Cellular Physiology Cell Physiol Biochem 2018;46:1055-1064 o',;g;gg{cess
OL

. . DO 10.1122/000433836 © 2018 The Author(s)
and BIOChemlStry Published online: April 18, 2018 Published by S. Karger AG, Basel 1055
www.karger.com/cpb
Accepted: February 19, 2018

This article is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License (CC BY-NC-ND) (http://www.karger.com/Services/OpenAccessLicense). Usage and distribution
for commercial purposes as well as any distribution of modified material requires written permission.

Original Paper

Long Intergenic Noncoding RNA 00152
Promotes Glioma Cell Proliferation and
Invasion by Interacting with MiR-16

Xin Chen® Deheng Li# Yang Gao®* WeiTang® LaoIWP Yiqun Cao® Bin Hao®

aDepartment of Neurosurgery, Fudan University Shanghai Cancer Center, Department of Oncology,
Shanghai Medical College, Fudan University, Shanghai, °"Department of Pathology, Fudan University
Shanghai Cancer Center, Shanghai, China

Key Words
Linc00152 « MiR-16 « BMI1 « Glioma * Proliferation « Invasion

Abstract

Background/Aims: Long noncoding RNAs (IncRNAs) are a novel class of protein-noncoding
transcripts that are aberrantly expressed in multiple diseases including cancers. LINC00152
has been identified as an oncogene involved in many kinds of cancer; however, its expression
pattern and function in human glioma remain unclear. Methods: Quantitative real-time
polymerase chain reaction was carried out to measure LINCO0152 expression in human glioma
cell lines and tissues. CCK-8 and EdU assays were performed to assess cell proliferation,
and scratch assays and Transwell assays were used to assess cell migration and invasion,
respectively. Luciferase reporter assays were carried out to determine the interaction between
miR-16 and LINCO00152. /n vivo experiments were conducted to assess tumor formation.
Results: LINC00152 was found to be significantly upregulated in human glioma cell lines and
clinical samples. Knockdown of LINC00152 suppressed glioma cell proliferation, migration, and
invasion in vitro. In vivo assays in nude mice confirmed that LINC00152 knockdown inhibits
tumor growth. Furthermore, mechanistic investigation showed that LINC00152 binds to miR-
16 in a sequence-specific manner and suppresses its expression. miR-16 inhibition strongly
attenuated LINC00152 knockdown—-mediated suppressive effects on proliferation, migration,
and invasion. Moreover, LINC00152 induced BMI1 expression by sponging miR-16; this effect
further promoted glioma cell proliferation and invasion. Conclusion: We regard LINC00152
as an oncogenic IncRNA promoting glioma cell proliferation and invasion and as a potential
target for human glioma treatment.
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Introduction

Gliomas are the most pervasive and aggressive major type of primary tumor in the
nervous system and have fatal outcomes because of their high invasiveness. Current
therapy for these primary brain cancers is inadequate, and approximately 95% of patients
succumb to the disease within 5 years of diagnosis [1]. Without treatment, the average life
expectancy among patients with glioblastoma is only 4.5 months. The recommendations
from the European Association focus on pathological and radiological diagnostics and
pharmacotherapy [2]. Nonetheless, gliomas are frequently resistant to these therapies and
are rarely curable, especially malignant glioblastoma [1]. Therefore, investigating effective
strategies and treatments for the early diagnosis of glioma is urgently necessary.

Long noncoding RNAs (IncRNAs), which are defined as endogenous, cellular, protein-
noncoding RNAs more than 200 nucleotides in length, have been shown to play important
roles in gene expression regulation and various aspects of tumor cellular homeostasis,
including tumor cell proliferation, differentiation, apoptosis, and metastasis [3]. Long
intergenic noncoding RNA 152 (LINC00152), alncRNA whose gene is located in chromosome
region 2pl1.2, was first identified in gastric cancer and shows significantly increased
expression in cancer tissues and cells [4]. It is involved in cell proliferation, apoptosis,
epithelial-mesenchymal transition, migration, and invasiveness of gastric cancer cells [5-7].
Subsequent studies showed that LINCO0152 carries out oncogenic tasks in several types of
cancer, such as gallbladder cancer, lung adenocarcinoma, and renal cell carcinoma [8-10].
Nevertheless, little is known about its expression and function in glioma.

In this study, we revealed that LINCO0152 is highly expressed in gliomas, and its
knockdown suppressed glioma cell proliferation, migration, and invasion and tumor growth.
Furthermore, miR-16 was found to target LINCO0152 via a conserved consensus sequence,
and reciprocal inhibition between miR-16 and LINC00152 was proven. Moreover, we show
that LINCO0152 induces BMI1 expression by sponging miR-16, and this effect further
promotes glioma cell proliferation and invasion. Taken together, our findings revealed that
LINCO00152 can regulate the proliferation and invasiveness of glioma cells by inhibiting the
expression of miR-16.

Materials and Methods

Human tissues

Twenty samples of glioma tissues and of eight healthy brain tissues were obtained from the Fudan
University Shanghai Cancer Center Tissue Bank (Shanghai, China). All the samples were snap-frozen in
liquid nitrogen after surgical resection and stored at —80 °C. The use of human tissues in this study was
approved by the Clinical Research Ethics Committee of Fudan University Shanghai Cancer Center.

Cell culture

Human U87, LN229, U251, and T98G glioma cell lines were obtained from the Chinese Academy
of Sciences Cell Bank (Shanghai, China) and grown in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% of fetal bovine serum (FBS). Normal human astrocytes (NHAs) were purchased
from the Sciencell Research Laboratories (Carlsbad, CA) and cultured under the conditions recommended
by the vendor. All the cells were maintained in a medium containing 1% of a penicillin/streptomycin solution
at 37°C in a humidified atmosphere containing 5% (v/v) of CO,.

Cell transfection

miR-16 mimic, miR-16 inhibitor, and their respective negative controls were purchased from RiBoBio
(Guangzhou, China). The small interfering RNAs (siRNAs) targeting LINCO0152 (siLINC00152_1 and
siLINC00152_2) were synthesized by Genepharma (Shanghai, China) [9]. LINC00152 short hairpin RNA
(shRNA) was cloned into the pLKO.1 vector, and lentiviral particle production was performed according
to a previous report [11]. The coding sequence of BMI1 was amplified and cloned into pcDNA3.1 (+) to
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generate a BMI1 expression vector. Target cells were transfected with these oligonucleotides or vectors
using Lipofectamine 2000 (Life Technologies, Carlsbad, CA). The cells were harvested 48 h after transfection.

RNA extraction and quantitative RT-PCR

Total RNA was isolated with the TRIzol Reagent (Life Technologies). For mRNA and IncRNA
quantification, RNA was reverse-transcribed into cDNA by means of random primers (Promega, Madison, WI)
and M-MLV reverse transcriptase (Promega). For miR-16 quantification, total RNA was reverse-transcribed
with Bulge-Loop™ microRNA-specific RT primers (RiboBio) and M-MLV reverse transcriptase (Promega).
Quantitative PCRs were conducted using SYBR Premix Ex Taq II (TaKaRa, Dalian, China). GAPDH and U6
served as endogenous controls for LINC00152 and miR-16 expression, respectively. The 2-22¢ method was
applied to quantification, and fold changes in expression of target genes were normalized to the internal
control. The experiments were conducted in triplicate.

Cell proliferation and cell cycle analyses

The EdU assay was performed (RiboBio), and nuclei were stained with Hoechst 33342. Images were
captured by means of a fluorescence microscope (Olympus Corp., Tokyo, Japan) and analyzed in the Image]
software (National Institutes of Health, Bethesda, MD). Cell counting Kit-8 (CCK-8, Dojin, Japan) assay was
performed to assess cell proliferation. According to the vendor’s protocol, transfected cells were seeded in
96-well plates at density 2000/well and cultured for 24, 48, 72, or 96 h. Next, 10 pL of the CCK-8 solution
was added into each well and incubated at 37°C for 2 h. The absorbance at 490 nm was measured. The
experiments were conducted in triplicate. For cell cycle analysis, transfected cells were stained with 50 pg/
mL propidium iodide (PI) and analyzed by flow cytometry (BD Biosciences, Bedford, MD).

Wound healing assay

Transfected cells were seeded in 6-well plates and cultured until confluence reached ~90%. The cell
layer was scratched with a tip of a 200 pL pipette. After 48 h, the wound width was measured to evaluate the
wound healing ability of the tested cells.

Transwell assays

Cell migration and invasion were analyzed in Transwell chambers consisting of membrane filter inserts
(8 um pore size; Corning, Cambridge, MA) coated or not coated with Matrigel (BD Biosciences). Transfected
cells (1x10°) were resuspended in serum-free medium and were seeded into the upper chamber. Medium
with 10% of FBS was placed in the lower chamber. After incubation for 48 h, the cells on the upper membrane
surface were mechanically removed. Cells that migrated to (i.e., invaded) the lower side of the membrane
were fixed with methanol and stained with a 1% crystal violet solution. The stained cells were counted
under a microscope and five visual fields were imaged randomly. The results were averaged among three
independent experiments.

In vivo tumor growth assay

All experimental procedures involving animals were approved by the Animal Care and Use Committee
of Fudan University, China. A total of 2 x 10°U87 cells infected with lentiviruses expressing either
shLINC00152 or shCtrl were subcutaneously injected into the flanks of BALB/c nude mice (4-6 weeks old,
female, n = 6 per group). The mice were closely monitored for tumor growth, and tumors were measured
every 5 days by measuring the length and width of tumors with calipers. Tumor volumes were calculated
using the equation V (mm?) = 0.5 x D x d?(V, volume; D, longitudinal diameter; d, latitudinal diameter). The
mice were euthanized 25 days after injection, and the tumors were weighed. The proliferation index was
determined by Ki-67 immunostaining and by calculating the proportion of Ki67-positive cells among all the
cells in five randomly selected visual fields [12].

Luciferase reporter assay

A wild-type LINCO0152 fragment containing a potential miR-16-binding site was generated and
cloned into luciferase reporter vector psiCHECK-2 (Promega). The corresponding mutant construct was
created by mutating the seed region of the miR-16-binding site. HEK-293T cells were seeded in 96-well
plates and incubated for 24 h, and then were cotransfected with a wild-type or mutated reporter plasmid
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and miR-16 mimic. After 48 h transfection, the
luciferase activity was detected by means of the
Dual-Luciferase Reporter Assay System (Promega).
Luciferase reporter assays were performed in
duplicate and repeated in three independent
experiments.

Statistical analysis

SPSS 12.0 and Graph Pad Prism 5.0
software were used for statistical analysis. Data
are presented as mean = SEM of at least three
independent experiments. Student’s t test or
one-way analysis of variance was carried out for
statistical analysis when appropriate. The relation
between LINCO0152 and miR-16 expression was
explored by Spearman’s correlation analysis.
Data with P < 0.05 were considered statistically
significant.

Results

LINC00152 is upregulated in glioma
cell lines and clinical samples

In this study, we first examined
LINC00152 expression by quantitative RT-
PCR (qRT-PCR) in four glioma cell lines
and normal human astrocytes (NHAs),
and found that it was upregulated in all
four glioma cell lines compared with NHAs
(Fig. 1A). We also analyzed LINC00152
expression in 20 glioma tissue samples
and eight healthy brain tissue samples.
LINC00152 was highly expressed in glioma
tissues compared with normal brain
tissues (Fig. 1B). These results suggested
that LINC00152 upregulation may play
a biological role in glioma tumorigenesis
and/or progression.

LINC00152 promotes glioma cell
proliferation, migration and invasion in
vitro
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Fig. 1. LINC00152 is highly expressed in human
glioma cell lines and tissues. (A) Expression levels
of LINCO0152 were evaluated by qRT-PCR in normal
human astrocytes (NHAs) and four glioma cell lines
(T98G, LN229,U87,and U251). (B) gRT-PCR analysis
of LINC00152 expression in 20 glioma tissue
samples and eight normal brain tissue samples.
GAPDH served as the endogenous control. *P<0.05,
**P<0.01.
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Fig. 2. Effects of LINC00152 knockdown on
glioma cell proliferation in vitro. (A) Analysis of
LINC00152 expression by gRT-PCR in U87 and
U251 cells transfected with LINC00152-specific
siRNAs (siLINC00152_1 and siLINC00152_2). (B)
CCK-8 assay was performed to determine glioma
cell viability following siLINC00152 silencing. (C)
Representative pictures (left) and quantification
(right) of EdU-positive cells. (D) Flow-cytometric
assays were performed to analyze cell cycle
progression. *P<0.05, **P<0.01.

the glioma cell phenotype, we synthesized two siRNAs to knock down LINC00152 expression
inU87 and U251 cells, and 48 h after transfection, we observed that the knockdown efficiency
was better for siRNA_2 (Fig. 2A). Thus, we chose this siRNA to conduct the subsequent
experiments. The CCK-8 assay revealed that cell growth was suppressed when LINC00152
expression was knocked down in U87 and U251 cells compared with controls (Fig. 2B). The
EdU staining assay also revealed that the knockdown of LINC00152 decreased glioma cell
proliferation (Fig. 2C). Next, we determined whether this growth inhibition was associated
with cell cycle changes. Flow cytometric analysis revealed that U87 and U251 cells with
LINC00152 knockdown showed a marked increase in the proportion of cells in GO/G1
phases, suggesting that LINC00152 knockdown inhibited the G1-S transition of glioma
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cells (Fig. 2D). After that, to determine the effects of LINC00152 knockdown on glioma cell
migration, the wound healing assay was performed. As shown in Fig. 3A, the migratory
ability of U87 and U251 cells transfected with siLINCO0152 was much lower than that of
cells transfected with siCtrl (control). Accordingly, Transwell migration and invasion assays
showed that LINC00152 knockdown inhibited the migratory ability of glioma cells by ~60%
and invasiveness by ~50% when compared with control cells (Fig. 3B and 3C).

In contrast, LINCO0152 overexpression in T98G cells, which have low endogenous
LINC00152 levels, significantly increased cell proliferation, migration, and invasion (Fig.
4). These data suggested that the gene of LINCO0152 may act as an oncogene and that its
suppression in cancer cells may inhibit tumor progression.

LINC00152 knockdown inhibits glioma cell growth in vivo

To explore the potential functions of LINCO0152 in vivo, U87 cells were infected with
lentiviruses expressing shLINC00152 or shCtrl and then were injected subcutaneously into
nude mice. Twenty-five days after the injection, the tumors that formed in the shLINC00152

Fig. 3. Effects of LINC00152 knockdown on glioma cell
migration and invasion in vitro. (A) Representative
images (upper panels) and quantification (lower
panels) of the wound-healing assay of U87 and U251
cells transfected with either siLINCO0152 or siCtrl.
(B) Representative images (top) and quantification
(bottom) of the Transwell migration assay of U87
and U251 cells transfected with either siLINC00152
or siCtrl. (C) Representative images (top) and
quantification (bottom) of the Transwell invasion
assay. *P<0.05, **P<0.01.
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Fig. 4. Effects of LINC00152 overexpression on
glioma cell migration and invasion in vitro. (A) qRT-
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Fig. 5. Inhibition of glioma cell growth in vivo
via knockdown of LINC00152. U87 cells (2 x 109) A
infected with either the shLINC00152 lentivirus or ‘"“;‘"Lf"“m
shCtrl lentivirus were inoculated subcutaneously
into nude mice (n = 6), and the mice were closely
monitored for tumor growth. At 25 days after the
inoculation, the mice were euthanized, and the
tumors were excised. (A) Representative images of
the tumors that formed. (B) A growth curve of tumor
volumes. (C) The weight of the formed tumors. (D)
gRT-PCR analysis of LINCO0152 expression in the
tumors. (E) Representative pictures of hematoxylin
and eosin (HE) or Ki67 staining. (F) Percentages of
Ki67-positive cells. *P<0.05, **P<0.01.
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group were smaller than those in the control group (Fig. 5A and 5B). In addition, the mean
tumor weight was significantly lower in the shLINC00152 group than in the control group
(Fig. 5C). Moreover, qRT-PCR analysis of the tumor tissues confirmed decreased LINC00152
expression in the shLINC00152 group (Fig. 5D). Immunohistochemical staining for cell
proliferation marker Ki67 revealed lower percentages of Ki67-positive tumor cells in
the tumors of the shLINC00152 group (Fig. 5E and 5F). These results indicated that the
knockdown of LINC00152 inhibited glioma cell tumorigenesis in the nude mouse model.

LINC00152 serves as a sponge for miR-16

Given that an IncRNA has been shown to act as a competing endogenous RNA (ceRNA)
or a molecular sponge for regulating the biological functions of a target microRNA (miRNA)
[13, 14], we next aimed to determine whether LINC0O0152 has a similar mechanism of
action in glioma. Using online miRNA target search software (http://www.mircode.org),
we predicted that LINC00152 could be targeted by several miRNAs. Among them, we were
particularly interested in miR-16 because of its negative effects on glioma cell proliferation
and invasion [15, 16]. The predicted binding site of miR-16 in the LINC00152 sequence is
illustrated in Fig. 6A. qRT-PCR analysis showed that miR-16 expression was enhanced by
LINC00152 knockdown (Fig. 6B), and that LINC00152 was downregulated by miR-16 mimic
treatment (Fig. 6C). Then, a fragment of LINC00152 was inserted into a luciferase reporter
system containing wild-type (Wt) or mutated (Mut) miR-16-binding site (Fig. 6A). MiR-16
was able to repress the luciferase activity of the Wt reporter vector but had no effect on the
Mut vector (Fig. 6D). Furthermore, a statistically significant inverse correlation was revealed
by Spearman’s analysis of correlation between the levels of miR-16 and LINC00152 (Fig. 6E).
These data revealed that LINCO0152 is a direct target of miR-16.

To dissect the importance of miR-16 binding in LINC00152-promoted glioma
progression, we transfected the miR-16 inhibitor into shLINC00152-overexpressing
U87 cells (Fig. 6F). Functional assays showed that the miR-16 inhibitor largely reversed
shLINC00152’s inhibitory effects on glioma cell proliferation, migration, and invasion (Fig.
6G). These results strongly indicated that miR-16 plays a crucial part in LINC00152-induced
promotion of glioma cells’ proliferation, migration, and invasiveness.

Fig. 6. LINC00152 isadirect target of miR- A B
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us? u251 us? U251

sequence contains a putative binding D:‘ S E , F 2 = S
site for miR-16. (B) miR-16 expression 30 = e . e gg”
was increased in U87 and U251 cells gﬁ ;fg:
transfected with siLINC00152. (C) The i “S:z

B

8 NCinhibitor - miR-16 inhibitor

LINC00152 expression was decreased in w t
U87 and U251 cells transfected with miR-
16 mimic. (D) A fragment of LINC00152
was cloned into a region downstream of
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were inhibited in HEK293T cells transfected with the Wt reporter vector, not with the Mut reporter vector.
(E) Spearman’s correlation analysis revealed that miR-16 expression inversely correlated with LINC00152
levels in glioma tissues (r =—0.447; P<0.05). (F) qRT-PCR analysis of LINCO0152 expression in shLINC00152-
transfected and miR-16 inhibitor-transfected U87 cells. (G) Cell viability, migration, and invasion were
determined. *P<0.05, **P<0.01.
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including glioma [17, 18]. Here, we
hypothesized that LINC0O0152 functions
in glioma by enhancing BMI1 expression.
To test this idea, we first measured BMI1
expressionin LINC00152 knockdown cells
and LINCO00152-overexpressing cells. As
shown in Fig. 7A, LINC00152 knockdown
inhibited BMI1 expression in U87 and
U251 cells, whereas its overexpression
enhanced BMI1 expression in T98G cells.
In agreement with other reports, miR-
16 mimic suppressed BMI1 expression
in T98G cells (Fig. 7B). Next, T98G cells
were cotransfected with the LINC00152
plasmid and BMI1 siRNA, and the protein
expression of BMI1 was studied (Fig.
7C). Functional assays indicated that
BMI1 suppression significantly attenuated LINCO0152-promoted cell proliferation and
invasiveness (Fig. 7D).
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Fig. 7. BMI1 participates in LINC00152-induced
promotion of glioma cell proliferation, migration, and
invasion. (A) Western blot analysis of BMI1 expression
in the LINC00152 knockdown cells and in LINC00152-
overexpressing cells. (B) Western blot analysis of
BMI1 expression in T98G cells transfected with either
miR-16 mimic or NC mimic. (C) Western blot analysis
of BMI1 expression in LINCO0152-transfected and
BMI1 siRNA-transfected T98G cells. (D) Cell viability,
migration, and invasion were evaluated. *P<0.05,
**P<0.01.

Discussion

LncRNAs have emerged as possible biological regulators of a wide range of cellular
activities such as proliferation, apoptosis, migration, and invasion [19]. Over the past several
years, emerging data showed that alterations in the expression of IncRNAs contribute to the
pathogenesis of many human cancers, where they function as either oncogenes or tumor
suppressors [20]. In the present study, we investigated participation of LINC0O0152 in the
proliferation and invasion of glioma cells.

The aberrant expression of LINCO0152 has been demonstrated to contribute to
malignancy of several distinct cancer types, including gastric cancer, hepatocellular
carcinoma, gallbladder cancer, lung adenocarcinoma, and renal cell carcinoma [6, 8-10,
21]. Zhao et al. reported that LINCO0152 is overexpressed and involved in cell cycle arrest,
apoptosis, epithelial to mesenchymal transition, cell migration and invasion in gastric cancer
[6]. ]i et al. found that increased levels of LINC00152 in hepatocellular carcinoma promote
cell proliferation in vitro and tumor growth in vivo by activating the mTOR signaling pathway
[21].Chen etal.recently reported that LINC0O0152 is upregulated in lung adenocarcinoma and
is associated with a poor prognosis. Meanwhile, LINC00152’s oncogenic effects are mediated
in part by the epigenetic silencing of IL24 expression after binding to EZH2 [9]. In the present
study, we determined the expression pattern of LINC0O0152 in several glioma cell lines and in
the normal human astrocytes NHAs using qRT-PCR. The expression levels of LINC00152 were
significantly higher in all four tested glioma cell lines than in NHAs. Furthermore, the results
obtained from clinical glioma tissue samples confirmed that LINC0O0152 is upregulated in
cancer tissues compared with healthy brain tissues, thus pointing to its possible involvement
in the oncogenic transformation of the cell type in question. We subsequently confirmed
that LINC00152 knockdown significantly suppresses glioma cell proliferation, migration,
invasion, and tumor growth. Our results on the oncogenic role of LINC00152 are similar to
the findings in a recently published paper by Yu and colleagues, where LINC00152 facilitated
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cell proliferation, migration, and invasion, while suppressing apoptosis in glioma stem cells
by regulating the miR-103a-3p-FEZF1-CDC25A pathway [22].

Accumulating evidence suggests that IncRNAs act as a ceRNA or miRNA sponge by
binding to miRNAs and suppressing their biological functions. LINC00152 has been reported
to promote renal cell carcinoma progression by epigenetically repressing P16 expression
and interacting with miR-205 [10]. Additionally, LINC0O0152 targets miR-193a-3p-ERBB4-
AKT signaling and functions as a ceRNA, thereby conferring oxaliplatin resistance [23]. In the
present study, using the online miRNA target search software (http://www.mircode.org),
we predicted that LINCO0152 may be targeted by several miRNAs, and miR-16 drew our
attention. qRT-PCR analysis suggests that there is reciprocal inhibition between miR-16 and
LINC00152. Furthermore, the luciferase reporter assay confirmed that miR-16 can bind to
LINC00152 in a sequence-specific manner. A statistically significant inverse correlation was
revealed by Spearman’s analysis of correlation between the levels of miR-16 and LINC00152
in glioma tissues, suggesting that LINC0O0152 is a direct target of miR-16.

MiR-16, as a miRNA commonly implicated in cancer progression, has been well
characterized as a potential tumor suppressor. It is frequently downregulated and plays a
crucial role in oncogenesis, including the association with lower proliferation, invasion, and
metastatic potential [24]. In glioma, the expression of miR-16 is low and negatively correlates
with malignancy; meanwhile, restoration of miR-16 activity can significantly inhibit glioma
cell growth and invasion [15]. Furthermore, miR-16 may decrease temozolomide resistance
in human glioma cells [25]. In this study, we confirmed the negative effects of miR-16
on glioma cell proliferation, migration, and invasion using miR-16 inhibitor. Moreover,
miR-16 inhibition strongly attenuated LINC00152 knockdown-mediated suppression
of proliferation, migration, and invasion of glioma cells. These results establish a direct
connection between LINC00152 and miR-16 and confirm LINC00152 as an oncogenic
IncRNA in glioma cells because of the interaction with miR-16.

BMI1 is a polycomb group epigenetic gene silencer that is upregulated and involved
in the development and progression of cancers [26]. It was reported that in glioma, BMI1
expression correlates with a poor prognosis and cancer progression among the patients
[27] and may be regulated by several miRNAs, such as miR-218 and miR-16 [18, 28]. Here,
we found that LINC00152 increases BMI1 expression indirectly by sponging miR-16. BMI1
suppression significantly reduced LINC00152-induced cell proliferation and invasion
promotion, suggesting that LINC0O0152 functions in glioma by enhancing BMI1 expression.

In summary, we demonstrated that LINC00152 is highly expressed in gliomas, and its
knockdown suppresses glioma cell proliferation, migration, invasion, and tumor growth.
Furthermore, LINC0O0152 acts as a molecular sponge for miR-16, and there is reciprocal
inhibition between miR-16 and LINC00152. MiR-16 inhibition strongly attenuated
LINC00152 knockdown-mediated suppression of proliferation, migration, and invasiveness
of glioma cells (Fig. 6G). Moreover, LINC00152 induces BMI1 expression by sponging miR-
16, and this effect further promotes glioma cell proliferation and invasion. Thus, our findings
highlight the significance of the interaction between miRNAs and IncRNAs in tumorigenesis
because LINC00152 enhanced malignancy of glioma mainly by suppressing miR-16.
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