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Purpose: Differentially expressed long non-coding ribonucleic acids (IncRNAs) have been
reported as a key factor of glioma carcinogenesis, but the underlying mechanism involved is
still unknown.

Materials and methods: In the present study, IncRNA HOXC13 antisense RNA (HOXC13-
AS) was identified as a potential oncogene in glioma, and Western blotting, wound healing and
Transwell assays were carried out to explore the effects of HOXC13-AS on the epithelial-mesench-
ymal transition (EMT) process as well as the migration and invasion of glioma cells.

Results: A further mechanistic study showed that HOXC13-AS sponged miR-122-5p to
indirectly regulate SATB1 expression and affect the EMT process via the Wnt/B-catenin
pathway. Meanwhile, the promoter activity was significantly increased via c-Myc, a key
factor of the Wnt/B-catenin pathway, thus forming a positive HOXC13-AS-miR-122-5p-
SATB1-c-Myc feedback loop to drive the malignant behavior in glioma.

Discussion: This study evidences the constitutive HOXC13-AS-miR-122-5p-SATB1-c-Myc
feedback loop and provides a potential therapeutic target for glioma treatment.

Keywords: HOXC13-AS, epithelial-mesenchymal transition, competing endogenous RNA,
miR-122-5p, glioma

Introduction
Glioma has been considered as the most common primary tumor in the brain of
adults with the highest malignancy, in which glioblastoma is the most aggressive
and lethal type.'” Despite that the multimodal therapeutic strategy has been
improved over the past decades, the prognosis of glioma patients remains
unoptimistic.>* Thus, it is urgent to explore the mechanism of strong invasiveness
of glioma and develop new treatment strategies.

Long non-coding ribonucleic acids (IncRNAs) refer to a series of non-protein
transcripts with more than 200 bp in length.’ In the past decade, multiple studies have
focused on the biological processes of cancer including proliferation,® migration,’

8 angiogenesis,” and chemoresistance.'® Proposed by Salmena and collea-

invasion,
gues in 2011, competing endogenous RNA (ceRNA) is a crucial mechanism of
IncRNAs,"" based on which IncRNAs indirectly regulate target genes via forming
RNA-induced silencing complex (RISC) with RNA-binding proteins,”'* and the
IncRNA-miRNA-mRNA network has been validated in several human cancers
including glioma.®'? Although multiple IncRNAs have been annotated, there

remains a need to investigate the biological function and the potential mechanisms
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of IncRNAs in glioma. HOXCI13 antisense RNA
(HOXC13-AS), located on 12q13.13, is a gene accelerating
tumor progression in breast cancer'* and nasopharyngeal
carcinoma.'> However, the biological role and potential
mechanism of HOXC13-AS in glioma remain unclear.

Epithelial-mesenchymal transition (EMT) is a common
mechanism in tumors. by which cells lose their epithelial
characteristics and form highly invasive and migratory
phenotypes.'®!” Therefore, EMT plays a pivotal role in
tumor progression.'® Tumor cells and matrix components
collaboratively participate in the malignant progression
and recurrence of glioma.'” Hence, studies on the EMT
process are essential to suppress the malignant progression
of glioma.

In the present research, a novel IncRNA, HOXC13-AS,
was reported as an oncogene in glioma. HOXC13-AS down-
regulation repressed the migration, invasion and EMT process
of glioma cells. Mechanistically, HOXC13-AS regulated the
SATBI expression via sponging miR-122-5p, and the Wnt/B-
catenin pathway was involved in the biological role of
HOXC13-AS. Interestingly, c-Myc, the target gene of the
Wnt/B-catenin pathway could bind to the promoter region of
HOXC13-AS and regulate the expression of HOXC13-AS at
the transcription level, thereby forming a positive feedback
loop.

Materials and methods

Tissues and cell lines

Twenty glioma tissue samples and seven cerebral trauma
samples (non-neoplastic brain tissues, NBTs) were col-
lected from the Department of Neurosurgery, Huzhou
Central Hospital. The study was approved by the Ethics
Committee of Huzhou Central Hospital and all patients
were required to sign the informed consent. All patients
clinical information were listed in Table S3. Normal
human astrocytes were purchased from ScienCell
Research Laboratories (Carlsbad, USA) and maintained
using astrocyte medium (Carlsbad, USA) supplemented
with 10% fetal bovine serum (FBS) and 1% antibiotics
(penicillin and streptomycin). Glioma cell lines (LN229,
U251, U87 and U118) were bought from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China) and
N3 primary glioma cell was obtained from Tianjin Medical
University. All glioma cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) and incubated with 5%
CO, at 37 °C. The use of N3 glioma cell line was approved
by Ethics Committee of Huzhou Central Hospital.

Stable cell transfection and establishment
For stable transfection, lentiviruses carrying HOXC13-AS
knockdown sequence (shHOXC13-AS) or control sequence
(shCtrl) were packaged into LN229 and N3 cells via lenti-
viral packaging kit (Genechem Shanghai, China) according
to manufacturer’s instructions and selected with puromycin
at 2 days after transfection. For transient transfection, miR-
122-5p mimics (miR-122-5p), control mimics, miR-122-5p
inhibitor (anti-miR-122-5p) and inhibitor control were pur-
chased from RiboBio (Guangzhou, China). SATB1 small
interfering RNA (siSATB1), control siRNA (siCtrl), c-Myc
siRNA (si-c-Myc) and control small interfering RNA
(siRNA) (siCtrl) were bought from Genechem (Shanghai,
China). RiboFECT CP Transfection Kit (Ribobio,
Guangzhou, China) was employed for transient transfection
according to manufacturer’s instructions. All sequences
were listed in Table S1.

RNA extraction and quantitative real-time

polymerase chain reaction (QRT-PCR)

The total RNA of glioma was extracted using Total RNA
Kit I (Omega Bio-tek, GA, USA) based on the manufac-
turer’s instructions, followed by qRT-PCR analysis using
SYBR Premix ExTaq (Takara). U6 was used as a negative
control. Primers for HOXC13-AS, miR-122-5p and B-actin
were purchased from RiboBio (Guangzhou, China). ABI
7500 RT-PCR system was utilized for gqRT-PCR. The data
were determined using 27 AAC method. All primer

sequences were listed in Table S2.

The separation of nuclear and

cytoplasmic fractions

The separation of nuclear and cytoplasmic fractions were
performed using Ambion®™ PARIS™ system (Thermo Fisher,
Shanghai, China) according to manufacturer’s instructions.
After RNA extraction, qRT-PCR analysis were performed
using SYBR Premix ExTaq (Takara). Primers for HOXC13-
AS, PB-actin and U6 were purchased from RiboBio
(Guangzhou, China).

Western blotting assay

Western blotting assay was conducted as described
previously." Antibodies against SATB1, Vimentin, N-cad-
herin, c-Myc and B-actin were purchased from Cell Signaling
Technology (Danvers, MA, USA).
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Wound healing and Transwell assays
Wound healing and Transwell assays were performed as
described above. '’

In vitro three-dimensional (3D) invasion

assay
Collagen 1 gels, purchased from Inamed (Fremont, CA,
USA), were pre-treated with NaOH and mixed liquor
containing DMEM and 10% FBS. LN229 and N3 glioma
cells aggregated and were implanted into 3D collagen 1
gels.?® Finally, Nikon ECLIPSE E800 fluorescence micro-
scope system was used to observe the results.

Dual-luciferase assay

Luciferase report plasmid carrying wild type (WT) or
mutant (MUT) HOXC13-AS or SATBI sequences were
compound by Genechem (Shanghai, China). Control
mimics or miR-122-5p mimics were co-transfected with
related luciferase report plasmids into LN229 and N3
glioma cells. The luciferase assay was implemented using
Dual-Luciferase Kit (Promega, Wisconsin, USA) and luci-
ferase activities were analyzed by Dual Luciferase Reporter
Assay System (Promega, Wisconsin, USA).

RNA immunoprecipitation (RIP) assay
LN229 and N3 glioma cells were treated with magnetic
beads pre-conjugated with Argonaute2 (Ago2) antibody.
Normal mouse IgG functioned as a negative control. RIP
RNA-Binding Protein Immunoprecipitation Kit (Millipore,
Billerica, MA, USA) was utilized for RIP assay in accor-
dance with the manufacturer’s protocol.

Chromatin immunoprecipitation (CHIP)

assay
CHIP Kit (Millipore, Massachusetts, USA) was employed
for CHIP assay in line with the manufacturer’s protocol.
The chromatins of N3 and LN229 were conjugated with
3 ng c-Myc antibodies, followed by detection of immuno-
precipitated DNA via RT-PCR.

Statistical analysis

All results were analyzed by Graphpad Prism 7 (La Jolla,
CA, USA) and SPSS 22.0 software (IBM, Corp., Armonk,
New York, USA). Data were evaluated by Student’s #-test
or ANOVA and expressed as mean + standard deviation
(SD). p<0.05 represented that the difference was statisti-
cally significant.

Results
HOXCI3-AS was highly expressed in
glioma and affects the malignant

phenotype of glioma

It was found from TCGA database that there was a high
HOXC13-AS level in high-grade glioma (HGG) compared
with low-grade glioma (LGG) (Figure 1A) and high
HOXC13-AS level represented poor prognosis (Figure 1B),
indicating that HOXC13-AS may function as an oncogene in
glioma, which was confirmed by HOXC13-AS expression
level detected via qRT-PCR analysis. To confirm the results
of bioinformatics analysis, 20 glioma tissues and 7 NBTs
obtained from 7 cerebral trauma patients were selected, and
the HOXC13-AS level was analyzed by qRT-PCR. The
results showed that glioma tissues had a higher HOXC13-
AS level (Figure 1C), and the same results were also obtained
in glioma cells (Figure 1D). The above data indicate that
HOXC13-AS may act as a tumor stimulator in glioma.

To further investigate the biological function of
HOXCI13-AS, its expression was knocked down by lenti-
viruses in LN229 and N3 cells (with a high HOXC13-AS
level, Figure 1D), and qRT-PCR analysis confirmed the
knockdown efficiency (Figure S1A). On account of the
reduction of epithelial cells, E-cadherin was poorly
expressed in glioma,' so the changes in N-cadherin and
Vimentin expressions were tested to analyze the EMT
process in glioma. As expected, the protein levels of N-
cadherin and Vimentin were markedly down-regulated
after the reduction of HOXC13-AS in N3 and LN229
cells (Figure 1E). As the EMT process is always accom-
panied by the changes in cell migration and invasion,
wound healing and Transwell assays were conducted in
both N3 and LN229 cells. It was discovered that knock-
down of HOXC13-AS delayed wound healing and the
decrease of invasive cell number, which indicated the
reduction of mobility and invasiveness of glioma cells
(Figure 1F and G). Briefly, the above findings denote
that HOXCI13-AS promotes migration, invasion and
EMT process in glioma.

HOXC3-AS acts as a molecular sponge
for miR-122-5p to regulate SATBI

expression

Based on the ceRNA hypothesis, the function of IncRNAs is
related to their intracellular localization. This study
revealed that HOXC13-AS was mainly located in the
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Figure | HOXCI3-AS is up-regulated in glioma and promotes glioma malignant phenotype. (A) Relative expression of HOXCI3-AS in LGG and HGG in TCGA database.
(B) Kaplan-Meier overall survival according to HOXCI3-AS expression levels. (C) Relative expression of HOXCI3-AS in NBTs and glioma tissues measured using gRT-PCR.
(D) Relative expression of HOXC13-AS in NHAs and glioma cells detected by qRT-PCR. (E) The protein level of N-cadherin and Vimentin are detected by Western blotting
assay after HOXCI3-AS knockdown, with B-actin as a loading control. (F) Wound healing assay is performed in LN229 and N3 cells to detect migration ability after
HOXCI3-AS knockdown. (G) Transwell assay is carried out in LN229 and N3 cells to detect invasion ability after HOXCI3-AS knockdown. Each experiment is carried out

for three times, and data are expressed mean + SD. **p<0.01, **p<0.001.

cytoplasm in glioma cells (Figure 2A), which suggested that
HOXC13-AS may function as a ceRNA to regulate the
malignant phenotype of glioma. Besides, bioinformatics
analysis (DIANA tools, http://diana.imis.athena-innova
tion.gr/DianaTools/index.php?r=site/index and miRcode,
http://www.mircode.org/) demonstrated that miR-122-5p
was present in both two databases (Figure S2A), indicating
that miR-122-5p is a predict target for HOXC13-AS.
Meanwhile, miR-122-5p was down-regulated in HGG com-
pared with LGG in CGGA database (Figure S2B). To clar-
ify whether miR-122-5p binds directly to HOXCI13-AS,
dual-luciferase report gene assay was performed, which
showed that miR-122-5p-mediated suppression of lucifer-
ase activity was inhibited by HOXC13-AS mutation (Figure
2B). Moreover, RIP was conducted using antibody against
Ago2, the key factor of RISC. As expected, HOXC13-AS
and miR-122-5p were present in Ago2 precipitates (Figure
2C) and knockdown of HOXCI13-AS up-regulated miR-
122-5p (Figure 2D). All in all, the above findings imply
that HOXC13-AS suppresses the miR-122-5p expression
through RISC-dependent manner.

In order to verify whether miR-122-5p participates in
HOXC13-AS-mediated migration and invasion of glioma
cells, miR-122-5p was overexpressed or knocked down in
glioma cells with reduced HOXC13-AS. After that, wound
healing and 3D-spheroid invasion assays were employed
to analyze the mobility and invasiveness of glioma cells.
The results manifested that the knockdown of HOXC13-
AS regulated the migration and invasion of glioma cells,
which could be suppressed by miR-122-5p overexpression
but facilitated by miR-122-5p inhibition (Figures 2E, F
and S2C).

HOXCI 3-AS indirectly regulated the

SATBI| expression

To further analyze the ceRNA network between HOXC13-
AS, miR-122-5p and its targets gene in glioma, 5 bioinfor-
matics websites (DIANA, miRanda, miRDB, miRwalk and
Targetscan) were used to predict the potential target genes of
miR-122-5p. According to the results, SATB1, a well-defined
oncogene, is involved in all these databases (Figure 3A). In
addition, SATB1 was identified to be a directly target of
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Figure 2 HOXCI3-AS accelerates glioma progression through sponging miR-122-5p. (A) RNA expression level in nuclear and cytoplasm of glioma cells are analyzed by qRT-PCR.
U6 (nuclear retained) and B-actin (exported to cytoplasm) are used as controls. (B) Left: schematic representation of the miR-122-5p binding site (WT) in HOXCI 3-AS and the site
mutagenesis (MUT). Right: The luciferase reporter plasmids containing WT or MUT HOXCI13-AS are co-transfected into LN229 and N3 glioma cells with miR-122-5p mimics in
parallel with an empty vector. (C) RNA levels in immunoprecipitates are presented as fold enrichment in Ago2 relative to IgG immunoprecipitates. (D) The expression level of miR-
122-5p in HOXCI 3-AS knockdown glioma cells is determined by qRT-PCR. (E) HOXC13-AS-knockdown glioma cells are transfected with miR-122-5p inhibitor or miR-122-5p
mimics and the migration ability is examined by wound healing assay. (F) HOXCI3-AS-knockdown glioma cells are transfected with miR-122-5p inhibitors or miR-122-5p mimics,
and the invasion ability is detected by 3-D invasion assay. Each experiment is carried out for three times, and data are expressed mean + SD. *p<0.05, **p<0.01.

miR-122-5p via dual-luciferase report gene assay (Figure 3B).
pGL3-basic-SATB1, miR-122-5p
HOXC13-AS overexpression plasmids were co-transfected
into HEK293T cells. The enhanced luciferase activity has a
relationship with HOXC13-AS in a dose-dependent manner,
indicating that HOXC13-AS sequester miR-122-5p and stabi-
lize SATBI1-mediated luciferase activity. Moreover, it was
discovered that knockdown of HOXC13-AS decreased the
SATBI expression, and the SATB1 protein level suppressed
by shHOXCI13-AS was rescued by miR-122-5p inhibitors
(Figure 3D and E). Wound healing and 3D-spheroid invasion

Subsequently, and

assays were conducted to detect the biological role of SATB1
in glioma cells. N3 and LN229 cells were transfected with
SATB1 siRNA (Figure S3A), and the results showed that the
migration and invasion abilities of glioma cells were signifi-
cantly reduced after SATB1 depletion (Figure 3F and G). The
above results evidence the presence of the HOXC13-AS/miR-
122-5p/SATBI axis in glioma.

HOXCI3-AS and c-Myc formed a

positive feedback loop

Several studies have reported that SATB1 can regulate
tumor progression via the Wnt/p-catenin pathway.”> In
order to investigate the involvement of Wnt/B-catenin
pathway in the HOXC13-AS-induced tumorigenic effects,
the protein levels of N-cadherin, Vimentin, B-catenin as
well as c-Myc, a target gene of Wnt/B-catenin pathway
were examined. It was found that HOXC13-AS knock-
down suppressed N-cadherin, Vimentin, B-catenin and c-
Myc expression levels, implying that HOXC13-AS may
regulate EMT process via the Wnt/B-catenin pathway
(Figure 4A). What’s interesting was that JASPAR database
(http://jaspar.genereg.net/) denoted that c-Myc had the
potential to bind to the promoter area of HOXC13-AS.
To confirm this conjecture, c-Myc was knocked down by
siRNA (Figure 4B), and the expression level of HOXC13-
AS was analyzed. The results manifested that the depletion
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of c-Myc caused the decrease of HOXC13-AS (Figure
4C). Then we scanned the promoter region of HOXC13-
AS and found that there were three potential binding sites
of c-Myc (Figure 4D). To better elucidate the binding of c-
Myc and HOXC13-AS promoter region, CHIP assay was
conducted, and it was observed that only putative site 1
had PCR production, indicating that c-Myc can bind to
HOXCI13-AS promoter at —809 to —798 region (Figure
4E). To better investigate the expression of HOXC13-
AS-miR-122-5p-SATBI1-c-Myc feedback loop, we per-
formed linear regression analyses by using 20 glioma
tissues. The results showed that HOXC13-AS is positively
correlated with SATB1 and c-Myc, while SATB1 is nega-
tively correlated with miR-122-5p (Figure S3B-D). In
summary, the above findings suggest that c-Myc can reg-
ulate HOXC13-AS at the transcription level and form a
positive feedback loop.

Discussion
Increasing evidences have confirmed that ncRNAs, includ-
ing circRNAs and IncRNAs, can interact with mRNAs if

they contain same miRNA binding sites which reveal the
ceRNA theory.'"”® Based on the results in this study, it
was proposed that the present of HOXC13-AS-miR-122-
5p-SATB1-c-Myc positive feedback loop which is essen-
tial for the regulation of malignant behavior of glioma
provides a potential therapeutic target for glioma.

Only three percent of transcribed human gene can
encode protein, which makes the studies on ncRNAs
become important. Over the past decade, there have been
more studies on IncRNAs in cancer.®* By reason of the
biological function on malignant behavior of cancers,
including proliferation,'* migration,” invasion?® and
chemoresistance,'® IncRNAs have been considered as an
essential regulator in cancer. EMT plays the key role in
tumor invasiveness enhancement and is involved in malig-
nant progression of glioma.'”?’ In the current study, a
novel IncRNA which hasn’t been identified in glioma,
HOXC13-AS (ENSG00000249641), was reported to be
upregulated in both glioma cells and tissues. Knockdown
of HOXC13-AS represented the suppression of migration,
invasion and EMT process of glioma cells. Thus, our
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Figure 4 c-Myc activates HOXC13-AS expression at the transcription level. (A) The SATBI, N-cadherin, Vimentin, B-catenin, c-Myc protein levels are detected by Western
blotting assay after HOXCI3-AS knockdown. B-actin is used as a loading control. (B) c-Myc protein levels are measured by Western blotting assay after si-c-Myc
transfection. B-actin is taken as a loading control. (C) The expression level of HOXCI3-AS in c-Myc-depletion glioma cells is determined by qRT-PCR. (D) Schematic diagram
showing the human HOXCI3-AS promoter region and potential c-Myc binding region. (E) CHIP assay is used to analyze the relative enrichment of c-Myc on the promoter
region of HOXCI3-AS. Each experiment is carried out for three times, and data are expressed mean * SD. **p<0.01.

results shed light on the oncogenic function of HOXC13-
AS to promote malignant behaviors of glioma cells.

CeRNA is a basic mechanism of IncRNAs which is
widely present in tumors. LncRNAs can “talk” with target
mRNAs via binding and titrating them off their binding
sites on protein coding messengers.'"*® To further explore
the molecular mechanism of the biological function of
HOXC13-AS, its intracellular localization was assessed.
Bioinformatics analysis, RIP, dual-luciferase report and
Western blot assays demonstrated that miR-122-5p was a
target of HOXC13-AS and SATBI, and further in vitro
studies confirmed the effect of the HOXC13-AS/miR-122-
Sp/SATBI1 axis on tumor progression. In brief, the above
findings prove the existence of the HOXC13-AS/miR-122-
5p/SATBI1 axis, which can accelerate the migration and
invasion of glioma.

SATBI1 tethers multiple genomic loci and recruit multi-
ple enzymes to regulate gene expression.”’ As a genome
organizer, SATB1 has been verified to promote tumor
growth and metastasis.**>' In glioma, SATBI has been
reported as a activator of tumor development and
progression,®? and Wnt/B-catenin has been considered as
of SATBIl-induced tumor
progression.”>** In the current study, SATB1 was discov-
ered to accelerate the migration and invasion of glioma

an important pathway

cells, and the Wnt/B-catenin pathway was involved in
HOXC13-AS-induced EMT process. c-Myc is the target
gene and the key factor of Wnt/p-catenin pathway,”*
whose expression is positively correlated with HOXC13-
AS level. Interestingly, c-Myc could bind to the promoter
region of HOXCI13-AS to regulate its expression at the
transcription level. As previously reported, transcription
factors exert their biological functions at the transcrip-
tional level to regulate genes’ expression, such as
ZEBI1,*> STAT1° and NFAT5.%® Thus our results support
the notion that IncRNAs and their target genes can form a
feedback regulatory loop which may play a crucial role in
glioma development and progression.

In conclusion, the data in this study highlight the
importance of correlations of HOXC13-AS with miR-
122-5p, miR-122-5p’s target SATB1 and Wnt/B-catenin
pathway in regulation of glioma cell migration, invasion
and EMT process. HOXC13-AS can sponge miR-122-5p
to indirectly regulate SATB1 and Wnt/B-catenin pathway.
The key factor of Wnt/B-catenin pathway, c-Myc, can then
in turn regulate HOXC13-AS expression, thereby forming
a positive feedback loop. Therefore, the results of this
study confirmed the presence of HOXC13-AS-miR-122-
Sp-SATB1-c-Myc feedback loop in glioma which may be
a potential therapeutic target for glioma treatment.
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