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Abstract

Background: Gliomas are the most common type of primary brain tumour in the central nervous system of adults.
The long non-coding RNA (IncRNA) HOXA transcript at the distal tip (HOTTIP) is transcribed from the 5" tip of the
HOXA locus. HOTTIP has recently been shown to be dysregulated and play an important role in the progression of
several cancers. However, little is known about whether and how HOTTIP regulates glioma development.

Methods: In this study, we assayed the expression of HOTTIP in glioma tissue samples and glioma cell lines using
real-time polymerase chain reaction and defined the biological functions of HOTTIP using the CCK-8 assay, flow
cytometry, terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL assay) and tumour formation assay
in a nude mouse model. Finally, we discovered the underlying mechanism using the Apoptosis PCR 384HT Array,
Western blot, RNA immunoprecipitation (RIP) and luciferase reporter assay.

Results: HOTTIP was aberrantly down-regulated in glioma tissues and glioma cell lines (U87-MG, U118-MG, U251
and A172), and over-expression of HOTTIP inhibited the growth of glioma cell lines in vitro and in vivo.
Furthermore, HOTTIP could directly bind to the brain and reproductive expression (BRE) gene and down-regulate
BRE gene expression. In addition, we further verified that over-expression of the BRE gene promoted the growth of
glioma cell lines in vitro. Finally, over-expression of HOTTIP significantly suppressed the expression of the cyclin A
and CDK2 proteins and increased the expression of the P53 protein. However, we found that the over-expression of
BRE significantly increased the expression of the cyclin A and CDK2 proteins and suppressed the expression of the
P53 protein. Taken together, these findings suggested that high levels of HOTTIP reduced glioma cell growth.
Additionally, the mechanism of HOTTIP-mediated reduction of glioma cell growth may involve the suppression of
cyclin A and CDK2 protein expression, which increases P53 protein expression via the down-regulation of BRE.

Conclusions: Our studies demonstrated that over-expression of HOTTIP promotes cell apoptosis and inhibits cell
growth in UT18-MG and U87-MG human glioma cell lines by down-regulating BRE expression to regulate the
expression of P53, CDK2 and Cyclin A proteins. The data described in this study indicate that HOTTIP is an
interesting candidate for further functional studies in glioma and demonstrate the potential application of HOTTIP
in glioma therapy.
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Background

Gliomas are the most frequent and malignant primary
brain tumour in adults [1]. Although glioma surgical
cure and adjuvant therapies have made progress over the
last 20 years, the prognosis of patients with malignant
glioma remains grim. The median survival of patients
with glioblastoma multiforme (GBM), the most common
grade of malignant glioma, is 10 to 12 months [2].
Advances in suitable therapy to increase the survival rate
have been limited because the pathophysiological mech-
anisms are not known. Therefore, it is essential to reveal
the mechanisms underlying glioma development and
progression to develop effective therapies.

Long non-coding RNAs (IncRNAs) are defined as
transcripts containing more than 200 nucleotides and
are typically transcribed by RNA polymerase II [3]. The
newly discovered IncRNAs exhibit tissue-specific ex-
pression patterns [4]. Strong evidence indicates that
IncRNAs play important roles in cancer cell growth,
survival and migration/invasion [5-7]. Dysregulation of
various IncRNAs has been demonstrated in various
cancers, such as prostate cancer, breast cancer, hepato-
cellular carcinoma, oesophageal squamous cell carcin-
oma and bladder cancer [8—13]. One such IncRNA,
Maternally Expressed Gene 3 (MEG3), demonstrates
markedly decreased expression in glioma, gastric cancer
and non-small cell lung cancer tissues compared with
adjacent normal tissues. Moreover, ectopic expression
of MEG3 inhibited cell proliferation and promoted cell
apoptosis in various types of cancer cells [13-15].

HOXA distal transcript antisense RNA (HOTTIP) is
an antisense non-coding transcript located at the distal
end of the HOXA gene cluster. HOTTIP is associated
with the PRC2 and WDR5/MLL1 chromatin-modifying
complexes and directly binds WDR5 [16]. HOTTIP has
recently been found to play important roles in cancer
cell growth, survival and migration/invasion. HOTTIP is
significantly down-regulated in Hirschsprung (HSCR)
disease compared with controls, and knock-down of
HOTTIP reduced cell migration and proliferation [17].
Interestingly, HOTTIP is significantly up-regulated in
hepatocellular carcinoma (HCC) specimens compared
with controls [18]. HOTTIP exhibited tissue-specific ex-
pression patterns in HSCR and HCC. However, HOTTIP
levels in gliomas tissues and the underlying role and
mechanism of HOTTIP in gliomas remain unknown.

The brain and reproductive expression (BRE) gene is
expressed in a variety of tissues, including the brain,
ovary, testis, heart, kidney, and adrenal glands [19]. BRE
is highly expressed in the reproductive and nervous
systems, hence its name. BRE is considered to be a
homeostatic or housekeeping protein [20] given that the
gene is capable of modulating the action of hormones
and cytokines in stress response, cell survival, and
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various pathological conditions, such as cancers [21].
BRE promotes cell survival in lung tumours, hepatocel-
lular carcinoma and oesophageal carcinoma [21-24].
Nevertheless, the function of BRE in relation to the
HOTTIP gene in glioma cells has not been investigated.

In this study, we show that HOTTIP expression is
down-regulated in glioma tissues and glioma cell lines.
HOTTIP may act as a tumour suppressor in glioma cells
in vitro and in vivo. Importantly, mechanistic analysis
reveals that HOTTIP suppresses cyclin A and CDK2
protein expression and increases P53 protein expression
by directly binding and inhibiting the expression of BRE.

Methods

Patient samples and cell lines

All of the patients were recruited from the Department
of Neurosurgery, Zhujiang Hospital, Southern Medical
University between 2014 and 2015. The glioma and nor-
mal tissues were immediately stored in liquid nitrogen
until total RNA was extracted. All of the patients’ clinical
pathology information were obtained from the Institute
of Pathology at Zhujiang Hospital (Table 1). The tumour
histopathologic diagnoses were graded according to the
WHO criteria [25]. The tissues resected from patients of
cerebral trauma as normal tissues. All of the patients
provided written informed consent to this study, which
was approved by the Ethics Committee of the University
Hospital of Zhujiang (Number:20150013). There was
no selection bias in the glioma sample collection for
this study. All of the patients in this study met the fol-
lowing criteria: the glioma diagnosis was appraised by
pathological examination, no any anticancer treatment
occurred before biopsy collection, and exhaustive
clinical-pathologic and further data were available. Hu-
man glioma A172, U251, U87-MG and U118-MG cells
were purchased from the Institute of Biochemistry and
Cell Biology of the Chinese Academy of Sciences
(Shanghai, China ATCC). They were maintained in
DMEM medium containing 10 % FBS (Gibco, Carlsbad,
CA) and cultured at 37 °C with 5 % CO..

Table 1 Clinico-pathological factors of 85 patients

Clinical factors Number of cases % patients

Sex
Male 47 5529 %
Female 38 4471 %
Age
<60 years 76 8941 %
260 years 9 10.59 %
WHO grade
Low grade 37 4353 %
High grade 48 5647 %
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Generation of cell lines with stable over-expression of
HOTTIP

The pLVX-PGK-Puro and pLVX-Hottip-PGK-Puro vec-
tors containing a puromycin resistance marker were
designed and synthesized by Biowit Technologies Co.,
LTD. To generate stable transfectants, empty vector and
the pcDNA-hottip vector were transfected into U87-MG
and U118-MG cells, respectively. After 48 h, the cells
were transferred into one 24-well plate for the selection
of stable cell lines in growth medium containing 6 pg/ml
puromycin. The stable cell lines were named U87-PGK,
U87-HOTTIP, U118-PGK and U118-HOTTIP.

Apoptosis PCR 384HT array

Total RNA was isolated with TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
protocol. A 1.5-pug sample of total RNA was reverse
transcribed in a final volume of 20 pl using specific
primers (HOTTIP) under standard conditions using the
PrimeScript RT reagent kit (Thermo Scientific, Shanghai,
China). Mix the 2x SuperArray PCR master mix2000 ,
Diluted first strand c¢DNA synthesis reaction100 pl,
ddH,02000 y, Total 4100 ul Volume in a 5-ml tube. The
plate seal of the PCR Array was carefully removed before
the addition of the cocktails, and then the 384-Well PCR
Array was carefully but tightly sealed with the optical
adhesive cover. PCR was conducted at 95 °C for 10 min,
followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min
in the fast real-time PCR System. The qPCR results were
analyzed and expressed as the relative mRNA expression
of the CT (threshold cycle) value, which was then con-
verted to fold changes. We evaluated the expression levels
of 370 different key genes involved in apoptosis.

Transfection of glioma cells

All of the plasmid vectors (pcDNA-BRE and empty vec-
tor) for transfection were designed and synthesized by
Land Unicome Biological Technology Company. Glioma
cells cultured on a six-well plate were transfected with
pcDNA-BRE and empty vector using Lipofectamine
2000 (Invitrogen, Guangzhou, China) according to the
manufacturer’s instructions. Cells were harvested after
48 h for qRT-PCR and western blot analyses.

RNA extraction and qRT-PCR analysis

Total RNA was isolated with TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
protocol. Next, 5 ug of total RNA was reverse tran-
scribed in a final volume of 20 pl using specific primers
(HOTTIP) or the Oligo(dt) 18 primer (BRE) under
standard conditions using the PrimeScript RT reagent
kit (Thermo Scientific, Shanghai, China). Assays were
performed to detect HOTTIP expression using the
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PrimeScript RT reagent kit and SYBR Premix Ex Taq
(Thermo Scientific, Shanghai, China) according to the
manufacturer’s instructions. The relative levels of HOT-
TIP were determined by qPCR using gene-specific
primers. U6 was measured as an internal control be-
cause its expression showed minimal variation in differ-
ent cell lines and cancer specimens. The RT reaction
was carried out under the following conditions: 42 °C
for 60 min, 70 °C for 5 min, and then holding at 4 °C.
After the RT reaction, 1 ul of the complementary DNA
was used for subsequent gqRT-PCR. The PCR primers for
HOTTIP, U6 and BRE were as follows:

HOTTIP: 5’ -AACGATGTGTGTGTGCCTTGAT-3’
5" -TGGTCCGACAGGGTGAATT-3' ;

U6: 5 -GCGCGTCGTGTAAAGCGTTC-3'

5" -GTGCAGGGTCCGAGGT-3'

BRE: 5' -GCTGCTGATGTGGAAAGATT-3’

5" -AGCTGTCCACTGTTGGTAAAG-3' .

PCR was conducted at 50 °C for 2 min and then 95 °C
for 10 min, followed by 40 cycles of 95 °C for 15 s, 60 °C
for 34 s, and 72 °C for 30 s using the ABI 7500HT fast
real-time PCR System (Applied Biosystems). The qPCR
results were analyzed and expressed as the relative
mRNA expression of the CT (threshold cycle) value,
which was then converted to fold changes.

Cell proliferation assay

Cell proliferation assays were performed using Cell
Counting Kit-8 (Gibco, USA). Cells were plated in 96-well
plates (1 x 10* cells/well). CCK-8 (10 pL) was added to
each well at various time points (6, 12, 24, 48 and 60 h)
and incubated at 37 °C for 2 h. The absorbance of each
well at 450 nm was measured using a microplate spectro-
photometer (Thermo Multiskan FC; Thermo Fisher,
USA). All of the experiments were performed in triplicate.

Cell cycle and apoptosis analysis

Cells were cultured in six-well plates. After 48 h, the
cells were harvested by trypsin and washed twice with
phosphate-buffered saline (PBS). Flow cytometric ana-
lysis was applied using the Annexin V-FITC/PI Apop-
tosis Detection Kit (KeyGEN Biotech, Nanjing, China)
according to the manufacturer’s instructions. The acqui-
sition and analysis were performed using FACS Calibur
Flow Cytometer (Beckman Coulter, Atlanta, GA, USA).
All of the experiments were performed in triplicate. Data
were expressed as the mean + SD. Significant differences
among the groups were assessed by one-way ANOVA.
All of the statistical analyses were carried out using SPSS
version 13.0 (SPSS, Chicago, IL, USA). The results were
considered to be statistically significant at P < 0.05.
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Protein extraction and western blotting

Cells were cultured for 48 h at 37 °C with 5 % CO, and
were lysed in RIPA buffer containing protease inhibitor
cocktail (Roche Switzerland) using standard procedures.
The concentrations of total protein were measured using
the BCA Protein Assay Kit (Thermo). Typically, 20 pg of
the protein was separated using SDS-PAGE and was
transferred to nitrocellulose membranes. The mem-
branes were blocked with 5 % non-fat dry milk for 1 h at
room temperature and were incubated with specific anti-
bodies at 4 °C overnight. Sequentially, the secondary
antibodies were conjugated to horseradish peroxidase,
and the western blot bands were visualized using the
Millipore ECL Western Blotting Detection System (Bil-
lerica, MA, USA). B-Actin (1:500 Abcam) was used to
normalize the quantity of the protein. Immunoblotting
was performed using the primary antibodies human
anti-BRE (1:1000, Abcam), human anti-P53 (1:1000,
Abcam), human anti-CDK2 (1:1000, Abcam) and human
anti-Cyclin A (1:1000, Abcam).

Luciferase reporter assay

We cloned the BRE response element (wide type or
mutated), contained in the 3’-untranslated regions
(3"-UTR) of HOTTIP, into target sequence of psi-
Check?2 plasmid, which is downstream of the lucifer-
ase reporter gene. Using a luciferase assay kit
(Promega, Madison, W1, USA), luciferase activity was
measured and target effect was expressed as relative
luciferase activity of the reporter vector with target
sequence. After incubating for 48 h, the cells were
lysed in 1x Passive lysis and assayed with the Dual-
Luciferase Reporter Assay System (Promega) to meas-
ure the Renilla luciferase activity, with firefly lucifer-
ase serving as a transfection control.

RNA immunoprecipitation

RNA immunoprecipitation (RIP) was performed using
the Magna RIP TM RNA-Binding Protein Immunopre-
cipitation Kit (Millipore, Billerica, MA, USA) and BRE
(Abcam) antibody according to the manufacturer’s in-
structions. Briefly, cells were lysed in RIP lysis buffer,
then 100 pl of whole cell extract was incubated with RIP
buffer containing A + G magnetic beads conjugated with
human BRE antibody, normal IgG (Millipore) as a nega-
tive control and Anti-snRNP70 as a positive control
(Millipore). Samples were incubated with Proteinase K
with shaking to digest the protein and then immunopre-
cipitated RNA was isolated, The coprecipitated RNAs
were detected by reverse transcription PCR. The prime
for detecting HOTTIP as follow:

Sense, AACGATGTGTGTGTGCCTTGAT;
Antisense, TGGTCCGACAGGGTGAATT.
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Immunohistochemical staining

The mouse tumor tissues were paraffin-embedded and
cut into 5-pm-thick slides for immunohistochemical
analysis. The slides with tumor sections were performed
in 10 mmol/L citrate buffer (pH =6.0) in a microwave
oven for 20 min to expose the antigens. Then, the slides
were incubated with primary antibodies (Rabbit BRE
antibody, Abcam, 1:100) overnight at 4 °C. The next day,
the slides were washed three times in PBS and immuno-
stained with a goat anti-rabbit secondary antibody
(Abcam,0.2 ug/ml) for 2 h at room temperature. Finally,
slides were stained with diaminobenzidine, and the nu-
cleus was counterstained with hematoxylin. The staining
density was evaluated according to the Imagepro plus 6.0.

Terminal deoxynucleotidyl transferase dUTP nick end
labelling

For the detection of apoptosis, cells were stained with
the In Situ Apoptosis Detection Kit (Roche, South San
Francisco, CA, USA) following the manufacturer’s instruc-
tions. Briefly, cells were treated with 4 % paraformalde-
hyde at room temperature for 30 min and then with 0.3 %
H,O, at room temperature for 30 min to inactivate
endogenous peroxidase, followed by 0.1 % Triton X-100
for 30 min. The cells were next incubated at 37 °C for 1 h
with terminal deoxynucleotidyl transferase (TdT) and
then with an anti-digoxin combination for 30 min. DAPI
(0.1 g/mL) was added to stain the cell nucleus, and the
cells were photographed using a fluorescence microscope.

Tumour formation assay in a nude mouse model

Male athymic BALB/c nude mice aged 4 weeks were bred
under SPF conditions and were cared at the NanFang
Medical Experimental Animal Care Commission according
to their protocols. One million of each of group cells were
subcutaneously injected into a single side of the posterior
flank of each mouse. After post injection 4 weeks, the mice
were killed, and the weights and volumes of each formed
tumour were examined. The tumour volumes were
counted using the equation V = 0.5 x D x d* (V, volume; D,
longitudinal diameter; d, latitudinal diameter) [26]. In this
study, the protocol was approved by the Committee on the
Ethics of Animal Experiments of Nanfang Medical Univer-
sity (Number:20150024). All surgeries were performed
under sodium pentobarbital anaesthesia, and all efforts
were made to reduce suffering in the mice [27].

Statistical analysis

All of the experiments were independently repeated at least
three times. Data were expressed as the mean + SD. Signifi-
cant differences among the groups were assessed by one-way
ANOVA. All of the statistical analyses were carried out using
SPSS version 13.0 (SPSS, Chicago, IL, USA). The results
were considered to be statistically significant at P < 0.05.
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Results the U87-MG and U118-MG cell lines, and CCK-8 assays
HOTTIP expression is decreased in glioma samples and showed that over-expression of HOTTIP decreased cell
cell lines proliferation compared with the control group in both cell

To identify the role of HOTTIP in glioma, we analysed the lines (Fig. 1c, d). To further investigate the role of HOT-
expression of HOTTIP in 85 human glioma tissue samples ~ TIP in glioma progression, we used flow cytometry. Over-
and 15 human normal brain tissue samples using quantita-  expression of HOTTIP led to a decrease in the number of
tive real-time RT-PCR. Statistically, average HOTTIP  S-phase cells, an increase in the percentage of GO0/G1
expression levels were decreased in glioma tissue samples;  phase cells, and promoted cell apoptosis (Fig. 2a, b). We
particularly, the expression of HOTTIP was significantly = confirmed that over-expression of HOTTIP promoted cell
decreased in high-grade glioma tissue samples (Fig. 1a). We  apoptosis in U87-MG and U118-MG cells, as assessed by
also evaluated the expression of HOTTIP in four glioma TUNEL staining (Fig. 3a, b). The above findings indicated
cell lines (U251, U87, A172, and U118) and immortalized  that over-expression of HOTTIP increases cell apoptosis
human astrocytes using qRT-PCR. HOTTIP expression in  and inhibits cell proliferation in the two glioma cell lines.
glioma cell lines was significantly decreased compared with
that in immortalized human astrocytes (Fig. 1b). Association of HOTTIP and BRE

To understand the molecular mechanism by which
Over-expression of HOTTIP inhibits cell proliferation and HOTTIP suppresses glioma cell growth, we detected the
cell cycle progression and promotes apoptosis expression of 370 different key genes involved in the
To investigate the role of HOTTIP in glioma progression, apoptosis of U87-MG cells over-expressing pcDNA-
we first established stable over-expression of HOTTIP in HOTTIP or empty vector using the Apoptosis PCR
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384HT Array. BRE was significantly down-regulated
(fold change=0.14) in U87-MG cells over-expressing
HOTTIP compared with empty vector U87-MG cells
using the Apoptosis PCR 384HT Array (Table 2;
Additional file 1). We generated U87-MG and U118-
MG cells that stably over-expressed HOTTIP and found
that BRE was significantly decreased in these cells com-
pared with control U87-MG and U118-MG cells using
qPCR and Western blotting, indicating that high HOTTIP

expression reduces the expression of BRE (Fig. 4a, b).
Therefore, we performed RIP with an antibody against
BRE using nuclear extracts from U118-MG to U87-MG
cells. We observed a significant enrichment of HOTTIP
with the BRE antibody compared with the IgG control
antibody. To further confirm the association between
HOTTIP and BRE, we performed RIP with an antibody
against BRE using nuclear extracts from U118-MG to
U87-MG cells. We observed a significant enrichment of
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Fig. 3 Over-expression of HOTTIP promoted cell apoptosis in the U87-MG and U118-MG glioma cell lines. a Stable over-expression of HOTTIP in
U87-MG, and the TUNEL assay was performed to assess cell apoptosis. Over-expression of HOTTIP promoted apoptosis in the U87-MG cell line.
b Stable over-expression of HOTTIP in U118-MG, and the TUNEL assay was performed to assess cell apoptosis. Over-expression of HOTTIP
promoted cell apoptosis in the U118-MG cell line. The results represent data from at least three independent experiments expressed as
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HOTTIP with the BRE antibody compared with the IgG
control antibody (Fig. 4d). Moreover, the HOTTIP levels
in immunoprecipitates were determined by qRT-PCR.
The HOTTIP levels were enriched in BRE pellets relative
to control IgG immunoprecipitates (Fig. 4c). To validate
the interactions between BRE and HOTTIP, luciferase re-
porter assays were performed using the HOTTIP target
sequences of wild-type BRE and mutated BRE (Fig. 4e).
The luciferase signal was significantly suppressed com-
pared with the IncRNA control, whereas the suppressive
effect was not noted when the putative binding site was
mutated (Fig. 4f). This, we demonstrated that BRE was
post-transcriptionally regulated by HOTTIP in U87-MG
glioma cells. These data suggest the association of HOT-
TIP and BRE, and over-expression of HOTTIP decreased
BRE expression in the U87-MGand U118-MG cell lines.

BRE over-expression promotes cell proliferation and cell
cycle progression and inhibits apoptosis

To gain further insight into the function of BRE, BRE
was over-expressed in the U87-MG and U118-MG cell
lines by transfecting cells with pcDNA-BRE. BRE expres-
sion was significantly increased in the U87-MG and

U118-MG cell lines after transfection with pcDNA-BRE
compared with control cells (Fig. 5a). We revealed that
over-expression of BRE significantly promoted cell prolif-
eration in the U87-MG and Ul18-MG cell lines using
CCK-8 assays (Fig. 5b). We observed that over-expression
of BRE increased the number of S-phase cells, decreased
the percentage of GO/G1-phase cells, and inhibited cell
apoptosis, as assessed by flow cytometry (Fig. 6a, b). Our
findings demonstrated that the over-expression of BRE
promotes cell proliferation, increases the number of S-
phase cells, and inhibits cell apoptosis in the U87-MG
and U118-MG cell lines.

Ectopic expression of HOTTIP decreases expression of
cyclin A and CDK2 and increases expression of P53 via
decreased BRE expression

P53 is an apoptotic signal in various cell types. Cyclins
are proteins that act as activators of cyclin-dependent
kinases (CDKs) and are required for normal cell cycle
transitions. Cyclin A is involved in the transition from
G1 to S phase [28]. Hence, to gain further insight into
the mechanism of HOTTIP in glioma cell growth and
apoptosis, we assessed CDK2, cyclin A and P53 protein
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Table 2 List of significantly changed (fold change 2 1.5) genes
involved in apoptosis with over-expression of HOTTIP relative to
over-expression of empty vector in U87-MG cells

Genes involved in apoptosis Fold Difference

ALOX15B 257
BCL2A1 1.79
BIRC3 -2.26
BNIP3 1.79
BNIP3L 1.50
BRE —7.34
CASP5 4.20
CIDEA 3.08
CUL4A —262
DCC 8.17
GSTP1 —4.01
HIPK2 -1.56
IGF1R -1.56
ILTA 1.97
INHBA 1.83
MAP3K10 -1.56
NLRP3 268
NRG2 -1.58
PLAGL1 —240
PLAGL2 -3.25
PML -1.57
POGK —-151
POU4F1 3.89
SH3GLB1 -1.54
TBX5 241
TIAF1 —2.94
TIMP3 2.54
TNFRSF1B -1.60
TP63 -3.36
TP73 -1.82
TRADD 1.51

expression in each group of cells by Western blotting.
The findings indicated that HOTTIP over-expression in
U87-MG and U118-MG cells decreased the expression
of cyclin A and CDK2 and increased the expression of
P53 (Fig. 7b). The over-expression of BRE in U87-MG
and U118-MG cells increased cyclin A and CDK2 ex-
pression and decreased the expression of P53 (Fig. 7a).
All of the above-mentioned findings indicated that the
over-expression of HOTTIP might occur by means of
down-regulating BRE expression to suppress cyclin A
and CDK2 protein expression and increase P53 pro-
tein expression.
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Ectopic expression of HOTTIP inhibits the tumourigenesis
of U87-MG cells in vivo

To analyse whether HOTTIP affects glioma tumourigen-
esis in vivo, U87-MG cells and U87-MG cells stably
transfected with pcDNA-HOTTIP or empty vector were
subcutaneously injected into a single side of the posterior
flank of male nude mice. Four weeks after injection, the
neoplastic weight and volume in the pcDNA-HOTTIP
group were substantially smaller compared with those of
the empty vector group and U87-MG group. Additionally,
there were no differences between the empty vector group
and U87-MG@G group (Fig. 8a, b, ¢c and d). These results
indicated that over-expression of HOTTIP inhibits
tumourigenesis in vivo in U87-MG glioma cells. Immu-
nohistochemical staining was used to analyse BRE pro-
tein expression in resected tumour tissues. The BRE
levels in tumours formed in the pCDNA-HOTTIP
group exhibited reduced BEE positivity compared with
tumours from the empty vector group and U87-MG
group (Fig. 8e, ).

Discussion

Recently, studies have revealed that the human genome
contains more than 20,000 protein-coding genes and
that >98 % of the total genome can be transcribed to
RNAs that do not produce any proteins. These portions
of the genome are named non-coding RNA (ncRNA)
genes [29]. IncRNAs are ncRNA transcripts greater than
200 nts in length. There are more than 3000 human
IncRNAs, but very few of them have been characterized
[30, 31]. Although only a few IncRNAs have been charac-
terized in detail, recent studies have revealed that IncRNAs
participate in diverse biological processes through distinct
mechanisms [32-34]. However, these molecular mecha-
nisms remain incompletely understood. Thus, more
studies should be performed to clarify the biological and
molecular mechanisms of IncRNAs in cancer [35].

In this study, we evaluated the expression of HOTTIP
in glioma tissues. HOTTIP expression was markedly
decreased in glioma tissues compared with normal tis-
sues, and the expression of HOTTIP in glioma cell lines
was significantly decreased compared with expression in
immortalized human astrocytes. Moreover, ectopic ex-
pression of HOTTIP inhibited cell proliferation and de-
creased the number of S-phase cells in human glioma
cell lines, and over-expression of HOTTIP promoted
apoptosis in human glioma cell lines. Our results indi-
cate that HOTTIP acts as a tumour suppressor in gli-
oma, which is similar to its role in Hirschsprung
(HSCR) disease, but different from its role in hepatocel-
lular carcinoma (HCC). This finding can be attributed
to the fact that IncRNAs exhibit tissue-specific expres-
sion patterns and IncRNAs can play different roles in
different diseases, including cancers [4]. For example,
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H19, an imprinted gene, has both tumour suppression
and oncogenic properties in cancer [36, 37]. The long
non-coding RNA TUGL is up-regulated in hepatocellu-
lar carcinoma and promotes cell growth [38], but
TUG]I acts as a tumour suppressor in human glioma by
promoting cell apoptosis [39]. The long non-coding
RNA HOXAI11-AS acts as an oncogene in glioma [40],
but HOXA11-AS acts as a tumour suppressor gene in
epithelial ovarian cancer [41].

Although the majority of IncRNAs have been shown
to play important biological roles and are deregulated in
many human cancers, the precise molecular mechanisms
by which IncRNAs modulate tumour growth remain
largely unknown [35]. Ectopic expression of MEG3
inhibited cell proliferation and promoted cell apoptosis
via regulation of p53 activation in the U251 and U87-
MG human glioma cell lines [15]. However, little is
known regarding how HOTTIP regulates glioma devel-
opment. Brain and Reproductive Organ Expressed
(BRE), or BRCC45, is a death receptor-associated

antiapoptotic protein [42], and BRE over-expression at-
tenuates cell apoptosis and promotes cell growth in hu-
man hepatocellular and oesophageal carcinoma [43, 44].
Are HOTTIP-mediated inhibition of glioma cell prolifer-
ation and induction of glioma cell apoptosis related to
BRE? BRE was significantly down-regulated (fold change
=0.14) in U87-MG cells over-expressing HOTTIP com-
pared with U87-MG cells with empty vector, as assessed
by the Apoptosis PCR 384HT Array. We further demon-
strated that over-expression of HOTTIP decreased the
expression of BRE mRNA and BRE protein in the U87-
MG and U118-MG glioma cell lines, as assessed by
qRT-PCR and Western blot, respectively, and we con-
firmed that HOTTIP directly inhibited BRE expression,
as assessed by RIP. Then, we verified that over-
expression of BRE promotes cell growth and inhibits
apoptosis. Hence, we deduced that over-expression of
HOTTIP inhibited glioma cell proliferation and pro-
moted glioma cell apoptosis by down-regulating the ex-
pression of BRE.
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P53 functions as a crucial tumour suppressor that is
involved in mediating tumour suppression. Juanjuan
Zhu et al. detected that MEG3 suppressed hepatoma cell
growth and promoted cell apoptosis by activating p53-
mediated transcriptional activity [45]. Hai Bin Chen et
al. demonstrated that the silencing of BRE expression
enhanced the expression of p53 protein in human

oesophageal carcinoma cells [43]. In this study, we dem-
onstrated that over-expression of HOTTIP increased the
expression of P53 and that over-expression of BRE de-
creased the expression of P53. Thus, we deduced that
over-expression of HOTTIP increased the expression of
P53 through down-regulation of BRE. Cyclins and CDKs
play key roles in cell cycle regulation. In undamaged
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Fig. 7 Over-expression of BRE and HOTTIP altered the expression of P53, cyclin A and CDK2 proteins. a Over-expression of BRE reduced P53
protein expression and increased cyclin A and CDK2 expression as assessed by Western blot analysis in the U87-MG and U118-MG glioma cell
lines. b Over-expression of HOTTIP increased P53 protein expression and decreased BRE, cyclin A and CDK2 protein expression as assessed by
Western blot analysis in U87-MG and U118-MG glioma cell lines. 3-actin was used as a reference. The results represent data from at least three

independent experiments expressed as the mean + SD.*P < 0.05

cells, the cell cycle is controlled by the temporal activa-
tion of CDKs (CDK1 and CDK2) in complex with
cyclins (cyclin E, A and B) [46]. CDKs and their related
pathways regulate the cell cycle by maintaining exit and
entry to different phases of the cell cycle [47]. Cyclins
are a group of proteins that activate cyclin-dependent
kinases and are necessary for normal cell cycle transi-
tions. Cyclin A acts as an activator of two different
CDKs (CDK 1 and 2) and impacts both the S and M
phases of the cell cycle. Cumulative evidence has
demonstrated that the deregulation of cyclins plays a
key role in tumour pathogenesis [48]. Simi Santala et al.
revealed that high expression of cyclin A is associated
with poor prognosis in endometrial endometrioid
adenocarcinoma [28]. Evidence indicates that IncRNAs
participate in cell cycle regulation. For example,
NcRNACCNDL1 is transcribed from the upstream re-
gion of the cyclin D1 gene as a negative regulation

factor to regulate cyclin D1 [49]. Gadd7 is an IncRNA
that regulates the expression of CDK6 in a posttran-
scriptional manner [50]. MALAT1 is up-regulated in
several human cancers and promotes cancer cell prolif-
eration [51]. MALAT1 depletion suppresses various
genes related to cell cycle progression, such as cyclin
A2 and Cdc25A, thereby arresting the cell cycle in G1
[52]. Hai Bin Chen et al. demonstrated that silenced ex-
pression of BRE inhibits the expression of CDK2 and
Cyclin A proteins in human oesophageal carcinoma
cells [43]. In this study, we showed that over-expression
of HOTTIP can inhibit the expression of CDK2 and
cyclin A proteins and that over-expression of BRE can
enhance the expression of CDK2 and cyclin A proteins
in the U87-MG and U118-MG glioma cell lines. There-
fore, we deduced that over-expression of HOTTIP de-
creased the expression of CDK2 and cyclin A proteins
through down-regulation of BRE.
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cells were injected into nude mice (n=6). ¢ and d Tumour volumes and tumour weights were calculated 4 weeks after injection. e and f Tumours
developed from U87-MG cells stably over-expressing of pCONA-HOTTIP exhibited reduced BRE protein levels compared with control cells. Error bars
indicate the means + standard errors of the mean. *P < 0.05
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This is the first report to demonstrate the functional
significance of HOTTIP expression in glioma, and our
findings indicate that HOTTIP functions as a tumour
suppressor gene in glioma. Thus, HOTTIP holds great
promise as a novel diagnostic and prognostic marker
and therapeutic target for glioma.

Conclusions

Taken together, our studies demonstrated that over-
expression of HOTTIP promotes cell apoptosis and
inhibits cell growth in Ul18-MG and U87-MG human
glioma cells through down-regulation of BRE expression
to regulate the expression of P53, CDK2 and Cyclin A
proteins. The data described in this study indicate that
HOTTIP is an interesting candidate for further functional
studies in glioma and suggest the potential application of
HOTTIP in glioma therapy.
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