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Purpose: Growing evidence has valued the diagnostic and therapeutic ability of long non-
coding RNAs (IncRNAs) in various human tumors including glioma. Here, we investigated
the biological function and potential mechanism of a novel cancer-related IncRNA, HOXC-
AS2, in glioma.

Materials and methods: The expression of IncHOXC-AS2 was detected using qRT-PCR
in glioma cells and tissues. A series of in vitro studies were performed to analyze the
biological function of IncHOXC-AS2. Dual-luciferase reporter, RIP was used to determine
the relation between IncHOXC-AS2, miR-876-5p and ZEB1. CHIP assay was performed to
investigate the transcriptional regulation of HOXC-AS2.

Results: We found HOXC-AS2 was upregulated in glioma cells and tissues. Depletion of
HOXC-AS2 was associated with the inhibition of migration, invasion and EMT process in
glioma cells. Mechanism, HOXC-AS2 can sponge miR-876-5p to affect ZEB1 expression.
Meanwhile, ZEB1 can bind promoter region of HOXC-AS2 and regulate HOXC-AS2 at
transcriptional level.

Conclusion: Our results conclude that HOXC-AS2/miR-876-5p/ZEB1 constitutes a positive
feedback loop to regulate EMT in GBM, providing a potential therapeutic target for glioma.
Keywords: HOXC-AS2, epithelial-mesenchymal transition, competing endogenous RNA,
glioma

Introduction
Glioblastoma mulitiforme (GBM), the most malignant form of glioma, is one of the
most aggressive and lethal human tumor in adults."* Despite the improvement of
multimodal therapeutic strategy, the range of median overall survival of GBM patients
remains at 12—15 months.? Therefore, it is necessary to clarify the molecular mechan-
ism contribute to strong invasiveness of glioma and exploit effective-targeted therapies.

Epithelial-mesenchymal transition (EMT) causes cell to lose their epithelial
characteristics, acquire migratory and invasive ability and away from epithelial
cell community to become mesenchymal cells.*” Based on this theory, EMT has
been recognized to occur in tumor progression,’ including prostate cancer,’ gastric
cancer® and breast cancer.” Tumor cells and matrix components collaborative
participate in the malignant progression and recurrence of glioma.'® It is precisely
because of this, researchers of glioma EMT are essential to reverse malignant
progression and reduce recurrence.

Non-coding RNAs (ncRNAs) are a group of non-protein coding transcripts,
including long non-coding RNAs (IncRNAs), microRNAs (miRNAs) and circular
RNAs (circRNAs). Long non-coding RNAs are a class of non-coding RNA with
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more than 200 base pairs in length'' and closely relate to
the malignant progression of multiple human tumors,
including lung cancer,'? gallbladder cancer'® and glioma.'*
Although plenty of IncRNA has been annotated, we still
need to discover more tumor biomarkers and further discuss
their contribution to glioma tumorigenesis. LncRNA HOXC
cluster antisense RNA 2 (IncHOXC-AS2), located on chro-
mosome 12q13.13, is a novel IncRNA for tumor, especially
glioma. Thus, it is essential to clarify the biological function
and potential molecular mechanism of HOXC-AS2 on
glioma malignant progression.

Our current research, for the first time, reported
that HOXC-AS2 function as an oncogene in glioma.
Mechanistically, HOXC-AS2 indirectly regulated ZEB1
expression by sponging miR-876-5p. More importantly,
ZEBI can in turn up-regulated HOXC-AS2 via binding
its promoter region. Our data confirm the existence of
HOXC-AS2/miR-876-5p/ZEB1 positive feedback loop,
provide theoretical basis for precision medicine of glioma.

Materials and methods

Glioma tissues and cell lines

LncRNA expression and survival data in glioma were
downloaded from The Cancer Genome Atlas (TCGA) data-
set (http://cancergenome.nih.gov). All glioma specimens
and cerebral trauma samples (non-neoplastic brain tissues,
NBTs) were obtained from Department of Neurosurgery,
Beijing Sanbo Brain Hospital. The study was approved by
the Ethics Committee of Capital Medical University and all
patients were asked to write informed consent and the
with  the
Declaration of Helsinki. Human glioma cell lines (US87,
LN229, U251, T98 and U118) and normal human astrocytes
(NHAs) were purchased from the Chinese Academy of
Sciences Cell Bank (Shanghai, China). All glioma cells
were cultured with Dulbecco’s modified Eagle’s medium

research was conducted in accordance

(DMEM) medium containing 10% fetal bovine serum
(FBS), 1% penicillin and 1% streptomycin. NHAs were
cultured with astrocyte medium (Carlsbad, CA, USA). All
cells were maintained at 37°C with 5% CO,.

Cell transfection

HOXC-AS2 small interfering RNA (siHOXC-AS2) and
control siRNA (siCtrl), ZEB1 small interfering RNA
(siZEB1) and control siRNA (si-NC), were obtained from
Genechem (Shanghai, China). And miR-876-5p mimics
(miR-876-5p), miR-876-5p mimics control (miR-NC),

miR-876-5p inhibitor (anti-miR-876-5p) were purchased
from RiboBio (Guangzhou, China). The ORF region of
ZEB1 cDNA was insert into pcDNA3.1 plasmid (ZEBI).
RiboFECT CP Transfection Kit (RiboBio, Guangzhou,
China) was purchased for transient transfection according
to manufacturer’s instructions.

RNA extraction and qRT-PCR assay

We extracted total RNA from glioma tissues and cultured
cells by using Trizol (Invitrogen, Carlsbad, USA) accord-
ing to manufacture’s instructions. Extracted RNA was
reverse transcribed into cDNA by using the PrimeScript
RT reagent Kit (TaKara, Nanjing, China). Then, by using
SYBR Premix ExTaq (Takara), quantitative real-time PCR
(qRT-PCR) was performed and the results were normal-
ized with U6. PCR 7300 real-time PCR system (Applied
Biosystems, Foster City, USA) was chosen to carry out
gqRT-PCR analysis. All primer for IncRNA (HOXC-AS2),
miRNA (miR-876-5p) and internal control (U6) were pur-
chased from Ribobio (Guangzhou, China). All primer
sequences were listed in Table S1. The results were ana-
lyzed by 2-AACt method.

Western blot assay
Western blot assay was performed according to our pre-
vious study.'> Antibody against ZEB1, Vimentin, N-cad-
herin and B-actin were purchased from Cell Signaling
Abcam (Cambridge, UK).

Wound healing assay and transwell assay
Wound healing assay and transwell assay were performed
as previously described.'” Briefly, for transwell assay,
glioma cells were seeded in transwell chambers (matrigel
coating) which containing serum-free medium. Then, the
transwell chambers were placed in 24-well plate containing
complete medium and glioma cells were incubated for 24 h.

Luciferase assay

Luciferase plasmid containing wild type (WT) or mutant
(MUT) HOXC-AS2 or ZEB1 sequences were constructed
by Genechem (Shanghai, China). Briefly, the complementary
DNA fragment containing the wild type or mutant HOXC-
AS2 and 3’ untranslated region (UTR) of ZEB1 was sub-
cloned downstream of the luciferase gene within the pGL
3-Basic luciferase reporter vector (Promega). Mimics control
or miR-876-5p mimics were co-transfected with luciferase
plasmid into LN229 and U251 cells. After 48 h transfection,
the luciferase assays were analyzed using Dual-Luciferase
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Kit (Promega). Dual-Luciferase Reporter Assay System Results
(Promega) was chosen to measure luciferase activities. HOXC-AS? is upre guI ated in g|i oma

tissues and cells

We first used TCGA database to analyze the differential
expression of IncRNAs in glioma (Figure 1A). Combined
with survival analysis, HOXC-AS2 was chosen for further
study because of its significant difference in both expression
and survival (Figure 1A, B and Table S2). By using qRT-PCR,
we found that high-grade glioma (HGG) tissues had higher
HOXC-AS2 level than low-grade glioma (LGG) (Figure 1C).
Then, we detect the expression level of HOXC-AS2 in glioma

RIP assay

Briefly, magnetic beads were pre-conjugated with antibody
against Argonaute2 (Ago2). Related LN229 and U251
glioma cell lysates were harvested and treated with bead-
antibody complex. Normal mouse IgG was used as a nega-
tive control. RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Billerica, MA, USA) was chosen for RIP and
all experiments were performed according to manufacturer’s

instructions.

fnstructions cells. Almost all glioma cells were found to highly express
HOXC-AS2 in comparison with normal human astrocytes

CHIP assay NHAs (Figure 1D). Furthermore, we performed fluorescence

Chip assay was performed using Chromatin Immunopre- j, ity hybridization (FISH) assays to analyzed HOXC-AS2
cipitation (CHIP) Kit (Millipore, Massachusetts, USA) accord- level in different grades of glioma (Figure 1E, Figure SIA

ing to the manufacturer’s instructions. Briefly, the chromatin of and Table S3). Altogether, our data indicated that HOXC-AS2
the LN229 and U251 cells was treated with 3 g specific ZEB1

is enriched in glioma cells and tissues, suggesting HOXC-AS2
antibody. Immunoprecipitated DNA was analyzed by RT-PCR.

has the ability to become a prognostic biomarker.

Statistical analysis
Graphpad Prism 7 (La Jolla, CA, USA) and SPSS 22.0 soft- Knockdown of HOXC-AS2 SUppresses

ware (IBM, Corp., Armonk, New York, USA) were chosen mlgratlon’ invasion and EMT program In

to analyze statistical analysis. All value was expressed as glioma cells
mean + Standard Error of Mean (SEM). Student’s #-test or ~ To further confirm the effect of HOXC-AS2 on glioma
ANOVA were performed to evaluate data. Differences were  progress, HOXC-AS2 was knockdown by using small

judged to be statistically significant at P<0.05. interfering RNA (siRNA) in LN229 and U251 cells
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Figure 1 HOXC-AS2 is up-regulated in glioma tissues and cells. (A) Relative expression of InNcRNAs in glioma tissues compared to non-neoplastic brain tissues (NBTs) was
analyzed using TCGA database. (B) Kaplan—Meier overall survival according to HOXC-AS2 expression levels. (C) Analysis of HOXC-AS2 expression by qRT-PCR in 15 low-
grade glioma (LGG) tissues and |5 high-grade glioma (HGG) tissues. (D) The expression of HOXC-AS2 was analyzed in normal human astrocytes (NHAs) and five glioma
cell lines using qRT-PCR. (E) FISH analysis of HOXC-AS2 expression in different grades of glioma tissues. Data represent three independent experiments + SEM. *%P<0.01,
*¥P<0.001.

Abbreviations: NBT, non-neoplastic brain tissues; TCGA, The Cancer Genome Atlas; LGG, low-grade glioma; HGG, high-grade glioma; NHA, normal human astrocyte;
FISH, fluorescence in situ hybridization.
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which express high level of HOXC-AS2 than other glioma
cells (Figure 1D). Low level of HOXC-AS2 was found in
LN229 and U251 cells after transfected with siHOXC-
AS2 (Figure 2A). Due to the depletion of the structure of
epithelial cells, E-cadherin is hardly expressed in gliomas
compared to other epithelial-type tumors. Thus, we paid
great attention to the expression change of mesenchymal
phenotype markers, Vimentin and N-cadherin, which can
reflect the EMT program in glioma. By using Western blot
assay, we found that knockdown of HOXC-AS2 means the
decrease of Vimentin and N-cadherin (Figure 2B). EMT
program is usually followed by the changes of cell migra-
tion and invasion. In order to confirm our conjecture, we

performed wound healing and transwell assays to detect
the migratory and invasive ability of glioma cells. As
shown in Figure 2C and D, depletion of HOXC-AS2
leads to delayed wound healing and decreased invasive
ability. These results showed that HOXC-AS2 inhibition

can reduce EMT progression and malignancy in glioma.

HOXC-AS2 indirectly regulated ZEBI via
sponging miR-876-5p

Increasing evidence demonstrates that IncRNAs can function
as competing endogenous RNAs (ceRNAs) for miRNAs to
regulate target gene expression.'®'” The mechanism by which
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Figure 2 Depletion of HOXC-AS2 suppresses migration, invasion and EMT program in glioma cells. (A) HOXC-AS2 small interfering RNA (siRNA) transfected LN229 and
U251 cells showing reduced HOXC-AS2 level. (B) Western blot assays were performed to detect the protein level of N-cadherin and Vimentin after HOXC-AS2
knockdown. (€) Wound healing assays were performed in glioma cells to detect migratory ability after transfection. (D) Transwell assays were performed to detect
invasiveness of glioma cells after transfection. Scale bar, 50 pm. Data represent three independent experiments + SEM. **P<0.01.

Abbreviation: siRNA, small interfering RNA.
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IncRNA works is mainly due to its location. Therefore, we first
analyzed the distribution of HOXC-AS2 by using FISH ana-
lysis. The results showed that HOXC-AS2 mainly enriched in
the cytoplasm (Figure 3A), indicating that HOXC-AS2 might
function as a ceRNA for miRNAs. By using DIANA database
(http://diana.imis.athena-innovation.gt/), we predicted poten-
tial target miRNA for HOXC-AS2 and we focus on a miR-
876-5p which had been considered as a cancer suppressor
gene in osteosarcoma'® and hepatocellular carcinoma.'
Then, we analyzed the expression of miR-876-5p in CGGA
database and the result showed that miR-876-5p was down-
regulated in glioma (Figure S1C), consistent with previous
reports.”® To confirm our prediction, we performed a dual
luciferase reporter assay to confirm that miR-876-5p binds
directly to HOXC-AS2. The observed miR-876-5p-mediated
decreased of luciferase activity was limited by mutation
(MUT) of HOXC-AS2 (Figure 3B and C). We used
RNA-binding protein immunoprecipitation (RIP) assay to
better characterize the relation between HOXC-AS2 and

miR-876-5p. Compared with IgG precipitates, the enrichment
of HOXC-AS2 and miR-876-5p immunoprecipitated with
Ago2 was much higher in control glioma cells. Besides,
depletion of miR-876-5p decreased enrichment of HOXC-
AS2 and miR-876-5p in Ago2 precipitates (Figure 3D).
Meanwhile, knockdown of HOXC-AS2 conducted the
increase of miR-876-5p (Figure 3E). Based on ceRNA
hypothesis, we used bioinformatic website (Targetscan,
http://www.targetscan.org/) and found that ZEB1 is a potential
target of miR-876-5p. To confirm our prediction, we per-
formed dual-luciferase reporter assay and observed luciferase
activity in LN229 and U251 cells that were obviously reduced
after co-transfected with ZEB1 wild-type (WT) vector and
miR-876-5p mimics (Figure 3F and G). Meanwhile, after
miR-876-5p mimics infection in LN229 and U251 cells,
ZEBI protein level was significantly decreased (Figure 3H).
Then, we co-transfected HOXC-AS2 and miR-876-5p inhibi-
tor into glioma cells, Western blot assay showed that HOXC-
AS2 significantly reduced ZEB1 level but this reduction was
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Figure 3 HOXC-AS2 sponges miR-876-5p to indirectly regulate ZEBI. (A) FISH analysis of the location of HOXC-AS2 in the cytoplasm (green) and nucleus (blue) in LN229
and U251 cells. Scale bar, 10 pm. (B) Schematic representation of the miR-876-5p binding sites in HOXC-AS2 and the site mutagenesis. (C) Luciferase report assays were
performed to analyze the interaction between HOXC-AS2 and miR-876-5p. (D) RIP assay was performed with normal mouse IgG or Ago2 antibody in LN229 or U251 cells.
Relative expression of HOXC-AS2 and miR-876-5p was determined by qRT-PCR. (E) The expression level of miR-876-5p in HOXC-AS2 knockdown glioma cells was
determined by qRT-PCR. (F) Schematic representation of the miR-876-5p binding sites in ZEBI| and the site mutagenesis. (G) Luciferase report assays were performed to
analyze the interaction between ZEBI| and miR-876-5p. (H) ZEBI protein level in LN229 and U251 cells following knockdown of HOXC-AS2. B-actin was used as the
loading control. (I) ZEBI protein level in LN229 and U251 cells following knockdown of HOXC-AS2 and/or inhibition of miR-876-5p. B-Actin was used as the loading
control. Data represent three independent experiments + SEM. **P<0.01.

Abbreviations: miR-876-5p, microRNA-876-5p; ZEBI, zinc-finger enhancer binding protein |; Ago2, Argonaute 2.
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rescued by the miR-876-5p inhibitor (Figure 31). All in all, our
results confirmed that HOXC-AS2 positively regulated ZEB1
via sponging miR-876-5p, consisting of HOXC-AS2/miR-
876-5p/ZEB1 pathway.

HOXC-AS2 and ZEBI form a positive
feedback loop

Recent studies have shown that transcription factors can
regulate IncRNA expression via directly bind to specific
regions of promoters.”! Thus, we considered whether
ZEBI1, a well-known EMT-related transcription factor,
could affect HOXC-AS2 expression. To test our conjec-
ture, we used JASPAR database (http://jaspar.binf.ku.dk/)
and found that ZEB1 has potential binding sites in HOXC-
AS2 promoter region. For further confirmation, we knock-
down ZEB1 in LN229 and U251 cells (Figure 4A), and
analyzed HOXC-AS2 expression level by using qRT-PCR.
The results showed a positive correlation between HOXC-
AS2 and ZEBI levels (Figure 4B). By scanning the pro-
moter region of HOXC-AS2 with JASPAR database, two
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e
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Relative expression of HOXC-AS2
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H:

si-NC SiZEB1

putative ZEB1 binding sites with highest scores were
chosen (Figure 4C). We performed chromatin immunopre-
cipitation assay (CHIP) to elucidate the binding of ZEB1
and HOXC-AS2 promoter region. Only Site 2 group had
the PCR products in the ZEB1 immunoprecipitation, indi-
cating that ZEB1 bound to HOXC-AS2 promoter at the
—1375—1327 bp region (Figure 4D). Together, these
results showed that ZEB1 can regulate HOXC-AS2 at
transcription level, indicating the existence of HOXC-
AS2/miR-876-5p/ZEB1 positive feedback loop.

To further investigate the synergistic regulation of
ZEB1 and HOXC-AS2 on glioma EMT progress, we
performed Western blot assay and found that Vimentin,
N-cadherin and ZEB1 expression were down-regulated in
the wake of HOXC-AS2 knockdown (Figure 4E). In
addition, the down-regulation could be reversed by
ZEB1 over-expression (Figure 4E). The observations
were verified by wound healing and transwell assays
(Figure 4F and Figure S1B). Altogether, we concluded
that HOXC-AS2/miR-876-5p/ZEB1 positive feedback
loop contributes to EMT progress in glioma.
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Figure 4 ZEB| activates HOXC-AS2 expression at transcriptional level. (A) ZEB| expression in U25| and LN229 cells were analyzed by Western blot assays after siZEBI
(ZEBI small interfering RNA) transfected. (B) HOXC-AS2 expression in LN229 and U251 cells was analyzed by qRT-PCR after transfection. (C) Schematic diagram showing
the human HOXC-AS2 promoter region. (D) CHIP assays were used to explore the relative enrichment of ZEBI on HOXC-AS2 promoter region. (E) N-cadherin and
Vimentin protein levels were detected by Western blot assays after transfected ZEBI plasmid and/or siHOXC-AS2. (F) Wound healing assays were performed to detect
migratory ability after ZEB| overexpression and/or HOXC-AS2 knockdown. Data represent three independent experiments + SEM. *P<0.05, **P<0.01.

Abbreviation: CHIP, chromatin immunoprecipitation.
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Discussion

Over the past decades, the research on long non-coding
RNAs (IncRNA) have been widely developed. In 2011,
Salmena, L and his colleagues first proposed the ceRNA
hypothesis.”* Based on this theory and our experimental
data, we confirm the presence of HOXC-AS2/miR-876-5p/
ZEB1 positive feedback loop which has a vital role in
glioma malignant progress.

More than 90% human genome is transcribed, but
there are only few genes can encode protein, less than
3%. As a non-coding RNA, IncRNA has been studied as
a key factor of multiple human diseases, including
cancers.” Several studies have focused on the biological
function of IncRNAs on malignant behaviour, such as
proliferation,'® migration,®* invasion,?” angiogenesis*®
and chemoresistance.”’ Epithelial-mesenchymal transi-
tion (EMT), a key factor of tumor invasion enhancement,
has been proved to be involved in malignant progress of
glioma.'®** Our present study, for the first time, reported
a novel IncRNA IncHOXC-AS2 (ENSG00000250133)
which is located on chromosome 12q13.13, was up-regu-
lated in glioma tissues and cells. Knockdown of HOXC-
AS2 restrained invasive ability and reduced expression
levels of N-cadharin and Vimentin. Thus, our results shed
insight on the oncogenic function of HOXC-AS2 to pro-
mote EMT in glioma cells.

Competing endogenous RNAs (ceRNAs), a widespread
interaction network, widely present in tumors. In brief,
IncRNAs or circular RNAs (circRNAs) regulate their tar-
get microRNAs (miRNAs) via binding and titrating them
off their binding sites on protein-coding messengers.*>>’
Based on functional observations, we aimed to further
analyze the molecular mechanism of HOXC-AS2. It is
well-known that the mechanism of IncRNA is related to
its intracellular localization. Thus, we first located HOXC-
AS2 in glioma cells and found that HOXC-AS2 was
enriched in the cytoplasm. Subsequent bioinformatics ana-
lysis combines with luciferase assays, RIP assays and
Western blot assays verified that miR-876-5p was both
target of HOXC-AS2 and ZEBI1. Previously, Xue et al
reported that miR-876-5p inhibits migration and invasion
in glioma cells®® and our results are consistent with this
conclusion of miR-876-5p in cell migration, invasion and
EMT program.

Zinc-finger E-box binding homeobox 1 (ZEB1) is a kind
of zinc-finger protein which plays an important role in nor-
mal embryonic development.*' Recent studies focused on the

relation between ZEBI and tumor biological behavious,
including metastasis,>? invasion,>® angiogenesis** and
chemoresistance.>> Moreover, ZEBI acts as a transcription
factor, can binding specific region of gene promoter.>® Here,
we show that ZEB1 is indirectly regulated by HOXC-AS2
via sponging miR-876-5p. In turn, ZEB1 can bind promoter
region of HOXC-AS2 and regulates its expression. Thus, we
verify the presence of HOXC-AS2/miR-876-5p/ZEBI1 posi-
tive feedback loop, which can enhance migrational and inva-
siveness ability as well as EMT program (Figure 5A). Our
study provides evidence for the existence of a positive feed-
back loop between IncRNAs and their down-regulated tar-
gets, which may have a crucial effect on glioma development
and progression.

Collectively, our present study highlights the impor-
tance of correlation between HOXC-AS2, miR-876-5p and
ZEB1. HOXC-AS2 expression is upregulated in glioma
tissues and cells. Increased expression of HOXC-AS2 can
suppress miR-876-5p level, leads an up-regulation of
ZEBI1. Overexpressed ZEB1 then in turn up-regulates the
expression of HOXC-AS2, which constitute a positive
feedback loop and enhance migration, invasion and EMT
program in glioma. Thus, the HOXC-AS2/miR-876-5p/
ZEBI1 feedback loop has potential to be a therapeutic
target for glioma treatment.

VYV VAV
ZEB1 mRNA

NS

H OXC-ASZ/

Figure 5 Schematic illustration of the positive feedback loop. (A) Schematic
illustration showed the positive feedback loop. HOXC-AS2 upregulated ZEBI via
sponging miR-876-5p, ZEBI in turn upregulated HOXC-AS2.
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