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Purpose: DANCR plays an important role in various types of cancer. However, its role in
gliomas remains unclear. In the present study, we aimed to investigate the mechanism
underlying the role of DANCR in gliomas.

Methods: DANCR expression was measured by qRT-PCR, and expression of LGRS,
PI3K, AKT, and phosphorylated AKT (p-AKT) was detected by western blotting. The
combination of miR-216a and DANCR was quantified by Luciferase reporter assays.
Proliferation, apoptosis and cell cycle, migration and invasion, and angiogenesis of glioma
cells were measured by MTT, flow cytometry, Transwell, and Tube formation assays,
respectively.

Results: DANCR expression was significantly higher in glioma cells than in normal human
astrocytes. Silencing of DANCR inhibited proliferation, migration, invasion, and angiogen-
esis of glioma cells, promoted apoptosis, blocked the cell cycle at the G1/S transition, and
reduced LGRS, PI3K, and p-AKT expression. We identified miR-216a as a direct target of
DANCR. Silencing of DANCR in glioma cells increased miR-216a expression. Further,
miR-216a suppression increased proliferation, migration, invasion, and angiogenesis and
inhibited apoptosis of glioma cells transfected with DANCR-targeting siRNA. In addition,
miR-216a suppression compromised inhibition of the G1/S transition caused by DANCR
silencing. Furthermore, suppression of miR-216a increased accumulation of LGRS, PI3K,
AKT, and p-AKT in glioma cells transfected with DANCR-targeting siRNA.

Conclusion: DANCR modulates growth and metastasis by targeting the miR-216a/LGRS5
axis and PI3K/AKT signaling pathway.
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Introduction

Malignant glioma is an aggressive form of brain tumor with a poor prognosis.'*
Gliomas are usually incurable and often recur.'” The incidence of gliomas has
increased drastically in recent years.’ Understanding the mechanisms underlying
the progression and recurrence of gliomas is of great significance for their treatment.
Recently, cooperation and competition between noncoding RNAs and coding RNAs
have attracted much attention.
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Long noncoding RNAs (IncRNAs) are transcripts of
more than 200 nucleotides (nt) that are not translated into
proteins.® They act as key molecules in the progression of
various human tumors.” IncRNAs function as “microRNA
sponges” and inhibit interactions between microRNAs and
their targets.®” DANCR is located on human chromosome
4; its closest adjacent annotated genes are USP46 and
ERVMER34-1. that
DANCR is upregulated in a variety of cancers, and there-

Recent studies have indicated
fore, is of high diagnostic and clinical value in cancer
therapy.® However, the underlying roles of DANCR in
gliomas remain unclear.

MicroRNAs (miRNAs) are small, noncoding, endogen-
ous, single-stranded RNAs (18-25 nt) that regulate gene
expression. There is increasing evidence that they are
involved in the initiation and progression of various cancers,
including gliomas.” microRNAs also modulate cell survival,
proliferation, migration, invasion, and tumor
angiogenesis.'®!" MicroRNA-216a (miR-216a) is a broadly
conserved miRNA family. Recent studies have demonstrated
that miR-216a plays an inhibitory role in tumor progression
in many cancer types, including gliomas.'>™'> It inhibits
proliferation, migration, and invasion of tumor cells.!3 16

LGRSis a leucine-rich repeat-containing receptor and
a member of the G protein-coupled, 7-transmembrane
receptor superfamily.!” Tt is a receptor for R-spondins
Wnt

pathway.'” LGRS5 plays a role in the formation and main-

and is involved in the canonical signaling
tenance of adult intestinal stem cells during postembryonic
development.'®' Recent studies have indicated that silen-
cing of LGRS inhibits proliferation and angiogenesis in
glioma cells.?*!

In the present study, we investigated the effects of
DANCR on growth and metastasis in glioma cells, and
the mechanisms underlying these effects. We report that
DANCR modulates migration, invasion, and angiogenesis
in glioma cells by targeting the miR-216a/LGRS axis and

PI3K/AKT signaling pathway.

Materials and methods

Cell culture

Human glioma cell lines SHG-44, U87MG, U118MG,
and U251MG were obtained from the American Type
Culture Collection (ATCC; Manassas, Virginia, USA).
The cells were grown in Roswell Park Memorial
Institute (RPMI) 1640 medium supplemented with 10%
fetal bovine serum (FBS) (Gibco/BRL, MD, USA),

100 U/mL penicillin G, and 100 pg/mL streptomycin
(Sigma-Aldrich, St. Louis, MO, USA). Normal human
astrocytes (NHAs) were obtained from ScienCell
(Carlsbad, CA, USA). NHAs were grown in astrocyte
medium (ScienCell) supplemented with 10% FBS
(Gibco/BRL, MD, USA), 100 U/mL penicillin G, and
100 pg/mL streptomycin (Sigma-Aldrich, St. Louis,
MO, USA). The cells were maintained at 37 °C in
a humidified incubator under 5% CO, conditions.

Constructs

To create luciferase reporter constructs containing the wild-
type 3’ untranslated region of DANCR, we amplified the full
length of DANCR and cloned it into a psiCHECK-2 vector
(Promega, Madison, WI, USA). The primers used to amplify
DANCR were as follows: forward, 5'-CCGCTCGAGGCC
CTTGCCCAGAGTCTTCC-3'; reverse, 5-ATAAGAATG
CGGCCGCGTCAGGCCAAGTAAGTTTAT-3'. We created
luciferase reporter constructs containing mutated binding
sites using a QuikChange® Site-Directed Mutagenesis Kit
(StrateGene, La Jolla, CA, USA) with wild-type DANCR as
a template. The primers used to amplify the mutant of
DANCR were as follows: forward, 5'-CACAAGATAAT
ATGTTTCAATAAGTTCACTGTGCCAAAGATAATAA-
A-3; reverse, 5-TTTATTATCTTTGGCACAGTGAAC
TTATTGAAACATATTATCTTGTG-3'. All constructs were
verified by sequencing.

Transfection of siRNAs or miRNAs

The scrambled RNA sequence and DANCR-targeting
siRNAs were obtained from GenePharma Co., Ltd.
(Shanghai, China). The scrambled RNA sequence and
DANCR-targeting siRNA sequences were as follows: si-
NC: 5'-UUCUCCGAACGUGUCACGU-3'; si-DANCR-1:
5'-CTACAGGCACAAGCCATTG-3’; si-DANCR-2: 5'-
GCGTACTAACTTGTAGCAA-3'; and si-DANCR-3: 5'-
GCUGGUAUUUCAAUUGACU-3".
were obtained from GenePharma Co., Ltd. (Shanghai,
China). Further, 2x10* cells were added into 6-well plates
the day before miRNA or siRNA transfection. Next,
100 nM of the miRNAs or siRNAs were transfected into
the cells using Lipofectamine 2000 reagent (Invitrogen),

miR-216a mimics

according to the manufacturer’s instructions. A scrambled
sequence was used as the negative control (NC). The
transfection efficiency of the miRNAs or siRNAs was
determined by quantitative reverse transcription PCR
(qQRT-PCR).
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Quantitative reverse transcription PCR
(qRT-PCR)

Total RNA was extracted using TRIzol reagent
(Ambion, Austin, TX, USA), according to the manufac-
turer’s instructions. Complementary DNA (cDNA) was
used to determine the expression of DANCR synthe-
sized using a PrimeScript™ RT Reagent Kit (TaKaRa,
Shiga, Japan), according to the manufacturer’s instruc-
tions. DANCR expression was determined using an
SYBR® Premix Ex Taq™ II kit (TaKaRa). The glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) gene
served as an internal reference. All experiments were
performed in duplicate and repeated twice. The results
are represented as the fold-induction, which was calcu-
lated using the 27**“T method. The primers used to
determine DANCR expression were as follows:
DANCR forward 5'-GGTTTGTGCGCCCGT
CGCAG-3" and reverse 5-TCCCGCACGCGTGGCCC
GCC-3’; GAPDH forward 5'-GCTCATTTGCAGGGG
GGAG-3' and reverse 5-GTTGGTGGTGCAGGAGGC
A-3'; miR-216a forward 5-TAATCTCAGCTGGCAAC
TGTGA-3" and reverse 5-TCACAGTTGCCAGCTGA

GATTA-3'; and U6 forward 5'-CTCGCTTCGGCAG
CACA-3' and reverse 5'-AACGCTTCACGAAT
TTGCGT-3'".

MTT assays

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazo-
liumbromide (MTT) assays were performed according to
the manufacturer’s protocol. First, 5000 cells/well were
plated in triplicate in 96-well plates. The MTT reagent
was prepared at a concentration of 5 mg/mL in
Phosphate Buffered Saline (PBS). This MTT stock solu-
tion was then added to each well at a 1:10 dilution. The
cells were incubated for 4 h, and the resulting crystals
were dissolved in 100 pL of dimethyl sulfoxide
(DMSO). The absorbance was measured at 490 nm
using a multiwell plate reader.

Cell cycle analysis

For cell cycle analysis, 2x10° glioma cells were seeded
in a 6-well culture plate and grown for 24 h. The cells
were trypsinized, washed twice with cold PBS, and
fixed with cold 70% ethanol at —4 °C overnight. The
cells were then washed twice with PBS and incubated
with 10 mg/mL RNase A, 400 mg/mL propidium iodide

(Sigma-Aldrich), and 0.1% Triton-X in PBS at 25 °C for
30 min. The cells were subsequently analyzed by flow
cytometry.

Cell apoptosis analysis

The glioma cells were digested with trypsin and centri-
fuged at 1,000 rpm for 5 min. In total, 5x10° cells were
collected and suspended in 500 pL of binding buffer.
Subsequently, 5 uL of Annexin V-FITC and 5 pL of
propidium iodide (PI) were added, followed by mixing
at RT in the dark for 15 min. Within 1 h, the apoptotic
cells were detected by flow cytometry. The excitation
and emission wavelengths were 488 nm and 530 nm,
respectively. The green fluorescence of Annexin V-FITC
was detected using the FITC channel; the red fluores-
cence of PI was detected using the PI channel.

Transwell migration and invasion assays
For migration, a Transwell assay was performed using
chambers with polycarbonate filters (pore size, 8 um)
(Becton Dickinson Labware). For invasion, a Transwell
assay was performed using chambers with Matrigel and
polycarbonate filters (pore size, 8 um). First, U251MG
and SHG-44 cells were harvested 24 h after miRNA
transfection, and 5x10* transfected cells were added to
200 uL of 0.1% serum medium in the upper chamber.
The lower chamber was filled with 10% FBS medium
(600 pL). After 24 h of incubation and removal of the
cells from the upper chamber of the filter using a cotton
swab, the cells on the underside were fixed with 4%
paraformaldehyde, stained with 0.1% crystal violet in
20% ethanol, and counted in five randomly selected
fields under a phase-contrast microscope. The migrated
or invasive cells were monitored by photographing at
200% magnification with a LEICA microscope. The
assays were performed in triplicate.

Tube formation assays

The Matrigel was incubated on ice at 4 °C, and 150 pL
of the pre-cooled Matrigel were transferred onto a 48-
well plate maintained on ice. The Matrigel was allowed
to solidify at 37 °C for 30 min. Subsequently, glioma
cells were collected, counted, and diluted to a density of
4x10° cells per mL of cell culture medium. Further,
200 pL of the cell resuspension were transferred to
a 48-well plate, and the plate was incubated at 37 °C
in a 5% CO, atmosphere for 3-30 h. Finally, tube sizes

OncoTargets and Therapy 2019:12

submit your manuscript

244|

Dove


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

Wang et al

Dove

and numbers were determined under a microscope, and
photographs were taken of each well. The tube sizes
were determined using the Image J software.

Western blot analysis

Western blot analysis was performed according to stan-
dard western blot procedures. First, the proteins were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) using 10%
gels. Following, the protein bands were transferred

acrylamide

onto nitrocellulose membranes (Bio-Rad, Hercules, CA,
USA). After being blocked using 5% nonfat milk, the
membranes were incubated with the following primary
antibodies from Abcam, Cambridge, UK: rabbit anti-
LGRS polyclonal antibodies (ab75732; 1:1,000), rabbit
anti-PI3K antibodies (ab151549; 1:1,000), rabbit anti-
phosphorylated AKT (p-AKT) antibodies (ab38449;

1:500), rabbit anti-AKT antibodies (ab185633;
1:2,500), and rabbit anti-GAPDH antibodies
(ab181603; 1:9,000). The proteins were visualized

using enhanced chemiluminescence reagents (Pierce,
Rockford, IL, USA).

Luciferase reporter assays

The U-251 MG and SHG-44 cells were seeded into 96-
well plates at a density of 6,000 cells per well the day
before transfection. A mixture of 100 ng of the lucifer-
ase reporter constructs (psiCHECK2-DANCR-wt or
psiCHECK2-DANCR-mutant) and 100 nM of the NC
or miR-216a mimic was transfected into the U-251 MG
and SHG-44 cells using Lipofectamine 2000. Firefly and
Renilla luciferase activities were measured 36 h later
using a Dual-Luciferase Reporter System (Promega),
according to the manufacturer’s protocol.

Statistical analysis

Data are shown as the mean + SD, unless otherwise
noted. Independent-Samples ¢-test was used to analyze
statistical differences between groups. P-values <0.05
were considered statistically significant.

Results
DANCR is highly expressed in glioma

cells

gRT-PCR was used to investigate DANCR expression in
the NHA, SHG-44, US7MG, U118MG, and U251MG
cells. Expression levels of DANCR in the glioma cell
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Figure | High expression of differentiation antagonizing nonprotein coding RNA
(DANCR) in glioma cells.

Notes: Quantitative reverse transcription PCR (qRT-PCR) analysis was used to
determine the mRNA expression levels of DANCR in normal human astrocytes
(NHAs) and in cells of the glioma cell lines U-87 MG, U-118 MG, U-254 MG, and
SHG-44. Endogenous expression of DANCR was higher in glioma cells than in the
NHAs. Data are shown as the mean  SD. **P<0.001 vs NHAs.

lines SHG-44, U87MG, U118MG, and U251MG were
higher than those in the NHAs (Figure 1). Further,
DANCR expression levels were the highest in the
U25IMG and SHG-44 cells (Figure 1). Therefore,
U251MG and SHG-44 cells were used in subsequent
experiments.

Silencing of DANCR inhibits proliferation,
migration, invasion, and angiogenesis in

glioma cells

To further explore the role of DANCR in glioma cells, we
investigated the effects of silencing DANCR on growth
and metastasis in glioma cells. We suppressed the expres-
sion of DANCR using specific DANCR-targeting siRNAs.
DANCR expression levels were significantly inhibited
after transfection with si-DANCR-1, si-DANCR-2, and si-
DANCR-3 (Figure 2A). Additionally, DANCR expression
levels were the lowest in the si-DANCR-2-transfected
cells (Figure 2A). Therefore, si-DANCR-2 was used in
subsequent experiments (Figure 2B). The results showed
that silencing of DANCR inhibited proliferation (Figure
3A), increased apoptosis (Figure 3B and E) and the num-
ber of glioma cells in the G1 phase, and decreased the
number of glioma cells in the S phase (Figure 3C and D)
in both U251MG and SHG-44 cells. Results also indicated
that silencing of DANCR-2 reduced migration (Figure
4A), invasion (Figure 4B), and angiogenesis (Figure 4C)
in both U251MG and SHG-44 cells. These results showed
that silencing of DANCR inhibited growth and metastasis
in glioma cells.
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Figure 2 Endogenous expression levels of differentiation antagonizing nonprotein coding RNA (DANCR) in glioma cells.

Notes: U-251 MG cells transfected with different concentrations (20 nM, 50 nM, and 100 nM) of negative control (si-NC), si-DANCR-I, si-DANCR-2, and si-DANCR-3
were examined by quantitative reverse transcription PCR (qRT-PCR) analysis (A). Subsequently, expression levels of DANCR in U251MG and SHG-44 cells transfected with
si-DANCR-2 were analyzed by qRT-PCR (B). Data are shown as the mean + SD. **P<0.001 vs si-NC.
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Figure 3 Effects of differentiation antagonizing nonprotein coding RNA (DANCR) silencing on proliferation, apoptosis, and cell cycle.

Notes: (A) Silencing of DANCR inhibited glioma cell proliferation. (B) Silencing of DANCR increased apoptosis of glioma cells. The bar graph represents the quantification
of apoptotic cells per group. (C) Silencing of DANCR blocked the G1/S transition of glioma cells. (D) Representative image of cell cycle analysis. The bar graph represents
the quantification of GI, S, and G2 cells per group. (E) Representative image of apoptosis analysis. Data are shown as the mean * SD. ***P<0.001 vs si-NC.
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reduced angiogenesis of glioma cells (100%). **P<0.001 vs si-NC.

miR-216a is a direct target of DANCR

We screened the downstream targets of DANCR using
the online program StarBase to determine the mechan-
isms underlying DANCR function in glioma cells.
Several potential targets were identified, and miR-
216a was chosen. We found one binding site for miR-
216a in DANCR (Figure 5A). We created a luciferase
reporter construct containing this binding sequence, ie,
psiCHECK-DANCR-wt 5B). The dual-
luciferase reporter assay revealed that relative lucifer-

(Figure

ase activities in the miR-216a group were lower than
those in the NC group, which indicated that miR-216a
had bound to DANCR (Figure 5C). To further prove
binding specificity, we created a luciferase reporter

construct containing a mutated DANCR binding
sequence, ie, psiCHECK-DANCR-mutant (Figure 5A).
The binding sequence in the DANCR was mutated to
“ATGTTTCAATAAGTTCACTGTGCCA.” We found
that miR-216a-binding
DANCR compromised binding between miR-216a and
DANCR (Figure 5D). These data demonstrate that
miR-216a is a direct target of DANCR.

Furthermore, we found that miR-216a expression in
the glioma cell lines SHG-44, US7MG, U118MG, and
U251MG, particularly in SHG-44 and U251MG, were
significantly lower than those in the NHAs (Figure SE).
We also examined miR-216a expression levels in
U251MG and SHG-44 cells transfected with si-

mutation of the site in
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Figure 5 miR-216a is a direct target of differentiation antagonizing nonprotein coding RNA (DANCR) in glioma cells.

Notes: (A) miR-216a binding site in DANCR and mutated luciferase reporter construct containing DANCR. (B) Schematic diagram of the luciferase reporter construct
containing DANCR. (C) Luciferase activities in glioma cells transfected with the psiCHECK-DANCR-wt and negative control (NC) mimics or miR-216a mimics, **P<0.01.
(D) Luciferase activities in glioma cells transfected with the psiCHECK-DANCR-mutant and NC or miR-216a mimics. (E) miR-216a expression in normal human astrocytes
(NHAs) and cells from glioma cell lines U-87 MG, U-118 MG, U-254 MG, and SHG-44, **P<0.01, ***P<0.001 vs NHA. (F) Silencing of DANCR increased miR-216a
expression in glioma cells. ***P<0.001. (G) Suppression of DANCR reduced expression levels of LGRS, PI3K, and p-AKT in glioma cells.

DANCR-2. We found that silencing of DANCR
increased miR-216a expression in U251MG and SHG-
44 cells (Figure SF). These findings support our pre-
vious finding that miR-216a is a downstream target of
DANCR.

We examined the effects of silencing DANCR on
LGRS expression to verify that miR-216a is a direct
target of DANCR. LGRS is a downstream target of
miR-216a.'> miR-216a downregulates LGRS in glioma
cells.'? We found that silencing DANCR reduced LGRS
expression (Figure 5G). We also examined the effects of
silencing DANCR on the PI3K/AKT signaling pathway.
The PI3K/AKT signaling pathway is involved in migra-
tion, invasion, and angiogenesis of tumor cells. We
speculated that LGRS was involved in activation of the
PI3K/AKT signaling pathway. We found that silencing
DANCR decreased expression of PI3K and phosphory-
lated AKT (p-AKT), but it did not affect AKT expres-
sion (Figure 5G). These results support our previous
findings and indicate that miR-216a is a direct target
of DANCR.

miR-216a suppression reverses effects of
DANCR silencing on growth and

metastasis in glioma cells

Additionally, we investigated the effects of miR-216a sup-
pression on growth and metastasis in si-DANCR-2-trans-
fected glioma cells. First, we found that miR-216a
expression was significantly inhibited by transfection of
a miR-216a inhibitor in si-DANCR-2-transfected
U-251 MG and SHG-44 cells (Figure 6A). Our data
showed that suppression of miR-216a increased migration
(Figure 6B), invasion (Figure 6C), and angiogenesis
(Figure 6D) in si-DANCR-2-transfected glioma cells.
Our data showed that miR-216a silencing increased pro-
liferation (Figure 7A), decreased apoptosis (Figure 7B and
D), and blocked the G1/S transition of the cell cycle
(Figure 7C and E) in si-DANCR-2-transfected
U-251 MG and SHG-44 cells. These findings indicate
that miR-216a silencing reverses the inhibitory effects of
DANCR silencing on growth and metastasis in glioma
cells.
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Figure 6 miR-216a suppression compromises inhibitory effects of differentiation antagonizing nonprotein coding RNA (DANCR) silencing on migration, invasion, and

angiogenesis in glioma cells.

Notes: (A) miR-216a expression in glioma cells transfected with si-DANCR-2 and negative control (NC) or miR-216a inhibitor. (B) miR-216a suppression increased
migration of glioma cells transfected with si-DANCR-2. (C) miR-216a suppression increased invasion of glioma cells transfected with si-DANCR-2. (D) miR-216a
suppression increased angiogenesis in glioma cells transfected with si-DANCR-2. E, miR-216a suppression increased expression levels of LGRS, PI3K, and p-AKT in glioma

cells transfected with si-DANCR-2. **P<0.001.

Further, we found that miR-216a silencing increased
expressions of LGRS, PI3K, and p-AKT, but it did not
change AKT expression in si-DANCR-2-transfected
U-251 MG and SHG-44 cells (Figure 6E). These findings
indicate that miR-216a suppression reverses the inhibitory
effects of DANCR silencing on LGRS expression and key
molecules of the PI3K/AKT signaling pathway.

Discussion

Understanding the causes of glioma at the genetic level is
very important for its treatment. There is increasing evi-
dence that IncRNA, miRNA, and mRNA constitute
a competitive RNA network that regulates the occurrence
and development of tumors.”**? According to this theory,
IncRNAs function as “miRNA sponges” and inhibit inter-
actions between miRNA and its downstream targets.® In
the present study, we reported the function of DANCR as
an “miRNA sponge” that inhibits miR-216a. Specifically,
miR-216a inhibition resulted in increased expression of its
downstream target LGRS. DANCR, miR-216a, and LGR5
constitute a network that regulates the growth and metas-
tasis of glioma cells.

The IncRNA DANCR plays important regulatory roles in
many solid tumors.®!>**"%> Overexpression of DANCR was
observed in gliomas and associated with advanced tumor
grade.”>*>27 Li et al reported that DANCR positively affected
glioma progression via activation of the Wnt/beta-catenin
signaling pathway.*® Ma et al reported that DANCR modu-
lated cisplatin resistance via activation of the AXL/PI3K/Akt/
NF-kB signaling pathway in gliomas.”> DANCR influences
proliferation, migration, and invasion of tumor cells through
the regulation of multiple target miRNAs rather than a single
miRNA. DANCR can regulate different target genes in differ-
ent pathophysiological contexts. It promotes tumor progres-
sion and cancer stemness in osteosarcoma by targeting miR-
33a.® DANCR exerts oncogenic functions in non-small cell
lung cancer via miR-758-3p,>* and targets miR-634 and miR-
33a-5p in glioma cells.? It may regulate different targets in the
same disease.

Several miRNAs, including miR-33a,%** miR-33b,?* miR-
206, miR-216a,"> and miR-1305,% have been identified as
targets of DANCR. In gliomas, miR-33a and miR-634 have
been proven to be direct targets of DANCR.?>*” miR-216a
was first identified as a target of DANCR in lung cancer."
Zhen et al reported that the miR-216a levels in lung cancer
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Figure 7 miR-216a suppression compromises effects of differentiation antagonizing nonprotein coding RNA (DANCR) silencing on proliferation, apoptosis, and cell cycle.
Notes: (A) miR-216a suppression compromised the inhibitory effect of si-DANCR-2 on glioma cell proliferation. (B) miR-216a suppression compromised the promoting
effect of si-DANCR-2 on apoptosis. The bar graph represents the quantification of apoptotic cells per group. (C) miR-216a suppression compromised the blocking effect of
si-DANCR-2 on the GI/S transition of the cell cycle. The bar graph represents the quantification of GI, S, and G2 cells per group. (D) Representative image of cell
apoptosis. (E) Representative image of cell cycle analysis. Data are shown as the mean + SD. **P<0.001 vs si-NC.

cells were negatively correlated with DANCR expression, and
that DANCR promoted lung cancer by suppressing miR-
216a."> However, the study on lung cancer did not reveal
how DANCR regulated miR-216a. In the present study, we
showed that DANCR modulates growth and metastasis of
glioma cells by targeting the miR-216a/LGRS5 axis and
PI3K/AKT signaling pathway. This finding improves our
understanding of the effect of DANCR on miR-216a.

LGRS is an effector of Wnt/R-spondin signaling,'” and is
involved in maintaining stemness in cancer stem cells.'™'" It is
a marker of stem cells and a modulator of stem cell
activities."®'® The crucial role of LGR5 in growth and

metastasis of tumor cells has been demonstrated by various
researchers.’®*! Jia et al reported that LGRS facilitated prolif-
eration, colony formation, and migration of colorectal carci-
noma cells.”’ Our finding proves that silencing DANCR
suppresses growth and metastasis in gliomas by modulating
miR-216a and downregulating LGRS expression. Our results
are consistent with previous findings and indicate the crucial
role of LGRS in glioma angiogenesis.

Owing to the crucial role of LGRS in cancer, many
miRNAs modulate the biological function of tumor cells by
targeting LGR5.°**' miR-142-3p functions as a tumor sup-
pressor by targeting CD133, ABCG2, and LGRS in colon

OncoTargets and Therapy 2019:12

submit your manuscript

2447

Dove


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

Wang et al

Dove

DANCR T

L

miR-216a l

I LGR5

Figure 8 Graphical sketch of the expression and inhibition of different pathways.

cancer cells.** miR-363 modulates LGRS expression in color-
ectal cancer by downregulating GATA®, a transcription factor
that directly enhances LGRS expression.*! Our findings reveal
that DANCR modulates LGRS expression by inhibiting miR-
216a, which is a negative regulator of LGRS.

In the present study, we show that DANCR regulates the
PI3K/AKT signaling pathway. However, the mechanism by
which this regulation takes place remains unclear. We specu-
lated that the PI3K/AKT signaling pathway operates down-
stream of LGRS5. LGRS is a member of the G protein-
coupled, 7-transmembrane receptor superfamily.
Extracellular signaling molecules bind to G protein-coupled
receptors and affect glioma cells by activating several signal
transduction pathways. We speculated that LGRS is involved
in the activation of the PI3K/AKT signaling pathway.
However, in the present study, we failed to show evidence
of how LGRS is involved in the activation of the PI3K/AKT
signaling pathway. We speculate that extracellular signaling
molecules bind to LGRS (the G-protein coupling receptor)
on the cell surfaces to activate PI3K. According to previous
findings, activated PI3K generates a second messenger called
PIP3 in the cell membrane.>*>* PIP3 and intracellular pro-
teins contain a Pleckstrin homology domain structure that
binds AKT to a phosphoinositide-dependent protein kinase
(phosphoinositide-dependent  kinase-1, PDK1).*>* This
event promotes Ser308 phosphorylation of the AKT protein
by PDK 1, which activates AKT.>** In a subsequent study,
we will investigate the mechanism underlying the effect of
LGRS on the activation of the PI3K/AKT signaling pathway.

Cytoplasm

PI3K/AKT T
signaling pathway

Glioma
cell

Represent up-regulated expression

l Represent down-regulated expression

J_ Represent inhibit

Conclusion

We provide in vitro evidence that DANCR modulates the
growth and metastasis of glioma cells by targeting the miR-
216a/LGRS axis and PI3K/AKT signaling pathway (Figure 8).
DANCR inhibition could be a therapeutic strategy for gliomas.
However, there are still several problems to be solved. Further
studies are required to determine how DANCR and its target
miR-216 can be modulated to suppress tumor growth in vivo
and to ascertain the role of DANCR in the diagnosis and
prognosis of gliomas.
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