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Abstract

Background Multiple studies have revealed that long non-coding RNA (IncRNA) NR2F2-AS1 plays a role in affecting cancer
cell proliferation and metastasis. Here, both in vitro and in vivo experiments were performed for investigating the function
and mechanism of NR2F2-AS1 in human osteosarcoma (OS).

Methods The NR2F2-AS1 level in human OS tissues and adjacent non-tumor tissues was examined by quantitative reverse
transcription-polymerase chain reaction (QRT-PCR). The NR2F2-AS1 overexpression model was constructed in OS cells,
then cell proliferation, invasion, and apoptosis were monitored. The OS xenograft model was established in nude mice using
NR2F2-AS1-overexpressed OS cells. The downstream target genes of NR2F2-AS1 were predicted. qRT-PCR and Western
blot were implemented to validate the profiles of miR-425-5p and HMGB2. The targeting link between NR2F2-AS1 and
miR-425-5p, miR-425-5p and HMGB2 was further probed by dual-luciferase reporter experiment.

Results In comparison to adjacent non-tumor tissues, OS tissues showed upregulated NR2F2-AS1 expression. Higher
NR2F2-AS1 level was predominantly correlated with worse clinical stages. In vivo and in vitro tests corroborated that NR2F2-
AS1 overexpression spurred OS cell proliferation, growth, invasion, and choked apoptosis. Mechanistically, NR2F2-AS1
hampered miR-425-5p expression as its competitive endogenous RNA (ceRNA). Thus, NR2F2-AS]1 facilitated the HMGB2
expression. However, miR-425-5p inhibited HMGB2 expression by targeting the latter.

Conclusion NR2F2-AS1 expedited the evolution of OS by elevating HMGB?2 levels through sponging miR-425-5p. The
NR2F2-AS1/miR-425-5p/HMGB?2 regulatory axis is a promising target in treating human OS.
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Introduction Hence, studying the molecular mechanism of OS is expected

to bring hope for the OS’s diagnosis and therapy at the early

Osteosarcoma (OS) is a primary malignant bone tumor that
occurs most often in children and adolescents. Early lung
metastasis is the primary risk factor for OS patients’ death
[1]. Although surgical resection and adjuvant chemotherapy
against OS have made much progress, OS patients’ prog-
nosis remains poor owing to metastases or recurrence [2].

Jia Ye and Zhihui Jin both contributed equally in this manuscript.

P4 Zhihui Jin
drzhihuijin@163.com

Department of Orthopaedics, Renmin Hospital of Wuhan
University, No. 238 Jiefang Road, Wuchang District,
‘Wuhan 430060, Hubei, China

Department of Dermatology, The First People’s Hospital
of Jiangxia District, Wuhan 430060, Hubei, China

stage.

Long non-coding RNAs (IncRNAs) are over 200 nucle-
otides (nt) in transcript length and do not have protein-
coding capacities. A growing number of investigations
have demonstrated that IncRNAs are key regulators of OS
development and progression [3, 4]. For example, IncRNA
BES503655 is overexpressed in OS tissues and OS cell
lines. Knocking down IncRNA BE503655 restrains OS
cells’ proliferation, invasion and migration [5]. The above
studies suggest that IncRNAs’ expression is dysregulated
in OS, and that the dysregulated IncRNAs affect the pro-
gression of OS. NR2F2 antisense RNA 1 (NR2F2-AS1)
is a new-found IncRNA aberrantly expressed in diversi-
fied cancers. For instance, NR2F2-AS1 expression is ele-
vated in prostate cancer (PC) cell lines, and high levels of
NR2F2-AS1 reinforce PC cell proliferation and metastasis
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by positively regulating CDK4 [6]. Additionally, high
expression of NR2F2-AS1 accelerates cervical cancer
evolvement by enhancing cell proliferation, migration,
invasion and epithelial-mesenchymal transition (EMT)
[7]. Nevertheless, the NR2F2-AS1 profile in OS and its
mechanism of action remain largely unknown.

MicroRNAs (miRNAs) are endogenous single-stranded
non-coding RNAs that are 20-24 nucleotides long. They
not only modify cell evolvement and differentiation but are
also underlying molecular markers for tumors, with prom-
ising applications in early diagnosis, treatment, prognosis
and chemoresistance, including OS [8-10]. As an essential
microRNA, miR-425-5p has abnormal expression in vari-
ous cancers. The miR-425-5p expression is higher in pan-
creatic cancer tissues [11] and breast cancer (BC) tissues
[12] than that in adjacent tissues and is positively linked
to tumor patients’ lymph node metastasis, clinical stage
and tumor differentiation. More importantly, diminished
expression of miR-425-5p is observed in OS tissues and
cells. miR-425-5p overexpression abates OS cell prolifera-
tion, invasion and migration in vitro [13]. Also, Li et al.
[14] concluded that miR-425-5p is a potential biomarker
for the diagnosis of OS. Therefore, it is essential to probe
the expression and role of miR-425-5p in OS.

High-mobility group box 2 (HMGB2) belongs to the
non-histone chromosomal high mobility group protein
family. It is chromatin-associated and ubiquitously dis-
tributed in the nucleus of higher eukaryotic cells. Recently,
HMGB2 has been found heightened in several cancers,
such as breast cancer [15], gastric cancer (GC) [16, 17],
melanoma [18], prostate cancer [19] and cervical cancer
[20]. In vitro experiments have revealed that HMGB2
overexpression facilitates the proliferation, migration
and invasive ability of OS cells. The survival time of OS
patients with enhanced HMGB?2 expression is markedly
reduced [21]. Yang et al. [22] have suggested that HMGB2
is differentially expressed in OS cells. Interestingly, clas-
sical theories hold that miRNAs cause target molecule
silencing by specifically binding to the 3' untranslated
region of mRNAs. As an example, up-regulating miR-
130a reduces glioma cell growth and invasion ex vivo and
in vivo through HMGB2 attenuation [23].

Based on the above findings, we probed the expression
of NR2F2-AS1, miR-425-5p and HMGB?2 in OS tissues
and OS cells. As a result, NR2F2-AS1 and HMGB2 were
highly expressed, and miR-425-5p was lowly expressed
in OS tissues and cells. Meanwhile, online websites and
a dual-luciferase reporter assay uncover a targeting rela-
tionship between the three. Therefore, we hypothesize that
NR2F2-AS1 modulates OS evolution through the miR-
425-5p/HMGB2 axis. This study provides a fresh theo-
retical basis for the treatment of OS by revealing a new
molecular mechanism in the evolution of OS.
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Materials and methods
Clinical specimen collection and processing

Cancerous and adjacent non-tumor tissues of 32 OS patients
who were subjected to OS resection in Renmin Hospital
of Wuhan University from May 2015 to May 2019 were
gathered. Prior to operation, patients were not treated with
chemotherapy, radiotherapy, or other adjuvant treatment.
Control specimens were obtained from the same patients
(3 cm from the resection margin at minimum), and no tumor
cells were observed in the pathological examination follow-
ing the operation (Table 1). All tissues were deposited in
liquid nitrogen at —196 °C after removal until they could be
utilized for RNA isolation. This research was authorized by
the research ethics committee of Renmin Hospital of Wuhan
University, with the informed consent signed by the patients
involved.

Cell culture

The human normal bone cell line hFOB1.19 and the OS
cell lines (Saos-2, MNNG/HOS, MG-63, and U20S) were
purchased from ATCC (Rockville, USA). They were treated
with RPMI-1640 medium (Thermo Fisher Scientific, USA)
comprising 10% fetal bovine serum (FBS) (Thermo Fisher

Table 1 The correlation between the NR2F2-AS1 expression in OS
patients’ tissues and clinical features

Characteristics Patients ~ Expression of NR2F2-  P-value
AS1
Low- High-
NR2F2- NR2F2-
AS1 AS1
Total 32 16 16
Age (years) 0.774
<20 18 11
>20 14 7 7
Gender 0.723
Male 17 9 8
Female 15 7 8
Enneking stage 0.012*
I-ITA 13 10 3
NIB-1II 19 6 13
Tumor size 0.077
<6 cm 15 10 5
>6 cm 17 6 11
Distant metastasis 0.144
Yes 5 1 4
No 27 15 12
“P<0.05
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Scientific, USA) and 1% penicillin—streptomycin (Beyotime,
Shanghai, China) at 37 °C in a 5% CO, incubator with satu-
rated humidity. The medium was substituted every 2-3 days,
the cells were digested using 0.25% trypsin (Beyotime,
Shanghai, China).

Cell transfection

GenePharma (Shanghai, China) provided NR2F2-AS1 over-
expression plasmids, control vectors (NC-vector), NR2F2-
AS1 siRNA and corresponding negative counterpart si-NC,
miR-425-5p mimics, miRNA controls (miR-NC), miR-
425-5p inhibitors and corresponding negative counter-
part miR-in. By observing the supplier’s instructions, we
employed Lipofectamine® 3000 (Invitrogen; ThermoFisher
Scientific, Inc.) to transfect NR2F2-AS1 overexpression
plasmids, NR2F2-AS1 siRNA, miR-425-5p mimics and
miR-425-5p-in into Saos-2, MG-63 and U20S cells. 24 h
after transfection, the medium was exchanged by new fresh
medium. qRT-PCR was performed for confirming the trans-
fection efficiency.

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

Expression of NR2F2-AS1, miR-425-5p, and HMGB2 in
hFOB1.19, Saos-2, MNNG/HOS, MG-63, and U20S was
tested by qRT-PCR. Extraction of all RNA from cultured
cells was performed by utilizing the TRIzol reagent (Invit-
gen, Carlsbad, CA). With the use of the reverse transcrip-
tion kit (Thermo Fisher Scientific), the first-strand comple-
mentary DNA (cDNA) was synthesized out of IncRNAs
and mRNAs. For miRNA analysis, the microRNA first-
strand cDNA synthesis kit (Sangon Biotech, Shanghai,
China) was utilized for reverse transcription. We adopted
the SYBR-Green PCR Master Mix Kit (Applied Biosys-
tems, Foster City, CA) to amplify NR2F2-AS1, while the
TagMan miRNA Analysis Kit (Applied Biosystems) was
employed for miR-425-5p amplification. All reactions were
made on a 7900HT fast real-time system (applied biologi-
cal system). GADPH served as the endogenous control of
NR2F2-AS1 and HMGB2, while U6 was used as internal
control of miR-425-5p. The levels of NR2F2-AS1, HMGB2

and miR-425-5p were enumerated by the 2 ~*2T method.
Table 2 is the list of PCR primer sequences.

Cell counting kit-8 (CCK-8) experiment

Single-cell suspensions of OS cells (Saos-2, MG-63 and
U20Y5) in the logarithmic growth phase were digested by
0.25% trypsin. After cell number counting, the cells were
inoculated in 96-well plates with 2000 cells per well and
maintained at 37 °C with 5% CO, for 24, 48, and 72 h,
respectively before removal. Next, 10 pL of the CCK-8 rea-
gent (Beyotime Biotechnology, Shanghai, China) was added
to each well for 2 h of incubation. The absorbance at 450 nm
was measured on a microplate reader.

Transwell assay

The above OS cell lines were treated with 0.25% trypsin
before being subjected to centrifugation, resuspension, and
seeding in 24-well plates. The invasion experiment was per-
formed using 8 uM pore size Matrigel Chambers (Corn-
ing, Beijing, China). 5x 10* transfected cells were placed
in the upper chamber, and Matrigel was added. In parallel,
the lower chamber was filled with 10% FBS, with the sup-
plementation of 400 pL. RPMI-1640. After 24 h of incuba-
tion at 37 °C, the cells that failed to migrate were wiped
off. The membranes were subjected to 4% paraformaldehyde
immobilization for 10 min and 0.5% crystal violet dyeing.
After the membranes were cleaned, the migrated cells were
calculated with an inverted microscope. We did all tests in
triplicate and repeated them three times.

Flow cytometry

Twenty-four hours following the transfection, OS cell lines
were trypsinized, collected, and dispersed in 6-well plates
(2 x 10° cells/well) for another 24 h of incubation. After
supernatant removal, the cells were cleaned twice in pre-
chilled PBS and resuspended in 1xbinding buffer. 5 pL
AnnexinV-FITC and 5 pL PI were put in the cell suspension,
mixed well and maintained for 15 min at room tempera-
ture (RT). The apoptotic rate was gauged by flow cytometry
within 1 h, in line with the Annexin V-FITC/PI Apoptosis
Detection Kit instructions.

Table 2 Primer Sequences in

RT-PCR F('—3) R('—3)
NR2F2-Al ACATGATGCCAAACACCCAG AACTGGGATGAAGGAGGCTC
miR-425-5p GGGGAGTTAGGATTAGGTC TGCGTGTCGTGGAGTC
HMGB2 CGGGGCAAAATGTCCTCGTA CGGAAGAGTCCGGGTGTTT
GAPDH TCGACAGTCAGCCGCATCTTCTTT ACCAAATCCGTTGACTCCGACCTT
U6 CGCTTCGGCAGCACATATACTA CGCTTCACGAATTTGCGTGTCA
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Fig.1 Expression and clinical significance of NR2F2-AS1 in OS
tissues and cell lines. A The NR2F2-AS1 profile in OS tissues and
adjacent non-tumor tissues was verified by gRT-PCR. ***P <(.001
(vs the Normal group). B qRT-PCR was employed to monitor
the NR2F2-AS1 expression in hFOB1.19, Saos-2, MNNG/HOS,
MG-63, and U20S cells. Data were expressed as mean+SD (n=3).
*#%P <(0.001 (vs group)

BrdU assay

Cell proliferation was testified by employing the BrdU cell
proliferation Detection Kit (AmylJet Scientific Inc. Wuhan,
China). After transfection, Saos-2, MG-63 and U20S cells
were supplemented with the BrdU labeling reagent and incu-
bated with 5% CO, at 37 °C. Forty-eight hours later, the cells
were incubated with anti-BrdU antibody. Under the micro-
scope, the positive cell number and the total DAPI-positive
cell number in three randomly chosen views were counted.
Cell proliferation rate =the BrdU-positive cell number/
DAPI-positive cell number, and the mean of the cell prolif-
eration rate of three fields was taken.

Western blot (WB)

The culture medium was removed from cells and the cells
were collected. Five paired tumor tissues and adjacent
normal tissues were randomly selected from OS patients
according to the random number table method. The tumor
tissues from nude mice were also collected. Total protein
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Fig.2 NR2F2-AS1 overexpression heightened OS cell proliferation
and metastasis. The NR2F2-AS1 overexpression model was con-
structed by transfection of the NR2F2-AS1 overexpression plasmid
and its control vector into OS cell lines. A The NR2F2-AS1 profile
in OS cell lines was gauged by qRT-PCR. B Cell proliferation was
verified by the CCK-8 assay. C, D BrdU staining was performed with
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Cel Invasion

0
Saos-2 MG-63 U20S
u20s

AlexaFluor594 conjugated antibody (red). The nuclei were observed
by DAPI staining. The BrdU staining results were quantified. E,
F: Apoptosis was testified by flow cytometry. G Transwell assay
detected cell invasion. Data were expressed as mean=+SD (n=3).
*P<0.05, ¥**¥P<0.01, **¥*P<0.001 (vs.vector group)
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was cells and treated, and RIPA protein lysate (Roche)
was adopted for total protein separation. 5 pg total protein
was loaded on 12% polyacrylamide gel and subjected to
2 h of electrophoresis at 100 V. It was then transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA, USA). After being blocked with 5% defat-
ted milk powder at RT for 1 h, the membranes were rinsed
three times with TBST (10 min each time) and maintained
at 4 °C overnight with the primary antibodies (1:1000) of
HMGB?2 (Abcam, ab124670, MA, USA), cyclin D1 (Abcam,
ab16663), cyclin E2 (Thermo Fisher, PA5-109,492), Bax
(Abcam, ab32503), Bad (Abcam, ab32445), cleaved cas-
pase3 (Abcam, ab32042), E-cadherin (Abcam, ab40772),
Vimentin (Abcam, ab8978), Snail (Abcam, ab216347), and
B-actin (Abcam, ab8227). After membrane washing with
TBST, the horseradish peroxidase (HRP)-tagged anti-rabbit
secondary antibody (1:300) was added for incubation for 1 h,
followed by three times of washing (10 min each time). For
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Fig.3 NR2F2-ASI targeted miR-425-5p. A The Starbase database
was adopted to search the downstream molecules of NR2F2-AS1,
and miR-425-5p was testified the one. B, C qRT-PCR was imple-
mented to determine the miR-425-5p profile in OS tissues and cells.
**P<0.01, ***P<0.001 (vs. Normal, vs. hFOB1.19). D The binding
association between NR2F2-AS1 and miR-425-5p was ascertained

color imaging, the WB reagent (Invitrogen) was applied, and
each band’s gray intensity was assessed by Image J.

Dual-luciferase reporter assay

All luciferase reporter vectors (NR2F2-AS1-WT, NR2F2-
AS1-MUT, HMGB2-WT, and HMGB2-MUT) were com-
posited by Promega Corporation (Promega, Madison, WI,
USA). Saos-2 and U20S cells (4.5 x 104) were seeded in
48-well plates and maintained until they reached 70% con-
fluence. The above-mentioned reporter vectors were co-
transfected with miR-425-5p mimics or negative controls
into Saos-2 and U20S cells by utilizing Lipofectamine 2000.
The luciferase activity was gauged 48 h after transfection.
We conducted all tests in triplicate and repeated them three
times.
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by the dual-luciferase reporter gene assay. **P <0.01, ***P <0.001,
NSP>0.05 (vs. miR-NC). E. The miR-425-5p profile in OS cells was
checked by qRT-PCR after transfecting NR2F2-AS1 overexpression
plasmids and si-NR2F2-AS1, respectively. **P <0.01, ***P <0.001
(VS.Vector), ***P <0.001 (vs. si-NC)
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Fig.4 Up-regulating miR-425-5p curbed OS cell proliferation, inva-
sion and induced apoptosis. miR-425-5p overexpression model was
constructed by transfection of miR-425-5p mimics and miR-NC in
OS cell lines. A The miR-425-5p profile in OS cells was tested by
qRT-PCR. B CCK-8 was conducted to examine cell proliferation.
C, D BrdU staining was implemented with AlexaFluor594 conju-

Xenograft experiment in nude mice

Forty female BALB/c nude mice (ordered from the Animal
Experiment Center of Wuhan University, 4-6 weeks old)
were housed under sterile conditions. 0.2 mL of Saos-2 cell
suspensions (containing approximately 1.0x 10° cells) stably
transfected with vectors or NR2F2-AS1 were injected subcuta-
neously into the proximal axilla of each mouse’s left forelimb.
After that, the mice were further fed, and their general state
was monitored. The long and short diameters of the nodules
were gauged every week to enumerate tumor volume. Six
weeks later, the mice were executed via cervical dislocation,
and the subcutaneous nodules were removed, with their size
and weight calculated. For the lung metastasis group, vector-
or NR2F2-AS1-stably transfected Saos-2 cells (1.0% 10%) were
administered to the tail vein of mice every 2 days for 18 days.
Forty-two days later, the mice were executed, and their lungs
were taken and photographed. The tumors visible on the lung
were monitored. All animal experiments were approved by the
ethics committee of Renmin Hospital of Wuhan University.
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gated antibody (red). The nuclei were observed by DAPI staining.
The BrdU staining results were quantified. E, F Flow cytometry
was carried out for apoptosis detection. G Transwell assay examined
cell invasion. Data were presented as mean+SD (n=3). *P<0.05,
**P<0.01, #**P <0.001 (vs.miR-NC)

Statistical processing

For data processing, the SPSS17.0 statistical software (SPSS
Inc., Chicago, IL, USA) was applied. The measurement data
were presented as mean + standard deviation (x + ). Univari-
ate analysis of variance was employed for the multi-factor
comparison, and the pair-wise comparison between two
groups was made using ¢ test. P <0.05 was taken as statisti-
cally meaningful.

Results

Expression and clinical value of NR2F2-AS1 in OS
tissues and cells

Here, we tested the NR2F2-AS1 expression in OS cells and tis-
sues by qRT-PCR. As a result, NR2F2-AS1 level in OS tissues
was upregulated in comparison to that in adjacent non-tumor
tissues (P <0.05, Fig. 1A). We also examined the NR2F2-AS1
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Fig.5 HMGB?2 was the functional target of miR-425-5p. A By adopt-
ing Starbase database, we discovered that miR-425-5p harbored a
potential binding site for HMGB2. B qRT-PCR was performed for
detecting HMGB2 mRNA level in OS tissues and adjacent tissues.
C, D Five paired tumor tissues and adjacent normal tissues were ran-
domly selected from OS patients. WB was utilized for determining
the HMGB?2 expression in OS tissues B and cells C. *#*P <(.001

profile in diversified OS cell lines and found that NR2F2-AS1
was substantially upregulated in OS cell lines (Saos-2, MNNG/
HOS, MG-63, and U20S) versus the human normal osteoblast
lines hFOB1.19 (P <0.05, Fig. 1B). As evidenced by clini-
cal correlation analysis, OS patients with higher NR2F2-AS1
expression had more advanced Enneking stages (Table 1).
Thus, NR2F2-AS1 played an oncogenic role in OS.

R2F2-AS1 overexpression heightened OS cell
proliferation, invasion and repressed apoptosis

For ascertaining the influence of NR2F2-AS1 on OS,
NR2F2-AS1 overexpression model was constructed in

(vs.Normal, vs.hFOB1.19). E The dual-luciferase reporter assay was
utilized to probe the link between miR-425-5p and HMGB2. F: The
HMGB?2 expression after the regulation of miR-425-5p was checked
by WB and cell immunofluorescence. Data were expressed as
mean+SD (n=3). NSP>0.05, **P<0.01, ***P<0.001 (VS.miR-
NC), **P<0.01, ***P <0.01 (vs.miR-in)

Saos-2, MG-63 and U20S cells. As evidenced by qRT-PCR
outcomes, NR2F2-AS1 expression was elevated in OS cells
transfected with the NR2F2-AS1 overexpression plasmid
versus the vector group (Fig. 2A). Cell viability and prolif-
eration were checked with CCK-8 and BrdU staining. The
results displayed that NR2F2-AS1 reinforced OS cell prolif-
eration, elevated the BrdU-positive cell number (Fig. 2B-D).
Flow cytometry data showed that NR2F2-AS1 upregulation
dampened cell apoptosis (Fig. 2E, F), and facilitated cell
invasion (Fig. 2G) versus the vector group. WB data uncov-
ered that up-regulating NR2F2-AS1 hampered the profile of
apoptosis-related proteins (including Bad, Bax and cleaved-
caspase3) in OS cells (Supplementary Fig. 1A), heightened
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«Fig. 6 NR2F2-AS1 influenced OS cell proliferation and metastasis
via the miR-425-5p/HMGB2 pathway. miR-NC, miR-425-5p mim-
ics, NR2F2-AS1 overexpression, and, or si-HMGB2 were transfected
into MG-63 cells. A CCK-8 was adopted to test cell proliferation. B
BrdU staining was made with AlexaFluor594 conjugated antibody
(red). The nuclei were reviewed by DAPI staining. The BrdU staining
results were quantified. C Cell invasion was evaluated by Transwell
assay. D Apoptosis was assessed by flow cytometry. E-G The pro-
files of Bad, Bax, C-caspase3 E, cyclin D1, cyclin E2 F, and Vimen-
tin, Snail, and E-cadherin G were testified by WB. H The cellular
NR2F2-AS1 and miR-425-5p profile was gauged by qRT-PCR. I The
cellular HMGB?2 level was monitored by WB. Data were expressed as
mean=+SD (n=3). *P <0.05, ***P <0.001 (vs. miR-NC), *P <0.05,
**P<0.01, ***P<0.01 (vs. miR-425-5p)

the expression of cyclin D1 and cyclin E2 (Supplementary
Fig. 1B) and EMT-related genes (Vimentin and Snail) and
hindered the E-cadherin level (vs. the vector group) (Sup-
plementary Fig. 1C). These results hinted that NR2F2-AS1
exerted a carcinogenic function in OS.

NR2F2-AS1 targeted miR-425-5p

For further probing the downstream mechanisms of NR2F2-
AS1, an online database was used for predicting the tar-
gets of NR2F2-AS in ENCORI (http://starbase.sysu.edu.cn/
index.php). It was discovered miR-425-5p was a potential
target of NR2F2-AS1 (Fig. 3A). qRT-PCR results showed
that miR-425-5p level was reduced in OS tissues compared
with that in adjacent non-tumor tissues (Fig. 3B). The miR-
425-5p level in Saos-2, MNNG/HOS, MG-63 and U20S
cells was lower than that in human normal osteoblast lines
hFOB1.19 (Fig. 3C). Besides, the dual-luciferase reporter
gene assay testified that miR-425-5p weakened the lucif-
erase activity of NR2F2-AS1-WT, albeit with having no
substantial influence on NR2F2-AS1-MUT (Fig. 3D).
Furthermore, the impact of regulating the expression of
NR2F2-AS1 on miR-425-5p was probed. It turned out that
upregulation of NR2F2-AS1 decreased miR-425-5p expres-
sion, whereas NR2F2-AS1 knockdown increased the miR-
425-5p level (Fig. 3E). These data demonstrated that miR-
425-5p is a NR2F2-AS1 downstream target and is repressed
by NR2F2-AS1.

Up-regulating miR-425-5p suppressed OS cell
proliferation and invasion

To validate the function of miR-425-5p in OS, we trans-
fected miR-425-5p mimics and miR-NC in Saos-2, MG-63
and U20S cells, respectively. qRT-PCR outcomes disclosed
that the miR-425-5p expression was significantly enhanced
in the miR-425-5p group (vs. the miR-NC group) (Fig. 4A).
Functional assays revealed that up-regulating miR-425-5p
brought about declined cell proliferation (Fig. 4B-D), inten-
sified apoptosis (Fig. 4E, F), and reduced invasion (Fig. 4G).

WB results showed that up-regulating miR-425-5p enhanced
the profiles of apoptosis-related proteins (including Bad,
Bax and C-caspase3) in OS cells (Supplementary Fig. 2A)
and hindered cyclin D1 and cyclin E2 expression and EMT
processes (Supplementary Fig. 2B, C). These results further
clarified that miR-425-5p exerts an anti-tumor function in
OS.

HMGB2 was the functional target of miR-425-5p

The expression and role of miR-425-5p in OS cells are under-
stood, but the exact mechanism of miR-425-5p action remains
unknown. Our search of the ENCORI website revealed that
miR-425-5p binds to the 3' UTR region of HMGB2 mRNA,
substantiating that HMGB2 is a likely target gene for miR-
425-5p (Fig. 5A). For further verification, we implemented
gRT-PCR and discovered that the HMGB2 mRNA level in OS
tissues was notably facilitated (compared with adjacent normal
tissues, Fig. 5B). Five paired tumor tissues and adjacent nor-
mal tissues were randomly selected from OS patients accord-
ing to the random number table method. As indicated by the
result of Western blot, the tumor tissues from OS patients had
enhanced expression of HMGB2 compared with the paired
adjacent normal tissues (Fig. 5C). Moreover, those OS cell
lines (Saos-2, MNNG/HOS, MG-63, and U20S) also had
higher protein level of HMGB2 compared with the human
normal osteoblast lines hFOB1.19 (Fig. 5D). As indicated
by the dual-luciferase reporter results, miR-425-5p distinctly
impeded the luciferase activity of HMGB2-WT while had no
impact on HMGB2-MUT (Fig. SE). WB was carried out to
measure the HMGB?2 profile after modulation of miR-425-5p.
As a result, transfection of miR-425-5p mimics in OS cells
promoted HMGB?2 expression, whereas miR-425-5p inhibitors
transfection led to reverse outcome (Fig. 5F). These outcomes
uncovered that miR-425-5p targets HMGB2.

NR2F2-AS1 influenced OS cell proliferation
and metastasis via the miR-425-5p/HMGB2 axis

For substantiating the role of the NR2F2-AS1/miR-425-5p/
HMGB?2 axis in regulating OS evolvement, we supple-
mented the NR2F2-AS1 overexpression plasmid, and/or
si-HMGB2 after miR-425-5p overexpression and exam-
ined the altered proliferation and metastasis of MG-63
cells. As the data showed, miR-425-5p mimic transfec-
tion resulted in reduced OS cell proliferation, BrdU-pos-
itive cell rate and cell invasion. The supplementation of
NR2F2-AS1 enhanced OS cell proliferation, BrdU-positive
cell rate, and invasion (vs.miR-425-5p group). However,
si-HMGB?2 addition attenuated NR2F2-AS1-mediated
promotive effects (vs.miR-425-5p + NR2F2-AS1 +5i-NC
group) (Fig. 6A—C). The cellular apoptosis and EMT
were evaluated by Flow cytometry and WB. It was found
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that miR-425-5p enhanced cell apoptosis, promoted Bax,
Bad, C-Caspase3 level, repressed the expression of cyc-
lin D1 and cyclin E2 and EMT processes. NR2F2-AS1
overexpression reversed miR-425-5p-mediated effects
were heightened in OS cells. Interestingly, the si-HMGB2
addition promoted cell apoptosis and reduced EMT (vs.
miR-425-5p + NR2F2-AS1 +5i-NC group) (Fig. 6D-G).
The qRT-PCR and WB outcomes manifested that the miR-
425-5p had no significant effect in NR2F2-AS]1 alteration,
but repressed HMGB?2 expression (vs. the miR-NC group),
NR2F2-AS1 overexpression inhibited miR-425-5p level
and promoted HMGB?2 level. si-HMGB2 had no signifi-
cant effects in miR-425-5p and NR2F2-AS1 expression
(Fig. 6H, I). These data illustrated that NR2F2-AS1 influ-
ences the malignant OS progression through the miR-
425-5p/HMGB?2 pathway.

Overexpressing NR2F2-AS1 amplified tumor cell
growth in vivo

To ascertain the impact of NR2F2-AS1 on cancer prolifera-
tion in vivo, we set up a mouse xenograft model by overex-
pressing NR2F2-AS1 cells. Strikingly, NR2F2-AS1 over-
expression expedited tumor volume growth in nude mice
(compared with vector group, Fig. 7A—C). In addition, H&E
staining of lung tissue from a nude mouse model confirmed
NR2F2-AS1 overexpression enhanced the metastasis of
OS cells in lung tissues (Fig. 7D). Moreover, WB results
showed that overexpressing NR2F2-AS1 attenuated Bax,
Bad, C-Caspase3, enhanced cyclin D1 and cyclin E2, pro-
moted Vimentin and Snail, whereas repressed E-cadherin
level (Fig. 7 E-G). We further examined the altered expres-
sion of NR2F2-AS1, miR-425-5p in tumor tissues using
qRT-PCR and WB. It turned out that the NR2F2-AS1 over-
expression group had elevated NR2F2-AS|1 levels, impeded
miR-425-5p levels, and enhanced HMGB2 expression (vs.
the NC group) (P <0.05, Fig. 7H, I). Collectively, NR2F2-
AS1 promoted OS cell growth and metastasis in vivo.

Discussion

With the continuous exploration of OS, emerging IncRNAs
have been revealed to be implicated in OS. Here, we discov-
ered that NR2F2-AS1 expression was heightened in OS tis-
sues and cells. Further experiments confirmed that NR2F2-
AS1 enhanced OS cell proliferation, migration and invasion.

LncRNAs have been testified to contribute to various
tumors by numerous studies [24-26]. In addition, LncRNA
SNHG3 [27], LncRNA BES503655 [5], LncRNA AFAP1-
AS1 [28], IncRNA SNHG4 [29] and LncRNA TUGT [30]
expression is boosted in OS tissues, and their overexpression
strengthens OS cell proliferation, migration and invasion.

@ Springer

NR2F2-AS1, a newly identified IncRNA, have been identi-
fied as a carcinogene mediating small cell lung cancer [31],
nasopharyngeal cancer [32] and colorectal cancer [33].
Presently, we discovered that NR2F2-AS1 expression was
facilitated in both OS tissues and cells, reinforcing OS cell
proliferation and invasion and tumor growth in vivo. NR2F2-
AS1 may contribute to OS as an oncogenic gene.

The significance of miRNAs in tumor progression has
been extensively studied. As reported, miRNAs regulate
diversified tumor tissues. As an example, miR-491-5p
overexpression hampers estrogen signaling transduction
and estrogen-spurred breast cancer cell proliferation [34].
Down-regulation of miR-519a heralds unsatisfactory GC
prognosis and contributes to tumor progression [35]. Also,
the abnormal expression of miRNAs affects OS develop-
ment. As an example, both miR-99b and miR-1296-5p
are down-regulated in OS tissues, predicting poorer clini-
cal outcomes of OS patients. In vitro, miR-99b and miR-
1296-5p abates OS cell proliferation, migration and invasion
[36, 37]. Moreover, miR-596 dampens the Survivin profile
and facilitates OS cells’ sensitivity to anlotinib [38]. These
studies suggest that in OS, aberrantly expressed miRNAs
can be used not only as molecular markers of prognosis,
but also as therapeutic targets. Previous studies disclosed
that miR-425-5p is down-regulated in OS patients’ serum
[13, 14] and that overexpression of miR-425-5p impedes
OS cell proliferation, invasion and migration. This article
elaborated that miR-425-5p expression was hindered in OS
cells and tissues, and elevating miR-425-5p profiles hindered
OS cell proliferation, invasion, and migration, suggesting
that miR-425-5p functions as an antitumor miRNA. Moreo-
ver, emerging reports have stated that IncRNAs contribute
to modulating miRNAs as ceRNAs. LncRNA RBMS3-AS3
sponges miR-4534 and abates prostate cancer development
by up-regulating VASH1 [39]. LncRNA H19 hinder multiple
myeloma (MM) tumorigenesis by targeting miR-152-3p to
suppress BRD4-mediated cell proliferation [40]. As indi-
cated by our data, overexpressing NR2F2-AS1 choked miR-
425-5p's expression in OS cells and attenuated its anti-tumor
effects, illustrating that NR2F2-AS|1 targets miR-425-5p to
affect OS cell proliferation and invasion.

The HMGB family consists primarily of HMGBI,
HMGB?2, and HMGB3 proteins, which are normally chroma-
tin-associated and ubiquitously distributed in the nucleus of
higher eukaryotic cells and efficiently bend DNA and form
DNA circle [16]. Thus, this little group of proteins potentially
enhance the activities on various gene promoters by enhancing
transcription factor binding and/or bringing distant regulatory
sequences into close proximity [41, 42]. Increasing studies
have found that HMGB1 mediates enhanced osteosarcoma
cell proliferation and invasion, but reduced apoptosis [43].
HMGBI upregulation is induced by doxorubicin, cisplatin,
and methotrexate in human osteosarcoma cells, and HMGB1
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Fig.7 NR2F2-AS1 overexpression boosted tumor cell growth
in vivo. A Subcutaneous tumors were removed from nude mice at
6 weeks post tumor cell transplantation. B Tumor size was enumer-
ated weekly. C The weight of subcutaneous tumors in nude mice
was evaluated. D Number of tumor metastasis nodules in lung was
calculated. E-G The profiles of Bad, Bax, C-caspase3 E, cyclin D1,

knockdown enhanced the chemosensitivity of osteosarcoma
cells [44]. A recent study found that HMGB?2 overexpression
is closely associated with the Enneking stage, tumor volume,
metastasis, and survival of OS, and it strengthens OS cell pro-
liferation, migration and invasive capacity [21], suggesting that
HMGB?2 is a potential oncogene in OS. Notably, miRNAs can

cyclin E2 F, and Vimentin, Snail, and E-cadherin G were testified
by WB. H and I The expression of NR2F2-AS1 and miR-425-5p in
tumor tissues was assessed by qRT-PCR. J WB was adopted for test-
ing the HMGB2 expression in tumor tissues. Data were expressed
as mean+SD (n=5). NSP>0.05 (vs. Blank group), **P<0.01,
*##%P <0.001 (vs. Vector group)

target and regulate HMGB2, thus affecting cellular develop-
ment. As an example, down-regulating miR-130a facilitates
glioma cell growth and invasion by activating HMGB?2 expres-
sion [23]. Here, we discovered that HMGB2 expression was
elevated in OS cells and that up- or down-regulating miR-
425-5p increased or decreased HMGB?2 expression in OS
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Fig.8 The NR2F2-AS1/miR-425-5p/HMGB?2 axis in regulating OS
development

cells, respectively. Meanwhile, we ascertained that NR2F2-
AS1 was positively linked to HMGB2 expression in OS cells,
suggesting that NR2F2-AS1 and miR-425-5p can target and
modulate HMGB2 in OS and thus affect cell proliferation and
invasion.

Conclusion

Overall, our research confirms that NR2F2-AS1 expression is
heightened in OS tissues and cells, amplifying OS cell prolif-
eration and invasion and regulating OS evolvement by modu-
lating the miR-425-5p-HMGB?2 axis (Fig. 8). Taken together,
this study provides a better insight into the molecular mecha-
nisms modulating OS evolvement, which will help in the early
detection and treatment planning of OS.
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