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EPB41L4A-AS1 and UNC5B-AS1 have -

diagnostic and prognostic significance
in osteosarcoma

Ying Yan'", Xiaochuan Liu?", Yamei Li?", Jingyi Yan?, Ping Zhao®" and Lu Yang®’

Abstract

Background Deregulation of INcRNAs has been observed in human osteosarcoma. This study explored the diagnos-
tic and prognostic significance of EPB41L4A-AST and UNC5B-AST in osteosarcoma.

Methods Relative levels of EPB41L4A-AST and UNC5B-AS1 were detected in osteosarcoma tissue samples and cells.
The ability to distinguish osteosarcoma from health was assessed by receiver operating characteristic (ROC) curve
construction. Kaplan—-Meier (K-M) and Cox proportional-hazards analyses were performed for prognosis factors. The
bioinformatics approach was used to identify targeting miRNA for EPB41L4A-AST and UNC5B-AST. Kaplan—Meier sur-
vival curves and Whitney Mann U tests were conducted for validating the statistical significance. In cell culture experi-
ments, the influence of EPB411L4A-AS1 and UNC5B-AST on proliferation, migration, and invasion of the osteosarcoma
cell line was examined by CCK-8 and Transwell assays.

Results Levels of EPB411L4A-AST and UNC5B-AST were upregulated in osteosarcoma patients and cells compared
with the healthy participants and normal cell lines. EPB41L4A-AS1 and UNC5B-AST have a potent ability to distinguish
the patients with osteosarcoma from the health. EPB41L4A-AST and UNC5B-AST levels correlated with SSS stage.
Patients with high levels of EPB41L4A-AST and UNC5B-AST had significantly shorter survival times. EPB41L4A-AST

and UNC5B-AST were independent prognostic indexes for overall survival. miR-1306-5p was a common target for
EPB41L4A-AST and UNC5B-AST. A propulsive impact on cell proliferation, migration, and invasion by EPB41L4A-AS1
and UNC5B-AST was observed, but can be rescued by miR-1306-5p.

Conclusions It was concluded that upregulations of EPB41L4A-AS1 and UNC5B-AST expression were diagnostic and
prognostic biomarkers for human osteosarcoma. EPB411L4A-AS1T and UNC5B-AST contribute to the biological behavior
of osteosarcoma via miR-1306-5p.
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Background
Osteosarcoma is the most common malignant tumor
of direct origin in bone tissue, presenting mixed osteo-
blastic/osteolytic lesions [1-3]. The disease is relatively
rare, with an incidence of 3 in a million [4]. However,
it mainly affects children and adolescents, and also
focuses on the elderly [4]. A common site of OS forma-
tion is usually near the growth plate of long bones such
as the tibia, femur, and humerus [5]. The 5-year relative
survival rate for childhood is currently about 67% [6].
Unfortunately, the survival rate of patients with meta-
static osteosarcoma has not improved significantly over
the past few decades [7, 8]. The discovery of more pre-
dictive gene markers can better predict the survival rate
of patients with osteosarcoma, which has an important
role in the stratified treatment of osteosarcoma.

Prognosis is an assessment or prediction of the pos-
sible course of the disease and the chance of recovery
or survival from the disease. Both upregulation and
downregulation in molecules in cancer patients that
associate with tumor grade could serve as prognostic
markers [9, 10]. Long non-coding RNA (IncRNA) is a
class of RNA molecules with a length greater than 200
nt, a wide range of biological sources, and highly con-
served secondary and tertiary structures [11]. LncR-
NAs have been found to play key roles in a variety of
cells in bone tissue. Studies have shown that many
IncRNAs are involved in the normal development or
balance of the skeletal system, regulate the differentia-
tion of osteoblasts, and participate in the occurrence of
osteosarcoma [12]. These IncRNAs play important roles
in regulating cell epigenetics, maintaining stem cell
pluripotency, regulating cell differentiation, determin-
ing cell or tissue fate, and regulating bone remodeling
[13]. For instance, IncRNA MEGS3 involves in the osteo-
genic differentiation of mesenchymal stem cells and
modulates osteogenic differentiation via ceRNA mech-
anisms [14]. Its dysregulation has been proposed as a
prognostic biomarker for patients with osteosarcoma
[15]. LncRNA EPB41L4A-AS1 is a p53 and peroxisome
proliferator-activated  receptor = gamma-coactivator
1-alpha (PGC-1lalpha)-inducible gene whose dysregu-
lation is frequently found in many human cancers and
is associated with prognosis [16—18]. UNC5B-AS1 is
a carcinogen in many cancers, including hepatocel-
lular carcinoma, prostate cancer, and ovarian cancer
[19-21]. EPB41L4A-AS1 and UNC5B-AS1 have been
reported with dysregulated expression in patients with
osteosarcoma [22]. Their clinical roles in osteosarcoma
haven’t been uncovered.

In this study, we would demonstrate the expression
profiles, the diagnostic and prognostic significance of
EPB41L4A-AS1 and UNC5B-AS] in osteosarcoma, along
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with their influence on cell aggressive biological behavior
in osteosarcoma in humans.

Methods

Human osteosarcoma tissue samples

Patients were selected from the Shanghai Baoshan Luo-
dian Hospital. We included the eligible patients who
underwent surgery between 2012 and 2014 and fulfilled
the following criteria: primary osteosarcoma, no other
cancers or major diseases, and no prior therapy. All ages
and both localized and metastatic osteosarcoma were
included. We identified 113 patients who met these
inclusion criteria. Tissue specimens were immediately
sectioned, snap frozen and stored at — 80 °C. Informed
written consent of each patient and/or their legal guard-
ians was obtained. This study was approved by the eth-
ics and protocol review committee of Shanghai Baoshan
Luodian Hospital. Related data were extracted from the
document or digital archives at the institutional database.
The clinical and tumor characteristics of all patients were
recorded and presented in Table 1.

Human osteosarcoma cell lines

Human osteoblast cell line hFOB1.19 and five kinds of
human osteosarcoma cell lines, MG-63, Saos-2, MNNG/
HOS, U-2 OS, and 143B were purchased from the Chi-
nese National Collection of Authenticated Cell Cultures
(Beijing, China).hFOB1.19 was cultured in DMEM/F12
(#12400024, GIBCO, USA), supplemented with 0.3 mg/
ml G418 and 10% FBS, in a humidified 5% CO,/air atmos-
phere at 33.5 °C. MG-63 and MNNG/HOS were cultured
in MEM (#41500034, GIBCO, USA), supplemented with
10% FBS, in a humidified 5% CO,/air atmosphere at
37 °C. Saos-2 and U-2 OS were cultured in McCoy’s 5a
Medium (12330-031, Invitrogen, USA) supplement with
15% FBS and 10% FBS, respectively. 143B was cultured in
McCoy’s 5a Medium (12330-031, Invitrogen, USA) sup-
plement with 10% FBS (Gibco).

Cell transfection

EPB41L4A-AS1 and UNC5B-AS1 were silenced using
specific siRNA pools, si-EPB41L4A-AS1 (5-GGATGT
CCTTGGTGAGGATTT-3’) and si-UNC5B-AS1 (5'-
GAUCCUGCCUCAGGGAAAU-3'), or equal amounts
of nonspecific sham siRNA (si-ctr, 5-TTCTCCGAACGT
GTCACGT-3') obtained from Ibsbio (Shanghai, China),
along with miR-1306-3p inhibitor (in-miR-1306-3p,
5-CACCACCAGAGCCAACGU-3') and inhibitor nega-
tive control (in-ctr, 5-UCACAACCUCCUAGAAAG
AGUAGA -3'). MG-63 and 143B cells were transfected
with 50 nM (final concentration) of siRNAs or inhibi-
tors using Lipofectamine” RNAiMAX (Invitrogen) and
respective medium. Cells were cultured for 48 h before
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Table 1 Correlation between EPB41L4A-AST or UNC5B-AST expression levels and clinical features in patients with osteosarcoma

Parameter N Low EPB41L4A-AS1  High EPB41L4A-AS1 P Low UNC5B-AS1 High UNC5B-AS1 P
(n=52) (n=61) (n=49) (n=64)

Age (vears) 0.840 0.062

<18 62 28 34 22 40

>18 51 24 27 27 24

Gender 0.245 0.555

Male 52 27 35 21 31

Female 61 25 36 28 33

Tumor site 0.345 0.964

Femur 51 22 29 22 29

Tibia 23 8 15 11 12

Humeral bone 12 6 6 5 7

other 27 16 11 11 16

SSS stage 0.048* 0.013*

Il 81 42 39 41 40

11l 32 10 22 8 24

LDH 0.749 0.051

<850 1U/L 67 30 37 24 43

> 850 IU/L 46 22 24 25 21

ALP 0.695 0.699

<280 1U/L 76 34 42 32 44

> 280 IU/L 37 18 19 17 20

LDH, lactate dehydrogenase; ALP, alkaline phosphatase
*P<0.05. SSS: surgical staging system

to confirm the efficiency by quantitative reverse-tran-
scriptase polymerase chain reaction (QRT-PCR).

RNA isolation and qRT-PCR

Total RNAs of cells and tissues were extracted using TRI-
zol RNA Isolation Reagents (Thermo Fisher Scientific,
USA). The RNA is converted to cDNA using GoScript
reverse transcriptase (Promega, USA). The expression
of each of the individual transcripts was quantified by
qRT-PCR (Applied Biosystems 7500 Real-Time) using the
primers and GoTaq qPCR master mix (Promega, USA).
Human GAPDH mRNA was used as an internal control
to normalize UNC5B-AS] levels, ACTB mRNA to nor-
malize EPB41L4A-AS1 levels, and U6 mRNA to nor-
malize miR-1306-3p levels. Primers were: 5'-CCACCC
TGAGTCTGGTGAGT-3’ (forward for EPB41L4A-AS1)
and 5'-CCTGGCATAGTCGATGATGTA-3' (reverse
for EPB41L4A-AS1); 5-GAAGGTGAAGGTCGGAGT
C-3’ (forward for GAPDH) and 5-GAAGATGGTGA
TGGGATTTC-3' (reverse for GAPDH); 5-GATCCT
GCCTCAGGGAAA-3' (forward for UNC5B-AS1) and
5-GCTCAAGAGGTTGGGACT-3’ (reverse for UNC5B-
AS1); 5-CGTCGACAACGGCTCCGGCATG-3' (for-
ward for ACTB) and 5-GGGCCTCGTCACCCACAT
AGGAG-3' (reverse for ACTB); 5-CGCGGTGGTGGT

CTCG-3' (forward for miR-1306-3p) and 5-AGTGCA
GGGTCCGAGGTATT-3' (reverse for miR-1306-3p);
5-CAAGGATGACACGCAAA-3’ (forward for U6) and
5-TCAACTGGTGTCGTGG-3 (reverse for U6). The
data were presented as results after 2744¢T,

Bioinformatics

To predict target miRNAs for EPB41L4A-AS1 and
UNC5B-AS], an independent bioinformatic IncRNA pre-
diction tool, IncRNASNP2 (http://bioinfo.life.hust.edu.
cn/IncRNASNP#!/), was applied.

Biotinylated-probe pull-down assay

Biotin-labeled miR-1306-5p was transfected into MG-63
and 143B cells. The cell lysates were incubated with
streptavidin-coupled magnetic beads (Thermo Fisher
Scientific, USA) for an additional 16 h at 4 °C with rota-
tion. The bead-RNA complexes were harvested, washed,
DNase treated, and purified. The expression levels of
EPB41L4A-AS1 and UNC5B-AS1 were detected by
qRT-PCR.

Proliferation assay
The MG-63 and 143B cells, after being transfected
and transferred into a 96-well plate (2x10% cells/
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well) for 24 h, were incubated with 10 pL of CCK-8 kit
(#Ab228554, Abcam, Cambridge, USA) for 3 h. Then, the
absorbance increase was measured at 460 nm. Likewise,
the absorbance increases of the cells at 48 h and 72 h
after the inoculation were monitored. Finally, the absorb-
ance values, directly proportional to the number of living
cells, were used to construct the proliferation curves of
the cells.

Migration assay

Invasion assays with MG-63 and 143B cells were car-
ried out using the Corning Transwell Permeable Sup-
port (Cat 3422, Corning, USA). In brief, the inserts were
washed with PBS and the chambers were equilibrated
with 0.5 mL of the serum-free medium at 37 °C for 2 h.
After starvation with serum-free DMEM for 4 h, sub-
confluent cells were trypsinized and resuspended in
0.1% FBS media. 0.5 mL of 10% FBS-containing media
was added to the lower chambers. 3 x 10* cells in 0.5 mL
of serum-free media were added to the upper chamber.
The chambers were incubated for 24 h at 37 °C, 5% CO,,.
Non-migrated cells were removed from the upper cham-
ber, then the migrated cells were fixed and stained. The
counting of cells was done randomly in five microscopic
fields.

Invasion assay

Invasion assays with MG-63 and 143B cells were car-
ried out using the Corning® BioCoat™ Matrigel® Inva-
sion Chamber (Bedford, USA). The Matrigel inserts were
rehydrated. 3 x 10* cells in 0.5 mL of serum-free media
were added to the upper chamber. The chemoattract-
ant (15% FBS) was added to the wells of the Falcon TC
Companion Plate. The whole chamber was incubated
for 24 h at 37 °C, 5% CO, atmosphere. After the removal
of non-invading cells and staining of the invading cells,
direct counting of the cells was performed under the
microscope.

Statistical analyses

Data are presented as mean=standard deviation in
tables and figures. Demographics, drinking history mark-
ers, and clinical differences were analyzed using one-way
ANOVA with Bonferroni’s correction. EPB41L4A-AS1
and UNC5B-AS]1 levels among different groups were
calculated using paired t-tests. EPB41L4A-AS1 and
UNC5B-AS1 levels were correlated with clinical mark-
ers using the Chi-square test. Receiver-operating char-
acteristic (ROC) curves were constructed in the single or
combined form for EPB41L4A-AS1 and UNC5B-ASI to
examine the sensitivity and specificity of the two IncR-
NAs as diagnostic biomarkers. Kaplan—Meier survival
curves were further constructed and compared using the
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log-rank tests. Multivariate Cox proportional hazards
analysis was used to determine which variables were sig-
nificant in predicting the prognosis of osteosarcoma. Sig-
nificance was set at 2<0.05.

Results

Upregulated expression levels of EPB41L4A-AS1

and UNC5B-AS1 in human osteosarcoma

qRT-PCR was used to detect the expression levels of
EPB41L4A-AS1 and UNC5B-ASI in tissues and cells.
The analysis revealed that EPB41L4A-AS1 levels were
highly expressed in human osteosarcoma tissues and cells
when compared with the corresponding normal ones
(Fig. 1A, B). For UNC5B-AS], increased expression levels
were also found in human osteosarcoma tissues and cells
when compared with the corresponding normal ones
(Fig. 1C, D). Therefore, EPB41L4A-AS1 and UNC5B-
AS1 both show upregulated expression levels in human
osteosarcoma.

Diagnostic and prognostic significance of EPB41L4A-AS1
and UNC5B-AS1 in human osteosarcoma

The dysregulations of EPB41L4A-AS1 and UNC5B-AS1
implied their potential significance in human osteosar-
coma. To confirm the diagnostic potential, the applica-
tion of ROC for EPB41L4A-AS]1 revealed that the AUC
was 0.930 (95% CI 0.896-0.964; P<0.001, Fig. 2A) with
a sensitivity of 82.30% and specificity of 92.92%. For
UNC5B-AS], the AUC was 0.935 (95% CI 0.903-0.967;
P<0.001, Fig. 2A) with a sensitivity of 94.69% and speci-
ficity of 80.53%. When EPB41L4A-AS1 and UNC5B-AS1
are combined, the AUC was 0.932 (95% CI 0.909-0.956;
P<0.001, Fig. 2A) with a sensitivity of 86.73% and spec-
ificity of 86.28%. At a 5-year follow-up, a total of 24
(21.2%) deaths were observed. When patients were cat-
egorized into groups based on the median values of
EPB41L4A-AS1 and UNC5B-AS1 expression levels,
EPB41L4A-AS1 (P=0.048) and UNC5B-AS1 (P=0.013)
were found to be significantly associated with surgi-
cal staging system (SSS) stage (Table 1). Further, the
multi-univariate analysis identified EPB41L4A-AS1 and
UNC5B-AS1 expression levels were related to overall
survival (Table 2): EPB41L4A-AS1 (HR=5.997, 95% CI
1.845-19.486, P=0.003) and UNC5B-AS1 (HR=5.911,
95% CI 1.828-19.181, P=0.003). The Kaplan—Meier sur-
vival curves for these two IncRNAs are shown in Fig. 2B
(P=0.009 for EPB41L4A-AS1) and Fig. 2C (P=0.021
for UNC5B-AS1). These results indicate that both
EPB41L4A-AS1 and UNCS5B-AS1 have demonstrated
high discriminatory ability for osteosarcoma and can pre-
dict poor prognosis.



Yan et al. Journal of Orthopaedic Surgery and Research (2023) 18:261

>

UNC5B-AS1
I 3-
(=)
& *kk
(O]
8
o 27
=
®
[
5 11
»
[7}]
g
3
w 0 I I
health osteosarcoma
C
EPB41L4A-AS1
m 47
-
(&) kK
< [ !
2 3-
[}]
2=
©
e 2
c
)
2 1-
o
S
|
0 T T
health osteosarcoma

Page 5 of 11

w

UNC5B-AS1
2.5- sk

*kk
1

2.0

Expression relative to GAPDH

O

EPB41L4A-AS1
2.5

dedede

*kk
T******

2.0 T

Expression relative to ACTB

Fig. 1 EPB41L4A-AST and UNC5B-AST were highly expressed in human osteosarcoma. A EPB41L4A-AS1 expression levels were determined by
gRT-PCR in osteosarcoma tumor samples and normal tissues. B EPB41L4A-AS1 expression levels determined by gRT-PCR in osteosarcoma cell lines
(MG-63, Saos-2, MNNG/HOS, U-2 OS, and 143B) and human osteoblast cell line hFOB1.19. C UNC5B-AST expression levels were determined by
gRT-PCR in osteosarcoma tumor samples and normal tissues. D UNC5B-AST expression levels were determined by gRT-PCR in osteosarcoma cell
lines (MG-63, Saos-2, MNNG/HOS, U-2 OS, and 143B) and human osteoblast cell line hFOB1.19. ***P <0.001

Common target miRNA of EPB41L4A-AS1 and UNC5B-AS1

Given the theory that IncRNAs harbor microRNA
(miRNA)-response elements, IncRNAs can act as com-
petitive endogenous RNAs (ceRNA) to compete for a
common pool of miRNAs. After the analysis of IncR-
NASNP2, miR-1306-5p was found to be the common

target miRNA of EPB41L4A-AS1 and UNC5B-ASI1
(Fig. 3A). The expression of miR-1306-5p was upregu-
lated in human osteosarcoma cells (Fig. 3B) and tissues
(Fig. 3C) compared to the corresponding normal ones.
The level of miR-1306-5p was negatively correlated with
EPB41L4A-AS1 level (Fig. 3D) and UNC5B-AS1 level
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Fig. 2 The diagnostic and prognostic value of EPB41L4A-AST and UNC5B-AS1 for human osteosarcoma. A ROC curves were constructed based
on the expression of EPB41L4A-AST and UNC5B-AST. B Kaplan—-Meier analysis of overall survival in osteosarcoma patients based on EPB41L4A-AS1
expression. P-value was 0.009. C Kaplan—Meier analysis of overall survival in osteosarcoma patients based on UNC5B-AS1 expression. P-value was

0.021

Table 2 Multivariate Cox analysis of prognostic factors in
patients with osteosarcoma based on the overall survival

Parameter Cumulative overall survival

HR 95%(Cl P
EPB41L4A-AST (High vs. Low) 5997 1.845-19486  0.003**
UNC5B-AST (High vs. Low) 5911 1.828-19.18 0.003**
Age (> 18 years vs.< 18 years) 1.144 0.437-2.996 0.784
Gender (Male vs. Female) 2.085 0.761-5.713 0.153
Tumor site
Femur Reference
Tibia 0.509 0.134-1.927 0320
Humeral bone 1.078 0.265-4.381 0917
Other 1.134 0.226-5.684 0878
SSS stage (Il vs. 1-11) 4676 1.430-15291  0.011*
LDH (=850 1U/L vs.< 850 1U/L) 1.842 0.667-5.086 0.238
ALP (> 280 IU/L vs.< 280 IU/L) 1452 0.566-3.724 0437

LDH, lactate dehydrogenase; ALP, alkaline phosphatase
*P<0.05, **P<0.01. SSS: surgical staging system

(Fig. 3E). The pulldown of MG-63 cells revealed that
EPB41L4A-AS1 and UNC5B-AS1 were specifically co-
precipitated with the biotinylated-tagged miR-1306-5p
(Fig. 3F).

EPB41L4A-AS1 promotes cancer properties

of osteosarcoma cells by binding miR-1306-5p

We further knocked down EPB41L4A-AS1 and miR-
1306-5p in MG63 and 143B cells to explore the associa-
tion between EPB41L4A-AS1 and miR-1306-5p (Fig. 4A,
B). CCK8 assay revealed that EPB41L4A-AS1 inhibition
hindered the proliferation of cells, whereas miR-1306-5p

knockdown partially impaired this phenomenon (Fig. 4C,
D). An inhibitory effect of downregulating EPB41L4A-
AS1 on cell migration was found, whereas expression
miR-1306-5p knockdown substantially reversed this
inhibitory effect (Fig. 4E), consistent with cell invasion
assay results (Fig. 4F). Hence, EPB41L4A-AS1 promotes
the proliferation, migration, and invasion of osteosar-
coma cells partly via miR-1306-5p.

UNC5B-AS1 promotes cancer properties of osteosarcoma
cells by binding miR-1306-5p

UNC5B-AS1 and miR-1306-5p were knocked down in
MG63 and 143B cells to explore the association between
UNC5B-AS1 and miR-1306-5p (Fig. 5A, B). CCK8 assay
revealed that UNC5B-AS1 inhibition hindered the pro-
liferation of cells, whereas miR-1306-5p knockdown
partially impaired this phenomenon (Fig. 5C, D). An
inhibitory effect of downregulating UNC5B-AS1 on cell
migration was found, whereas expression miR-1306-5p
knockdown substantially reversed this inhibitory effect
(Fig. 5E), consistent with cell invasion assay results
(Fig. 5F). Therefore, UNC5B-AS1 promotes proliferation,
migration, and invasion of osteosarcoma cells partly via
miR-1306-5p.

Discussion

Previous studies have reported that IncRNAs partici-
pate in the regulation of transcription and translation
of protein-coding genes in mammalian genomes. LncR-
NAs regulate protein coding genes at the transcrip-
tional or post-transcriptional level, and then participate
in multiple biological processes, including cell differ-
entiation, development, and human disease [23, 24].
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Fig. 3 MiR-1306-5p was a target for EPB41L4A-AST and UNC5B-AST. A The binding sites for miR-1306-5p with EPB41L4A-AS1T and UNC5B-AST were
predicted by INCRNASNP2. B MiR-1306-5p expression levels determined by gRT-PCR in osteosarcoma cell lines (MG-63, Saos-2, MNNG/HOS, U-2 OS,
and 143B) and human osteoblast cell line hFOB1.19. C MiR-1306-5p expression levels were determined by gRT-PCR in osteosarcoma tumor samples
and normal tissues. D The expression levels of miR-1306-5p and EPB41L4A-AST were negatively correlated. E The expression levels of miR-1306-5p

and UNC5B-AS1 were negatively correlated. F Pulldown assay in MG-63 cells

Human genome studies have shown that approximately
18% of protein-coding genes that produce IncRNAs
(10/57) are associated with cancer, while only 9% of all
human protein-coding genes are associated with cancer,
[25]. This demonstrates that genes implicated in cancer
development have a greater tendency to produce IncR-
NAs. LncRNAs are involved in osteosarcoma develop-
ment, metastasis, invasion, apoptosis, tumor size, and
proliferation [26]. LncRNAs have great potential to be
considered biomarkers because they are more stable
and highly tissue/cell-specific. In The role of IncRNAs
as prognostic biomarkers in osteosarcoma treatment. In
this study, the expression levels of EPB41L4A-AS1 and
UNC5B-AS1 in osteosarcoma were elevated. Further
investigation of this dysregulated expression revealed
that EPB41L4A-AS1 and UNC5B-AS1 have the poten-
tial as diagnostic and prognostic factors. Through cell
function studies, it was found that EPB41L4A-AS1 and
UNCS5B-AS1 can promote the proliferation, migration,

and invasion of human osteosarcoma cells by binding
to miR-1306-5p.

EPB41L4A-AS1 has been reported as hematopoiesis/
oncology-related IncRNA and it was significantly upreg-
ulated in myelodysplastic syndrome [27]. In this study,
EPB41L4A-AS1 was upregulated in osteosarcoma, con-
sistent with that in colorectal cancer [16]. A report by
Shao et al. supported the upregulation of EPB41L4A-
AS1 in osteosarcoma [22]. This dysregulation suggests
its clinical potential. ROC curve analysis showed that
EPB41L4A-AS1 expression level gives good perfor-
mance in distinguishing patients with osteosarcoma
from healthy participants. Based on the median value of
EPB41L4A-AS1 expression level, the 113 patients were
classified to be the high EPB41L4A-AS1 group and the
low EPB41L4A-AS1 group. EPB41L4A-AS1 was signifi-
cantly correlated with the SSS stage. The survival analy-
sis by the Kaplan—Meier method and multi-univariate
Cox proportional hazards regression analysis revealed
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Fig. 4 EPB41L4A-AS1 accelerated osteosarcoma progression via targeting miR-1306-5p. A The transfection efficiency of EPB41L4A-AS1 and
miR-1306-5p was verified by gRT-PCR. B, C CCK-8 assays were carried out to assess the proliferative capacity of MG-63 and 143B cells. D Cell
migration was detected by the transwell chamber assays. E Cell invasion was detected by transwell chamber assays. * P<0.01, **P < 0.01,

***P<0.001

that EPB41L4A-AS]1 was an independent prognostic fac-
tor for osteosarcoma. It is reported that EPB41L4A-AS1
can enhance the proliferation of bone marrow-derived
mesenchymal stem cells [28]. Our results also revealed
the promoting role of EPB41L4A-AS1 in the prolif-
eration of osteosarcoma cells. Besides, we found that
EPB41L4A-AS1 can promote the migration and invasion

of osteosarcoma cells. Therefore, our study revealed
that EPB41L4A-AS1 can promote the progression of
osteosarcoma, and serve as a diagnostic and prognostic
biomarker.

In cancer research, UNC5B-AS1 usually appears as a
carcinogen. For example, it accelerates the progression of
hepatocellular carcinoma [19], papillary thyroid cancer
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Fig. 5 UNC5B-AST accelerated osteosarcoma progression via targeting miR-1306-5p. A The transfection efficiency of UNC5B-AST and miR-1306-5p
was verified by gRT-PCR. B, C CCK-8 assays were carried out to assess the proliferative capacity of MG-63 and 143B cells. D Cell migration was
detected by the transwell chamber assays. E Cell invasion was detected by transwell chamber assays. * P<0.01, **P <0.01, ***P<0.001

[29], and lung cancer [30]. In osteosarcoma, UNC5B-
AS1 is expressed highly from the results of tissues and
cells by qRT-PCR. Our further investigation has shown
that UNC5B-AS1 has a distinct discriminative effect on
patients with osteosarcoma. Moreover, high expression
of UNC5B-AS] is associated with a high SSS stage and
poor prognosis in patients with osteosarcoma. UNC5B-
AS1 appeared as a powerful prognostic factor in multi-
variate COX analysis of osteosarcoma prognosis-related
factors. The prognostic value of UNC5B-AS1 has also

been reported by Shao et al. in a panel of IncRNAs [22].
The results of cellular functional studies suggest that
UNC5B-AS1 can promote the growth and metastasis of
osteosarcoma cells. Hence, UNC5B-AS1 acts as a carcin-
ogen in osteosarcoma.

The ceRNA action of IncRNAs occurs from IncR-
NAs that share miRNA response elements with coding
RNAs [31]. These IncRNAs contain similar miRNA tar-
get sequences and act as “sponges” for miRNAs, which
then prevent miRNAs from acting on mRNAs [32].
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UNCS5B-AS1 was sponges for miR-4455 in cervical can-
cer [33], miR-218-5 in lung cancer [30], and miR-4306
in hepatocellular carcinoma [19]. EPB411L4A-AS1 tar-
geted miR-146a and regulated the proliferation of bone
marrow-derived mesenchymal stem cells [28]. Interest-
ingly, our study found that miR-1306-5p was the tar-
get of both UNC5B-AS1 and EPB41L4A-AS1. The cell
experiment revealed that miR-1306-5p can recover the
inhibitory effect of UNC5B-AS1 and EPB41L4A-AS1
on cell proliferation, migration, and invasion. Taken
together, these results suggest that UNC5B-AS1 and
EPB41L4A-AS1 may play the promoting role in osteo-
sarcoma via miR-1306-5p. However, limitations of the
present study, including absence of in vivo experiments
and a large number of multi-agency samples, should be
considered. These will be the focus of future research.

Conclusions

The expression levels of UNC5B-AS1 and EPB41L4A-
AS1 were determined, and both showed upregu-
lated expression in human osteosarcoma. Further, the
UNC5B-AS1 and EPB41L4A-AS1 diagnostic and prog-
nostic significance was confirmed in human osteosar-
coma. UNC5B-AS1 and EPB41L4A-AS1 contributed to
the progression of osteosarcoma via miR-1306-5p. This
study represents novel therapeutic targets, which are
critical for developing novel strategies for the diagno-
sis, prognosis, and treatment of human osteosarcoma.
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