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ABSTRACT

Long intergenic nonprotein-coding RNA 00514 (LINC00514) is upregulated in papillary thyroid cancer and
contributes to its aggressiveness. In this study, we thoroughly explored the expression profile, specific functions,
and relevant molecular mechanism of LINC00514 in osteosarcoma (OS). Herein, LINC0O0514 was significantly
upregulated in OS tissues and cells, and increased LINC0O0514 expression was closely correlated with tumor size,
TNM stage, and distant metastasis. OS patients with high LINC00514 expression had shorter overall survival than
those with low LINC00514 expression. LINCO0514 interference inhibited OS cell proliferation, colony formation,
migration, and invasion in vitro but promoted cell apoptosis and GO/G1l cell cycle arrest. LINC00514
downregulation hindered OS tumor growth in vivo. Mechanistically, LINC0O0514 functioned as a competing
endogenous RNA by directly interacting with microRNA-708-5p (miR-708) and consequently increasing the
expression of upregulator of cell proliferation (URGCP). Both miR-708 knockdown and URGCP restoration partially
neutralized anticancer activities of LINC00514 silencing in OS cells. LINC00514 increases URGCP expression by
acting as a competing endogenous RNA for miR-708, thus exerting oncogenic roles in OS progression. In
conclusion, the LINC00514/miR-708/URGCP pathway may be a promising target for drug discovery in the future.

INTRODUCTION rate and improved the clinical outcomes of OS [4];
however, OS remains a serious threat to human health
because of its frequent recurrence and distant metastasis
[5, 6]. The 5-year survival rate of patients with localized

OS is approximately 80%, whereas that of patients

Osteosarcoma (OS) is a primary malignant bone tumor
originating from mesenchymal cells. Occurring
primarily in adolescents and children [1], OS is

characteristically destructive and highly metastatic [2].
its incidence is approximately 4.4 individuals per
million globally, and it is mostly distributed in
developing and underdeveloped countries [3]. In the
past decade, significant developments in diagnostics
and therapeutics have notably decreased the mortality

diagnosed with metastasis is as low as 15%-30% [7].
Furthermore, approximately 40% patients with
advanced OS progress to metastasis during treatment
[8]. Complexity of OS pathogenesis is the major
obstacle to increasing therapeutic efficacy [9, 10].
Therefore, pivotal mechanisms underlying OS initiation
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and progression must be revealed to identify novel
therapeutic targets and further improve patient
prognosis.

Long noncoding RNAs (IncRNAs) are >200-nucleotide-
long transcripts [11]. LncRNAs are nonprotein-coding
RNAs that were considered untranslated and
nonfunctional until recently [12]. However, recent studies
have demonstrated IncRNA involvement in various
physiological and pathological processes [13-15].
LncRNA dysfunction is a key factor in diverse human
diseases, particularly cancer [16], with mounting
evidence supporting a close association between
IncRNAs and human cancers [17-19]. LncRNAs may
serve both tumor-promoting and tumor-inhibiting
functions during carcinogenesis and cancer progression
by modulating gene expression at the epigenetic,
transcriptional, post-transcriptional, and post-translational
levels [20]. A considerable number of IncRNAs are
deregulated in OS, affecting a wide range of associated
biological activities [21-23]. Accordingly, in-depth
studies of the roles and mechanisms of IncRNAs in OS
are critical for developing anticancer treatments.

Long intergenic nonprotein-coding RNA 00514
(LINCO00514) is upregulated in papillary thyroid cancer
and involved in its aggressiveness [24]; however, the
expression profile, specific functions, and relevant
molecular mechanisms of LINC00514 in OS have not
been thoroughly explored. To this end, we aimed to
identify LINCO00514 expression profile in OS and
determine its clinical significance in OS. In addition,
functional experiments were designed to reveal the
effects of LINC00514 on the malignant behavior of OS
cells in vitro and in vivo. Precise mechanisms
underlying the pro-oncogenic roles of LINC00514 in
OS cells were further elucidated through a series of
molecular experiments.

RESULTS

LINCO00514 is upregulated in OS and correlated
with poor clinical outcomes

To understand the function of LINC00514 in OS, its
expression was first assessed in 59 pairs of OS and
adjacent normal tissues by quantitative reverse
transcription polymerase chain reaction (RT-qPCR).
LINC00514 expression was evidently higher in OS
tissues than in adjacent normal tissues (Figure 1A). The
59 patients were divided two groups based on
LINC00514 expression using the median LINC00514
expression (exact value: 2.43) in OS patients as the cutoff
value (LINCO00514-low group, n = 29; LINC00514-high
group, n = 30). Notably, high LINC00514 expression
was significantly correlated with tumor size (P = 0.037),

TNM stage (P = 0.018), and distant metastasis (P =
0.025; Table 1). Moreover, the LINC00514-high group
showed a shorter overall survival than the LINC00514-
low group (Figure 1B; P = 0.035). These data suggested
that LINCO00514 is strongly associated with OS
progression.

LINC00514 interference suppresses OS cell
proliferation, migration, and invasion but promotes
cell apoptosis and GO/G1 cell cycle arrest

LINCO00514 expression was assessed in the OS cell
lines HOS, MG-63, U20S, and SAOS-2 as well as in
the normal human osteoblast cell line hFOB 1.19 using
RT-qPCR. LINCO00514 was clearly upregulated in all
four tested OS cell lines compared with in hFOB 1.19
(Figure 2A). Among the four OS cell lines, HOS and
MG-63 showed the highest LINC00514 expression and
were thus selected for further experiments.

To investigate the regulatory roles of LINC00514 in OS
oncogenicity, three small interfering RNAs (siRNAS)
against LINCO00514 expression (si-LINC00514+#1,
si-LINCO005144#2, and si-LINC00514#3) were applied to
silence LINC00514, and silencing efficiency was
determined by RT-gPCR. RT-gPCR revealed that all
three siRNAs reduced LINCO00514 expression in HOS
and MG-63 cells to varying degrees (Figure 2B).
SI-LINC00514#2 exhibited the greatest degree of
knockdown and was thus used in further experiments
and renamed as si-LINC00514.

Next, Cell Counting Kit-8 (CCK-8) and colony
formation assays were performed to examine the effects
of LINCO00514 on OS cell proliferation. LINC00514
knockdown hindered the proliferation (Figure 2C) and
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Figure 1. Long intergenic nonprotein-coding RNA 00514
(LINC00514) is upregulated in osteosarcoma (OS) and
indicative of poor clinical outcomes. (A) Quantitative reverse
transcription polymerase chain reaction of LINC0O0514 expression
in the 59 pairs of OS and adjacent normal tissue samples.
(B) Kaplan—Meier survival curves showed that increased
LINCO0514 expression was associated with reduced overall
survival in patients with OS (P = 0.035). *P < 0.05.
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Table 1. Correlation between LINC00514 expression and clinical characteristics of patients with osteosarcoma.

LINC00514

Clinical characteristic : ; : P-value
High expression Low expression

Age (years) 0.601
<18 19 16
>18 11 13

Sex 0.435
Male 15 11
Female 15 18

Tumor size (cm) 0.037
<5 9 17
>5 21 12

TNM stage 0.018
lorll 12 21
Il or IV 18 8

Distant metastasis 0.025
Presence 16 24
Absence 14 5

*P < 0.05.

colony formation (Figure 2D) of HOS and MG-63 cells.
Additionally, HOS and MG-63 cells with LINC00514
knockdown showed obviously increased apoptosis rates
compared with control cells (Figure 2E), as evidenced
by flow cytometry. Furthermore, LINC00514
downregulation increased the proportion of cells in the
GO0/G1 phase but decreased the proportion of cells in the
S phase (Figure 2F). Transwell migration and invasion
assays were conducted to assess the migratory and
invasive abilities of HOS and MG-63 cells after
LINC00514 silencing. It was evident that LINC00514-
depleted HOS and MG63 cells showed impaired
migration (Figure 2G) and invasion (Figure 2H). These
results suggested that LINC00514 plays a pro-
oncogenic role in OS progression.

LINCO00514 functions as a molecular sponge for
microRNA-708-5p (miR-708) in OS cells

Numerous studies have demonstrated that cytoplasmic
InNcRNAs likely function as competing endogenous
RNAs (ceRNAs) to serve as a “sponge/decoy” via
miRNA binding and thereby increase miRNA target
levels at the post-transcriptional level [25-27]. To
understand the role of LINC00514 in promoting OS
progression, we determined its subcellular localization
in HOS and MG-63 cells. LINC00514 was primarily
localized in the cytoplasm of HOS and MG-63 cells
(Figure 3A), suggesting that LINC00514 affects OS
progression by acting as a ceRNA. Bioinformatics
prediction showed that LINC00514 contains a binding

site for miR-708 (Figure 3B). Because miR-708 acts as
a suppressor of OS progression [28], we further
investigated the interaction between LINCO00514 and
miR-708.

Luciferase reporter assay was performed to test whether
miR-708 could directly bind to LINC00514. HOS and
MG-63 cells were cotransfected with miR-708 mimic or
miRNA mimic negative control (miR-NC) and the wild-
type (WT)-LINCO00514 (contains a WT miR-708-
binding site in LINC00514 driving the expression of a
luciferase gene) or MUT-LINC006514 (contains a
mutant miR-708-binding site in LINC00514) reporter
plasmid. First, RT-qPCR confirmed that miR-708 was
dramatically upregulated in HOS and MG-63 cells
following miR-708 mimic introduction (Figure 3C).
Luciferase reporter assay revealed a considerable
decrease in luciferase activity of WT-LINC00514
caused by miR-708 overexpression in HOS and MG63
cells; these inhibitory effects of miR-708 upregulation
were abrogated in cells transfected with MUT-
LINC00514 (Figure 3D). Furthermore, an obvious
upregulation of LINC00514 and miR-708 in the anti-
AGO2 group was found in HOS and MG63 cells
(Figure 3E), further confirming that LINC00514
directly interacted with miR-708 in OS cells.

RT-qPCR of tissue samples revealed lower miR-708
expression in OS tissues than in adjacent normal tissues

(Figure 3F). Spearman’s correlation analysis revealed an
inverse correlation between miR-708 and LINC00514
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expressions in the 59 OS tissue samples (Figure 3G;
r = —0.5371, P < 0.0001). In addition, LINC00514
downregulation increased miR-708 accumulation in HOS
and MG-63 cells compared with in negative control
SiRNA (si-NC)-transfected cells (Figure 3H). Taken
together, these results confirmed that LINC00514 acts as
a molecular sponge for miR-708 in OS.

URGCP plays oncogenic roles in OS progression and
is positively regulated by LINC00514

Upregulator of cell proliferation (URGCP) is a direct
miR-708 target in OS [28]. Nonetheless, to the best of
our knowledge, detailed roles of URGCP in OS cells
remain unclear at present. Before performing knockout
experiments to elucidate the roles of miR-708 in OS
cells, HOS and MG-63 cells were transfected with

URGCP siRNA (si-URGCP), and the efficiency of
URGCP silencing was confirmed through western
blotting (Figure 4A). CCK-8 and colony formation
assays showed that URGCP downregulation suppressed
the proliferation (Figure 4B) and colony formation
(Figure 4C) of HOS and MG-63 cells compared with
those of si-NC-transfected cells. Moreover, si-URGCP
transfection increased apoptosis (Figure 4D) and
GO0/G1 cell cycle arrest (Figure 4E) in these cells.
Furthermore, cell migration (Figure 4F) and invasion
(Figure 4G) of HOS and MG-63 cells decreased with
URGCP silencing. Thus, URGCP plays an oncogenic
role in OS.

Given that LINC00514 is a molecular sponge for miR-
708 in OS cells, we investigated whether LINC00514
modulates URGCP expression. HOS and MG-63 cells

A B HOS MG-63 ; ;
c c " ; si-NC si-LINC00514 ;
66 o 1.51msi-NC 1.57=si-NC €F S - 800 mmsi-NC
a * a g UJESLINCo0s14 & |=SiLINC00514 BN N 8 |[msi-LINCO0514
o o [ [ S 600
0S4 % 0 g @ 1.0 L 210 g
= o *k s o [+] o * :_J
$3 *x 83 8 8 540
) @3 £ 0. €05 . -
8 8 2 2 £
"8 5 % o = 0 24 4 2 Y0 @ o HOS  MG-63
0.'7\' I g g g Time (hours) Time (hours)
9 )
.~
si-NC si-LINC00514 si-NC si-LINC00514
les NG 8 R = mG0G1
1o fos| " 40\ i LINC00514 g g & 150,mc2m
e e e 2| T z i g | Hs wges
o' & el s » g 8 8 100
k2] & > & “
102 102 : | 2 ofr == S — g
103 10‘ ‘ 103 10‘ PI - 3 60 90 120 150 0 30 60 9 120 150 S
g Si-NC siLINCO0514 £ 50
< - = g 8
10¢ 104 g ! d o e
Bl o T NS FEF
109 1108 g T8 T
ST & : i§34
102 1102 & i 3 <
10°  10* 10°  10¢ O3 80 so 1% o 0 30 Te0 %0 13 o by
Annexin V e @
i-| i-| msi-NC msi-NC
= , - LINF:095.14 250, ms-LINC00514 200, ™ sI-LINC00514
S | : @ P
5 g 200 5 g 150
88 150 £2 100
5 © 100 *k 'l 58 *% "k
g€ s0 Zg 50
0 0

HOS

MG-63

HOS MG-63

Figure 2. Effects of long intergenic nonprotein-coding RNA 00514 (LINC00514) knockdown on the proliferation, colony

formation, apoptosis, cell cycle, migration, and invasion

of osteosarcoma (OS) cells. (A) LINC00514 expression in OS cell lines

(HOS, MG-63, U20S, and SAOS-2) and a normal human osteoblasts cell line (hFOB 1.19) was determined by quantitative reverse transcription
polymerase chain reaction (RT-qPCR). (B) HOS and MG-63 cells were transfected with si-LINCO0514 and si-NC. LINCO0514 silencing was

verified by RT-gPCR. (C) Cell Counting Kit-8 assay was carried out

to determine the proliferation of HOS and MG63 cells after LINCO0514 was

knocked down. (D) Colony formation assay presented that the colony-forming ability was impaired in HOS and MG63 cells after LINCO0514
knockdown. (E, F) The apoptosis rate and cell cycle status of HOS and MG63 cells with LINCO0514 silencing was tested via flow cytometry
analysis. (G, H) Representative images revealing the transwell migration and invasion assays used to examine the impacts of LINCO0514
underexpression on HOS and MG-63 cell migration and invasion. *P < 0.05 and **P < 0.01.
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were transfected with si-LINC00514 or si-NC, and
changes in URGCP expression were analyzed by RT-
gPCR and western blotting. Decreased LINC00514
expression apparently reduced URGCP expression in
HOS and MG-63 cells at the mRNA (Figure 5A) and
protein (Figure 5B) levels. To analyze the correlation
between LINC00514 and URGCP in OS tissues, we next
measured URGCP expression in the 59 pairs of OS and
adjacent normal tissues. URGCP was highly expressed in
OS tissues (Figure 5C) and positively correlated with
LINC00514 expression (Figure 5D; r = 0.6105, P <
0.0001). Furthermore, rescue experiments were
conducted to determine whether the positive effects of
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to miR-708 sponging. miR-708 inhibitor (in-miR-708)-
transfected HOS and MG-63 cells showed decreased
miR-708 expression (Figure 5E), as corroborated by
RT-gPCR. LINCO00514-depleted HOS and MG-63
cells were further cotransfected with in-miR-708 or
miRNA inhibitor negative control (in-miR-NC). After
cotransfection, RT-gPCR and western blotting confirmed
that the significantly reduced URGCP mRNA (Figure 5F)
and protein (Figure 5G) expressions due to LINC00514
depletion were restored by miR-708 inhibition. Thus,
LINC00514 acts as a ceRNA for miR-708, thereby
increasing URGCP expression in OS cells.
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Figure 3. Long intergenic nonprotein-coding RNA 00514 (LINC00514) directly interacts with microRNA-708 (miR-708) in OS
cells. (A) Distribution of LINCO0514 in the cytoplasm and nucleus of HOS and MG-63 cells was analyzed by subcellular fractionation.

(B) Sequences of the wild-type and mutant miR-708-binding sites

in LINCO0514. (C) Quantitative reverse transcription polymerase chain

reaction (RT-qPCR) was performed to assess the efficiency of miR-708 mimic transfection in HOS and MG-63 cells. (D) Luciferase reporter
assay was performed to demonstrate targeted binding between LINCO0514 and miR-708 in HOS and MG-63 cells. (E) Relative enrichment of
LINCO0514 and miR-708 in the coprecipitated RNA was examined by RNA immunoprecipitation assay. (F) RT-qPCR was performed to detect
miR-708 expression in the 59 pairs of OS and adjacent normal tissue samples. (G) Spearman’s correlation analysis illustrated a negative
correlation between miR-708 and LINC00514 expressions in the 59 OS tissue samples (r = —0.5731, P < 0.0001). (H) Relative miR-708
expression was measured by RT-qPCR in HOS and MG-63 cells following transfection with si-LINCO0514 or si-NC. *P < 0.05 and **P < 0.01.
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Figure 4. URGCP promotes the malignant phenotype of OS cells in vitro. (A) Western blotting confirmed URGCP silencing in HOS and
MG-63 cells after transfection with si-URGCP. (B, C) Proliferation and colony formation of URGCP-silenced HOS and MG-63 cells were
determined by Cell Counting Kit-8 and colony formation assays, respectively. (D, E) Flow cytometry analysis was performed to evaluate the
effect of URGCP depletion on HOS and MG-63 cell apoptosis and cell cycle distribution. (F, G) Migrated and invasive URGCP-deficient HOS and
MG-63 cells were quantified using transwell migration and invasion assays. *P < 0.05 and **P < 0.01.
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Figure 5. Long intergenic nonprotein-coding RNA 00514 (LINC00514) positively regulates URGCP in OS cells by sponging
microRNA-708 (miR-708). (A, B) Quantitative reverse transcription polymerase chain reaction (RT-gPCR) and western blotting were
conducted to measure URGCP mRNA and protein levels, respectively, in LINCO0514-depleted HOS and MG-63 cells. (C) URGCP mRNA
expression in the 59 pairs of OS and adjacent normal tissue samples was determined by RT-qPCR. (D) Correlation between LINC00514 and
URGCP mRNA expressions in OS tissues was analyzed by Spearman'’s correlation analysis (r = 0.6105, P < 0.0001). (E) Efficiency of in-miR-708
expression transfection in HOS and MG-63 cells was evaluated by RT-qPCR. (F, G) HOS and MG-63 cells were transfected with si-LINC00514

together with in-miR-708 or in-miR-NC. After transfection, the mRNA and protein levels of URGCP were determined by RT-qPCR and western
blotting, respectively. *P < 0.05 and **P < 0.01.
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LINCO00514 downregulation inhibits malignant OS
phenotypes via the miR-708/URGCP regulatory axis

Rescue experiments were conducted to investigate
whether the miR-708/URGCP regulatory axis is
implicated in the LINC00514-induced oncogenicity of OS
cells. HOS and MG-63 cells were cotransfected with si-
LINCO00514 and in-miR-708 or in-miR-NC. Proliferation
(Figure 6A) and colony formation (Figure 6B) of HOS

and MG-63 cells reduced by LINC00514 downregulation
were reversed by miR-708 suppression. Flow cytometry
revealed that reduced LINCO00514 expression increased
apoptosis (Figure 6C) and GO/G1cell cycle arrest
(Figure 6D) in HOS and MG-63 cells, which were
abolished through in-miR-708 cotransfection. Hindered
migratory (Figure 6E) and invasive (Figure 6F) abilities
of HOS and MG-63 cells caused by LINC00514
silencing were reversed by miR-708 inhibition.
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Figure 6. microRNA-708 (miR-708) suppression attenuates the effects of long intergenic nonprotein-coding RNA 00514
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Simultaneously, rescue experiments were performed to
determine whether URGCP was essential for the roles of
LINC00514 in OS cells. Western blotting confirmed the
overexpression efficiency of pc-URGCP (an URGCP
overexpression plasmid) in HOS and MG-63 cells
(Figure 7A). In HOS and MG-63 cells, LINC00514
interference suppressed proliferation (Figure 7B) and
colony formation (Figure 7C, 7D), promoted apoptosis
(Figure 7E) and GO/G1 cell cycle arrest (Figure 7F),
and attenuated migration (Figure 7G) and invasion
(Figure 7H). However, URGCP restoration abrogated
these effects of LINC00514 knockdown in HOS and
MG-63 cells. These results suggested that LINC00514

exerts its tumorigenic roles by targeting the miR-
708/URGCP regulatory axis.

Decreased LINC00514 expression impairs OS tumor
growth in vivo

HOS cells stably transfected with small hairpin RNA
(ShRNA) targeting LINCO00514 (sh-LINC00514) or
negative control ShRNA (sh-NC) were injected into mice
to construct a xenograft model for exploring whether
LINCO00514 affects OS tumor growth in vivo. A
representative image of the subcutaneous tumor
xenograft taken 1 month after cell inoculation is shown in
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intergenic nonprotein-coding RNA 00514 (LINC00514)-mediated

inhibition of the malignant phenotype of OS cells. (A) URGCP protein expression in HOS and MG-63 cells after pc-URGCP or pcDNA3.1
transfection was detected by western blotting. (B—F) LINCO0514-silenced HOS and MG-63 cells were further transfected with pc-URGCP or
empty pcDNA3.1 plasmid. Cell proliferation, colony formation, and cell apoptosis and cell cycle status were assessed by Cell Counting Kit-8
assay, colony formation assay, and flow cytometry, respectively. (G, H) The migratory and invasive abilities of the aforementioned cells were
assessed by transwell migration and invasion assays. *P < 0.05 and **P < 0.01.
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Figure 8A. Tumor volume was obviously reduced in
nude mice injected with HOS cells stably expressing sh-
LINCO00514 (Figure 8B). Average tumor weight was
markedly lower in the sh-LINC00514 group than in the
sh-NC group (Figure 8C). Furthermore, RT-gPCR
demonstrated that tumor xenografts in the sh-LINC00514
group exhibited significantly lower LINC00514
expression (Figure 8D) and higher miR-708 expression
(Figure 8E) than those in the sh-NC group. Moreover,
URGCP protein was downregulated in tumor xenografts
derived from LINCO00514-depleted HOS cells (Figure
8F). Taken together, these results suggested that
LINCO00514 knockdown impaired OS tumor growth in
vivo by inhibiting the miR-708/URGCP regulatory axis.

DISCUSSION

LncRNAs have drawn increasing attention in recent
years owing to their roles in tumorigenesis [18, 29, 30].
An increasing number of studies have illustrated that
IncRNAs play important roles in OS progression,
providing an insight into OS pathogenesis [31-33].
Hence, IncRNAs are potential diagnostic and therapeutic
targets for OS. Although numerous IncRNAs are
dysregulated in OS, only few IncRNAs have been
investigated in detail [34—36]. In this study, LINC00514
expression and its clinical relevance in OS were
determined. Moreover, the effects of LINC00514 on OS
progression were investigated through a series of
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experiments. Finally, the relevant molecular mechanism
was thoroughly elucidated.

LINC00514 was upregulated in papillary thyroid cancer
tissues and cell lines [24]. LINC00514 silencing inhibited
the proliferation, migration, and invasion of papillary
thyroid cancer cells in vitro [24]. Nonetheless, its
expression and functions in many other human cancers
such as OS remain to be explored. In this study, 59 pairs
of OS and adjacent normal tissues were collected and
used for determining LINCO0514 expression by RT-
gPCR. LINCO00514 was overexpressed in OS tissues
compared with in adjacent normal tissues. To further
confirm this observation, LINC00514 expression was
detected in a panel of OS cell lines; LINC00514 was
highly expressed in all four examined OS cell lines.
Elevated LINCO00514 expression was closely correlated
with tumor size, TNM stage, and distant metastasis.
Notably, the overall survival of OS patients with high
LINCO00514 expression was shorter than that of OS
patients with low LINC00514 expression. Functionally,
decreased LINC00514 expression suppressed OS cell
proliferation, colony formation, migration, and invasion
in vitro; promoted apoptosis and G0/G1 cell cycle arrest
in vitro; and hindered tumor growth in vivo.

Furthermore, mechanisms underlying the pro-oncogenic
roles of LINCO0514 in OS were demonstrated in detail.
The ceRNA hypothesis has been studied extensively, and
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Figure 8. Decreased long intergenic nonprotein-coding RNA 00514 (LINC00514) expression attenuates tumor growth of OS
cells in vivo. (A) Representative image of subcutaneous tumor xenografts collected from the sh-LINC00514 and sh-NC groups. (B) Tumor
width and length was detected every 4 days for 1 month. Growth curve was plotted using the measurement. (C) One month after cell
injection, all mice were sacrificed and subcutaneous tumor xenografts were weighed. (D, E) Quantitative reverse transcription polymerase
chain reaction was performed to analyze LINCO0514 and microRNA-708 expressions in the excised tumor xenografts. (F) URGCP protein level
in the excised tumor xenografts was quantified by western blotting. **P < 0.01.
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emerging reports have corroborated the involvement of a
complex network of INCRNA/mMiIRNA/MRNA pathways
in various human cancers including OS [37]. LncRNAs
may function as ceRNAs or miRNA sponges by
competitively interacting with miRNA response elements
to positively abolish miRNA target suppression [38, 39].

In OS cells, LINC00514 was primarily localized in the
cytoplasm, suggesting its role as a ceRNA.
Bioinformatics prediction to search for putative miRNAs
directly interacting with LINC00514 revealed that miR-
708 contained the predicted binding sequence for
LINC00514. Direct binding and interaction between
LINC00514 and miR-708 in OS cells was further
confirmed using dual-luciferase reporter and RNA
immunoprecipitation (RIP) assays. Interestingly, miR-
708 expression was obviously lower in OS tissues than in
adjacent normal tissues, and there was a negative
correlation between LINC00514 and miR-708 expression
in the 59 OS tissue samples. Furthermore, miR-708
expression was negatively regulated by LINC00514 in
OS cells. Moreover, LINC00514 was implicated in the
positive regulation of the miR-708 target URGCP, and
the effect was demonstrated to be exerted through miR-
708 sponging. Collectively, these results suggest that
LINC00514 serves as a ceRNA to competitively interact
with miR-708, thus decreasing miR-708-induced
URGCP suppression.

MIiR-708 is involved in various human cancers [40-46]
including OS [28]. MiR-708 was downregulated in OS
and exerted tumor-suppressing actions by inhibiting cell
viability, invasion, and migration but promoting cell
apoptosis [28]. Mechanistically, URGCP is the direct
target of miR-708 in OS cells [28]. URGCP, also known
as upregulated gene 4, expression increased in OS tissues
[47], and elevated URGCP expression is reportedly
closely associated with OS recurrence and metastasis
[47]. Moreover, OS patients with high URGCP
expression showed shorter overall and disease-free
survival than those with low URGCP expression [47].
However, detailed roles of URGCP deregulation in OS
malignancy remain obscure. In this study, a series of
functional experiments revealed that URGCP inhibition
decreased the proliferation, migration, and invasion but
promoted the apoptosis and GO/G1 cell cycle arrest in OS
cells. More importantly, miR-708 and URGCP
expressions were negatively and positively regulated,
respectively, by LINC00514 in OS cells. MiR-708
knockdown or URGCP rescue partially diminished the
anticancer effects of LINC00514 silencing on OS cells,
suggesting that the miR-708/URGCP axis is pivotal for
the tumorigenic roles of LINC00514 in OS. Apparently,
the LINC00514/miR-708/URGCP pathway is crucial for
OS oncogenesis, indicating that this pathway may serve
as a promising target for drug discovery in the future.

CONCLUSIONS

LINC00514 is implicated in the regulatory pathway
of OS oncogenicity. LINC00514 increases URGCP
expression by acting as a ceRNA for miR-708, thereby
exerting oncogenic roles in OS progression. Our findings
provide novel insights into OS pathogenesis and propose
LINC00514 as an effective diagnostic biomarker,
prognostic indicator, and therapeutic target for OS.

MATERIALS AND METHODS
Tissue samples and cell lines

OS and adjacent normal tissue samples were collected
from 59 patients at Shandong Provincial ENT Hospital.
No patient had received preoperative radiotherapy or
chemotherapy. Following surgical excision, the collected
tissues were immediately frozen and stored in liquid
nitrogen for subsequent RNA or protein extraction.

hFOB 1.19 was acquired from the Cell Bank of China
Academy of Sciences (Shanghai, China). The cells were
cultured in Ham’s F12/Dulbecco’s modified Eagle’s
medium (Gibco; Thermo Fisher Scientific, Inc.) at
33.5°C in a humidified 5% CO, atmosphere. HOS and
MG-63 (Cell Bank of China Academy of Sciences) were
cultured in MEM (Gibco; Thermo Fisher Scientific,
Inc.), and U20S and SAOS-2 (Cell Bank of China
Academy of Sciences) were maintained in RPMI-1640
(Gibco; Thermo Fisher Scientific, Inc.) and McCoy’s 5A
medium  (Sigma-Aldrich, St Louis, MO, USA),
respectively. All culture media were supplemented with
10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin (all from Gibco; Thermo Fisher
Scientific, Inc.). The four OS cell lines were cultured at
37°C in a humidified 5% CO, atmosphere.

Oligonucleotide and plasmid transfection

Three siRNAs targeting LINC00514 (si-LINC00514#1,
si-LINC00514#2, and si-LINC00514#3) were designed
to silence endogenous LINCO00514. si-URGCP was used
to suppress URGCP expression. All these siRNAs and si-
NC were designed and chemically synthesized by
Guangzhou RiboBio Co., Ltd. (RiboBio, Guangzhou,
China). MiR-708 mimic, miR-NC, in-miR-708, and in-
miR-NC were purchased from Shanghai GenePharma
Co., Ltd. (Shanghai, China). The URGCP overexpression
plasmid pPCDNA3.1-URGCP (pc-URGCP) and an empty
pcDNA3.1 plasmid were obtained from GeneChem Co.,
Ltd. (Shanghai, China). The OS cells were seeded into 6-
well plates 1 day before transfection and transfected with
the  aforementioned  molecular  products  using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA).
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Subcellular fractionation

Nuclear and cytoplasmic fractions of OS cells were
separated using Ambion® PARIS™ (Invitrogen;
Thermo Fisher Scientific Inc.). Subsequent to subcellular
fractionation, RNA in the nuclear and cytoplasmic
fractions was extracted and subjected to RT-gPCR.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
and small nuclear RNA U6 were used as internal
controls.

RT-gPCR

The TRIzol® kit was used to isolate total RNA from
tissues and cells. Total RNA was quantified using a
NanoDrop spectrophotometer (NanoDrop Technologies;
Thermo Fisher Scientific, Inc). To determine
LINC00514 and URGCP mRNA expressions, total RNA
was reverse transcribed using the PrimeScript™ RT
Reagent Kit (TaKaRa Biotechnology, Co., Ltd., Dalian,
China). Next, the generated cDNA was subjected to
gPCR using the SYBR Green PCR Master Mix (TaKaRa
Biotechnology). LINC00514 and URGCP mRNA
expressions were normalized to GAPDH expression. To
determine miR-708 expression, the miScript Reverse
Transcription Kit (Qiagen GmbH, Hilden, Germany) and
miScript SYBR Green PCR Kit (Qiagen GmbH) were
used for reverse transcription and gPCR, respectively.
U6 served as the endogenous control for miR-708. All
reactions were performed on the Applied Biosystems
7500 Real-Time PCR System (Thermo Fisher Scientific,
Inc.). Relative gene expression was analyzed using the
2 2A% method [48].

The primers were designed as follows: LINC00514, 5'-
GCTCAACATCTCACTTCTCCCAC-3' (forward) and
5'- CCTTCAGTGTCTGGGAAAGAGAG-3' (reverse);
miR-708, 5-GGCGCGCAAGGAGCTTACAATC-3’
(forward) and 5'-GTGCAGGGTCCGAGGTAT-3’
(reverse); URGCP, 5-CTTCATCCTGAGTCCCTACC
G-3’ (forward) and 5'-GCCGTTCTGCTGCATTCG-3’
(reverse); U6, 5'-GCTTCGGCAGCACATATACTAAA
AT-3' (forward) and 5-CGCTTCACGAATTTGCGT
GTCAT-3' (reverse); and GAPDH, 5-CGGAGTCAA
CGGATTTGGTCGTAT-3' (forward) and 5-AGCCTT
CTCCATGGTGGTGAAGAC-3' (reverse).

CCK-8 assay

Transfected cells were detached using 0.05% trypsin—
EDTA (Gibco; Thermo Fisher Scientific, Inc.) after 24 h
of culture, centrifuged, and resuspended in the culture
medium. Cell suspension was adjusted to a concentration
of 2 x 10 cells/mL and added (100 L) to each well of a
96-well plate. After 0, 24, 48, and 72 h of culture, cell
proliferation was assessed by incubation with 10 pL

CCK-8 reagent (Dojindo, Kumamoto, Japan) at 37°C in a
humidified 5% CO, atmosphere for an additional 2 h.
Absorbance at a wavelength of 450 nm was detected
using a microplate reader (Bio-Rad, Hercules, CA, USA).

Colony formation assay

Transfected cells were harvested 24 h after transfection,
centrifuged, seeded into 6-well plates at a density of 1
x10°® cells/well, and cultured at 37°C in a humidified 5%
CO, atmosphere for 2 weeks. After extensive washing
with phosphate-buffered saline, the cells were fixed in
4% paraformaldehyde at room temperature for 20 min
and stained with 0.5% crystal violet at room temperature
for 20 min. The colonies were observed and counted
under an inverted microscope (Olympus Corporation,
Tokyo, Japan).

Flow cytometry

Cell apoptosis was assessed using the Annexin V-FITC
Apoptosis Detection Kit (Biolegend, San Diego, CA,
USA). Briefly, transfected cells were cultured at 37°C
for 48 h, collected using EDTA-free trypsin, and washed
with precooled phosphate-buffered saline. After
centrifugation at 4°C, cells were resuspended in 100 L.
binding buffer and subjected to double staining with
5 uL FITC-Annexin V for 15 min and 10 pL propidium
iodide (PI) for 15 min in the dark. Apoptotic cells were
detected by flow cytometry (FACScan; BD Biosciences,
Franklin Lakes, NJ, USA).

Transfected cells were collected and washed as
described above. After fixing overnight in 70% ethanol
at 4°C, the transfected cells were collected by
centrifugation and treated with 50 pL RNase (100
pg/mL) at 37°C for 20 min. Subsequently, the cells were
incubated at room temperature with 500 uL cell-staining
buffer supplemented with 25 pL PI (Biolegend). Cells in
the GO/G1, S, and G2/M phases were determined by
flow cytometry.

Transwell migration and invasion assays

Before assessing cell invasive ability, transwell chambers
(Corning Incorporated, Corning, NY, USA) were coated
with 50 puL Matrigel (354480; BD Biosciences) and
incubated at 37°C for 1 h. Next, 5 x 10* cells
resuspended in 200 pL FBS-free culture medium were
seeded in the upper chamber. The bottom chamber was
filled with 500 pL culture medium containing 20% FBS
as a chemoattractant. After incubating the chambers for
24 h, noninvasive cells in the upper chamber were
eliminated with a cotton swab. Invasive cells were fixed
in 4% paraformaldehyde, stained with 0.5% crystal
violet, and imaged under an inverted microscope. The,
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invasive cells in five randomly selected fields were
counted. Transwell migration assay was performed in the
same manner as transwell invasion assay, except that the
chambers were not precoated with Matrigel.

Tumor xenograft model

Lentiviral vectors encoding a sh-LINC00514 or sh-NC
were packaged by GeneChem Co., Ltd. HOS cells were
transfected with lentiviral vectors carrying sh-LINC00514
or sh-NC. Cells with stable LINC00514 knockdown were
selected with puromycin.

Four-week-old male BALB/c nude mice (Shanghai
Lingchang Biotech Co., Ltd.; Shanghai, China) were
subcutaneously injected with HOS cells stably
expressing sh-LINC00514 or sh-NC. Each group
contained three nude mice. The mice were raised under
specific pathogen-free conditions. The width and length
of subcutaneous tumor xenografts were measured every
4 days starting from day 7 after inoculation. Tumor
volume was calculated using these measurements with
the following formula: tumor volume = 0.5 x width? x
length. One month after inoculation, all mice were
euthanized and the tumor xenografts were excised and
weighed. The total RNA and protein was extracted from
tumor xenografts (one month after cell injection) and
genes expression status was monitored.

Bioinformatics prediction

StarBase version 3.0 (http://starbase.sysu.edu.cn/) was
used to analyze LINC00514-miRNA interactions.

Luciferase reporter assay

LINC00514 fragments harboring the WT and mutant
miR-708-binding sites were designed and chemically
synthesized by Shanghai GenePharma Co., Ltd. The
WT and MUT LINC00514 fragments were cloned into
the pmirGLO Dual-luciferase Target Vector (Promega
Corporation, Madison, WI, USA) to produce WT-
LINC00514 and MUT-LINCO00514 reporter plasmids,
respectively. After culture in 24-well plates, WT-
LINCO00514 or MUT-LINCO006514 was cotransfected
into cells with miR-708 mimic or miR-NC using
Lipofectamine® 2000. At 48 h after transfection,
luciferase activity was assayed using the Dual-Luciferase
Reporter Assay System (Promega Corporation). Renilla
luciferase activity was normalized to firefly luciferase
activity.

RIP assay

The binding interaction between LINC00514 and
miR-708 in OS cells was assessed by the RIP assay

using the Magna RIP™ RNA-Binding Protein
Immunoprecipitation Kit (Millipore; Bedford, MA,
USA). OS cells were lysed with complete RIP lysis
buffer, and the lysates (100 uL) were incubated with
magnetic beads labeled with a human anti-AGO2 or
normal I1gG antibody (Millipore). After incubation
overnight at 4°C, the magnetic beads were rinsed with a
wash buffer. The immunoprecipitate complex was
treated with proteinase K buffer at 55°C for 30 min. The
isolated coprecipitated RNA was analyzed using RT-
gPCR to detect LINC00514 and miR-708.

Western blotting

Total proteins were isolated using RIPA buffer
supplemented with phenylmethylsulphonyl fluoride
(both from Beyotime Institute of Biotechnology;
Shanghai, China). Protein concentration was measured
using a bicinchoninic acid assay kit (Pierce; thermo
Fisher Scientific, Inc.). Proteins were separated by
10% SDS-PAGE and transferred onto polyvinylidene
fluoride membranes. The membranes were blocked
with 5% nonfat milk powder diluted in TBST at room
temperature for 2 h. After washing thrice with TBST,
the membranes were incubated with anti-URGCP
(sc-376934; dilution 1:1000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and anti-GAPDH (sc-47724;
dilution 1:1000; Santa Cruz Biotechnology) primary
antibodies overnight at 4°C. Then, the membranes
were incubated with a horseradish peroxidase-
conjugated goat anti-mouse IgG secondary antibody
(sc-516102; dilution 1:5000; Santa Cruz Biotechnology)
at room temperature for 2 h. The Immobilon Western
Chemiluminescent Horseradish Peroxidase Substrate
(Millipore) was added to the membranes to visualize
the blots. Quantity One software version 4.62 (Bio Rad
Laboratories, Inc., Hercules, CA, USA) was utilized to
analyze the protein signals.

Statistical analysis

All assays were repeated at least three times. All
results are presented as mean and standard deviation.
Comparisons between 2 groups were conducted using
Student’s t-test and those among >3 groups using
one-way analysis of variance followed by Tukey’s
post hoc test. Overall survival was analyzed using
the Kaplan—Meier method, and differences between
the curves were analyzed using the log-rank
test. Correlations of LINC00514 expression with
clinicopathological characteristics of OS patients
were evaluated using the y? test. Spearman’s
correlation analysis was performed to determine the
correlation between LINCO00514 and miR-708
expressions in OS tissues. P-value of <0.05 was
considered statistically significant.

WWW.aging-us.com 6804

AGING


http://starbase.sysu.edu.cn/

Ethics statement

Our study was approved by the Institutional Research
Ethics Committee of Shandong Provincial ENT
Hospital. Written informed consent was provided by all
patients or their families. All animal experiments were
approved by the Animal Research Committee of
Shandong Provincial ENT Hospital.

CONFLICTS OF INTEREST

The authors report no conflicts of interest.
REFERENCES

1. Damron TA, Ward WG, Stewart A. Osteosarcoma,
chondrosarcoma, and Ewing’s sarcoma: National
Cancer Data Base Report. Clin Orthop Relat Res. 2007;
459:40-47.
https://doi.org/10.1097/BLO.0b013e318059b8c9
PMID:17414166

2. Rasalkar DD, Chu WC, Lee V, Paunipagar BK, Cheng FW,
Li CK. Pulmonary metastases in children with
osteosarcoma: characteristics and impact on patient
survival. Pediatr Radiol. 2011; 41:227-36.
https://doi.org/10.1007/s00247-010-1809-1
PMID:20814672

3. Geller DS, Gorlick R. Osteosarcoma: a review of
diagnosis, management, and treatment strategies. Clin
Adv Hematol Oncol. 2010; 8:705-18.

PMID:21317869

4. Lindsey BA, Markel JE, Kleinerman ES. Osteosarcoma
Overview. Rheumatol Ther. 2017; 4:25-43.
https://doi.org/10.1007/s40744-016-0050-2
PMID:27933467

5. Isakoff MS, Bielack SS, Meltzer P, Gorlick R.
Osteosarcoma: Current Treatment and a Collaborative
Pathway to Success. J Clin Oncol. 2015; 33:3029-35.
https://doi.org/10.1200/JC0.2014.59.4895
PMID:26304877

6. Lin YH, Jewell BE, Gingold J, Lu L, Zhao R, Wang LL, Lee
DF. Osteosarcoma: Molecular Pathogenesis and iPSC
Modeling. Trends Mol Med. 2017; 23:737-55.
https://doi.org/10.1016/j.molmed.2017.06.004
PMID:28735817

7. Kelleher FC, O’Sullivan H. Monocytes, Macrophages,
and Osteoclasts in Osteosarcoma. J Adolesc Young
Adult Oncol. 2017; 6:396—405.
https://doi.org/10.1089/jayao.2016.0078
PMID:28263668

8. Chung SW, Han I, Oh JH, Shin SH, Cho HS, Kim HS.
Prognostic effect of erroneous surgical procedures in
patients with osteosarcoma: evaluation using

10.

11.

12.

13.

14.

15.

16.

17.

18.

propensity score matching. J Bone Joint Surg Am. 2014;
96:e60, 1-8.

https://doi.org/10.2106/JBJS.K.01577

PMID:24740668

Carina V, Costa V, Sartori M, Bellavia D, De Luca A,
Raimondi L, Fini M, Giavaresi G. Adjuvant Biophysical
Therapies in Osteosarcoma. Cancers (Basel). 2019;
11:11.

https://doi.org/10.3390/cancers11030348
PMID:30871044

Harrison DJ, Geller DS, Gill JD, Lewis VO, Gorlick R.
Current and future therapeutic approaches for
osteosarcoma. Expert Rev Anticancer Ther. 2018;
18:39-50.
https://doi.org/10.1080/14737140.2018.1413939
PMID:29210294

Sang H, Liu H, Xiong P, Zhu M. Long non-coding
RNA functions in lung cancer. Tumour Biol. 2015;
36:4027-37.
https://doi.org/10.1007/s13277-015-3449-4
PMID:25895460

Kopp F, Mendell JT. Functional Classification and
Experimental Dissection of Long Noncoding RNAs. Cell.
2018; 172:393-407.
https://doi.org/10.1016/j.cell.2018.01.011
PMID:29373828

Schmitz SU, Grote P, Herrmann BG. Mechanisms of
long noncoding RNA function in development and
disease. Cell Mol Life Sci. 2016; 73:2491-509.
https://doi.org/10.1007/s00018-016-2174-5
PMID:27007508

Perry RB, Ulitsky I. The functions of long noncoding
RNAs in development and stem cells. Development.
2016; 143:3882-94.
https://doi.org/10.1242/dev.140962

PMID:27803057

Huarte M. The emerging role of IncRNAs in cancer. Nat
Med. 2015; 21:1253-61.
https://doi.org/10.1038/nm.3981

PMID:26540387

Evans JR, Feng FY, Chinnaiyan AM. The bright side of
dark matter: IncRNAs in cancer. J Clin Invest. 2016;
126:2775-82.

https://doi.org/10.1172/1CI184421

PMID:27479746

Ghafouri-Fard S, Taheri M. Long non-coding RNA
signature in gastric cancer. Exp Mol Pathol. 2020;
113:104365.
https://doi.org/10.1016/j.yexmp.2019.104365
PMID:31899194

Chatterjee M, Sengupta S. Emerging roles of long non-
coding RNAs in cancer. J Biosci. 2019; 44:44.

WWW.aging-us.com 6805

AGING


https://doi.org/10.1097/BLO.0b013e318059b8c9
https://www.ncbi.nlm.nih.gov/pubmed/17414166
https://doi.org/10.1007/s00247-010-1809-1
https://www.ncbi.nlm.nih.gov/pubmed/20814672
https://www.ncbi.nlm.nih.gov/pubmed/21317869
https://doi.org/10.1007/s40744-016-0050-2
https://www.ncbi.nlm.nih.gov/pubmed/27933467
https://doi.org/10.1200/JCO.2014.59.4895
https://www.ncbi.nlm.nih.gov/pubmed/26304877
https://doi.org/10.1016/j.molmed.2017.06.004
https://www.ncbi.nlm.nih.gov/pubmed/28735817
https://doi.org/10.1089/jayao.2016.0078
https://www.ncbi.nlm.nih.gov/pubmed/28263668
https://doi.org/10.2106/JBJS.K.01577
https://www.ncbi.nlm.nih.gov/pubmed/24740668
https://doi.org/10.3390/cancers11030348
https://www.ncbi.nlm.nih.gov/pubmed/30871044
https://doi.org/10.1080/14737140.2018.1413939
https://www.ncbi.nlm.nih.gov/pubmed/29210294
https://doi.org/10.1007/s13277-015-3449-4
https://www.ncbi.nlm.nih.gov/pubmed/25895460
https://doi.org/10.1016/j.cell.2018.01.011
https://www.ncbi.nlm.nih.gov/pubmed/29373828
https://doi.org/10.1007/s00018-016-2174-5
https://www.ncbi.nlm.nih.gov/pubmed/27007508
https://doi.org/10.1242/dev.140962
https://www.ncbi.nlm.nih.gov/pubmed/27803057
https://doi.org/10.1038/nm.3981
https://www.ncbi.nlm.nih.gov/pubmed/26540387
https://doi.org/10.1172/JCI84421
https://www.ncbi.nlm.nih.gov/pubmed/27479746
https://doi.org/10.1016/j.yexmp.2019.104365
https://www.ncbi.nlm.nih.gov/pubmed/31899194

19.

20.

21.

22.

23.

24,

25.

26.

27.

https://doi.org/10.1007/s12038-018-9820-z
PMID:30837373

Xie Y, Dang W, Zhang S, Yue W, Yang L, Zhai X, Yan Q,
Lu J. The role of exosomal noncoding RNAs in cancer.
Mol Cancer. 2019; 18:37.
https://doi.org/10.1186/s12943-019-0984-4
PMID:30849983

Sun W, Yang Y, Xu C, Guo J. Regulatory mechanisms of
long noncoding RNAs on gene expression in cancers.
Cancer Genet. 2017; 216-217:105-10.
https://doi.org/10.1016/j.cancergen.2017.06.003
PMID:29025584

Lu X, Qiao L, Liu Y. Long noncoding RNA LEF1-AS1 binds
with HNRNPL to boost the proliferation, migration, and
invasion in osteosarcoma by enhancing the mRNA
stability of LEF1. J Cell Biochem. 2020. [Epub ahead of
print].

https://doi.org/10.1002/jcb.29579 PMID:31930565

PanZ, Wu C, Li Y, Li H, An Y, Wang G, Dai J, Wang Q.
LncRNA DANCR silence inhibits SOX5-medicated
progression and autophagy in osteosarcoma via
regulating miR-216a-5p. Biomed Pharmacother. 2020;
122:109707.
https://doi.org/10.1016/j.biopha.2019.109707
PMID:31918278

Yang D, Liu K, Fan L, Liang W, Xu T, Jiang W, Lu H, Jiang
J, Wang C, Li G, Zhang X. LncRNA RP11-361F15.2
promotes osteosarcoma tumorigenesis by inhibiting
M2-Like polarization of tumor-associated macrophages
of CPEBA4. Cancer Lett. 2020; 473:33—49.
https://doi.org/10.1016/j.canlet.2019.12.041
PMID:31904478

Li X, Zhong W, Xu Y, Yu B, Liu H. Silencing of IncRNA
LINC00514 inhibits the malignant behaviors of papillary
thyroid cancer through miR-204-3p/CDC23 axis.
Biochem Biophys Res Commun. 2019; 508:1145-48.
https://doi.org/10.1016/j.bbrc.2018.12.051
PMID:30553447

Yu Y, Gao F, He Q, Li G, Ding G. IncRNA UCA1 Functions
as a ceRNA to Promote Prostate Cancer Progression via
Sponging miR143. Mol Ther Nucleic Acids. 2020;
19:751-58.
https://doi.org/10.1016/j.0mtn.2019.11.021
PMID:31954329

Yao Y, Zhang T, Qi L, Liu R, Liu G, Wang J, Song Q, Sun
C. Comprehensive analysis of prognostic biomarkers in
lung adenocarcinoma based on aberrant IncRNA-
miRNA-mRNA networks and Cox regression models.
Biosci Rep. 2020; 40:BSR20191554.
https://doi.org/10.1042/BSR20191554
PMID:31950990

Yu G, Li S, Liu P, Shi Y, Liu Y, Yang Z, Fan Z, Zhu W.

28.

29.

30.

31

32.

33.

34.

35.

36.

LncRNA TUG1 functions as a ceRNA for miR-6321 to
promote endothelial progenitor cell migration and
differentiation. Exp Cell Res. 2020; 388:111839.
https://doi.org/10.1016/j.yexcr.2020.111839
PMID:31935381

Sui C, Liu D, Hu Y, Zhang L. MicroRNA-708-5p affects
proliferation and invasion of osteosarcoma cells by
targeting URGCP. Exp Ther Med. 2019; 17:2235-41.
https://doi.org/10.3892/etm.2019.7171
PMID:30783484

Niland CN, Merry CR, Khalil AM. Emerging Roles for
Long Non-Coding RNAs in Cancer and Neurological
Disorders. Front Genet. 2012; 3:25.
https://doi.org/10.3389/fgene.2012.00025
PMID:22375145

Wang J, Zhang X, Chen W, Hu X, Li J, Liu C. Regulatory
roles of long noncoding RNAs implicated in cancer
hallmarks. Int J Cancer. 2020; 146:906—16.
https://doi.org/10.1002/ijc.32277

PMID:30873588

Wang JY, Yang Y, Ma Y, Wang F, Xue A, Zhu J, Yang H,
Chen Q, Chen M, Ye L, Wu H, Zhang Q. Potential

regulatory role of IncRNA-miRNA-mRNA axis in
osteosarcoma. Biomed Pharmacother. 2020;
121:109627.

https://doi.org/10.1016/j.biopha.2019.109627
PMID:31810120

Xu N, Xu J, Zuo Z, Liu Y, Yan F, Han C. Downregulation
of IncRNA SNHG12 reversed IGF1R-induced
osteosarcoma metastasis and proliferation by targeting
miR-195-5p. Gene. 2020; 726:144145.
https://doi.org/10.1016/j.gene.2019.144145
PMID:31743769

Liu M, Yang P, Mao G, Deng J, Peng G, Ning X, Yang H,
Sun H. Long non-coding RNA MALAT1 as a valuable
biomarker for prognosis in osteosarcoma: A systematic
review and meta-analysis. Int J Surg. 2019; 72:206-13.
https://doi.org/10.1016/].ijsu.2019.11.004
PMID:31734255

Liu B, Zhao H, Zhang L, Shi X. Silencing of long-non-
coding RNA ANCR suppresses the migration and
invasion of osteosarcoma cells by activating the
p38MAPK signalling pathway. BMC Cancer. 2019;
19:1112.

https://doi.org/10.1186/s12885-019-6335-4
PMID:31727012

Cui H, Zhao J. LncRNA TMPO-AS1 serves as a ceRNA to
promote osteosarcoma tumorigenesis by regulating
miR-199a-5p/WNT7B axis. J Cell Biochem. 2020;
121:2284-93.

https://doi.org/10.1002/jcb.29451 PMID:31680323

Zhu C, Huang L, Xu F, Li P, Li P, Hu F. LncRNA PCAT6

WWW.aging-us.com

6806

AGING


https://doi.org/10.1007/s12038-018-9820-z
https://www.ncbi.nlm.nih.gov/pubmed/30837373
https://doi.org/10.1186/s12943-019-0984-4
https://www.ncbi.nlm.nih.gov/pubmed/30849983
https://doi.org/10.1016/j.cancergen.2017.06.003
https://www.ncbi.nlm.nih.gov/pubmed/29025584
https://doi.org/10.1002/jcb.29579
https://www.ncbi.nlm.nih.gov/pubmed/31930565
https://doi.org/10.1016/j.biopha.2019.109707
https://www.ncbi.nlm.nih.gov/pubmed/31918278
https://doi.org/10.1016/j.canlet.2019.12.041
https://www.ncbi.nlm.nih.gov/pubmed/31904478
https://doi.org/10.1016/j.bbrc.2018.12.051
https://www.ncbi.nlm.nih.gov/pubmed/30553447
https://doi.org/10.1016/j.omtn.2019.11.021
https://www.ncbi.nlm.nih.gov/pubmed/31954329
https://doi.org/10.1042/BSR20191554
https://www.ncbi.nlm.nih.gov/pubmed/31950990
https://doi.org/10.1016/j.yexcr.2020.111839
https://www.ncbi.nlm.nih.gov/pubmed/31935381
https://doi.org/10.3892/etm.2019.7171
https://www.ncbi.nlm.nih.gov/pubmed/30783484
https://doi.org/10.3389/fgene.2012.00025
https://www.ncbi.nlm.nih.gov/pubmed/22375145
https://doi.org/10.1002/ijc.32277
https://www.ncbi.nlm.nih.gov/pubmed/30873588
https://doi.org/10.1016/j.biopha.2019.109627
https://www.ncbi.nlm.nih.gov/pubmed/31810120
https://doi.org/10.1016/j.gene.2019.144145
https://www.ncbi.nlm.nih.gov/pubmed/31743769
https://doi.org/10.1016/j.ijsu.2019.11.004
https://www.ncbi.nlm.nih.gov/pubmed/31734255
https://doi.org/10.1186/s12885-019-6335-4
https://www.ncbi.nlm.nih.gov/pubmed/31727012
https://doi.org/10.1002/jcb.29451
https://www.ncbi.nlm.nih.gov/pubmed/31680323

37.

38.

39.

40.

41.

42.

promotes tumor progression in osteosarcoma via
activation of TGF-B pathway by sponging miR-185-5p.
Biochem Biophys Res Commun. 2020; 521:463-70.
https://doi.org/10.1016/j.bbrc.2019.10.136
PMID:31676070

Zhu KP, Zhang CL, Ma XL, Hu JP, Cai T, Zhang L.
Analyzing the Interactions of mRNAs and ncRNAs to
Predict Competing Endogenous RNA Networks in
Osteosarcoma Chemo-Resistance. Mol Ther. 2019;
27:518-30.
https://doi.org/10.1016/j.ymthe.2019.01.001
PMID:30692017

Li T, Mo X, Fu L, Xiao B, Guo J. Molecular mechanisms
of long noncoding RNAs on gastric cancer. Oncotarget.
2016; 7:8601-12.
https://doi.org/10.18632/oncotarget.6926
PMID:26788991

Chan JJ, Tay Y. Noncoding RNA:RNA Regulatory
Networks in Cancer. Int J Mol Sci. 2018; 19:19.
https://doi.org/10.3390/ijms19051310
PMID:29702599

Li X, Zhong X, Pan X, Ji Y. Tumor suppressive microRNA-
708 targets Notchl to suppress cell proliferation and
invasion in gastric cancer. Oncol Res. 2018. [Epub
ahead of print].
https://doi.org/10.3727/096504018X15179680859017
PMID:29444743

Song XF, Wang QH, Huo R. Effects of microRNA-708 on
Epithelial-Mesenchymal Transition, Cell Proliferation
and Apoptosis in Melanoma Cells by Targeting LEF1
through the Wnt Signaling Pathway. Pathol Oncol Res.
2019; 25:377-89.
https://doi.org/10.1007/s12253-017-0334-7
PMID:29138985

Kim EA, Kim SW, Nam J, Sung EG, Song IH, Kim JY,
Kwon TK, Lee TJ. Inhibition of c-FLIPL expression by
miRNA-708 increases the sensitivity of renal cancer
cells to anti-cancer drugs. Oncotarget. 2016;
7:31832-46.

43.

44,

45,

46.

47.

48.

https://doi.org/10.18632/oncotarget.7149
PMID:27092874

Guo P, Lan J, Ge J, Nie Q, Mao Q, Qiu Y. miR-708 acts as
a tumor suppressor in human glioblastoma cells. Oncol
Rep. 2013; 30:870-76.
https://doi.org/10.3892/0r.2013.2526

PMID:23754151

Lei SL, Zhao H, Yao HL, Chen Y, Lei ZD, Liu KJ, Yang Q.
Regulatory roles of microRNA-708 and microRNA-31 in
proliferation, apoptosis and invasion of colorectal
cancer cells. Oncol Lett. 2014; 8:1768-74.

https://doi.org/10.3892/0l.2014.2328 PMID:25202407

Song T, Zhang X, Zhang L, Dong J, Cai W, Gao J, Hong B.
miR-708 promotes the development of bladder
carcinoma via direct repression of Caspase-2. J Cancer
Res Clin Oncol. 2013; 139:1189-98.
https://doi.org/10.1007/s00432-013-1392-6
PMID:23568547

Zhang Y, LiH, Cao R, Sun L, Wang, Fan S, Zhao Y, Kong
D, Cui L, Lin L, WangK, Li Y, Zhou J. Suppression of miR-
708 inhibits the Wnt/B-catenin signaling pathway by
activating DKK3 in adult B-all. Oncotarget. 2017;
8:64114-28.
https://doi.org/10.18632/oncotarget.19342
PMID:28969056

Huang J, Zhu B, Lu L, Lian Z, Wang Y, Yang X, Satiroglu-
Tufan NL, Liu J, Luo Z. The expression of novel gene
URG4 in osteosarcoma: correlation with patients’
prognosis. Pathology. 2009; 41:149-54.
https://doi.org/10.1080/00313020802436808
PMID:18972316

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2(-Delta Delta C(T)) Method. Methods. 2001;
25:402-08.

https://doi.org/10.1006/meth.2001.1262
PMID:11846609

WWW.aging-us.com

6807

AGING


https://doi.org/10.1016/j.bbrc.2019.10.136
https://www.ncbi.nlm.nih.gov/pubmed/31676070
https://doi.org/10.1016/j.ymthe.2019.01.001
https://www.ncbi.nlm.nih.gov/pubmed/30692017
https://doi.org/10.18632/oncotarget.6926
https://www.ncbi.nlm.nih.gov/pubmed/26788991
https://doi.org/10.3390/ijms19051310
https://www.ncbi.nlm.nih.gov/pubmed/29702599
https://doi.org/10.3727/096504018X15179680859017
https://www.ncbi.nlm.nih.gov/pubmed/29444743
https://doi.org/10.1007/s12253-017-0334-z
https://www.ncbi.nlm.nih.gov/pubmed/29138985
https://doi.org/10.18632/oncotarget.7149
https://www.ncbi.nlm.nih.gov/pubmed/27092874
https://doi.org/10.3892/or.2013.2526
https://www.ncbi.nlm.nih.gov/pubmed/23754151
https://doi.org/10.3892/ol.2014.2328
https://www.ncbi.nlm.nih.gov/pubmed/25202407
https://doi.org/10.1007/s00432-013-1392-6
https://www.ncbi.nlm.nih.gov/pubmed/23568547
https://doi.org/10.18632/oncotarget.19342
https://www.ncbi.nlm.nih.gov/pubmed/28969056
https://doi.org/10.1080/00313020802436808
https://www.ncbi.nlm.nih.gov/pubmed/18972316
https://doi.org/10.1006/meth.2001.1262
https://www.ncbi.nlm.nih.gov/pubmed/11846609



