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Introduction: Osteosarcoma is the most common primary malignant tumor in children and
young patients. Although neoadjuvant chemotherapy and surgery could improve the prognosis
of these patients, treatment outcomes are poor because of its low early diagnosis rate and high
degree of malignancy as well as its tendency for early metastasis. In the field of osteosarcoma,
IncRNAs have become a hot spot for studying the molecular mechanisms driving malignant
biological characteristics and exploring effective treatment methods. An IncRNA is a long
noncoding RNA lacking protein-encoding ability, and in its RNA form, it regulates various
gene expression processes, such as epigenetic regulation, transcriptional regulation, and post-
transcriptional regulation. LncRNAs play an important role in tumorigenesis and metastasis.
Methods: We used bioinformatics software to analyze the data in geo database. CCK-8 and
Transwell were used to detect the effect of IncRNA LINC00691 on the proliferation and
migration of osteosarcoma cells. The target gene of LINC00691 was detected by bioinfor-
matics analysis and RNA pull down.

Results: In this study, we identified the IncRNA LINC00691 and confirmed its expression in
osteosarcoma cells through GEO database analysis. Expression analysis showed that the
levels of IncRNA LINC00691 in osteosarcoma cells were decreased compared to those of
control cells. Overexpression of LINC00691 could inhibit the proliferation, migration,
invasion, and induction of G1 cell cycle arrest in osteosarcoma cells, which was shown
through in vitro and in vivo studies. Using bioinformatics analysis, RNA pull down experi-
ments and luciferase reporter gene detection assays, we found that LINC00691 regulated ST5
expression by binding miR-1256. LINC00691 overexpression inhibited EMT by promoting
the expression of E-cadherin and increasing the expression of ZEB1, Snail, and Fibronectin.
Conclusion: These results suggested that overexpressed LINC00691 promoted the expres-
sion of ST5 by regulating the function of miR-1256 through a ceRNA mechanism. The
LINCO00691/miR-1256/STS pathway plays an important role in the progression and metas-
tasis of osteosarcoma and represents a good therapeutic target.
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Introduction

Osteosarcoma is one of the most common malignant bone tumors in children and
adolescents under the age of 20; it accounts for approximately 5% of pediatric
tumors.' Osteosarcoma is one of the most common malignant tumors of bone and is
derived from mesenchymal cells.* The rapid growth of these tumors is due to the
formation of tumor bone-like tissue and bone tissue, which occurs directly or indirectly
through the cartilage stage. Osteosarcoma is still a high mortality disease in children and
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adolescents, but early detection and timely treatment have
greatly improved the survival rate of patients with this disease.
After the pathological diagnosis of osteosarcoma, early che-
motherapy or radiotherapy is started. Resection of tumor tissue
is an important step in the treatment of osteosarcoma. With the
improvement of tumor surgical technology and the develop-
ment of implant research, limb preservation therapy shows
good therapeutic prospects. Consolidation chemotherapy or
radiotherapy after tumor resection is very important for control
of tumor metastasis and for improving the survival rate.>’
Radical operation should be performed in the treatment of
osteosarcoma. If conditions permit, local extensive resection
and limb preservation can be performed. In addition, biopsies
should be performed before amputation. Immunotherapy
includes intravenous infusion of lymphocytes or interferon
and transfer factors, but the curative effect of these treatments
is still uncertain.®’ Therefore, it is very important to study the
molecular mechanism of osteosarcoma cell genesis and metas-
tasis for the clinical diagnosis and treatment of osteosarcoma.

LncRNAs are functional RNA molecules with transcripts
longer than 200 nucleotides.® Early studies found that
IncRNAs lack conserved open reading frames (ORFs), so
they were considered “noise” with no biological character-
istics. However, with further research, scholars have found
that IncRNAs play key roles in epigenetic regulation, tran-
scriptional regulation, posttranscriptional regulation, and
nuclear transport, and they participate in cell histone mod-
ification, chromatin remodeling, DNA methylation, and gene
activation or silencing. Most IncRNAs are transcribed by
RNA polymerase II and then processed and modified into
mature IncRNAs. A large number of IncRNAs exist in the
nucleus, and a small number are in the cytoplasm. The main
biological functions of IncRNAs are as follows: (1) as
a signaling molecule, IncRNAs can generate tissue or cell
specificity after they are activated; (2) IncRNAs can partici-
pate in chromosome silencing, genomic imprinting, chroma-
tin modification, transcriptional activation, transcriptional
interference, intranuclear transport, etc.; (3) IncRNAs can
protect protein-coding genes in a variety of ways; (4) they
contain highly efficient key sequences, which are similar to
promoters and other regulatory factors, and they are more
sensitive to structural and functional limitations than pro-
teins; and (5) they can act in both cis and trans ways to
bidirectionally regulate target genes.'* "2

In recent years, it has been found that long noncoding
RNAs are closely related to the biological processes of
tumor development, invasion, and metastasis.'> H19 was
the first IncRNA found to be associated with cancer. It is

the imprinted gene product of insulin-like growth factor-2.
Studies have found that H19 could promote the prolifera-
tion of cancer cells, inhibit apoptosis, promote angiogen-
esis, and increase cell tolerance of hypoxia.'*'> The
abnormal expression of IncRNAs not only could partici-
pate in the process of tumor inhibition but also could
participate in the process of carcinogenesis.'®!'” It has
been reported that the abnormal expression of IncRNAs
is related to the occurrence of many kinds of tumors, such
as breast cancer, colon cancer, and gastric cancer.'® 2 In
this study, we verified that a novel IncRNA, LINC00691,
is associated with osteosarcoma through bioinformatics
analysis and experimental detection.

In this study, we will examine the regulatory effect of
IncRNA LINCO00691 on osteosarcoma cells in vivo and
in vitro and study the mechanism by which LINC00691
regulates osteosarcoma cells. This study will help us to
improve our understanding of the function of IncRNAs in
regulating osteosarcoma, help to develop new therapeutic
strategies for osteosarcoma, and provide patients with
improved treatments and quality of life.

Materials and Methods

Cell Culture

Osteosarcoma cells (U208, Saos-2, MG-63, and HOS)
were cultured in DMEM medium containing 10% fetal
bovine serum, 100 U/mL penicillin, and 100 mg/mL strep-
tomycin. Human osteoblast hFOB1.19 cells were cultured
in DMEM/F-12 (1:1) medium containing 10% fetal bovine
serum. Hff-1 (human foreskin fibroblast-1) and hBMSCs
(human bone marrow stem cells) were cultured in a-MEM
medium containing 10% fetal bovine serum, 100 U/mL
penicillin, and 100 pg/mL streptomycin (from Carlsbad,
GIBCO, California, USA). The cells were cultured in
a humidified incubator at 37°C with 5% CO,. All cells
were purchased from Cell bank of representative culture
preservation Committee of Chinese Academy of Sciences.

Cell Transfection

Cells were transfected with Lipofectamine 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.) in accordance with the man-
ufacturer’s instructions. A LINC00691 overexpression vec-
tor was constructed using a pLVX-IRES-Puro vector
provided by SANGON Biotechnology Co., Ltd. An shRNA
knockdown LINC00691 was purchased from Genechem
Co., Ltd. (Shanghai, China). Mir-1256 mimics and inhibitors
were purchased from Genepharma (Shanghai, China).
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Real-Time Fluorescent Quantitative PCR

Detection

Total RNA was extracted by TRIzol reagent, and RNA con-
centrations were detected by nanodrop. Total RNA (1 pg) was
reverse transcribed with an RNA reverse transcription Kkit.
Real-time quantitative PCR was performed using an SYBR
Green RT qPCR Master Mix kit. Samples were prepared
according to the instructions of the kit. The reaction conditions
were as follows: program 1: 95°C, 30 s, 1 cycle; program 2:
95°C, 5 S, 50 cycles, 60°C, 34 s; program 3: 95°C, 5 s, 1 cycle,
65°C, 60 s, 97°C, 1 s; program 4: 42°C, 30 s, 1 cycle. The
relative gene expression was calculated by the 2 - A CT
method, and the mRNA expression was corrected based on
the expression of GAPDH.

Cell Invasion Ability Detection

After DMEM was mixed with Matrigel 1:1, 50 uL of the
mix was evenly spread in Transwell plates and placed in
a 37°C incubator for 45 min. There were four groups of cells
as follows: pLVX-Vector group, pLVX-LINC00691 group,
pLKO.1-Vector group, and pLKO.1-LINC00691 group.
The cells were inoculated into the Transwell upper chamber
at a density of 20,000 cells per well. Serum-free medium
was used in the upper chamber of the chamber, and 700 pL
of medium containing 5% serum was added into the lower
chamber. The cells were removed after 12 h of incubation in
the incubator. The cells on the bottom of the Transwell were
stained with crystal violet; then images were captured of the
cells, and then they were counted.

CCK-8 Analysis

Osteosarcoma cells were inoculated into 96-well plates at
a density of 400 cells per well. There were four groups of
cells as follows: pLVX-Vector group, pLVX-LINC00691
group, pLKO.I-Vector group, and pLKO.1-LINC00691
group. Cell viability was detected by CCK-8 assay at 24,
48, 72, and 96 h after the cells were plated. Ten microliters of
CCK-8 solution was added to each well, and then the cells
were incubated in a 37°C incubator for 2 h. The absorbance
at 450 nm was determined by an enzyme labeling method.

Colony Forming Assay

Osteosarcoma cells were inoculated into 6-well plates
with 400 cells per well. There were four groups of
cells: pLVX-vector group, pLVX-LINC00691 group,
pLKO.1-vector group, and pLKO.1-LINC00691 group.
The culture medium was changed every 3 days after

inoculation. After 14 days of culture, the cells were
fixed with 4% paraformaldehyde for 15 min. After fixa-
tion, 0.1% crystal violet staining solution was added to
the dye for 5 min. Then, PBS was washed twice to
remove nonspecific staining. After taking photos, the
number of clones was determined.

Dual-Luciferase Reporter Experiment

Cells were seeded into 96-well plates at a density of 1000 cells
per well. After 24 h of inoculation, lipofectamine was used.
The luciferase reporter gene and miRNA were cotransfected
into osteosarcoma cells in groups based on the following
combinations: pmirGLO-LINC00691-wild-type (WT) and
miRNA mimics NC; pmirGLO-LINC00691-wild-type (WT)
and miR-1256 mimics; pmirGLO-LINCO0069 1-mutant (MUT)
or pmirGLO-LINC00691-mutant
(MUT) and miR-1256 mimics (Promega Corporation,
Madison, WI, USA). After incubation at 37°C for 48 h, firefly
and Renilla luciferase activity was determined using a dual-

and miRNA mimics;

luciferase reporter analysis system (Promega Corporation,
Madison, WI, USA) according to the manufacturer’s instruc-
tions. The firefly luciferase activity was normalized to that of
Renilla.

RNA Pull Down

The cells were harvested, resuspended in nuclear separa-
tion buffer, placed on ice for 20 min, and mixed fre-
quently. The nuclei were prepared by centrifugation at
2500 g for 15 min. RIPA buffer was used to resuspend
the nucleus, and then it was divided into two parts (mock
and pull down). The chromatin was mechanically sheared
by homogenizing with a dounce homogenizer 15-20
times. After centrifugation, the nuclear membrane was
separated from the fragments. Anti-MS2b antibody (20
pg) was added to the culture supernatant (10 mg) and
was incubated for 2 h at 4°C overnight. Protein A/g
beads (40 puL) were added to the mixture and incubated
at 4°C for 1 h. The mixture was washed in RIPA buffer
and then was washed with PBS. TRIzol was used to isolate
the RNA.

Bioinformatics Prediction
The gene data for osteosarcoma cells were downloaded
from the GEO database (https://www.ncbi.nlm.nih.gov/

geo/) (GSE85537) for gene expression analysis. The target
gene miR-1256 was identified using the TargetScan web-
site (http://www.targetscan.org/vert  72/). The miRNAs
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that might bind to LINC00691 were identified using the
miRcode website (http://www.mircode.org/).

Xenotransplantation of Tumor
All experimental procedures were based on the EU directive
2010/63/EU for animal experiments (http://ec.europa.ecu/

environment/chemicals/lab_animals/legislation  en.htm).

This experiment was approved by the ethics committee of
Harbin Fifth Hospital (xhec-f-18-3). Six-week-old female
BALB/C nude mice were purchased from Better
Biotechnology Co., Ltd (Nanjing, China). Transfected
cells (1 x 10”) were suspended in 100 pL of PBS and then
were inoculated subcutaneously into nude mice (5 mice in
each group). After 3 weeks, all mice were sacrificed, and the
tumors were removed and weighed.

Statistical Analysis

Student’s t-tests were used to calculate p values using
SPSS 19.0. All data are expressed as the mean + standard
deviation (S.D.). P < 0.05 was considered to be statisti-
cally significant.

Result

The Expression of IncRNA LINC00691 is

Decreased in Osteosarcoma Cells

Bioinformatics analysis using GEO database data informa-
tion showed that the in situ expression of LINC00691 was
decreased in lung metastasis compared with osteosarcoma
(Figure 1A). The expression of LINC00691 in osteosar-
coma cells (h(BMSCs, HFF-1, and hFOB1.19 cells) was
detected by qRT-PCR. The results showed that the
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expression of LINCO00691 in osteosarcoma cells was
decreased compared to its levels in hBMSCs, HFF-1, and
hFOB1.19 cells (Figure 1B).

LINCO00691 Regulates the Proliferation of

Osteosarcoma Cells

According to the expression of LINC00691 in osteosarcoma
cell lines, we selected U20S and Saos-2 cells for subsequent
functional and mechanistic analysis. LINC00691 expression in
osteosarcoma cells was increased after transfection with
pLVX-LINC00691 compared with the cells transfected with
the pLVX-Vector (Figure 2A). In contrast, the expression of
LINC00691 was decreased in osteosarcoma cells after trans-
fection with pLKO.1-LINC00691 compared with cells in the
pLKO.1-Vector group (Figure 2A). Cell viability was detected
by CCK-8 assay, and the results showed that IncRNA
LINCO00691 overexpression suppressed the viability of osteo-
sarcoma cells at 48 h, 72 h, and 96 h compared to the control
group (Figure 2B). In contrast, IncRNA suppression promoted
the viability of osteosarcoma cells at 48 h, 72 h, and 96
h (Figure 2B).

LINCO00691 Regulates the Invasion of

Osteosarcoma Cells

The effect of LINC00691 on the invasion of osteosarcoma
cells was determined by a Transwell Matrigel test. The
invasion ability of osteosarcoma cells in the pLVX-
LINCO00691 group was lower than that of the pLVX-Vector
group (Figure 3A). However, the invasion ability of osteo-
sarcoma cells in the pLKO.1-LINC00691 group was higher
than that in the pLKO.1-Vector group (Figure 3B).
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Figure | The expression of LINC00691 is downregulated in osteosarcoma cells. (A) The heatmap shows expression of different genes from in situ lesions or lung
metastasis osteosarcoma tissue. (B) The expression of LINC00691 in hBMSCs, HFF-I, hFOBI.l9 and osteosarcoma cell lines was detected by qRT-PCR. The data are

expressed as the mean * SD of three independent experiments. **Indicates P<0.01.
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Figure 2 LncRNA LINC00691 regulates the proliferation of osteosarcoma cells. (A) The expression of LINC00691 in osteosarcoma cells after transfection with pLVX-
LINC00691 or pLKO.I-LINC00691 was detected by qRT-PCR. **Indicates P<0.0| compared with the control group. (B) The viability of osteosarcoma cells after transfection
with pLVX-LINC00691 or pLKO.|-LINC0069| was detected by CCK-8 assays. *Indicates P<0.05 compared with the pLVX-Vector group; **Indicates P<0.01 compared with
the pLVX-Vector group; *Indicates P<0.01 compared with the pLKO.|-Vector group.

LINCO00691 Regu|ates the Effect of osteosarcoma cells impacted the invasion of HUVECs
Osteosarcoma Cells on the Invasion of using Transwell detection. The Transwell detection results
HUVECs showed that the invasion of HUVECs in the pLVX-

Osteosarcoma cells could promote the invasion of HUVECs, ~LINC00691 group was lower than that of untreated
so we assessed how the regulation of LINC00691 in HUVECs (Figure 4A and B). However, the invasion of
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Figure 3 LncRNA LINCO00691 regulates the invasion of osteosarcoma cells. (A) Transwell Matrigel experiments were used to detect the invasion of osteosarcoma cells with
LINCO00691 overexpressed or knocked down. (B) Quantitative analysis of transwell Matrigel experiments were used to detect the invasion of osteosarcoma cells with
LINCO00691 overexpressed or knocked down. The data are expressed as the mean * SD of three independent experiments. **Indicates P<0.01 compared with the pLVX-
Vector group; “Indicates P<0.01 compared with the pLKO. |-Vector group.
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Figure 4 LncRNA LINCO00691 regulates the migration and invasion of endothelial cells. (A) Transwell Matrigel experiments were used to detect the effect of culture
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HUVECsS in the pLKO.1-LINC00691 group was higher than
that of untreated HUVECs (Figure 4A and B).

LINCO00691 Regulates EMT in

Osteosarcoma Cells

EMT is closely related to tumor metastasis, so we detected if
the expression of EMT-related genes in osteosarcoma cells
was regulated by LINCO00691. qRT-PCR detection results
showed that LINC00691 overexpression promoted the expres-
sion of E-cadherin and inhibited the expression of ZEBI,
Snail, and Fibronectin (Figure 5). In contrast, LINC00691
suppression inhibited the expression of E-cadherin and pro-
moted the expression of ZEBI, Snail, and Fibronectin

(Figure 5).

LncRNA LINCO00691 Functions as
a ceRNA of miR-1256 to Regulate

Osteosarcoma Cells

At present, studies have shown that a ceRNA-related
mechanism is one of the main mechanisms by which
IncRNAs regulate cell function. Therefore, we used bioin-
formatics software to analyze miRNAs with the IncRNA

LINCO00691 binding site and then verified them by RNA
pull down and dual-luciferase reporter analysis. MS2bs
RNA pull down results showed that IncRNA LINC00691
could bind with miR-1256 (Figure 6A). Dual-luciferase
reporter assays showed that IncRNA LINCO00691 could
bind with miR-1256 (Figure 6B). Additionally, we found
in a biotin RNA pull down experiment that miR-1256
could bind with IncRNA LINC00691 (Figure 6C).

LncRNA LINCO00691 Regulates the
Expression of ST5 in a miR-1256-

Dependent Manner

MiRNAs play a role in gene regulation mainly by binding
with the target gene 3'- UTR to inhibit the translation of
the target gene. TargetScan showed the binding site of
miR-1256 with the STS mRNA 3'-UTR (Figure 7A).
Dual-luciferase reporter assays showed that miR-1256
could bind with the 3'-UTR of ST5 mRNA (Figure 7B).
The expression of STS in osteosarcoma cells was detected
by qRT-PCR. qRT-PCR results showed that there was less
expression of STS in osteosarcoma cells than there was in
hBMSCs (Figure 7C). There was no change in ST5S mRNA

submit your manuscript

13176

Dove!

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Wan et al

c

242+ ™= pLVX-Vector

g s pLVX-LINC00691

£10 pLKO.1-LINC00691

:t’ =  pLKO.1-Vector

Z 84

% Je X

£ 67 _xx

3

T 41

S

L:l’ 2 - ok
=

s o-

& u20s Saos-2

5o ™= pLVX-Vector

mm pLVX-LINC00691
pLKO.1-LINC00691 *%

49 pLKO.1-Vector

[

o

I3

13

o

Qo

x

o

< 31

(4

£

F 2]

‘,C’ *k * %
217

s

[

© (-

uU20s Saos-2

N pLVX-Vector
2 m=  pLVX-LINC00691
S 5- pLKO.1-LINC00691
g = plLKO.1-Vector
< 4
E Jk
£ 31 *
2 2-
N *k *k
[
2 14
g j_-.,.i_._ﬁj_
& o
u20s Saos-2
5
‘® 54 ™ pLVX-Vector
e mm pLVX-LINCO0691
S pLKO.1-LINC00691
5 4] mm pLKO.1-Vector o
z ek
['4 -
= 3
£
E Kk * %k
£ 11
[}
2
g o
3 U20s Saos-2

Figure 5 LncRNA LINCO00691 regulates EMT in osteosarcoma cells. The mRNA expression of E-cadherin (A), ZEBI (B), Snail (C), and Fibronectin (D) in osteosarcoma
cells with LINC00691 overexpressed or knocked down was detected by qRT-PCR. The data are expressed as the mean * SD of three independent experiments. *Indicates

P<0.05. **Indicates P<0.01.

expression in osteosarcoma cells when miR-1256 was
overexpressed or knocked down (Figure 7D). Next,
a subcutaneous transplantation tumor model was estab-
lished in nude mice. The results showed that the tumor
volume of the pLVX-LINC00691 group was significantly
smaller than that of the pLVX-vector group; in contrast,
the tumor volume of the pLKO.1-LINC00691 group was
significantly larger than that of the pLKO.1-vector group
(Figure 7E).

Discussion

In recent years, the clinical treatment of osteosarcoma has
encountered a bottleneck, and the effects of therapies
have plateaued. With the rapid development and applica-
tion of molecular biology technology, the molecular
of IncRNAs studied and
clarified.?' LncRNAs not only can assist the early diag-

mechanisms have been
nosis and prognosis evaluation of osteosarcoma but also
can regulate its biological characteristics and chemother-
apy resistance, which means that IncRNAs are expected
to become a new therapeutic target for osteosarcoma
treatment. However, research on IncRNAs is also facing
some challenges, such as the following: (1) the number
of IncRNAs is huge, and the function and mechanism of

IncRNAs are diverse; (2) it is difficult to predict the
function of IncRNAs only by their sequence; and (3) at
present, IncRNAs that have not been characterized may
encode key proteins or polypeptides, which may affect
the functional research of target IncRNAs. Despite these
difficulties, IncRNA 1is still considered the “tomorrow
star” in the field of cancer research. Exploring the impact
of IncRNAs on osteosarcoma and their molecular
mechanisms could be used in the screening of high-risk
patients, reducing incidence rate and mortality, improving
prognosis and survival rate, and providing new ideas and
methods for clinical diagnosis and treatment. In this
study, we found that LINC00691 was downregulated in
osteosarcoma cell lines. Through overexpression and
knockdown of LINCO00691 in osteosarcoma cells, we
found that LINCO00691 can inhibit the proliferation,
migration, and invasion of osteosarcoma cells and that
LINCO00691 can cause Gl phase arrest of osteosarcoma
LINC00691 can promote the proliferation of
osteoma in vivo. We found that LINC00691 can regulate

cells.

the function of miR-1256 and then mediate the expres-
sion of ST5. Our study is the first report on the regula-
tory effect of linc00691 on osteosarcoma and its
regulatory mechanism.
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Figure 6 LINC00691 functions as a ceRNA of miR-1256 to regulate the function of osteosarcoma cells. (A) RNA pull down assays were used to detect the binding of
LINC00691 with miRNA after osteosarcoma cells were transfected with a MS2bs-LINC0069| or MS2bs-RLUC plasmid. (B) Dual-luciferase reporter genes were used to
detect the binding of INcRNA0069| and miR-1256. (C) Biotin miRNA pull down assays were used to detect the binding of IncRNA LINC00691 and miR-1256. *Indicates

P<0.05. **Indicates P<0.01.

In recent years, a variety of IncRNAs have been con-
firmed to be involved in the initiation and progression of
osteosarcoma. LncRNAs sox2-ot, malatl, Thor, panda,
and foxd2-asl have been confirmed to be upregulated in
tumor tissues, and they can regulate the proliferation,
migration, and invasion of osteosarcoma cells; further,
they may be used as biomarkers in the diagnosis of
osteosarcoma.”> >> Bone marrow mesenchymal stem cells
deliver IncRNA PVT1 into osteosarcoma cells by secret-
ing exosomes, and IncRNA PVT1 promotes the expression
of ERG by reducing the ubiquitination level of ERG, thus
regulating the growth and metastasis of osteosarcoma
cells.”® TUSC-7 suppresses the proliferation and migration
of osteosarcoma cells and promotes the apoptosis of osteo-
sarcoma cells by acting as a ceRNA of miR-211.> In this
study, we found that LINC00691 functions as a tumor
suppressor gene that can inhibit the proliferation, migra-
tion, migration, and invasion of osteosarcoma cells.

A IncRNA is a linear RNA that does not encode
a translated protein. A IncRNA could act as a sponge to
buffer and inhibit the expression of its target genes by com-
peting for intracellular miRNAs. It can play a role as
a “miRNA sponge”. Some data show that miRNA sponges
of miRNA activity
eukaryotes.”®*° Previous studies have shown that IncRNAs

are broad regulators in many
can act as endogenous competitive RNAs (competing endo-
genous RNAs, ceRNAs); through competitive binding of
common miRNAs, IncRNAs can regulate the expression of
miRNA targets by downregulating miRNA expression and
activity.’® LncRNAs have specific cell types, tissue types,
developmental stages, and disease-specific expression pat-
terns and locations. They may be effective natural miRNA
sponges under some conditions.>' The IncRNA PCAT6 is an
oncogene in osteosarcoma that functions as a ceRNA for
miR-185-5p.** The IncRNA HIF 1 A-AS2 promotes osteosar-

coma cell proliferation and migration by acting as a ceRNA
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Figure 7 LINC00691 regulation of the expression of ST5 is dependent on miR-1256. (A) TargetScan was used to detect the binding of miR-1256 to the ST5 3'-UTR. (B)
Dual-luciferase reporter genes were used to detect the binding of miR-1256 with the ST5 3'-UTR. (C) The mRNA expression of ST5 in osteosarcoma cells, h(BMSCs, HFF-1
or hFOBI.19 cells, was detected with qRT-PCR. (D) The mRNA expression of ST5 in osteosarcoma cells after transfection with miR-1256 mimics or miR-1256 inhibitors
was detected by qRT-PCR. (E) Three weeks after ectopic inoculation, tumor cells were removed for detection, and there were 5 samples in each group. The data are

expressed as the mean * SD of three independent experiments. **Indicates P<0.01.

for miR-33b-5p to modulate SIRT6.> The IncRNA
MALAT]1 is highly expressed in osteosarcoma tissues and
cells, and it promotes cell growth and tumor progression by
inhibiting miR-376a.** The IncRNA MEGS3 acts as an endo-
genous sponge by binding with miR-127, and ZEB1 is the
target gene of miR-127. When ZEBI1 is overexpressed, miR-
127 is also overexpressed, which promotes cell growth and
metastasis; additionally, miR-127 activates the JNK and Wnt
signaling pathways. In conclusion, their research results
showed that the IncRNA MEG3 promoted the growth and
metastasis of osteosarcoma cells in vitro through miR-127.%
In this study, through bioinformatics analysis, we found that
LINC00691 and multiple miRNAs have binding sites, and
we confirmed that LINC00691 could bind with miR-1256
through RNA pull down experiments. Then, we found that
miR-1256 could regulate the protein expression of ST5
through bioinformatics and luciferase reporter gene detection
analyses. Western blot analysis showed that LINC00691
could regulate ST5 expression and that LINC00691 regu-
lated ST5 protein expression in a miR-1256-dependent man-
ner. In this study, we verified the regulatory effect of the
LINC00691/miR-1256/ST5 signaling pathway on osteosar-

coma cells.

STS, also known as dennd2b, was originally identified by
screening a cDNA expression library of gene products that
inhibit the tumorigenicity of HeLa cells in nude mice. STS is
a differentially expressed regulatory gene in the HeLa/fibro-
blast somatic hybridization system.>® ST5 activates the
MAPK signaling pathway downstream of EGFR and binds
to the adaptor protein Grb2, which contains the SH3 domain,
and Grb2 mediates the transport of EGFR.*>’ Proteins con-
taining the denn domain are regulated by phosphorylation;
for example, AKT phosphorylation of denndla relieves its
self-inhibition and promotes GEF activity.** However, the
regulatory role of ST5 in osteosarcoma cells has not been
reported. We found that STS, as a tumor suppressor gene,
regulates the function of osteosarcoma cells.

In this study, we verified the regulatory mechanism by
which the LINC00691/miR-1256/ST5 signaling pathway
fine-tunes the function of osteosarcoma cells. The
LINC00691/miR-1256/ST5 signaling pathway inhibited
the proliferation, migration, and invasion of osteosarcoma
cells and promoted G1 phase arrest of osteosarcoma cells.
LINCO00691 inhibits the invasion of osteosarcoma cells by
inhibiting EMT. This study will provide new ideas and
targets for the treatment of osteosarcoma.
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