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Long non-coding RNA-DUXAPS regulates TOP2A in the growth
and metastasis of osteosarcoma via microRNA-635
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Abstract. Osteosarcoma (OS) is a malignant disease with high
morbidity and mortality rates in children and adolescents.
Evidence has indicated that long non-coding RNAs (IncRNAs)
may serve important roles in human cancer progression,
including OS. In the present study, the role of Inc-double
homeobox A pseudogene 8§ (DUXAPS) in the development of
OS was identified. The expression of IncRNA-DUXAPS was
determined by reverse transcription-quantitative polymerase
chain reaction in OS tissues. Cell proliferation was evaluated
using Cell Counting kit-8 and colony formation assays, and
Transwell assays were conducted to measure cell invasion.
Cell migration was evaluated using a wound healing assay. The
binding site between Inc-DUXAP8 and miR-635 RNAs was
investigated using a luciferase reporter assay. The expression
of Inc-DUXAPS was significantly upregulated in OS samples
and OS cell lines compared with normal tissues. High expres-
sion of IncRNA DUXAPS was associated with shorter overall
survival times. Knockdown of IncRNA DUXAPS inhibited
proliferation, migration and invasion in OS cells. Notably,
mechanistic investigation revealed that IncRNA DUXAPS
predominantly acted as a competing endogenous RNA in OS
by regulating the miR-635/topoisomerase alpha 2 (TOP2A)
axis. IncRNA DUXAPS is upregulated in OS, and IncRNA
DUXAPS8-knockdown serves a vital antitumor role in OS cell
progression through the miR-635/TOP2A axis. The results of
the present study suggested that IncRNA DUXAPS may be a
novel, promising biomarker for the diagnosis and prognosis
of OS.

Introduction

Osteosarcoma (OS) is the most common primary sarcoma
of the bone and mainly affects adolescents and children (1).
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Due to its high degree of malignancy, early metastasis, low
chance of surgery, easy recurrence and high mortality,
OS causes an unacceptable mortality rate (2). Although
significant improvements have been made in the treatment
of OS over the past decade, the prognosis of osteosar-
coma remains poor (3). A previous study reported that
the 5-year survival rate of OS patients without metastasis
is ~60-70% (4). However, the 5-year survival rate of
OS patients with distant metastasis is only 20-30% (5).
Therefore, it is of paramount importance to investigate the
molecular mechanisms underlying the pathogenesis of OS
development.

Long non-coding RNAs (IncRNAs) are a type of
non-coding nucleic acid with a length of >200 nucleotides
and diverse and largely uncharacterized biological func-
tions (6). Recently, increasing evidence has demonstrated
that IncRNAs participate in fundamental cellular processes,
including proliferation, migration and apoptotic processes,
which are important in the development of cancer (7,8).
Previous studies have reported that IncRNAs function as
oncogenes or tumor suppressors and are associated with
cancer initiation and development, and IncRNAs may be
dysregulated in various types of human cancer, including
OS (9). For example, IncRNA SUMOI1P3 promotes gastric
cancer progression and invasion by regulating the EMT
signaling pathway (10), and IncRNA AFAPI1-AS1 acceler-
ates nasopharyngeal carcinoma metastasis by sponging
miR-423-5p to regulate the Rho/Rac pathway (11). These
findings indicated that IncRNAs may be vital regulators
during tumorigenesis and tumor progression.

In recent years, pseudogene-derived IncRNA double
homeobox A pseudogene 8 (DUXAPS) has been shown to
be upregulated in various malignant tumor types. Previous
studies have reported that DUXAPS8 works as an oncogene
in renal cell carcinoma, gastric cancer and other tumor
types (12,13). A recent study reported that in HCC, DUXAP8
repressed tumor suppressor KLF2 transcription by interacting
with EZH2 (14). However, the expression status and prognostic
value of DUXAPS in OS remain unknown.

MicroRNAs (miRNAs) are ~ 22-nucleotide-long
non-coding RNA molecules that can regulate target gene
expression levels by binding to the 3'-untranslated regions
(3'-UTRs) of target genes at the posttranscriptional level
and promoting degradation or inhibiting translation (15).
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miR-635 is located in 17q and has been recently identified in
colorectal cancer (16). Weber et al (17) reported that miR-635
may significantly accelerate the invasion of A375 melanoma
cells. However, the mechanism of miR-635 regulation in
OS requires further investigation. Topoisomerase alpha 2
(TOP2A) is a marker of proliferation and chemotherapy
resistance in different cancer types, including adrenocortical
carcinoma and breast carcinoma (18,19). Furthermore, it has
been reported that several miRNAs serve a regulatory role by
directly inhibiting the target TOP2A in cancer (20).

In the present study, it was demonstrated for the first time
that DUXAPS was enhanced in OS cell lines and tissues.
Downregulation of DUXAPS markedly suppressed OS cell
viability and invasion. Additionally, it was confirmed that
DUXAPS8 may promote the development of OS cells by
modulating miR-635/TOP2A. The results of the present study
may offer a novel diagnostic and therapeutic candidate for OS
treatment.

Materials and methods

Patient samples. Patients with OS (n=35) who received
surgery in the Affiliated Hospital of Bei Hua University
(Jilin, China) between October 2018 and October 2019 were
selected to obtain cancer tissue samples and adjacent normal
tissues. The patients were 31-73 years old, including 19 males
and 16 females and they had not received chemotherapy or
radiotherapy prior to surgery. The tissues were subsequently
stored in liquid nitrogen and then stored at -80°C until extrac-
tion of RNA. All research protocols in the present study were
approved by the Ethics Committee of the Affiliated Hospital
of Bei Hua University. Written informed consent was obtained
from every patient.

Cell lines and cell culture. Human osteosarcoma cell lines,
including KHOS-240S, SaOS2, MG-63, SOSP-9607 and
U208, and one normal osteoblastic cell line (hFOB1.19) were
obtained from the American Type Culture Collection and the
Cell Bank of the Chinese Academy of Sciences, respectively.
All cell lines were cultured according to the manufacturer's
protocols. Cells were cultured in Dulbecco's modified Eagle's
medium, supplemented with 10% fetal bovine serum, and all
incubations were performed at 37°C in a 5% CO,-containing
atmosphere.

Cell transfection. The short interfering RNAs that targeted
IncRNA DUXAPS (si-lncRNA-DUXAPS), corresponding
siRNA negative controls (siNC), miR-635 mimic, negative
control (NC) miRNA, miR-635 inhibitor and NC inhibitor were
purchased from Shanghai GenePharma Co., Ltd. Transfections
were performed using the Lipofectamine 3000 kit
(Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocol. RNAs (100 nM) or miR-635
mimics (50 nM) or miR-635 inhibitor (150 nM) or plasmids
(1.5 pg per well) were transfected into cells. The sequences
were as follows: si-DUXAPS, 5'-"AAGAUAAAGGUGGUU
UCCACAAGAATT-3"; si-NC, 5'-AGCUUGAUACGACAA
AGCUTT-3"; miR-635 mimic, 5'-"ACUUGGGCACUGAAA
CAAUGUCC-3"; miR-NC, 5'-CAGUACUUUUGUGUA
GUACAA-3"; miR-635 inhibitor, 5'-GGACAUUGUUUCAGU

GCCCAAGU-3"; and inhibitor NC, 5-CAGUACUUUUGU
GUAGUACAA-3'.

Transfection was performed at room temperature for
30 min. The knockdown efficiency was assessed by reverse
transcription-quantitative (RT-q) PCR 48 h after transfection,
when the cells were collected for the subsequent experiments.

RNA extraction and RT-gPCR. Total RNA was extracted from
tissues and cells using TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
Total RNA was reverse transcribed into cDNA using the Prime
Script® RT Reagent kit. RT reaction was conducted for 15 min
at 42°C followed by 5 min at 98°C and the reaction volume
was 20 ul. gPCR was performed using SYBR Premix Ex Taq
(Takara Biotechnology Co., Ltd.) on an ABI 7500 RT-qPCR
system. Expression of DUXAP8 and TOP2A was detected
using GAPDH as endogenous control, respectively. High Pure
miRNA Isolation kit (Sigma-Aldrich; Merck KGaA) was
used to extract miRNA. miRNA reverse transcription was
performed using MystiCq® microRNA c¢cDNA Synthesis mix
(Sigma-Aldrich; Merck KGaA), and qPCR was performed
using MystiCq microRNA® SYBR® Green gPCR ReadyMix®
(Sigma-Aldrich; Merck KGaA) to measure the level of
miR-635 expression with U6 as an endogenous control. The
primer sequences were as follows: DUXAPS forward, 5'-AGG
ATGGAGTCTCGCTGTATTGC-3' and reverse, 5-GGAGGT
TTGTTTTCTTCTTTTTT-3"; TOP2A forward, 5'-GATTGA
TTATGACAAAGTATA-3' and reverse, 5-TACTTTGTC
ATAATCAATCAG-3"; GAPDH forward, 5'-CGCTCTCTG
CTCCTCCTGTTC-3" and reverse, 5S-ATCCGTTGACTC
CGACCTTCAC-3". miR-635 forward, 50-TATAGCATATGC
AGGGTG-30; miR-635 reverse primer and U6 primers were
included in the kit. The thermocycling conditions were as
follows: Initial denaturation at 95°C for 10 min, followed by
40 cycles at 95°C for 15 sec and extension at 60°C for 1 min.
The relative expression of DUXAPS8, miR-635 and TOP2A
mRNA levels was calculated using the 2" method (21). The
median value was the cut-off between low and high DUXAPS
expression in patients with OS. The median value was included
in the low expression group.

Cell proliferation assay. Cell proliferation was quantified
using Cell Counting Kit-8 (CCK-8; Beyotime Institute of
Biotechnology), according to the manufacturer's protocols.
In brief, 1x10%/well cells were seeded and transfected into a
96-well plate (Corning Incorporated). At the indicated times,
10 ul CCK-8 solution was added to each well, and the cells
were incubated for 4 h at 37°C. The absorbance was measured
using a microplate reader (BioTek Instruments, Inc.) at 450 nm.

Wound healing assay. To measure the migratory ability of
OS cells, a wound-healing assay was performed. Cells were
seeded and cultured to a confluent monolayer in a rectangular
cell culture plate. The medium was removed, and then the teeth
of the cell comb were drawn across the cell monolayer with
sufficient force. Cells were washed, replenished with fresh
Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher
Scientific, Inc.) and incubated for an additional 24 h. Wound
closure was monitored with a light microscope (magnifica-
tion, x100; BX51; Olympus Corporation). Gap distance was
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quantified using NIH ImagelJ software version 1.46 (National
Institutes of Health).

Transwell assay. Transwell membranes with 8-ym pore sizes
(Corning Incorporated) coated with Matrigel (BD Biosciences)
were used for the cancer cell invasion assay as previously
described (22). Following the indicated transfection, 2x10° cells
were resuspended in fresh serum-free DMEM and replated
into the upper chamber. Fresh DMEM containing 10% fetal
bovine serum (FBS) was directly added to the lower chamber.
After an additional 24 h of incubation at 37°C, the invasive
cells penetrated the lower surface, were fixed with 4% para-
formaldehyde in phosphate-buffered saline (PBS) at room
temperature for 10 min and stained with 0.1% crystal violet at
room temperature for 10 min. (Sigma-Aldrich; Merck KGaA).
The number of invasive cells was counted under a light micro-
scope (magnification, x100; BX51; Olympus Corporation).

Colony formation assay. A colony formation assay was also
performed. Cells were added to 6-well plates (2x10° cells/well)
following transfection for 2 weeks. Colonies were fixed with
100% methanol at room temperature for 20 min and stained
with 0.1% crystal violet (Sigma-Aldrich; Merck KGaA) at 25°C
for 30 min. The total number of visible colonies was imaged
and counted using a light microscope (magnification, x100).
All experiments were repeated three times.

Luciferase activity assay. The wild-type (WT) or mutant
(MUT) DUXAPS sequences containing the miR-635 binding
sites were cloned into the pmir-GLO Dual-luciferase vector
(Promega Corporation) and co-transfected with the miR-635
mimics or corresponding control sequences into the cells with
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). The sequences were WT DUXAPS: 5-UUUAAAACU
CUUGAUGCUGGUU-3"; MUT DUXAPS: 5-UUUAUU
UGAGUUGAUGCUGGUU-3' miR-635 mimic, 5-ACUUGG
GCACUGAAACAAUGUCC-3"; miR-NC, 5'-CAGUACUUU
UGUGUAGUACAA-3'. Following transfection, the cells were
incubated for 48 h and the luciferase activity was measured
with the Dual Luciferase Reporter Assay System (Promega
Corporation). The Renilla luciferase was used as an internal
control to homogenize the detection of the reporter gene.

Western blotting. Western blotting was performed following
the protocol as previously described (23). In brief, cells were
lysed with RIPA lysis buffer (Thermo Fisher Scientific, Inc.),
incubated on ice for 30 min, and centrifuged at 11,000 x g for
30 min at 4°C. The supernatant was then collected, and the
protein concentration was determined using a BCA protein
quantitation kit (Beyotime Institute of Biotechnology). Cell
lysates (20 ug) were subjected to 10% SDS-PAGE and trans-
ferred to polyvinylidene fluoride membranes (GE Healthcare).
Next, the membranes were blocked with 5% bovine serum
albumin in PBS for 1 h at room temperature and incubated
with primary antibodies TOP2A (cat. no. 12286, Cell Signaling
Technology, Inc.; dilution, 1:1,000) and GAPDH (cat. no. 5174,
Cell Signaling Technology, Inc.; dilution, 1:5,000) overnight
at4°C. Next, the blots were washed and probed with a secondary
antibody of HRP Goat Anti-Rabbit (IgG; cat. no. ab6721,
Abcam; dilution, 1:10,000) at room temperature for 1.5 h and

visualized using an ECL detection system (Thermo Fisher
Scientific, Inc.). The relative densities of the protein bands
were analyzed with NIH Imagel] software version 1.46
(National Institutes of Health).

Statistical analysis. Statistical analyses were performed using
GraphPad Prism software (version 6; GraphPad Software,
Inc.). A normal distribution and homogeneity of variance were
tested. Measurement data conforming to a normal distribution
were expressed as the mean + standard deviation. If the data
did not conform to a normal distribution or homogeneity of
variance, quantile spacing was applied. The sample size of
each group for the cell experiments was nine. The relation-
ship between IncRNA DUXAPS and miR-635 expression
levels in OS and normal adjacent tissues was analyzed by
paired Student's t-test. Survival curves were plotted using the
Kaplan-Meier method and log-rank tests were performed. An
unpaired t-test was applied for the other comparisons between
two groups. For the comparison of multiple groups, one-way
ANOVA analysis was performed followed by Tukey's post hoc
test. Correlations were analyzed using Pearson's correlation.
Linear regression analysis was performed to identify variables
that significantly affected these correlations. P<0.05 was
considered to indicate a statistically significant difference.

Results

The expression of IncRNA DUXAPS is upregulated
in OS tissues and cell lines. To investigate the role of
IncRNA DUXAPS in OS, the relative expression level
of IncRNA DUXAPS was investigated in 35 pairs of OS
tissues and adjacent non-tumor tissues by RT-qPCR analysis.
Differences in expression level of DUXAPS between OS and
non-tumor tissues were analyzed by paired t-test. As presented
in Fig. 1A (P<0.001), the level of IncRNA DUXAP8 was higher
in OS tissues than in non-cancerous samples. Additionally,
the expression of DUXAPS was investigated in 5 human OS
cell lines (KHOS, SOSP-9607, U20S, MG-63 and SaOS-2)
and the normal osteoblastic hFOB1.19 cell line by RT-qPCR.
The results revealed that IncRNA DUXAPS expression was
markedly increased in the five OS cell lines compared with the
hFOBI.19 cell line (Fig. 1B; P<0.001). To further determine the
association between DUXAPS expression and the long-term
prognosis of patients, Kaplan-Meier analysis was performed
based on TCGA patients using GEPIA. Patients with higher
DUXAPS expression levels had shorter overall survival times
than patients with lower DUXAPS expression levels (Fig. 1C).
These results suggested that DUXAP8 was involved in the
progression of OS.

DUXAPS promotes the proliferation, migration and
invasion of OS cells. To determine the potential biological
role of IncRNA DUXAPS in OS cells, two OS cell lines,
U20S and SaOS2 cells, with higher expression of IncRNA
DUXAPS were selected to assess the effects of siRNA-medi-
ated knockdown of IncRNA DUXAPS on cell proliferation
and colony formation. Following transfection with IncRNA
DUXAPS-specific siRNAs or a control siRNA, IncRNA
DUXAPS expression was revealed to be efficiently decreased
by RT-qPCR analysis (Fig. 2A; P<0.01). It was observed
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Figure 1. IncRNA DUXAPS expression is increased in OS tissues and cell lines. (A) Expression of IncRNA DUXAPS8 was measured using RT-qPCR in OS
tissues (n=35) and healthy adjacent tissues (n=35). Data are expressed as the mean =+ standard deviation using Student's t-test. ““P<0.001 vs. normal tissues.
(B) RT-qPCR analysis was used to determine IncRNA DUXAPS expression in KHOS, SOSP-9607, U20S, MG-63 and SaOS-2 cells, as well as the normal
osteoblastic hFOBI1.19 cell line. “P<0.01, “"P<0.001 vs. hFOB1.19. (C) Survival analysis of OS patients with high and low expression of DUXAP8. Data were
compared using the paired t-test. All PCR reactions were repeated 3 times and mean values are presented. IncRNA, long non-coding RNA; DUXAPS, double
homeobox A pseudogene 8; OS, osteosarcoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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Figure 2. DUXAPS promotes OS proliferation, migration and invasion. (A) IncRNA DUXAPS expression was detected in U20S and SaOS-2 cells transduced
with a IncRNA DUXAPS siRNA vector (si-IncRNA DUXAPS) or negative control siRNA vector (si-NC) “P<0.01, ““P<0.001 vs. si-DUXAPS. (B-D) Cell
viability was measured using a Cell Counting kit-8 assay and colony formation assay at the indicated times following transfection, “P<0.01, “"P<0.001 vs.
si-DUXAPS. (E) The migration of OS cells following DUXAP8-knockdown was detected by a scratch healing assay, “P<0.01, “"P<0.001 vs. si-DUXAPS.
Magnification, x100. (F) The invasion of OS cells following DUXAP8-knockdown was detected by a Transwell assay, “"P<0.001 vs. si-DUXAPS.
Magnification, x100. Data are expressed as the mean + standard deviation, Student's t-test. DUXAPS, double homeobox A pseudogene 8; OS, osteosarcoma;
IncRNA, long non-coding RNA; si, small interfering RNA; NC, negative control; OD, optical density.
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Figure 3. DUXAPS targets miR-635 in OS. (A) Prediction of binding sites between miR-635 and DUXAPS. (B) The expression levels of miR-635 in
35 matched OS and adjacent non-tumor controls were detected by RT-qPCR, ““P<0.001 vs. normal tissues. (C) The correlation between the expression levels
of DUXAP8 and miR-635 in OS samples was analyzed (""P<0.001). (D) The expression of miR-635 in OS cell lines and the normal osteoblastic hFOB1.19
cell line was detected by RT-qPCR, “P<0.01 or ““P<0.001 vs. hFOB1.19. (E) The expression levels of miR-635 in OS cell lines were detected by RT-qPCR
following DUXAP8-knockdown, “P<0.01, ““P<0.001 vs. si-DUXAPS. (F) The expression levels of U20S and SaOS-2 cells transfected with miR-635 or
mimic negative control, “P<0.01 vs. miR-635. (G) The expression levels of U20S and SaOS-2 cells transfected with NC inhibitor/miR-635 inhibitor, “P<0.01
vs. miR-635 in. (H and I) Dual-luciferase reporter assay indicated that miR-635 mimics could decrease the luciferase activity of the wild-type DUXAPS
reporter in U20S and SaOS-2 cells, “P<0.01, “"P<0.001 vs. miR-635. DUXAPS, double homeobox A pseudogene 8; miR, microRNA; OS, osteosarcoma;
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC, negative control; si, small interfering RNA; WT, wild-type.

that knockdown of IncRNA DUXAPS caused a significant
decrease in cell proliferation, as measured using CCK-8
assays and colony formation assays (Fig. 2B-D; P<0.01). The
migration ability of U20S and SaOS2 cells were further
examined by scratch assay. The results demonstrated that
the migration ability of U20S and SaOS2 cells was signifi-
cantly decreased following knockdown of DUXAPS8 (Fig. 2E;
P<0.001). The effects of DUXAPS on the invasion of OS
cells were investigated by Transwell assay. Furthermore, the
results demonstrated that knockdown of DUXAPS inhibited
the invasion of U20S and SaOS2 cells (Fig. 2F; P<0.001).
Taken together, these results confirmed that DUXAP8 was an
oncogenic IncRNA in OS.

DUXAPS targets miR-635 in OS cells. IncRNAs may act as
molecular sponges to regulate the expression of downstream
genes by absorbing miRNAs. By searching for the potential

binding miRNA of DUXAPS in the StarBase online data-
base (www.starbase.sysu. edu.cn), miR-635 was selected as
a predictive target for DUXAPS because of its high binding
potential (Fig. 3A). The expression of miR-635 was significantly
downregulated in OS tissues (Fig. 3B; P<0.001). Notably, the
expression correlation between DUXAPS and miR-635 was
analyzed in OS tissue samples, and their expression was revealed
to be negatively correlated (Fig. 3C; P<0.001). The expression of
miR-635 was significantly downregulated in OS cells (Fig. 3D;
P<0.01). Additionally, an increase in miR-635 expression was
observed in U20S and SaOS2 cells with DUXAP8-knockdown,
suggesting that DUXAPS8 may negatively regulate miR-635
expression in OS (Fig. 3E; P<0.01). U20S and SaOS2 cells were
transfected with miR-635 or negative control and the efficiency
of transfection was determined by RT-qPCR. Results demon-
strated that the ectopic transfection significantly upregulated
miR-635 expression levels (Fig. 3F; P<0.001). Additionally,



6 YANG et al: THE EFFECT OF IncRNA DUXAPS IN OSTEOSARCOMA

A B
207 o ctrl 207 o cprl
-= si-DUXAP8 -= si-DUXAP8
= 154 -a- si-DUXAP8+miR-635 £ 151 -&- si-DUXAP8+miR-635
o o
(=3 o
2 g 104
[=] [=]
o o
0.5
O'A L} T T L}
1 2 3 4 (days)
c Sa0S-2 0. Wt
i-DUXAPS @ [0 si-DUXAP8
si- 2 4 s
si-DUXAPS _E 300 B0 si-DUXAP8+miR-635
8
s
;
€
5
z
D
: si-DUXAP8
ctrl si-DUXAP8 +miR-635 ctrl si-DUXAPS +miR-635 -
: : i 4 1009 5 siDUXAPS
E g 80- B si-DUXAP8+miR-635
Oh oh F]
= 60-
2
o 40
5
; 20
[
48 h 48 h
E u20s Sa08-2 500, W ctrl
[0 si-DUXAP8
: si-DUXAP8 si-DUXAPS8 400{ M si-DUXAP8+miR-635
ctrl SIEDUICARS otrl si-DUXAPS IiREAAE

+miR-635
B

Cell invasion numbers

£

v

[2

Figure 4. miR-635 reverses the function of DUXAP8 in OS. (A and B) miR-635 mimics and DUXAPS siRNA were co-transfected into OS cells, and the
proliferation of OS cells in each group was detected by Cell Counting kit-8 assay, 'P<0.05 vs. si DUXAP8+miR-635, “P<0.01 vs. control. (C) The cell viability
in each group was measured using a colony formation assay, “P<0.01, ““P<0.001 vs. si-DUXAPS. (D) The migration in each group was evaluated by scratch
healing assay, “P<0.01, ““P<0.001 vs. si-DUXAP8. Magnification, x100. (E) The invasion of OS cells in each group was evaluated by Transwell assay,
“P<0.01, “"P<0.001 vs. si-DUXAPS. Magnification, x100. Data are expressed as the mean + standard deviation, Student's t-test. miR, microRNA; DUXAPS,
double homeobox A pseudogene 8; OS, osteosarcoma; siRNA, small interfering RNA; Ctrl, control; OD, optical density.

U20S and SaOS2 cells were transfected with NC inhibitor/
miR-635 inhibitor and the efficiency of transfection was deter-
mined by RT-qPCR. Results demonstrated that the ectopic
transfection significantly downregulated miR-635 expression
levels (Fig. 3G; P<0.01). To further validate the binding rela-
tionship between miR-635 and DUXAPS, a dual-luciferase
reporter assay was performed and demonstrated that luciferase
activity decreased significantly following U20S or SaOS2 cells
being co-transfected with miR-635 and DUXAP8-WT reporter
plasmids; however, the luciferase activity did not decrease
significantly when the cells were co-transfected with miR-635
and DUXAP8-MUT reporter plasmids (Fig. 3H and I; P<0.01).
Taken together, these results indicated that DUXAPS8 negatively
regulated miR-635 in OS.

miR-635 may reverse the function of DUXAPS8 in OS cells. Next,
miR-635 mimics were transfected into U20S or SaOS2 OS cells
with DUXAPS8-knockdown. It was revealed that overexpression

of miR-635 attenuated the effect of overexpressing DUXAPS
on proliferation by CCK-8 assays and colony formation assays
(Fig. 4A-C, P<0.05). Next, scratch and Transwell assays were
conducted. Overexpression of miR-635 attenuated the effect
of overexpressing DUXAPS on the migration and invasion of
OS cells (Fig. 4D and E, P<0.01). These findings indicated that
miR-635 reversed the function of DUXAPS in OS cells.

Regulation of DUXAP8/miR-635 on TOP2A expression in OS
cells. After confirming that DUXAPS can regulate miR-635
expression, the downstream targets of miR-635 in OS were
investigated. A recent study (24) demonstrated that TOP2A, an
oncogene, is a target of miR-635; therefore, the present study
investigated whether DUXAPS can regulate TOP2A expres-
sion in OS. DUXAPS8-knockdown significantly decreased
the mRNA and protein expression of TOP2A (Fig. 5A and B;
P<0.001). Furthermore, the results of the present study revealed
that overexpression of miR-635 decreased TOP2A expression



MOLECULAR MEDICINE REPORTS 24: 511, 2021 7
A U20s Sa0s-2 c s
S g1 U208 g
£ £ &
S S e
.%_ §1»0 TOP2A “ ~ " g
5 5 - : :
! CAPDH | I
g g é} S ® > &
S o S 4.; q Lo
i o0 $ & F S
& X ég- L Sg
& & @ 28
9\9
U20s
B Sa0s2 D
s
SaoS2 §
GapDH [ .
§
CAPDH | s —— —
H 4 ) N & Lo g
5 §F £ F s
g H o & L P&
3 ¢ 7 9
£ 'k
& &
E F
4- 4-
p =0.4713 P<0.001 - p =0.3870 P<0.001
s o
c ° H _
g2 . §3°
nZ n
[ % e [
s 22 24
X ﬁ 24 3 ﬁ
[ & ° a
4 >0
20 £
= - © 14
T 11 °
& 2
0 T T T T 1 0 ! ' ' ! '
0 2 4 6 8 10 0 2 4 6 8 10

Relative expression of DUXAP8

Relative expression of miR-635

Figure 5. Regulation of DUXAP8/miR-635 on TOP2A. (A) Reverse transcription-quantitative polymerase chain reaction was used to detect the effect of
DUXAP8-knockdown on TOP2A mRNA expression in OS cell lines, ““P<0.001 vs. control. (B) Western blotting was used to detect the effect of knockdown
or overexpression of DUXAP8 on TOP2A protein expression in OS cell lines, ““P<0.001 vs. control. (C and D) Western blotting was used to detect the effect
of DUXAPS8 and miR-635 on TOP2A protein expression in U20S and SaoS2 cell lines, ‘P<0.035, “P<0.01, ““P<0.001 vs. control. (E) The correlation between
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mRNA in OS samples was analyzed. miR, microRNA; OS, osteosarcoma; siRNA, small interfering RNA; DUXAPS, double homeobox A pseudogene 8;

TOP2A, topoisomerase alpha 2; NC, negative control.

and abolished the DUXAP8-induced upregulation of TOP2A
(Fig. 5C and D; P<0.05). Furthermore, it was found that the
expression of TOP2A mRNA and DUXAP8 was positively
correlated in OS tissue samples, while the expression of
TOP2A mRNA was negatively correlated with the expression
of miR-635 (Fig. SE and F; P<0.001). These results indicated
that DUXAPS may upregulate TOP2A expression in OS and
promote OS progression, possibly by modulating miR-635.

Discussion

OS is thought to be one of most common causes of cancer-related
mortality worldwide, with an 8% 5-year survival rate (25).
Increasing evidence has suggested that IncRNAs are involved
in the development and progression of a diverse range of cancer
types, including gastric cancer, hepatocellular carcinoma, clear

cell renal cell carcinoma, colorectal cancer, breast cancer,
non-small cell lung cancer and OS (26-29). For example, the
IncRNA OSA3, which is specifically upregulated in prostate
cancer, has been approved by the Food and Drug Administration
for the diagnosis of prostate cancer (30). Downregulation of
IncRNA HOST? represses cell proliferation and promotes cell
apoptosis in OS, which may offer a potential therapeutic target
for OS (31). The regulation of IncRNA on OS proliferation and
metastasis has been studied, but not for IncRNA DUXAPS.
IncRNA DUXAPS has been previously reported to be upregu-
lated and may serve as a potential therapeutic target in several
types of cancer (32). In a recent study, it was reported that
IncRNA DUXAPS enhances renal cell carcinoma progression
by downregulating miR-126 (33). In the present study, it was
found that IncRNA DUXAPS8 was expressed at significantly
higher levels in OS cell lines and tissues, suggesting that
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IncRNA DUXAPS may contribute toward the progression of
OS. Furthermore, the present study demonstrated that IncRNA
DUXAPS-silencing significantly inhibited OS cell growth,
cell migration and invasion ability, implying that IncRNA
DUXAPS serves an important role in OS progression.

MicroRNAs (miRNAs/miRs) are non-coding RNAs that
serve an important regulatory role by acting as tumor promoters
or suppressors in various cancer types. For example, miRNA-214
suppression contributes toward cell migration, invasion and
EMT in gastric cancer by targeting FGFR (34). Previous studies
have focused on the role of miRs in OS cells. However, few
reports have demonstrated the effect of miR-635 in OS. A recent
report demonstrated that miR-635 may accelerate the invasion of
A375 melanoma cells (35). The present study demonstrated that
miR-635 may function as a tumor suppressor in OS, as deter-
mined by experiments with human specimens and OS cell lines
in an in vitro study. The present study demonstrated that miR-635
may be sponged by IncRNA DUXAPS in OS. The binding rela-
tionship between DUXAPS8 and miR-635 was validated using
a dual-luciferase reporter gene assay. Additionally, knockdown
of DUXAPS significantly induced the expression of miR-635 in
OS. Notably, with functional experiments, it was demonstrated
that miR-635 could reverse the function of DUXAPS in OS cells.
These results not only explained the mechanism of miR-635
dysregulation in OS but also proved that miR-635 was a crucial
effector during DUXAPS regulation of the malignant pheno-
types of OS cells. TOP2A has been previously reported to be
upregulated in hepatocellular carcinoma (36,37). The majority
of studies have focused on TOP2A and reported the involvement
of tumor chemoresistance to DNA-damaging agents in acute
myeloid leukemia (AML) as well as other tumor types (38-40).
The present study demonstrated that TOP2A may be involved
in the development of OS cells as a carcinogenic factor and may
be one of the candidate targets for miR-635. Knockdown of
DUXAPS significantly decreased TOP2A mRNA and protein
expression, and DUXAPS was positively correlated with
TOP2A expression in OS tissues. Notably, the expression of
miR-635 partially reversed the promotion of TOP2A expres-
sion caused by DUXAPS. These results demonstrated that
DUXAPS8 may target miR-635 to indirectly regulate TOP2A
and thus affect the development of OS cells.

In conclusion, the results of the present study demonstrated
that DUXAPS is upregulated in OS tissues and cells. IncRNA
DUXAPS8-knockdown may suppress cell proliferation,
cell migration and cell invasion in U20S or SaOS2 cells.
The present study also elucidated the mechanism of the
DUXAPS8/miR-635/TOP2A axis in the development of OS.
With more in-depth research, DUXAPS is likely to become a
marker for clinical diagnosis and prognosis and potentially a
therapeutic target for the treatment of OS.
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