL PBS solution. After fixation
with neutral formaldehyde, 15% Ethylenedia-
minetetraacetic acid (EDTA) (E809068, Ma-
cklin, China) was decalcified for 4 weeks, and
then dehydrated and embedded in paraffin. A 3
um tissue section was cut continuously. The
slices were baked overnight at 60°C and then
made into tissue sections. Hematoxylin-eosin
staining was used for the histological observa-
tion. After dehydration with gradient ethanol,
the cells were stained with hematoxylin dye
solution (G1080, Solarbio, China) for 5 min and
rinsed with running water. Afterwards, the sec-
tions were immersed in PBS, rinsed 3 times in
pure water until it was fully blue, then dyed with
eosin solution (G1100, Solarbio, China) for 3
min, and then subjected to gradient dehydra-
tion again. Finally, they were placed in xylene
(4463-44-9, Aladdin, China) for 5 min and
sealed with neutral resin. Next, under a 400x
microscope, five visual fields were randomized
from each specimen and the osteoblasts in
the visual field were observed. The number of
osteoblasts per unit area (mm?) was calculated
and recorded.

Statistical analysis

In this research, the data were statistically ana-
lyzed using SPSS 22.0 software. All the mea-
surement data with a normal distribution and
uniform variance were expressed in the form
of the mean + standard deviation (X£sd). The
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comparisons between two groups were carried
out using independent samples t-tests, and
ANOVA followed by Bonferroni post-hoc tests
were used for the comparisons among multiple
groups. The count data were expressed as a
percentage and analyzed using Pearson Chi-
square tests. If it did not conform to a normal
distribution or homogeneity of variance, a rank
sum test was performed, and the diagnostic
value was analyzed using the Kaplan Meier
method. P<0.05 indicated that a difference
was statistically significant.

Results

IncRNA HAGLR expressions were decreased in
the TF tissues

The expressions of HAGLR in the TF tissues
were measured using the gRT-PCR method.
Compared with the adjacent normal tissues
(n=42), the HAGLR expressions in the TF tis-
sues were lower (n=42) (Figure 1A, P<0.001).
Meanwhile, our ROC curve analysis indicated
that the area under the ROC curve of HAGLR in
predicting TF was 0.8798 (Figure 1B) (AUC=
0.8798, 95% Cl: 0.8076-0.9520, P<0.0001).
To sum up, it can be concluded that HAGLR can
be used as an effective molecular diagnostic
index for TF.

HAGLR promoted the proliferation of the osteo-
blasts and inhibited their apoptosis

To observe the potential effect of HAGLR on
the osteoblasts, MC3T3-E1 cells were trans-
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fected with a HAGLR overexpression or knock-
down vector. It showed that the expression
of HAGLR was higher than it was in the nega-
tive control group (Figure 2A, P<0.05), and
shRNA could effectively inhibit the expression
of HAGLR (P<0.05). The MTT assay results
showed that the proliferative activity of the
MC3T3-E1 cells was enhanced after the over-
expression of HAGLR (Figure 2B, P<0.05).
The flow cytometry results revealed that the
number of apoptotic cells decreased sh-
arply after we increased the HAGLR expres-
sion in the MC3T3-E1 cells (Figure 2C, P<
0.05). In addition, the HAGLR knockdown was
able to stimulate apoptosis and inhibit the
proliferation of the MC3T3-E1 cells (Figure 2B,
2C, P<0.05).

HAGLR was mainly located in the cytoplasms
and was able to regulate its expression in the
osteoblasts by absorbing miR-214-3p

miR-214-3p with a targeted binding site to
IncRNA HAGLR was predicted using an online
bioinformatics prediction website analysis
(Figure 3A). In situ hybridization showed DAPI
labeled nuclei and fluorescence in situ label-
ed HAGLR molecules. The combined images
signified that HAGLR molecules were mainly
located in the cytoplasm (Figure 3B). According
to the predicted target of the website, A dual-
luciferase reporter genetic analysis revealed
that the over-expression of miR-214-3p inhibit-
ed the luciferase activity in the wild-type HAGLR
vector and verified the binding of HAGLR to
miRNA-214-3p (Figure 3C, P<0.05). Compar-
ed with the adjacent normal tissues (n=42),
miR-214-3p was highly expressed in the TF tis-
sues (n=42) (Figure 3D, P<0.001). A Spearman
correlation analysis revealed that it was nega-
tively correlated with the expression of HAGLR
in the TF tissues (n=42) (Figure 3E, r=-0.4002,
P<0.001).

Also, the miR-214-3p expression in the
MC3T3-E1 cells was up-regulated after the
transfection with sh-HAGLR (Figure 3F, P<0.05),
and the expression was down-regulated after
the over-expression of HAGLR (P<0.05). It is
suggested that miR-214-3p may be the target
of HAGLR in the osteoblasts and may partici-
pate in the healing process of TF regulated by
HAGLR.
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miR-214-3p inhibited osteoblast proliferation
and induced apoptosis

To further verify our hypothesis, the expression
of miR-214-3p in each group of cells was mea-
sured using gqRT-PCR. The miR-214-3p mimic
dramatically up-regulated the expression of
miR-214-3p, which was partially reversed by
the transfection of pcDNA3.1-HAGLR (Figure
4A, all P<0.05). miR-214-3p inhibited the prolif-
eration of the MC3T3-E1 cells (Figure 4B,
P<0.05) and increased the rate of the apopto-
sis (Figure 4C, P<0.05). Thus, miR-214-3p can
inhibit TF, but this effect can be partially
reversed using pcDNA3.1-HAGLR (Figure 4A-C,
P<0.05).

BMP2 was proved to be a target of miR-214-
3p, which was expressed at low levels in the
TF tissues

To further explore the mechanism of IncRNA
HAGLR in promoting TF bone healing, we con-
tinued to search for possible regulatory targets
of HAGLR/miR-214-3p, and screened and iden-
tified the target gene of miR-214-3p using the
StarBase targeted relationship online predic-
tion website. In this experiment, BMP2 was
selected as a research object (Figure 5A). The
interaction between BMP2 and the top 15 risk
genes related to increased fracture probability
found on the website of DisGeNET (http://dis-
genet.org/search) was analyzed. The results
showed that BMP2 was relevant to the risk
genes of increased fracture probability, which
further confirmed the rationality of choosing to
study BMP2 (Figure 5B). The gRT-PCR results
revealed that the BMP2 expression in the TF
tissues was down-regulated compared with the
adjacent healthy tissues (Figure 5D, P<0.001).
The Dual-luciferase report experiment further
verified the targeted relationship between them
(Figure 5C). miR-214-3p down-regulated the
BMP2 expression, while IncRNA HAGLR partial-
ly reversed this trend (Figure 5E, 5F, all P<0.05).
At the same time, this shows that HAGLR can
absorb miR-214-3p and regulate BMP2.

BMP2 over-expression reversed the inhibition
of sh-HAGLR on osteoblast growth

The MTT and flow cytometry results (Figure 6)
indicated that over-expressing BMP2 could
significantly reverse the inhibitory effect of
sh-HAGLR on osteoblast proliferation (P<0.05)
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and promote osteoblast apoptosis (P<0.05). It
indicated that the inhibitory effect of sh-HAGLR
on osteoblast growth could be partially saved
by BMP2 (P<0.05).

HAGLR promoted bone healing in TF mice

Then, HE staining was used for the histological
observation. The results showed that the
shapes of the calluses in the tibias in the Sham
group (n=5) were regular and compact on the
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21st day after the transplantation. Under a high
power microscope, we observed that the bone
cells were mature, small in size, and that there
was no significant woven bone (Figure 7Aa).
However, in the TF group (n=5), there were
many braided bones at the fracture site, and
the arrangement was irregular. At high magnifi-
cation, a large number of bone cells were
deposited in the bone matrix (Figure 7Ab).
Compared with the TF group, the tissue mor-
phology of the TF+pcDNA3.1-HAGLR group
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Figure 7. The role of HAGLR in
promoting bone healing in the TF
mice. A: The HE staining observa-
tion of the mouse tissue morphol-
ogy (200x); (a-c) are the results of
the high power microscopic obser-
vations of the sham group (n=5),
TF (n=5) and the TF+pcDNA3.1-
HAGLR group (n=5; 400x); B: The

(n=5) was improved. At high magnification, bo-
ne trabecula and chondrocytes were formed
(Figure 7Ac). In addition, compared with the
number of osteoblasts per square millimeter of
the tibial callus in each group, we found that
the number of osteoblasts in the sham group
was lower than the number in the TF group
(n=5), and it was improved after the addition of
HAGLR (Figure 7A). The ALP and OPG expres-
sion levels in the mouse models were mea-
sured using ELISA to evaluate the regulatory
effect of HAGLR on the bone healing in the TF
mice. Compared with the sham group (n=5),
the serum ALP and OPG levels in the TF group
(n=5) were down-regulated (Figure 7B, 7C,
P<0.05). Compared with the TF group, the lev-
els in the mice in the pcDNA3.1-HAGLR group
(n=b) increased (P<0.05).

Discussion

In this study, the value of LncRNA HAGLR in
promoting TF healing was verified using in vivo
and in vitro experiments. This effect may be
achieved through the miR-214-5p/BMP2 axis,
which provides a new target for diagnosis and
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serum ALP levels in each group
(n=5); C: The serum OPG levels
in the mice in each group (n=5).
Compared with the sham group,
*P<0.05; compared with the TF
group, "P<0.05; n=3.

treatment. The osteoblast MC3T3-E1 cells
were chosen as our research focus to investi-
gate the effect of IncRNA HAGLR on the prolif-
eration and apoptosis of osteoblasts. In the
process of fracture healing, bone cells can dif-
ferentiate into osteoblasts to form a repair
matrix [16]. Hence, osteoblasts play a vital role
in the fracture repair process [17]. We found
that HAGLR can improve the proliferative activ-
ity of the osteoblasts and inhibit their apopto-
sis. Moreover, the mouse TF model was estab-
lished with reference to previous experiments,
and the effect of HAGLR on the protein ALP and
OPG levels was observed; that is, the improve-
ment in fracture healing [18]. ALP and OPG syn-
thesized by osteoblasts were secreted into a
bone-specific extracellular matrix during the
biological process of ossification, forming a
mature bone matrix [19]. Experimental and clin-
ical studies have proved that the contents of
ALP and OG in the osteoblasts are commensu-
rate with the number of calluses, and the total
ALP will peak around the 21st day. Cartilage
callus is formed at the fracture site and trans-
formed into new bone through the ossification
process. The results of this study confirmed

Am J Transl Res 2021;13(10):11065-11080
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Figure 8. The mechanism by which LncRNA HAGLR absorbs miR-214-3p to
promote the BMP2 expression to improve tibial fractures.

that injecting HAGLR can significantly promote
the healing and remodeling of TF and increase
the serum levels of the bone markers ALP and
0G [20].

HAGLR, an IncRNA, can act as a natural miRNA
sponge and inhibit gene expression at the post-
transcriptional level through the endogenous
competition of miRNA binding sites [21]. Next,
to explore the specific molecular mechanism of
HAGLR in TF, FISH showed that it was mainly
expressed in the cytoplasm, suggesting that
it can play a role as ceRNA. The miR-214-3p
with a potential binding site was found in the
StarBase database. Research has confirmed
that the miR-214 expression is down-regulated
during the osteogenic differentiation of human
bone marrow mesenchymal stem cells, sug-
gesting that it may inhibit bone anabolism [22].
Furthermore, transfecting the exosomes of
miR-214-3p can effectively reduce the angio-
genesis potential. Angiogenesis is one of the
key events in the process of bone healing. Over-
expressing miR-214-3p in endothelial cells can
reduce tubular cell formation and migration,
thus inhibiting bone healing [23]. In a word,
miR-214-3p can be used as a therapeutic tar-
get to improve TF. Next, we verified the targeted
binding relationship between miR-214-3p and
HAGLR in a dual-luciferase report experiment.
In view of a series of functional tests and res-
cue experiments, miR-214-3p can inhibit the
proliferation of osteoblasts and induce their
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row mesenchymal stem cells,
thus slowing down the prog-
ress of osteoporosis [25]. It
can also increase the OPG
secretions of osteoblasts, th-
us promoting fracture healing
[26].

In this experiment, we estab-
lished and verified the IncR-
NA HAGLR/miR-214-3p/BM-
P2 axis. BMP2 is down-regu-
lated in TF tissues, which could save sh-HAGLR
from weakening osteoblast proliferation and
inducing apoptosis. Also, it has a positive sig-
nificance for osteoblast growth, thus relieving
TF. This study research has certain limitations
for further exploring the mechanism. For
instance, first of all, the ALP and OPG levels
were only detected in the serum as a method
for evaluating TF healing. Next, the number of
cases included was small. Finally, the down-
stream signal path was not further explored.

To sum up, IncRNA HAGLR up-regulates BMP2
expression by sponging miR-214-3p, thus im-
proving the progression of TF. On the basis
of the experimental results, we believe that
IncRNA HAGLR may be a promising target for
fracture treatment, which is crucial for bone tis-
sue repair and promoting the healing of TF. This
also helps to clarify the specific mechanism of
HAGLR in promoting TF healing by regulating
BMP2 and absorbing miR-214-3p. In this study,
the bioinformatic analytical methods are more
diverse and precise with the combined applica-
tion of a variety of technologies. The schematic
diagram of this study is shown in Figure 8.
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