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Abstract: The main cause of steroid-induced necrosis of
femoral head (SNFH) is excessive glucocorticoid (GC)
intake. The aim of this article was to investigate the
role of lncRNA NEAT1 as a molecular sponge to adsorb
miR-23b-3p and regulate CYP1A2 in SNFH. Fluorescence
in situ hybridization was used to localize lncRNA NEAT1.
Human bone marrow mesenchymal stem cells (hBMSCs)
were collected from patients with SNFH. The expression
of lncRNA NEAT1, miR-23b-3p and CYP1A2 in hBMSCs were
intervened. Compared to the control group, the lncRNA
NEAT1 and CYP1A2 expression in the SNFH group was
increased, while miR-23b-3p expression was decreased. GCs
could inhibit the osteogenic differentiation of hBMSCs and
upregulate the expression of lncRNA NEAT1. Knockdown
of lncRNA NEAT1 could promote the proliferation and
osteogenic differentiation of hBMSCs in the SNFH group.
Overexpression of miR-23b-3p could partially counteract
the effect of lncRNA NEAT1 on hBMSCs. CYP1A2 was

confirmed to be a target of miR-23b-3p. Overexpression
of CYP1A2 could partially rescue the effect of miR-23b-3p
overexpression on hBMSCs. In conclusion, lncRNA NEAT1
as a ceRNA can adsorbmiR-23b-3p and promote the expres-
sion of CYP1A2, which then inhibits the osteogenic differ-
entiation of hBMSCs and promotes the progress of SNFH.
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1 Introduction

Osteonecrosis of the femoral head (ONFH) is also known
as avascular necrosis of the femoral head. As the name
suggests, it refers to the structural changes caused by the
damage to the blood supply of the femoral head. It is one
of the common diseases of lower limb bone disability in
young adults [1]. According to the different causes of the
disease, ONFH is divided into traumatic and non-trau-
matic femoral head necrosis. Most non-traumatic femoral
head necrosis is caused by glucocorticoids (GCs) [2]. In
recent years, people’s understanding of steroid-induced
necrosis of femoral head (SNFH) has increased. However,
the pathogenesis of SNFH is not very clear. Many studies
have proposed the theory of thrombosis, apoptosis and
weakened osteogenic differentiation ability [3,4]. Apop-
tosis is autonomous and programmed cell death, which
plays an important role in theprogress ofmanydiseases [5].

Human bonemarrowmesenchymal stem cells (hBMSCs)
are tissue stem cells with multi-directional differentiation
potential,whichcandifferentiate intobone, fat,myocardial
andothercellsandplaya role in the treatmentof avariety of
diseases [6]. In this study, we explored the function and
mechanism of osteoblast differentiation of hBMSCs.

Long non-coding RNAs (lncRNAs) are a hot topic in
recent years. In the past few years, lncRNAs have been
shown to be involved in various pathological processes
and have a profound impact on diseases. Many lncRNAs
have been identified to play a functional role in SNFH.
Wang et al. used gene chips and bioinformatics methods
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to study the expression of lncRNAs in bone marrow
mesenchymal stem cells (BMSCs) of SNFH patients. They
found that the expression of 1878 lncRNAs increased, and
the expression of 1878 lncRNAs decreased, suggesting that
many lncRNAs are involved in the pathogenesis of SNFH
[7]. Xiang et al. confirmed that lncRNA RP11-154D6 was
downregulated in SNFH, and it could promote osteogenic
differentiation of BMSCs, playing an active role in SNFH [8].
According to previous studies, lncRNA NEAT1 has many
functions, such as playing a tumor-promoting role in color-
ectal cancer and increasing the tolerance of nasopharyngeal
carcinoma to histone-deacetylase inhibition [9,10]. lncRNA
NEAT1 not only plays a role in cancer but also promotes
renal fibrosis [11]. The effect of lncRNA NEAT1 on bone has
also been studied. Overexpression of NEAT1 can stimulate
the production of osteoclasts and reduce bone mass in mice
[12]. NEAT1 is also highly expressed in malignant bone
tumors and participates in osteosarcoma formation [13].
However, the mechanism of lncRNA NEAT1 in SNFH has
not been discussed yet.

microRNAs (miRNAs) are a class of small RNA mole-
cules without coding function. miRNAs can be competi-
tively adsorbed by lncRNA, and thus their biological
characteristics are inhibited. miRNAs can also target mes-
senger RNA (mRNA) to affect its corresponding protein
expression and form a lncRNA–miRNA–mRNA regulatory
network [14]. It has been proved that miR-23b-3p can be
regulated by lncRNA NEAT1, and miR-23b-3p can inhibit
the progress of SNFH by inhibiting ZNF667 [15]. Wei et al.
found that CYP1A2 served as a downstream target of
miR-23b-3p and was associated with the risk genes of
SNFH, and upregulation of miR-320 could reduce the
risk of SNFH by inhibiting CYP1A2 [16].

In this study, GCs were used to induce hBMSCs to
form an in vitro injury model. The effect of lncRNA NEAT1
on the hBMSC injury model was observed to explore the
biological function of lncRNA NEAT1 in SNFH and the
pathogenesis of SNFH, hoping to provide a new plan for
the treatment of SNFH.

2 Materials and methods

2.1 Sample collection

Femoral head samples of 25 patients who received total
hip arthroplasty in our hospital (The Affliated Hospital of
Guizhou Medical University) from 2017 to 2019 were col-
lected. The study enrolled 15 male and 10 female patients

with a mean age of 42.2 ± 13.5 years. All enrolled patients
had no history of smoking, drinking, chronic diseases or
infectious diseases. The patients in the experimental
group were those with steroid-induced necrosis of the
femoral head: their GC intake threshold was more than
1,800mg, or they had been receiving long-term steroid
treatment for 4 weeks or more. The patients in the control
group were those with femoral head necrosis secondary
to senile femoral neck fractures, and they had no GC
treatment history. Patients were diagnosed with femoral
head necrosis by imaging examination before the opera-
tion and diagnosed as femoral head necrosis by patholo-
gical examination postoperatively.

Informed consent: Informed consent was obtained from
all the individuals included in this study.

Ethical approval: The research related to human use has
complied with all relevant national regulations, institu-
tional policies and is in accordance with the tenets of the
Helsinki Declaration, and has been approved by the
authors’ institutional review board or equivalent com-
mittee (approval no. 2001074).

2.2 Cell isolation and culture

HBMSCs were extracted during total hip arthroplasty. The
specific operation is as follows. During the operation,
5 mL of bone marrow was extracted with a sterile syringe
from the bone marrow cavity of the proximal femoral head,
and the bone marrow fluid was added into the centrifuge
tube to prepare a cell suspension. Lymphocyte separation
solution (abs930; Shanghai Absin Biotechnology Co., Ltd.,
China) was added to the suspension and centrifuged at
2,000 rpm for 30min. Monocytes from the white layer were
collectedandcultured inDulbecco’sModifiedEagleMedium
(10567014; Thermo Fisher Scientific, USA) at 37°C in a 5%
CO2 incubator. Themediumwas changed every 3 days. Flow
cytometrywas used to detect the surface antigens expressed
by hBMSCs, such as CD90, CD34 and CD45. Strong positive
expression of CD90 and negative expression of CD34 and
CD45 indicated successful isolation of hBMSCs [17].

2.3 Grouping and transfection

The overexpression plasmids, siRNAs and miR-23b-3p
mimics were constructed by Shanghai GenePharma Co.,
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Ltd. (China). The groups were as follows: si-NC group
(transfected with negative control of knockdown gene),
si-NEAT1 group (transfected with NEAT1 siRNA), OE-NC
group (transfected with negative control of overexpression
plasmid), OE-NEAT1 group (transfected with NEAT1 over-
expression plasmid), OE-NEAT1 + miR-NC group (trans-
fected with NEAT1 overexpression plasmid and injected
with miRNA negative control), OE-NEAT1 + miR-23b-3p
mimic group (transfectedwith NEAT1 overexpression plasmid
and injectedwithmiR-23b-3pmimic), miR-NC group (injected
with miRNA negative control), miR-23b-3p mimic group
(injected with miR-23b-3p mimic), miR-23b-3p mimic +
NC group (injected withmiR-23b-3p mimic and transfected
with negative control of overexpression plasmid) and miR-
23b-3p mimic + OE-CYP1A2 group (injected with miR-23b-
3p mimic and transfected with CYP1A2 overexpression
plasmid). The plasmids and siRNAs were transfected into
hBMSCs by Lipofectamine 3000 kit (L3000001; Thermo
Fisher Scientific, USA). Forty-eight hours after transfec-
tion, the experiments below were carried out.

2.4 Fluorescence in situ hybridization (FISH)

To localize lncRNA NEAT1, an FISH kit (C002; Shanghai
Gefan Biotechnology Co., Ltd., China) was used. In short,
the sample sections were incubated with a pre-hybridiza-
tion solution at 65°C for 1 h. lncRNA NEAT1 probe was
added to cover the sections, which were then incubated
at 65°C for 48 h. After washing with saline-sodium citrate,
an fluorescein isothiocyanate-labeled antibody was added
to cover the sections. The sections were incubated in the
darkroom for 30min and then were washed with phos-
phate buffered saline (PBS). Finally, the sections were
stained with DAPI and sealed with nail polish. The sec-
tions were observed under an inverted fluorescence micro-
scope (DYF-880; Shanghai Dianying Optical Instrument
Co., Ltd., China). Refer to the kit manual for detailed steps.

2.5 Dual-luciferase reporter assay

The binding site between lncRNA NEAT1 and miR-23b-3p
was predicted using the Starbase database (http://starbase.
sysu.edu.cn). The predicted lncRNA NEAT1 sequence was
inserted into a pGL3 vector (HG-VQP0121; Changsha
Aonuo Gene Technology Co., Ltd., China) to construct
pGL3-NEAT1-WT and pGL3-NEAT1-MUT reporter vectors.
The two reporter vectors were co-transfected with miR-

23b-3p mimic and miR-23b-3p NC, respectively, into hBMSCs
using Lipofectamine 3000 transfection reagent (L3000001;
Thermo Fisher Scientific, USA). Forty-eight hours after trans-
fection, the transfected cells were lysed with lysis buffer and
centrifuged. The supernatant was used to detect luciferase
activity with a dual-luciferase kit (11402ES60; Shanghai
Yeasen Biotechnology Co., Ltd., China). The miR-23b-3p
and CYP1A2 sequences were found on NCBI website, and
the RNA22 database (https://cm.jefferson.edu/rna22/) was
used to predict the binding site of miR-23b-3p and CYP1A2.
The dual-luciferase reporter assay was designed with the
same method above to verify the interaction between miR-
23b-3p and CYP1A2.

2.6 qRT-PCR

TRIzol reagent (15596026; Thermo Fisher Scientific, USA)
was used to extract RNA from tissues, and the quality
of RNA was determined. RNA was used as the template
and reverse transcribed into cDNA, which was completed
by the reverse transcription kit (11141ES10; Shanghai
Yeasen Biotechnology Co., Ltd., China). Real-time PCR
was completed by the qRT-PCR kit (A15299; Thermo
Fisher Scientific, USA) and the qRT-PCR system (7,500;
Applied Biosystems, USA). The above operation steps
were carried out according to the manufacturer’s instruc-
tions. GAPDH and U6 were chosen as the internal refer-
ence, and the results were calculated and analyzed
according to the 2−ΔΔCt method. The primers were as
follows: lncRNA NEAT1 primers (forward, 5′-TGGCTAGCT
CAGGGCTTCAG-3′; reverse, 5′-TCTCCTTGCCAAGCTTCC
TTC-3′); miR-23b-3p primers (forward, 5′-ACACTCCAGCTC
CCATCACATTGCCAGGGAT-3; reverse, 5′-CTCAACTGGTGT
CGTGGAGCGAGGTGGTAAT-3′); CYP1A2 primers (forward,
5′-TAGCTCAGCTAGCTCGA-3; reverse, 5′-CTAGCTACGCGCT
CGCTCG-3′); GAPDH primers (forward, 5′-TGAACGGGAAG
CTCACTGG-3′; reverse, 5′-TCCACCACCCTGTTGCTGTA-3′);
and U6 primers (forward, 5′-CTCGCTTCGGCAGCACA-3′;
reverse, 5′-AACGCTTCACGAATTTGCGT-3′).

2.7 Alizarin red staining (ARS)

The hBMSCs from patients with femoral head necrosis
secondary to senile femoral neck fractures were selected
as the experimental subjects. Cells were seeded on 6-well
plates. When cells reached 60–70% confluence, the medium
was changed with the osteogenic differentiation medium
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to induce differentiation. The osteogenic differentiation
medium was freshly prepared before use, which contained
basic medium, 10% fetal bovine serum, 10 nmol/L dexa-
methasone (D8040; Beijing Solarbio Co., Ltd., China),
10 nmol/L ascorbic acid (A8100; Beijing Solarbio Co.,
Ltd., China), 50mol/mL of glycerol phosphatide (Sigma-
Aldrich, USA), 1% penicillin–streptomycin and 1% HEPES
(H8090; Beijing Solarbio Co., Ltd., China). After 21 days of
osteogenic differentiation, hBMSCs in the 6-well plate
were washed with PBS and fixed with neutral formalin
for 30min. The fixation fluid was discarded, and the cells
were rewashed with PBS. One milliliter of ARS agent
(G8550; Beijing Solarbio Co., Ltd., China) was added to
the wells for staining for 5 min. Then cells were washed
and dried. The staining effect was observed under a micro-
scope (DYF-880; Shanghai Dianying Optical Instrument
Co., Ltd., China).

2.8 Alkaline phosphatase (ALP) staining

First, hBMSCs were treated according to the ARS staining
method mentioned above. Then, hBMSCs cultured for
21 days were stained with an ALP staining agent (G1480;
Beijing Solarbio Co., Ltd., China). Detailed steps were as
follows. Cells were washed with PBS and fixed with 70%
ethanol. The fixation solution was discarded. Cells were
rewashed with PBS, stained with the ALP staining agent
for 3 h and washed with distilled water. The staining
effect was observed under a microscope.

2.9 CCK8 assay

Cell viability was detected by the CCK8 kit (HB-CCK8-1;
Shanghai Hanheng Biotechnology Co., Ltd., China). The
cell suspension was prepared, seeded in 96-well plates
and cultured at 37°C in an incubator containing 5% CO2.
Ten microliters of CCK8 solution were added to each well.
Cells were then cultured in the incubator for an hour.
The absorbance at 450 nm of each well was detected by
the Varioska LUX multimode microplate reader (Thermo
Fisher, USA), three times per well.

2.10 Western blot

Total protein was extracted from cells using the ProteoPrep®

Total Extraction Sample Kit (PROTTOT; Sigma-Aldrich,

USA). Samples were heated to denature proteins and stored
at −20°C. Twenty microliters of each protein sample were
taken for the immunoblotting experiment. Proteins were
separated by sodium dodecyl-sulfate polyacrylamide gel
electrophoresis and transferred to a polyvinylidene fluoride
membrane. The membrane was blocked with non-fat milk
for 3 h. The primary antibodies at 1:1,000 dilution (CYP1A2
antibody: ab151728,Abcam,UK;GAPDHantibody: ab8245,
Abcam, UK) were, respectively, added to the membrane
and incubated overnight. After washing with TBST, ALP-
conjugated secondary antibody (1:8,000, ab133470; Abcam,
UK)was added to the membrane and incubated for an hour.
Finally, the membrane was washed with TBST, and Novex
APchemiluminescent substrate (BioMag,Spain)wasadded
to detect the signal. The gray scale values of the bandswere
analyzed.

2.11 Statistical analysis

All experiments were repeated three times. Data in this
study were expressed as mean ± standard deviation.
Comparison between the two groups was conducted by
the t-test. Comparison of more than two groups was con-
ducted by the one-way analysis of variance. SPSS 23.0
software was used to analyze the data. Figures and tables
were made using the GraphPad Prism software. The cor-
relation between two different variables was conducted
by the Pearson correlation method. Receiver operating
characteristic (ROC) curve was used to analyze the diag-
nostic value of lncRNA NEAT1 for SNFH. P < 0.05 was
considered statistically significant.

3 Results

3.1 GCs inhibit the osteogenic
differentiation of hBMSCs and
upregulate lncRNA NEAT1 expression

On the 7th and 14th days of osteoinduction, hBMSCs in
each group were stained for ALP and ARS. The results
showed that compared to the control group, the ALP
staining of hBMSCs induced by dexamethasone was
lighter (Figure 1a), and the calcium nodules stained by
ARS were fewer (Figure 1b), indicating the osteogenic
differentiation ability of hBMSCs in the dexamethasone-
induced group was weaker than that of the control group.
Then 10−8, 10−7, and 10−6M dexamethasone were added to
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the control group. The qRT-PCR results showed that the
expression of lncRNA Neat1 increased as the concentration
of dexamethasone increased (Figure 1c, all P < 0.05). The
above results indicate that GCs can inhibit the osteogenic
differentiation of hBMSCs and upregulate lncRNA NEAT1
expression.

3.2 miR-23b-3p is the target gene of
lncRNA NEAT1

lncRNA NEAT1 was found to be expressed in the cyto-
plasm through the lncLocator website (Figure 2a). There-
fore, FISH was carried out to locate lncRNA NEAT1. The
result showed that the expression of lncRNA NEAT1 in the
cytoplasm was more than that in the nucleus (Figure 2b).
The Starbase website predicted that lncRNA NEAT1 had a
binding site with miR-23b-3p (Figure 2c), so the predicted
sequence was used for dual-luciferase reporter assay. The
result showed that compared to the control group, the
luciferase activity of miR-23b-3p mimic and NEAT1-WT
co-transfected cells was lower (Figure 2d, P < 0.05), while
the luciferase activity of miR-23b-3p mimic and NEAT1-
MUT co-transfected cells showed no significant difference
(Figure 2d, P > 0.05). The above results indicate that
lncRNA NEAT1 can act as ceRNA, which directly adsorb
miR-23b-3p and react with it.

3.3 Increased expression of lncRNA
NEAT1 and decreased expression of
miR-23b-3p in SNFH

qRT-PCR was used to detect the expression of lncRNA
NEAT1 and miR-23b-3p in tissues. The results showed
that compared to the control group, the expression of
lncRNA NEAT1 in SNFH tissues and the corresponding
hBMSCs was increased (Figure 3a, both P < 0.05), and
the expression of miR-23b-3p was decreased (Figure 3b,
both P < 0.05). The expression of lncRNA NEAT1 was
negatively correlatedwithmiR-23b-3p (Figure 3d,P<0.05).
ROC curve showed that lncRNA NEAT1 had a diagnostic
value for SNFH (Figure 3c, P < 0.05). The above results
indicate that lncRNA NEAT1 may be a potential target for
the treatment of SNFH.

3.4 lncRNA NEAT1 knockdown can promote
the proliferation and osteogenesis of
hBMSCs

To further study the effect of lncRNA NEAT1 on GC-induced
hBMSCs, hBMSCs were transfected with siRNAs for the
knockdown of lncRNA NEAT1, and the following experi-
ments were carried out. qRT-PCR showed that lncRNA
NEAT1 knockdown significantly reduced the expression of

Figure 1: Effect of GCs on osteogenic differentiation of HBMSCs and lncRNA NEAT1 expression. (a) ALP staining (200×); (b) ARS staining
(200×); (c) lncRNA NEAT1 expression of HBMSCs treated with dexamethasone at different concentrations. Compared with the control group,
*P < 0.05. GCs: glucocorticoids; HBMSCs: human bone marrow mesenchymal stem cells; ALP: alkaline phosphatase; ARS: alizarin red
staining.
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lncRNA NEAT1 in hBMSCs (Figure 4a, P < 0.05). CCK8 assay
was carried out to investigate the effect of lncRNA NEAT1 on
the proliferation of hBMSCs. The results showed that when
compared with the control group, knockdown of lncRNA
NEAT1 could rescue hBMSCs apoptosis caused by GC stimu-
lation and promote the proliferation of hBMSCs (Figure 4b,
P < 0.05). Next, we conducted osteoinduction to study the
effect of lncRNA NEAT1 on osteogenesis. After 21 days of
osteoinduction,ALPandARSstainingshowedthatcompared
to thecontrolgroup,ALPstainingafterknockdownof lncRNA
NEAT1 was more apparent (Figure 4c), and calcium nodules
after knockdown of lncRNANEAT1 increased in ARS staining
(Figure 4d), indicating that silencing lncRNA NEAT1 could
promote the osteogenesis of hBMSCs. The above results indi-
cate that the knockdown of lncRNA NEAT1 can promote the
proliferation and osteogenesis of hBMSCs.

3.5 Overexpression of miR-23b-3p can
partially counteract the effect of
lncRNA NEAT1 on hBMSCs

hBMSCs were co-transfected with lncRNA NEAT1 and
miR-23b-3p overexpression plasmids to investigate the

relationship between lncRNA NEAT1 and miR-23b-3p.
qRT-PCR showed that when compared with the negative
control group, transfection with lncRNA NEAT1 plasmid
and miR-23b-3p plasmid increased the expression of
lncRNA NEAT1 and miR-23b-3p, respectively (Figure 5a
and b, both P < 0.05). CCK8 assay showed that when
compared with the control group, the overexpression of
lncRNA NEAT1 could inhibit the proliferation of hBMSCs.
When miR-23b-3p was upregulated, the effect of lncRNA
NEAT1 overexpression on hBMSCs was partially counter-
acted (Figure 5c, both P > 0.05). After 21 days of osteoin-
duction, the overexpression of lncRNA NEAT1 resulted in
a lighter ALP staining, while the addition of miR-23b-3p
mimic increasedtheALPstaining (Figure5d). TheARSresults
showed what overexpression of lncRNA NEAT1 resulted in
fewer calcium nodules, while the addition of miR-23b-3p
mimic increased the calcium nodules (Figure 5e). The above
results indicate that overexpression of miR-23b-3p can par-
tially counteract the effect of lncRNA NEAT1 on hBMSCs.

3.6 CYP1A2 is a target of miR-23b-3p

The RNA22 database showed that CYP1A2 andmiR-23b-3p
had a binding site (Figure 6a). Dual-luciferase reporter

Figure 2:miR-23b-3p is the target gene of lncRNA NEAT1. (a) Subcellular location of lncRNA NEAT1 predicted by lncLocator website; (b) FISH
showed that lncRNA NEAT1 was highly expressed in cytoplasm (400×); (c) the binding site of lncRNA NEAT1 and miR-23b-3p predicted by
Starbase website; (d) dual luciferase reporter assay showed a targeting relationship between miR-23b-3p and lncRNA NEAT1. Compared
with the control group, *P < 0.05.
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assay was designed to confirm the targeting relationship
between CYP1A2 and miR-23b-3p. The results showed
that compared to the CYP1A2-WT +miR-23b-3p NC group,
the luciferase activity of the CYP1A2-WT + miR-23b-3p
mimic group was significantly decreased (Figure 6b,
P < 0.05). However, there was no significant difference
in the luciferase activity between CYP1A2-MUT +miR-23b-
3p mimic and its corresponding control group (Figure 6b,

P > 0.05). The String database showed that CYP1A2 was
associated with risk genes for SNFH (Figure 6c). qRT-PCR
results showed that when compared with the control
group, the expression of CYP1A2 was upregulated in
SNFH (Figure 6d, P < 0.05), and the mRNA and protein
expression of CYP1A2 were upregulated in corresponding
hBMSCs (Figure 6e, P < 0.05). There was a negative corre-
lation between the expression of CYP1A2 and miR-23b-3p

Figure 3: Increased expression of lncRNA NEAT1 and decreased expression of miR-23b-3p in SNFH. (a) The expression of lncRNA NEAT1 in
tissues and cells; (b) the expression of miR-23b-3p in tissues and cells; (c) ROC curve suggested that lncRNA NEAT1 was valuable in the
diagnosis of SNFH; (d) lncRNA NEAT1 was negatively correlated with miR-23b-3p. Compared with the control group, *P < 0.05. SNFH: steroid-
induced necrosis of femoral head.
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Figure 4: lncRNA NEAT1 knockdown can promote the proliferation and osteogenesis of hBMSCs. (a) qRT-PCR to detect the transfection
efficiency of lncRNA NEAT1 knockdown; (b) CCK8 assay to detect cell proliferation; (c) ALP staining (200×); (d) ARS staining (200×).
Compared with the si-NC group, *P < 0.05. ALP: alkaline phosphatase. ARS: alizarin red staining.

Figure 5: Overexpression of miR-23b-3p can partially counteract the effect of lncRNA NEAT1 on hBMSCs. (a) and (b) qRT-PCR to detect the
transfection efficiency of lncRNA NEAT1 and miR-23b-3p overexpression plasmids; (c) CCK8 assay to detect cell proliferation; (d) ALP
staining (200×); (e) ARS staining (200×). Compared with the NC group, *P < 0.05; compared with the miR-NC group, #P < 0.05; compared
with the OE-NEAT1 + miR-NC group, ^P < 0.05. NC: negative control. ALP: alkaline phosphatase. ARS: alizarin red staining.
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in SNFH tissues (Figure 6f, P < 0.05). The above results
indicate that CYP1A2 is regulated by miR-23b-3p and is
highly expressed in SNFH.

3.7 Overexpression of CYP1A2 can partially
rescue the effect of miR-23b-3p
overexpression on hBMSCs

The targeted regulatory relationship between CYP1A2 and
miR-23b-3p had been verified. Next, hBMSCs were co-
transfected with CYP1A2 and miR-23B-3p overexpression
plasmids to discuss the functional relationship between

CYP1A2 and miR-23b-3p. qRT-PCR showed that transfec-
tion with CYP1A2 overexpression plasmids significantly
increased the expression of CYP1A2 mRNA in hBMSCs
(Figure 7a, P < 0.05). CCK8 assay showed that when
compared with the miR-NC group, the proliferation of
hBMSCs was promoted in the miR-23b-3p mimic group.
Compared to the miR-23b-3p mimic + NC group, the
proliferation of hBMSCs in miR-23b-3p mimic + OE-
CYP1A2 group was inhibited (Figure 7b, both P < 0.05).
ALP staining results showed that the staining miR-23b-3p
mimic group was heavier than that of the miR-NC group,
and the staining of the miR-23b-3p mimic + OE-CYP1A2
group was lighter than that of the mir-23b-3p mimic + NC
group (Figure 7c). ARS staining results showed that

Figure 6: CYP1A2 is a target of miR-23b-3p. (a) RNA22 database predicted that CYP1A2 and miR-23b-3p had a binding site; (b) dual luciferase
reporter assay indicated that there was a targeting relationship between CYP1A2 and miR-23b-3p; (c) String database predicted that CYP1A2
was associated with risk genes for SNFH; (d) CYP1A2 expression in SNFH tissues; (e) CYP1A2 expression in hBMSCs; (f) CYP1A2 and miR-
23b-3p were negatively correlated. Compared with the control group, ^P < 0.05. SNFH: steroid-induced necrosis of femoral head; hBMSCs:
human bone marrow mesenchymal stem cells.
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compared to the miR-NC group, there were more calcium
nodules in the miR-23b-3p mimic group. Compared to the
miR-23b-3p mimic + NC group, the miR-23b-3p mimic +
OE-CYP1A2 group had fewer calcium nodules (Figure 7d).
The above results indicate that overexpression of miR-23b-
3p can promote the proliferation and osteogenic differen-
tiation of hBMSCs, and overexpression of CYP1A2 can par-
tially rescue the above effect.

4 Discussion

Excessive intake of GCs is considered to be the leading
cause of SNFH [18]. In recent years, the study on SNFH
has focused on lncRNA and miRNA, which have attracted
much attention because of their different biological func-
tions for bone remodeling [19]. The role of lncRNA NEAT1

in SNFH has not been discussed before, so this study
is the first to explore the function of lncRNA NEAT1 in
SNFH bone remodeling. In this study, we first intervened
hBMSCs with GCs to construct an in vitro injury model,
and then we intervened the gene expression and observed
the effect on the model. Bone remodeling is a very complex
process. Both local and systemic cytokines are at play to
form a complex remodeling network [20]. GCs affect bone
remodeling by many mechanisms, participating in any
stage of the remodeling cycle [21]. GCs can directly act
on two kinds of cells that are very important in bone remo-
deling: osteoblasts and osteoclasts. A study has shown
that small doses of GCs can promote osteogenic differen-
tiation, while high doses of GCs can inhibit the formation
of osteoblasts. Similarly, high doses of GCs can promote
the proliferation of osteoclasts, increase bone resorption,
cause bone loss and affect bone remodeling [22]. BMSCs
are a subgroup of cells with multi-differentiation potential

Figure 7: Overexpression of CYP1A2 can partially rescue the effect of miR-23b-3p overexpression on hBMSCs. (a) qRT-PCR to detect the
transfection efficiency of CYP1A2 overexpression plasmid; (b) CCK8 assay to detect cell proliferation; (c) ALP staining (200×); (d) ARS
staining (200×). Compared with the NC group, #P < 0.05; compared with the miR-NC group, *P < 0.05; compared with the miR-23b-3p mimic +
NC group, ^P < 0.05. ALP: alkaline phosphatase; ARS: alizarin red staining; hBMSCs: human bone marrow mesenchymal stem cells.
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that can differentiate into bone, cartilage, fat, myoblasts
and nerves. The process of bone formation is inseparable
from the role of BMSCs [23]. In this study, we found that
lncRNA NEAT1 was highly expressed in SNFH tissues.
Knockdown of lncRNA NEAT1 could promote the prolifera-
tion and osteogenic differentiation of hBMSCs. In addition,
the diagnostic value of lncRNA NEAT1 in SNFH was ana-
lyzed by the ROC curve, and the result showed that the
value of area under curve was above 0.85. It suggested that
lncRNA NEAT1 is a potential biomarker of SNFH, which
has a certain value for the diagnosis and treatment of
SNFH. lncRNA has recently been a hotspot in many dis-
eases, such as cancer, heart diseases and diabetes [24–26].
These studies show that lncRNA can be used as a specific
marker in the body and plays an important role in the
pathological process of diseases. In this study, lncRNA
NEAT1, as mentioned before, is also involved in the patho-
logical development of diseases. A study found that lncRNA
NEAT1 could be used as a biomarker of multiple mye-
loma, and myeloma cells could inhibit the differentiation
of BMSCs into osteoblasts [27]. Overexpression of NEAT1
has also been shown to promote osteoclast formation
[12]. lncRNA can be combined with miRNA as a competi-
tive endogenous RNA to play a role [28]. The Starbase
website was used to predict the miRNA with specific
binding sites to lncRNA NEAT1. Finally, we focus on
miR-23b-3p. A previous study found that miR-23b-3p
was downregulated in SNFH, and overexpression of
miR-23b-3p could relieve symptoms of SNFH rats, reduce
pro-inflammatory cytokines and blood lipids and pro-
mote bone integrity [15]. Therefore, this study speculates
that lncRNA NEAT1 may participate in the progress of
SNFH through interaction with miR-23b-3p. This study
further confirmed that miR-23b-3p is the downstream
target gene of lncRNA NEAT1. The expression of miR-
23b-3p was downregulated in SNFH, and miR-23b-3p has
a negative correlation with lncRNA Neat1. Upregulation of
miR-23b-3p could partially counteract the malignant effect
of lncRNA NEAT1 on hBMSCs. To find possible targets of
miR-23b-3p, we predict the target of miR-23b-3p using the
RNA22 website and finally focus on CYP1A2 to be investi-
gated in the study. A previous study found that the expres-
sion of CYP1A2 was upregulated in the tissues of patients
with SNFH [16]. Through the online prediction website of
STRING, we found an association between CYP1A2 and the
risk gene of SNFH. The dual-luciferase reporter assay con-
firmed that CYP1A2 played a role as a downstream target
gene of miR-23b-3p. Finally, we found that overexpression
of miR-23b-3p could promote the proliferation and osteo-
genic differentiation of hBMSCs, and this effect was par-
tially rescued by overexpression of CYP1A2. However, this

study also has some limitations.We only discussed the effect
of lncRNA NEAT1 in vitro. However, its effect in vivo is still
unknown, which will be a direction for our future research.

In conclusion, the results of this study show that
lncRNA NEAT1 upregulates the expression of CYP1A2 by
adsorbing miR-23b-3p to inhibit the proliferation and
osteogenic differentiation of BMSCs. lncRNA NEAT1 is
likely to be a potential target for the treatment of SNFH.
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