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Abstract
Purpose: Osteosarcoma (OS) is a malignant tumor disease with high morbidity and mortality in children
and adolescents. Evidence indicates that long non-coding RNAs (lncRNAs) may be important players in
human cancer progression, including OS. In this study, we identi�ed the role of lnc-DUXAP8 in the
development of OS.

Materials and Methods: Expression of lncRNA DUXAP8 was determined by real-time quantitative PCR and
Western blotting in OS tissues. Cell proliferation was evaluated using CCK8 and colony formation assay;
Transwell assay was conducted to measure cell invasion. Cell migration was evaluated using Wound
Healing assay. The binding site between the lnc-DUXAP8 and miR-635 RNAs was evaluated using a
luciferase reporter assay.

Results: The expression of the lnc-DUXAP8 was signi�cantly upregulated in OS samples and OS cell lines
compared to normal tissue. High expression of lncRNA DUXAP8 was associated with shorter overall
survival. Knockdown of lncRNA DUXAP8 inhibited proliferation and migration, and invasion in OS cells.
More importantly, mechanism investigation revealed that lncRNA DUXAP8 was predominantly acted as a
competing endogenous RNA (ceRNA) in OS by regulating miR-635/ TOP2A axis.

Conclusion: LncRNA DUXAP8 is upregulated in OS, and LncRNA DUXAP8 knockdown plays a vital anti-
tumor role in OS cell progression through a miR-635/ TOP2A axis. Our study suggests that LncRNA
DUXAP8 may be a novel, promising biomarker for diagnosis and prognosis of OS.

1. Introduction
Osteosarcoma (OS) is the most common primary sarcoma of the bone and mainly affects adolescents
and children1. Due to its high degree of malignancy, early metastasis, less chance of surgery, easy
recurrence and high mortality, OS causes an unacceptable mortality rate. Although signi�cant
improvements have been made in the treatment of OS during the past decade, the prognosis of
osteosarcoma remains poor2. Reports suggested that the 5-year survival rate of OS patients with non-
distant metastasis was approximately 60–70%3. However, 5-year survival rate of osteosarcoma patients
with distant metastasis is only 20–30%4. Therefore, it is of paramount importance to investigate the
molecular mechanisms underlying and pathogenesis of the development of OS.

Long non-coding RNAs (LncRNAs) are a type of non-coding nucleic acid with a length of > 200
nucleotides with diverse and largely uncharacterized biological functions5. Recently, increasing evidence
demonstrated that lnc RNAs participate in fundamental cellular processes, including proliferation,
migration and apoptotic processes, which are important in the development of cancer6–7. Previous
studies have reported that lncRNAs function as oncogenes or tumor suppressors, are linked to cancer
initiation and development, and lncRNAs may be dysregulated in various types of human cancer,
including for OS8. For example, lncRNA SUMO1P3 promoted gastric cancer progression and invasion by
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regulating EMT signaling pathway9 and LncRNA AFAP1-AS1 accelerates nasopharyngeal carcinoma
metastasis via sponging miR-423-5p to regulate the Rho/Rac pathway10. These �ndings indicate that
lncRNAs could be vital regulators during tumorigenesis and tumor progression.

In recent years, pseudogene-derived lncRNA double homeobox A pseudogene 8 (DUXAP8) has been
shown to be up-regulated in various malignant tumors. As a recently identi�ed that DUXAP8 works as an
oncogene in renal cell carcinoma, gastric cancer, and other tumors11–12. A recent study reports that in
HCC, DUXAP8 repressed tumor suppressor KLF2 transcription through interacting with EZH213. However,
the expression status and prognostic value of DUXAP8 in OS is still unknown.

MicroRNAs (miRNAs) are approximately 22-nucleotide-long noncoding RNA molecules that could regulate
the target gene expression levels via binding to the 3’untranslated regions (3’UTR) of target gene at post-
transcriptional level and promote degradation or inhibit translation14. The miR-635 is located in 17q and
has been recently identi�ed in colorectal cancer15. Weber et al. found that miR-635 can signi�cantly
accelerate the invasion of A375 melanoma cells16. While the mechanism of miR-635 regulation in OS
needs further investigation. Topoisomerase alpha 2 (TOP2A) is a marker of proliferation and
chemotherapy resistance in different cancers, such as adrenocortical carcinoma and breast
carcinoma17–18. Moreover, it has been reported that several miRNAs play a regulatory role by directly
inhibiting target TOP2A in cancers19.

In the current study, we showed for the �rst time that DUXAP8 were enhanced in OS cell lines and tissues.
Downregulation of DUXAP8 remarkably suppressed OS cell viability and invasion. Additionally, we also
con�rmed that DUXAP8 could promote the development of OS cells by modulating miR-635/
topoisomerase 2 alpha (TOP2A). Our study may offer a novel diagnostic and therapeutic candidate for
OS treatment.

2. Materials And Methods
2.1 Patient samples

A total of 35 OS patients’ cancer tissues, that did not receive chemotherapy or radiotherapy before
surgery, together with their adjacent normal tissues were collected from the A�liated Hospital of Bei hua
University (Ji lin, China). The tissues were subsequently stored at in liquid nitrogen prior to further
experiments. All research protocols in this study was approved by the Ethics Committee of the the
A�liated Hospital of Bei hua University. Signed informed consent was got from every patient.

2.2 Cell lines and cell culture.

Human osteosarcoma cell lines, including KHOS-240S, SaOS2, MG-63, SOSP-9607 and U2OS and one
normal osteoblastic cell line (hFOB1.19) were obtained from American Type Culture Collection (ATCC,
Rockville, Maryland, USA) and the Cell Bank of the Chinese Academy of Sciences (Shanghai, China),
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respectively. All cell lines were cultured according to the supplier's protocols. Cells were cultured in the
Dulbecco's Modi�ed Eagle Medium (DMEM) medium supplemented with 10% fetal bovine serum (FBS)
and all incubations were performed at 37 °C in a 5% CO2-containing atmosphere.

2.3 Cell transfection.

The short interference RNAs that targeted lncRNA DUXAP8 (si lncRNA DUXAP8), corresponding siRNA
negative controls (siNC), miR-635 mimics and negative control (NC) miRNA were purchased from Gene
Pharma (Shanghai, China). Transfections were performed using the Lipofectamine 3000 kit (Invitrogen;
Thermo Fisher Scienti�c, Inc., Waltham, MA, USA) according to the manufacturer's protocol. The
knockdown e�ciency was assessed by reverse transcription-quantitative polymerase chain reaction (RT-
qPCR) 48 h after transfection.

2.4 RNA extraction and RT-qPCR.

Total RNA from tissues and cells was isolated using Trizol (Invitrogen; Thermo Fisher Scienti�c, Inc.) per
the manufacturer's protocol. Total RNA was reverse transcribed into cDNA using Prime Script® RT
reagent Kit (Takara, Japan). qPCR was performed using SYBR Premix Ex Taq (Takara Biotechnology Co.,
Ltd., Dalian, China), detection method on an ABI 7500 RT- qPCR system. The primer sequences were as
follows: DUXAP8 F:5'-AGGATGGAGTCTCGCTGTATTGC-3' and R: 5'- GGA GGTTTGTTTTCTTCTTTTTT-3';
miR-635 F: 50-TATAGCATATGCAGGGTG-30;

R: 5-CGCATTCGGAGTGCGAGTT-30; TOP2A F: 5’- GATTGATTATGACAAAGT

ATA-3’R: 5’-TACTTTGTCATAATCAATCAG-3’; GAPDH F:5'-CGCTCTCTGCTC

CTCCTGTTC-3' and R: 5'-ATCCGTTGACTCCGACCTTCAC-3'. 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 expressions of

DUXAP8, miR-635, and TOP2A mRNA were calculated using the 2-ΔΔCt method. The median value was
the cutoff between low and high DUXAP8 expression in patients with osteosarcoma. The median value
was included in the low group.

2.5 Cell proliferation assay

Cell proliferation was quanti�ed using the Cell Counting Kit-8 (CCK-8; Beyo time Institute of
Biotechnology, Shanghai, China) following the manual. Brie�y, 1×105/well cells were seeded and
transfected in a 96-well plate (Corning Incorporation). After indicated time, 10 μl of CCK-8 solution was
added into each well, and the cells were incubated for 4 h at 37 ˚C. The absorbance was measured using
a microplate reader (Bio-Tek Instruments,VT, USA) at 450 nm.

2.6 Wound healing assay
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To measure the migratory ability of osteosarcoma cells, a wound-healing assay was performed. Cells
were seeded and cultured to a con�uent monolayer in the rectangular cell culture plate. The medium was
removed, and then draw the teeth of the cell comb across the cell monolayer with su�cient force. Cells
were then washed, replaced with fresh medium and incubated for additional 24 h. The wound closure
was monitored with a light microscope (BX51, Olympus,Tokyo, Japan). Gap distance was quanti�ed
using NIH image J software.

2.7 Transwell assay

Transwell membranes with 8μm pore size (Corning Costar, MA, USA) coated with Matrigel (BD
Biosciences, NJ, USA) were used for cancer cell invasion assay as previously described. After indicated
transfection, cells were resuspended into fresh serum-free medium, and re-plated into the upper chamber.
Fresh medium was directly added to the lower chamber. After additional 24 h incubation, the invasive
cells penetrated to the lower surface, and were �xed with 4% paraformaldehyde (PFA) in phosphate-
buffered saline (PBS) and stained with crystal violet (Sigma-Aldrich, MO, USA). The number of invasive
cells was counted with a microscope (BX51, Olympus).

2.8 Colony formation assay

A colony formation assay was also performed. Cells were added to 6-well plates (2x103 cells/well) after
transfection for 2 weeks. Colonies were �xed 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 were imaged and counted using a light microscope. All experiments were repeated three
times.

2.9 Luciferase activity assay

All luciferase reporter vectors (DUXAP8-WT, DUXAP8-MUT) were constructed by Promega. DUXAP8-WT
vector or DUXAP8-MUT vector, miR-635 mimics, or negative control miRNAs were co-transfected into OS
cells, and after 48 hours of transfection, the relative luciferase activity was determined using Dual-
luciferase Reporter Assay System (Promega).)

2.10 Western blotting

Western blotting was performed following the protocol as previously described. In brief, cells were lyzed
with RIPA lysis buffer (Thermo Fisher Scienti�c), and incubated on ice for 30 min, and centrifuged at
11,000×g for 30 min at 4◦C. The supernatant was then collected and protein concentration was
determined using BCA protein quantitation kit (Beyotime Institute of Biotechnology, Shanghai, China). 20
μg cell lysates were subjected to 10% SDS-PAGE per lane and transferred to polyvinylidene �uoride
membranes (GE Healthcare, PA, USA). Then membranes were blocked with 5% bovine serum albumin in
PBS for 1 h, and incubated with primary antibodies (1:1000) and GAPDH (1:5000) overnight at 4˚C. All of
above antibodies were purchased from Cell Signaling Technology (MA, USA). Then the blots were washed
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and probed with HRP-conjugated secondary antibodies for 1.5 h, respectively, and were visualized using
an ECL detection system (Thermo Fisher Scienti�c). The relative densities of protein bands were analyzed
with NIH Image J software.

2.11 Statistical analysis

All data shown in the graphs were analyzed with Prism 6.0 (GraphPad Software, CA, USA), and presented
as mean± standard deviation of at least three independent experiments. Statistical analysis was
performed using the Student’s t-test for comparing two independent groups or one-way analysis of
variance for multiple comparisons among three or more independent groups. p<0.05 was considered
statistically signi�cant.

3. Results
3.1 The expression of lncRNA DUXAP8 was upregulated in osteosarcoma tissues and cell lines.

To explore the role of lncRNA DUXAP8 in osteosarcoma, we examined the relative expression level of
lncRNA DUXAP8 in 35 pairs of osteosarcoma tissues and adjacent non-tumor tissues was examined by
RT-qPCR analysis. As presented in Fig. 1A, the level of lncRNA DUXAP8 was higher in OS tissues than in
non-cancerous samples. Additionally, we also examined the expression of DUXAP8 in 5 human
osteosarcoma cell lines ( KHOS, SOSP-9607, U2OS, MG-63 and SaOS-2) and normal osteoblastic cell line
hFOB1.19 by qRT-PCR. The results revealed that lncRNA DUXAP8 expression was remarkably enhanced in
�ve OS cell lines compared with the hFOB1.19 cell line (Fig. 1B). To further �gure out the relationship
between DUXAP8 expression and longterm prognosis of patients, we performed Kaplan-Meier analysis
based on TCGA patients using GEPIA. As shown, patients with higher DUXAP8 expression levels had
shorter overall survival time than patients with lower DUXAP8 expressions (Fig. 1C). These results
suggested that DUXAP8 was involved in the progression of OS.

3.2 DUXAP8 promoted the proliferation, migration, and invasion of osteosarcoma cells.

To determine the potential biological role of lncRNA DUXAP8 in OS cells, we selected two OS cell lines,
U2OS and SaOS2 cells, with higher expression of lncRNA DUXAP8 to assess the effects of siRNA-
mediated knockdown of lncRNA DUXAP8 on cell proliferation and colony formation. After transfection
with lncRNA DUXAP8-speci�c siRNAs or a control siRNA, lncRNA DUXAP8 expression was e�ciently
decreased by qRT-PCR analysis (Fig. 2A). We observed that knockdown of lncRNA DUXAP8 caused a
signi�cant decrease in cell proliferation, as measured using CCK8 assays (Fig. 2B and C). We further
examined the migration ability of U2OS and SaOS2 cells by scratch assay. The results showed that the
migration ability of U2OS and SaOS2 cells were signi�cantly decreased after knockdown of DUXAP8
(Fig. 2D). We also examined the effects of DUXAP8 on invasion of OS cells by Transwell assay.
Consistently, the results demonstrated that knockdown of DUXAP8 inhibited the invasion of U2OS and
SaOS2 cells (Fig. 2E). Colony formation assay further indicated that lncRNA DUXAP8 knockdown reduced
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the colony numbers of U2OS and SaOS2 cells (Fig. 2F). Collectively, these results con�rmed that DUXAP8
was an oncogenic lncRNA in OS.

3.3 DUXAP8 targeted miR-635 in osteosarcoma cells.

LncRNA can act as a molecular sponge to regulate the expression of downstream genes through
absorbing miRNA. By searching for the potential binding miRNA of DUXAP8 in the StarBase online
database (www.starbase.sysu. edu.cn), miR-635 was selected as a predictive target for DUXAP8 because
of its high binding potential (Fig. 3A). Importantly, the expression correlation between DUXAP8 and miR-
635 was analyzed in OS tissue samples and their expression was found to be negatively correlated
(Fig. 3C). Furthermore, the expression of miR-635 was signi�cantly downregulated in OS tissues and cells
(Fig. 3B, D). Additionally, an increase in miR-635 expression was observed in U2OS and SaOS2 cells with
DUXAP8 knockdown, suggesting that DUXAP8 can negatively regulate miR-635 expressions in OS
(Fig. 3E). To further validate the binding relationship between miR-635 and DUXAP8, dual-luciferase
reporter assay was performed and it showed that luciferase activity decreased signi�cantly after the
U2OS or SaOS2 cells were co-transfected with miR-635 and DUXAP8-WT reporter plasmids; however, the
luciferase activity did not decrease signi�cantly when the cells were co-transfected with miR-635 and
DUXAP8-MUT reporter plasmids (Fig. 3F, G). Taken together, these results indicated that DUXAP8
negatively regulated miR-635 in OS.

3.4 miR-635 could reverse the function of DUXAP8 on osteosarcoma cells.

Next, we transfected the miR-635 mimics into U2OS or SaOS2 cells of OS cells with DUXAP8 knockdown.
We found that overexpression of miR-635 attenuated the effect of overexpressing DUXAP8 on
proliferation by CCK-8 and Colony formation assays (Fig. 4A, B and E). Then scratch and Transwell
assays were conducted. As shown, overexpression of miR-635 attenuated the effect of overexpressing
DUXAP8 on migration, and invasion of OS cells (Fig. 4C, D). These �ndings indicated that miR-635
reversed the function of DUXAP8 in OS cells.

3.5 Regulation of DUXAP8/ miR-635 on TOP2A expression in osteosarcoma cells.

After con�rming that DUXAP8 can regulate miR-635 expression, we attempted to explore the downstream
targets of miR-635 in OS. A recent study demonstrates that TOP2A, an oncogene, is a target of miR-635,
so we investigated whether DUXAP8 can regulate TOP2A expression in OS. As shown, DUXAP8
knockdown signi�cantly reduced mRNA and protein expressions of TOP2A (Fig. 5A, B). Furthermore, our
results revealed that overexpression of miR-635 reduced the TOP2A expression and abolished the
DUXAP8-induced upregulation of TOP2A (Fig. 5C). Furthermore, we also found that the expression of
TOP2A mRNA and DUXAP8 were positively correlated in OS tissue samples, while the expression of
TOP2A mRNA was negatively correlated with the expression of miR-635 (Fig. 5D, E). These results
indicated that DUXAP8 could upregulate TOP2A expression in OS and promote OS progression, probably
by modulating miR-635.

http://www.starbase.sysu/
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4. Discussion
Osteosarcoma (OS) is thought to be one of most common cause of cancer-related mortality worldwide,
with only 8% overall 5-year survival20. Increasing evidence suggests that lncRNAs 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
osteosarcoma21–24. For example, the lncRNA OSA3, which is speci�cally upregulated in prostate cancer,
has been approved by the Food and Drug Administration (FDA) for the diagnosis of prostate cancer25.
Downregulation of lncRNA HOST2 represses cell proliferation and promotes cell apoptosis in
osteosarcoma, which may offer a potential therapeutic target for osteosarcoma26. The regulation of
lncRNA on OS proliferation and metastasis has been studied, but not for LncRNA DUXAP8. LncRNA
DUXAP8 has been previously reported to be upregulated and may serve as a potential therapeutic target
in several types of cancer27. In a recent study, it was reported that LncRNA DUXAP8 enhances renal cell
carcinoma progression via downregulating miR-12628. In our present study, we found that LncRNA
DUXAP8 was expressed signi�cantly higher in OS cell lines and tissues, suggesting that LncRNA DUXAP8
might contribute to the progression of OS. Consistent with previous studies, our study showed that
LncRNA DUXAP8 silencing signi�cantly inhibited OS cell growth, cell migration and invasion ability,
implying that LncRNA DUXAP8 played an important role in OS progression.

MicroRNAs (miRNAs) are members of non-coding RNAs that play a spectacular regulatory role through
acting as tumor promoters or suppressors in various cancers. For example, miRNA-214 suppression
contributes to cell migration, invasion, and EMT in gastric cancer by targeting FGF929. Various 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 invasion of A375 melanoma
cells30. The present study demonstrated that miR-635 may function as a tumor suppressor in OS, as
determined by experiments with human specimens and OS cell lines in vitro study. In this study, we
showed that miR-635 could be sponged by LncRNA DUXAP8 in OS. We validated the binding relationship
between DUXAP8 and miR-635 by dual-luciferase reporter gene assay. Additionally, knockdown of
DUXAP8 signi�cantly induced the expression of miR-635 in OS. Importantly, with functional experiments,
we demonstrated that miR-635 could reverse the function of DUXAP8 on OS cells. Our results not only
explained the mechanism of miR-635 dysregulation in OS, but also proved that miR-635 was a crucial
effector during DUXAP8 regulating the malignant phenotypes of OS cells. TOP2A has been found to be
upregulated in hepatocellular carcinoma based on several studies 31–32. Most studies have focused on
TOP2A and reported involvement of tumor chemoresistance to DNA-damaging agents in AML as well as
other tumors 33–35. We found that TOP2A can be enrolled in the development of OS cells as a
carcinogenic factor and may be one of the candidate targets for miR-635. Knockdown of DUXAP8
signi�cantly reduced TOP2A mRNA and protein expression, and DUXAP8 was positively correlated with
TOP2A expression in OS tissues. Interestingly, expression of miR-635 partially reversed the promotion of
TOP2A expression caused by DUXAP8. These results manifested that DUXAP8 can target miR-635 to
indirectly regulate TOP2A and thus affect the development of OS cells.
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To conclude, our study demonstrated that DUXAP8 is upregulated in OS tissues and cells. lncRNA
DUXAP8 knockdown can suppress cell proliferation, cell migration, cell invasion in U2OS or SaOS2 cells.
This study also elucidates the mechanism of DUXAP8/miR-635/ TOP2A axis in the development of OS.
With the deepening of research, DUXAP8 is likely to become a marker for clinical diagnosis and
prognosis, and even be a therapeutic target of OS.
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Figures

Figure 1

lncRNA DUXAP8 expression is increased in OS tissues and cell lines. A, Expression of lncRNA DUXAP8
was measured using qRT-PCR in OS tissues and healthy adjacent tissues. Data were expressed as the
mean ± SD, Student’s t-test. B, qRT-PCR analysis was used to determine lncRNA DUXAP8 expression in
KHOS, SOSP-9607, U2OS, MG-63, SaOS-2 and normal osteoblastic cell line hFOB1.19. C, Survival analysis
of OS patients with high and low expression of DUXAP8. Data are presented as mean ± SD of fold
change, One-way ANOVA. **P < .01, ***P < .001.
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Figure 2

DUXAP8 promoted osteosarcoma proliferation, migration, and invasion. A, lncRNA DUXAP8 expression
was detected in U2OS and SaOS-2 cells transduced with a lncRNA DUXAP8 siRNA vector (si lncRNA
DUXAP8) or negative control siRNA vector (si NC). B, C and F, Cell viability was measured using an CCK8
assay and colony formation assay at the indicated times after transfection. D, the migration of OS cells
after DUXAP8 knockdown was detected by scratch healing assay. E, the invasion of OS cells after
DUXAP8 knockdown was detected by Transwell assay. Data were expressed as the mean ± SD, Student’s
t-test. **P < .01, ***P < .001.
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Figure 3

DUXAP8 targeted miR-635 in osteosarcoma. A, Prediction of binding sites between miR-635 and DUXAP8.
B, the expression levels of miR-635 in 35 matched OSs and adjacent nontumor controls were detected by
qRT-PCR. C, the correlation between the expression levels of DUXAP8 and miR-635 in OS samples was
analyzed. D, the expression of miR-635 in OS cell lines and normal osteoblastic cell line hFOB1.19 was
detected by qRT-PCR. E, the expression levels of miR-635 in OS cell lines were detected by qRT-PCR after
DUXAP8 knockdown. F, G, Dual-luciferase reporter assay indicated that miR-635 mimics could reduce the
luciferase activity of wild-type DUXAP8 reporter in U2OS and SaOS-2 cells. **P < .01, ***P < .001.
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Figure 4

miR-635 could reverse the function of DUXAP8 in osteosarcoma. A, B, miR-635 mimics and DUXAP8
siRNA were co-transfected into OS cells, the proliferation of OS cells in each group was detected by CCK-8
assay. C, the migration in each group were evaluated by scratch healing assay. D, the invasion of OS cells
in each group were evaluated by Transwell assay. E, the cell viability in each group were measured using
colony formation assay. *P < .05, **P < .01, ***P < .001.
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Figure 5

Regulation of DUXAP8/miR-635 on TOP2A. A, qRT-PCR was used to detect the effect of knockdown of
DUXAP8 on TOP2A mRNA expressions in OS cell lines. B, Western blot was used to detect the effect of
knockdown or overexpression of DUXAP8 on TOP2A protein expressions in OS cell lines. C, D, Western
blot was used to detect the effect of DUXAP8 and miR-635 on TOP2A protein expressions in U2OS and
SaoS2 cell lines. E, the correlation between the expression levels of miR-635 and TOP2A mRNA in OS
samples was analyzed. ***P < .001.


