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Abstract
Aberrant expression of long noncoding RNAs plays a pivotal role in tumorigenesis. Recently, several
studies have showed that the LINC00152 gene is upregulated in a variety of tumors and plays an
oncogene role; however, its underlying molecular mechanisms in glioblastoma remain unclear. In this
study, we found that LINC00152 was upregulated in gliomas and its expression was signi�cantly
associated with high tumor aggressiveness and poor outcomes for glioma patients through
bioinformatics analysis. Functionally, the knockdown of LINC00152 not only inhibited malignant
behaviors of glioma, such as proliferation and invasion of glioma cells and induced apoptosis in vitro but
also suppressed tumorigenesis in vivo. Mechanistically, results of the bioinformatics analysis and
experimental studies con�rmed that LINC00152 and RAB10 as the targets of miR-107, and LINC00152
might act as a sponge for miR-107 to regulate the expression of RAB10 in glioblastoma. Additionally,
silencing miR-107 reversed the effects induced by LINC00152 knockdown on glioblastoma cells both in
vitro and in vivo. Taken together, our data suggested that LINC00152 is a candidate prognostic marker of
glioma, and that the LINC00152/MIR-107/RAB10 axis plays a pivotal role in regulation of the glioma
malignancy, and therefore, targeting the axis might be an effective therapeutic strategy to treat glioma.

Introduction
Glioma, the most common and aggressive primary brain tumor arising from glial cells in the central
nervous system, is highly invasive and resistant to traditional therapies. It accounts for approximately
80% of primary malignant brain tumors(Ricard et al. 2012;Lathia et al. 2015;Wang et al. 2015;Siegel et al.
2017). Glioblastoma multiforme (GBM) is the most frequent and severe subtype of glioma accounting for
50% of diffuse gliomas(Furnari et al. 2015;Lathia et al. 2015;Yuan et al. 2015). Despite multimodal
treatments, including surgery, radiotherapy, and chemotherapy, which are constantly being improved, the
average survival time of GBM patients is only approximately 15 months from diagnosis(Omuro and
DeAngelis 2013). Therefore, it is necessary to completely understand the molecular mechanisms
underlying GBM invasion and metastasis and to develop novel therapeutic strategies.

Long non-coding RNAs (LncRNAs) are a group of endogenous small RNAs of over 200 nucleotides long
that do not have a protein-coding capacity(Huarte 2015;Beermann et al. 2016;Deguchi et al. 2017;Fan et
al. 2017;Gomes et al. 2017). Over the past decade, lncRNAs have been described in a variety of processes
including evolution(Gummalla et al. 2014), embryonic development(Floris et al. 2017),
metabolism(Huarte 2015;Beermann et al. 2016), and oncogenesis(Fang et al. 2015;Gomes et al. 2017).
Mechanistically, lncRNAs with aberrant expression levels play critical roles at the transcriptional and post-
transcriptional levels in cancer biology(Fang et al. 2015;Huarte 2015;Beermann et al. 2016). Recently,
many lncRNAs have been reported to be aberrantly expressed and involved in tumor initiation and
progression of glioma. For example, miR-155 host gene (miR155HG) is highly expressed in glioblastoma
cells and facilitates glioma progression(Wu et al. 2017). HOTAIR, a cell cycle-associated lncRNA, is
preferentially expressed in classical and mesenchymal glioma cells and is involved in the regulation of
cell proliferation in glioblastoma(Zhang et al. 2013;Pastori et al. 2015). Other lncRNAs, such as
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CCAT2(Guo et al. 2016), HULC(Zhu et al. 2016), and H19(Jia et al. 2016) regulate angiogenesis and
behavior of glioma cells. TUG1 promotes glioma stem cell (GSC) self-renewal and growth and inhibit GSC
differentiation(Katsushima et al. 2016). In addition, these lncRNAs are potential therapeutic targets for
glioblastoma cells. HOTAIR regulates the permeability of blood-tumor barrier (BTB) via binding to miR-
148b-3p, which further targets USF1 in glioma microvascular endothelial cells, thus, HOTAIR/miR-148b-
3p/USF1 axis is a potential novel drug target for glioma treatment(Sa et al. 2017). XIST lncRNA increases
BTB permeability and inhibits glioma angiogenesis by targeting miR-137 and might be a potential
therapeutic target in glioma samples(Yu et al. 2017).

Long intergenic non-coding RNA 152 (LINC00152) is 828 nucleotides long and is located on chromosome
2p11.2 in an intergenic region between the pseudogenes platelet-activating factor acetylhydrolase 1b
regulatory subunit 1 pseudogene 1 (PAFAH1B1P1) and LOC107985796(Teng et al. 2017;Yu et al. 2017).
During the past few years, accumulating evidence have indicated that LINC00152 is upregulated and
plays an oncogene role in several carcinomas, including promoting cell proliferation and metastasis and
inhibiting apoptosis(Ji et al. 2015;Chen et al. 2017;Feng et al. 2017). Besides, LINC00152 might also act
as a diagnostic and prognostic biomarker for different cancers(Chen et al. 2017;Feng et al. 2017). The
abnormal expression of LINC00152 in glioma tissues and GSCs has been reported(Yu et al. 2017).
However, the biological role and underlying molecular mechanisms of LINC00152 in glioblastoma cells is
still unclear.

In this study, we combined bioinformatics analysis and experimental studies to investigate the expression
pattern of LINC00152, its biological function, and the underlying mechanism in gliomas.

Materials And Methods
Cell lines and cultures

Human glioma cell lines (U251 and U87) were obtained from the American Type Culture Collection
(Manassas, VA, USA). All cell lines were subjected to a short tandem repeat test before this study. Every
cell line was passaged less than 10 times during the experiments. Individual cell lines were maintained
according to the supplier's instructions. Cells were cultured in medium supplemented with 10 % fetal
bovine serum and antibiotics (100 units/mL penicillin and 100 μg/mL streptomycin) and were incubated
at 37 °C in a humidi�ed incubator with 5% CO2.

Human tissue samples

Patients with glioma who were newly diagnosed, treated, and followed at the Department of
Neurosurgery, Xiangya Hospital, Central South University, Hunan, China were enrolled for this study. We
obtained frozen tissue samples from 73 gliomas and 78 normal brain tissues between March 2008 and
November 2010. This study was approved by the hospital institutional review board and written informed
consent was obtained from all patients. All the protocols were reviewed by the Joint Ethics Committee of
the Central South University Health Authority and were performed following national guidelines. Tissue
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samples were collected during surgery and diagnosed using the World Health Organization (WHO) criteria
by two pathologists who were blinded to patient data. Tissues were frozen in RNAlater (Ambion) in liquid
nitrogen and stored until total RNA or protein were extracted. Clinical data, including gender, age, follow-
up, and outcome, were obtained from medical records.

Cells transfection

Cell transfection was performed using Lipofectamine 2000 (Invitrogen–Life Technologies, Carlsbad, CA,
USA) as per the manufacturer’s instructions. Cells were seeded in cell culture dishes or plates and were
grown overnight. On the following day, the cells were transfected with miRNA mimics/NC using
Lipofectamine 2000 and incubated. After 72 h incubation, these cells were subjected to western blot
analysis and also other assays.

Vector construction

The pLKO.1-puro vector used for the stable expression of shRNA against LINC00152 (sh-linc) contained a
puromycin resistance gene. The scrambled control shRNA (sh-ctr) sequence had no homology to any
human genomic sequences. The cultured cells (3 × 105 cells/well) were seeded in 6-well culture plates
and maintained in DMEM medium containing 10% FBS for 24 h before transfection. Cell transfection was
performed using Lipofectamine 2000 (Invitrogen–Life Technologies, Carlsbad, CA, USA) as per the
manufacturer’s instructions. For screening, puromycin (1 μg/mL) was added to the medium 72 h after
transfection. The medium was replaced every 2 d for 2-3 weeks. U251 and U87 cells with high
endogenous LINC00152 expression were selected for silencing. The expression levels of LINC00152 was
con�rmed by qRT-PCR.

Quantitative real-time PCR (qRT-PCR) assays

RNA was isolated from harvested cells or human tissues with Trizol reagent according to the
manufacturer’s instructions (Invitrogen, CA, USA). One μg of total RNA was reverse transcribed to cDNA
using a Reverse Transcription Kit (Thermo Fisher Scienti�c, MA, USA). qRT-PCR was performed using
SYBR Premix DimerEraser kit (Takara, Dalian, China) on a CFX96 Real-Time PCR Detection System (Bio-
Rad, CA, USA) to determine the relative expression levels of target genes. Expression of each gene was
quanti�ed by measuring Ct values and normalized using the 2-ΔΔct method. U6 small nuclear (snRNA)
and GAPDH mRNA were used as an internal control for mRNA and mature miRNA, respectively. The
primers used were showed as follows: LINC00152: F: 5’-AAAATCACGACTCAGCCCCC-3’ and R: 5’-
AATGGGAAACCGACCAGACC-3’; miR-107: F: 5′-GGAGCAGCATTGTACAGG-3′ and R: 5′-
CAGTGCGTGTCGTGGA-3’; RAB10: F: 5’-TTTCACACCATCACAACCTCC-3’ and R: 5’-
GGTACAACTCTTTTGTCGTCC-3’; U6: F: 5′-CTCGCTTCGGCAGCACA-3′ and R: 5′-
AACGCTTCACGAATTTGCGT-3; and GAPDH: F: 5’-GGGAGCCAAAAGGGTCAT -3’ and R: 5’-
GTCCTTCCACGATACCAA-3’.

Cell Counting kit-8 assay
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Cell proliferation of GBM cells was measured by Cell Counting Kit-8 (CCK-8; Sigma-Aldrich, Shanghai,
China) according to the manufacturer’s instructions. Brie�y, U251 and U87 cells transfected with sh-linc or
sh-ctr were seeded at a density of 2×103 cells per well in 96-well plates. The cells were incubated for 24,
48, 72, and 96 h after transfection. At each of the desired time points, CCK-8 solution was added (10
μL/well) to the cells and incubated for 2 h at 37 °C, followed by absorbance measurements at 420 nm
using a microplate reader (Model 680 microplate reader, Bio-Rad Laboratories). Each assay was
performed in �ve replicates.

Colony formation assay

After transfection, the cells were digested using 0.25% trypsin, and then cells were suspended in medium
for counting. Cells were seeded onto a 6-well plate at 1×103 cells per well and were incubated at 37 °C
with 5% CO2 containing saturated humidity for 14 d and the growth medium was replaced once in three
days. After clone formation, the supernatant was discarded, and the plate was carefully immersed twice
with PBS. The cells were �xed by adding 4% paraformaldehyde and incubation for 15 min. Then, the
�xing solution was removed and appropriate amounts of Crystal Violet Staining Solution was added and
incubated for 30 min and then the staining solution was slowly washed away using running water. After
air drying, the resulting colonies were then counted.

Flow cytometric analysis of apoptosis

Cellular apoptosis was assessed by Annexin V/propidium iodide (PI) staining and �ow cytometry was
performed using an Annexin V-�uorescein Isothiocyanate Apoptosis Detection Kit (Beyotime
Biotechnology, Shanghai, China) according to the manufacturer’s instructions. Brie�y, the cells were
digested by trypsin, centrifuged, and washed twice with phosphate buffered saline (PBS). Then the
harvested cells (5´ 105) were resuspended in Annexin V binding buffer. After staining with Annexin V and
PI, the cells were analyzed with the help of a �ow cytometer. All experiments were repeated at least three
times.

Cell Matrigel invasion assay

Matrigel invasion migration was evaluated using a Transwell migration assay. Brie�y, �lters coated with
Matrigel in the upper compartment were loaded with 200 μL of serum-free medium containing 5×104

transfected cells, and the lower compartment was �lled with 20% FBS. After 24 h, cells migrated to the
bottom surface were �xed with 100% methanol and were counted after staining with 0.5% crystal violet.
The number of invaded cells were counted in six randomly selected �elds under a microscope and the
average value was calculated. Each experiment was conducted in triplicate.

Western blot analysis

Western blot was performed as described previously(Wang et al. 2016). Brie�y, cells were lysed and the
total proteins were extracted and quanti�ed. Equivalent amounts of protein from each sample were
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separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene �uoride (PVDF) membranes (Millipore, USA). The membrane was blocked with 5% skim
milk at room temperature for 1 h, followed by incubation with primary antibody (RAB10 with 1:1000
dilution, GAPDH with 1:5000 dilution) at 4 °C overnight and detected by chemiluminescence. Antibodies
against RAB10 (#4262) were obtained from Cell Signaling Technology (Beverly, MA, USA) and antibodies
against GAPDH (sc-32233) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Luciferase reporter assays

Luciferase reporter assays were performed as described previously(Peng et al. 2015). Brie�y, the
luciferase reporter plasmids containing wild-type (wt) or mutant (mut) LINC00152 genes were purchased
from GeneChem (Shanghai, China). phRL-TK plasmid was used as an internal control. Glioma cells (2
×105) were plated in 24-well plates, and then cotransfected with either wildtype or mutLINC00152
luciferase reporter plasmid, together with miR-107 mimics or miR-NC. After incubation for 24 h, luciferase
activities were measured using a Dual-Luciferase Reporter Assay System kit (Promega) according to the
manufacturer’s instructions.

Wound healing assay

Glioma cells were cultured in 6-well plates until 80% con�uency was reached. Subsequently, cells were
then transfected with LINC00152 shRNA or control shRNA. Cultures were scratched using a 10 Μl tip 6-h
post transfection to form wound gaps. The wound gaps were photographed 12, 24, and 36 h following
the scratch. Fields containing wounds were visualized and the distance migrated by cells was measured
from �ve different areas for each wound.

Mouse xenograft models

All the animal procedures were performed in accordance with institutional guidelines. Ethical approval
was obtained from the Institute Research Ethics Committee of Central South University. For
subcutaneous implantation, U251 cells stably transfected with sh-linc or sh-ctr were collected and
suspended in PBS buffer at a concentration of 1 × 107 cells/ml. Tumor growth was monitored by caliper
measurement once or twice a week. After 35 d, mice were euthanized, and tumors were extracted for
immunohistochemical analysis of Ki-67.

To assay the effects of LINC00152 on tumor formation after miR-107 knockdown, U251 cells stably
transfected with sh-linc (10 mice) or sh-ctr (5 mice) were collected and suspended in PBS buffer at a
concentration of 1 × 107 cells/ml. Aliquots of 40 μl PBS containing 1 μg of miR-NC were directly injected
into the tumors of the sh-ctr group mice. The sh-linc group mice were divided into two groups. Aliquots
containing 40 μl PBS with 1 μg of miR-107 inhibitors or miR-NC were directly injected into the tumor.
Tumor growth was monitored by caliper measurement once or twice a week for at least 5 weeks. After 35
d, mice were euthanized, and tumors extracted.
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Bioinformatics analysis

Three publicly available databases, including The TCGA lower grade glioma and glioblastoma (GBMLGG)
dataset (https://xenabrowser.net/), the Gene Expression Omnibus (GEO) GSE16011
(https://hgserver1.amc.nl/cgi-bin/r2/main.cgi) and CGGA dataset (http://www.cgga.org.cn/), were used
in this study. Gene expression analysis and Survival analysis were performed, and the detail of them was
described in previous publications(Su et al. 2019;Su et al. 2019).

Statistical analysis

All experiments were performed three times and data were analyzed using GraphPad Prism 5 (La Jolla,
CA, USA). Statistical differences between groups were analyzed using Student's t-test, one-way
ANOVA, and χ2 tests, using the SPSS 17.0 program and RStudio. A p-value of < 0.05 was considered to
indicate a statistically signi�cant result.

Results
LINC00152 is upregulated in glioma tissues and its expression is associated with glioma patient
outcomes

LINC00152 is an oncogene that promotes cell proliferation, invasion, and migration in various tumors(Yu
et al. 2017). To investigate the expression of LINC00152 in gliomas and normal brain tissues, the
GSE16011 database was used. The result showed that the expression of LINC00152 was signi�cantly
upregulated in gliomas compared to levels in normal tissue (p < 0.05, Fig. 1a). Furthermore, we analyzed
the expression of LINC00152 in different grades of glioma and found that its level increases with WHO
grades based on the GSE16011 database (Fig. 1a), which was well validated in TCGA and CGGA datasets
(Fig. 1b and supplementary Fig. 1a). Moreover, LINC00152 expression was signi�cantly correlated with
MGMT promoter status and IDH status of glioma. LINC00152 expression in IDH-Wt gliomas was
markedly higher than that in IDH-Mut gliomas based on TCGA database (Fig. 2c), consistent with result
obtained from the CGGA database (Supplementary Fig. 1b). LINC00152 expression in gliomas with
MGMT promoter unmethylation was signi�cantly higher than that in gliomas with MGMT promoter
methylation based on TCGA database (Fig. 2d). In addition, LINC00152 expression was signi�cantly
upregulated in the mesenchymal and classical subtype compared with other two respective molecular
subtypes in the TCGA dataset (Fig. 1e).

Since LINC00152 expression signi�cantly associated with WHO grade and molecular subtype in gliomas,
we further investigated its prognostic value and the Kaplan–Meier survival analysis was performed.
According the median of LINC00152, the glioma patients were grouped into high group and low group.
Based on the TCGA database, the result indicated that high expression of LINC00152 is signi�cantly
associated with poor prognosis in glioma patients (Fig. 1f), which was well validated in CGGA dataset
(supplementary Fig. 1c). To investigate whether LINC00152 could be an independent prognostic marker
for glioma, we simultaneously performed univariate and multivariate Cox regression analysis based on

https://xenabrowser.net/
https://hgserver1.amc.nl/cgi-bin/r2/main.cgi
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the TCGA dataset. Univariate Cox analysis showed that LINC00152 expression, patient age at diagnosis,
WHO grade, MGMT promoter status, IDH status and transcriptome subtype were signi�cantly associated
with overall survival of glioma patients. According to multivariate Cox analysis, the LINC00152
expression was still a signi�cant predictive factor after adjusting for the aforementioned clinical factors
(Table 1).

Table 1
Univariate and multivariable Cox regression analysis of overall survival based on TCGA dataset

  Univariate analysis   Multivariate analysis

  HR

(95% CI for HR)

P   HR

(95% CI for HR)

P

LINC00152 1.645 (1.551–
1.745)

***   1.206

(1.081–1.345)

***

gender

male VS Female

1.225 (0.955–
1.572)

0.110   - -

Age

≤ 40 VS > 40

0.231 (0.165–
0.324)

***   0.3947 (0.2565–
0.6074)

***

grade

WHO II VS WHO III + IV

0.178 (0.121–
0.262)

***   0.4497 (0.2768–
0.7306)

**

IDH status

WT VS MT

10.050

(7.524–13.43)

***   3.205 (1.863–5.514) ***

MGMT promoter status

Methylation VS
Unmethylation

3.228 (2.447–
4.259)

***   - -

Transcriptome subtype

NE + PN VS CL + ME

0.152 (0.113–
0.203)

***   1.012 (0.6335–1.618) 0.959

Abbreviations: HR, hazard ratio, CI, Con�dence interval.

Taken together, these results indicated that the expression of LINC00152 was signi�cantly upregulated in
GBM and signi�cantly correlated with WHO grade, IDH status, MGMT promoter status and transcriptome
subtype of gliomas. Importantly, LINC00152 is an independent prognostic marker for glioma patients and
high expression indicates poor clinical prognosis.

The role of LINC00152 in glioma cell proliferation, cell migration, and cell apoptosis
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Cell proliferation and invasion are signi�cantly processed in cancer progression(Fang et al. 2015;Huarte
2015;Lathia et al. 2015). To explore the functions of LINC00152 in glioma, we used a short hairpin RNA
(shRNA) to decrease the expression levels of LINC00152 in U251 and U87 cells. qRT-PCR analysis
showed that this shRNA can downregulate the expression of LINC00152 in both the cell lines with high
e�ciency (Fig. 2a). As a functional assay, CCK-8 assay was performed to monitor the effects of
LINC00152 on cell proliferation and the results showed that knockdown of LINC00152 expression in
U251 and U87 cells caused signi�cant inhibition on cell proliferation (Fig. 2b). On the other hand,
LINC00152 knockdown can signi�cantly diminish colony formation and invasion abilities of U251 and
U87 cells (Fig. 2c and 2d). Furthermore, �ow cytometric analysis demonstrated that LINC00152 silencing
in U251 and U87 cells induced cell apoptosis and the percentage of apoptotic cells was signi�cantly
increased in the LINC00152 knockdown group when compared to that in the control group which were
transfected with control shRNA (Fig. 2e). Taken together, these results suggest that LINC00152 plays an
important role in the regulation of cell proliferation, invasion, and apoptosis in glioma cells.

LINC00152 regulates tumor growth in vivo

To con�rm the functional effects of LINC00152 on glioma cells in vivo, we subcutaneously injected U251
cells with stable LINC00152 knockdowns, or U251 cells were transfected with sh-ctr into the right �anks
of 4–6 week-old nude mice. After 35 d, tumors were visible and all the mice were euthanized to harvest
xenografts. There was a signi�cant reduction in tumor growth in xenografts with LINC00152 knockdown
compared to negative controls and the relative tumor weight in the LINC00152 knockdown group was
signi�cantly lighter than that in the control group (Fig. 3a and 3b). H&E staining showed that the tumor
tissues were isolated from xenograft mice model (Fig. 3c). In addition, immunohistochemistry (IHC)
analysis revealed that the expression of Ki-67 in LINC00152 knockdown group was lower than that in the
control group (Fig. 3d). Taken together, these data verify that LINC00152 promotes the growth of GBM
cells in vivo.

LINC00152 is a target of miR-107

LncRNAs are known to act as ‘sponges’ to sequester endogenous miRNAs to regulate miRNA targets.
Therefore, StarBase v2.0 software (http://starbase.sysu.edu.cn/index.php) was used to identify all
potential miRNAs that can bind to LINC00152 gene and the software returned 6 hits, including miR-107,
miR-376c-3p, miR-193b-3p, miR-193a-3p, miR-103a-3p, and miR-155-5p. Besides, it has been previously
reported that miR-107 is downregulated in glioma and overexpression of miR-107 could inhibit
proliferation of glioma(Chen et al. 2016), which compelled us to investigate whether LINC00152 was a
real target of miR-107. The site on LINC00152 that miR-107 could potentially bind is shown in Fig. 4a. We
also analyzed the expression levels of miR-107 in glioma and normal tissues and further investigated the
correction factors between LINC00152 expression and miR-107 expression. The result showed that the
expression of miR-107 negatively correlated with the expression of LINC00152 (r =-0.447, p < 0.05,
Fig. 4b). Luciferase reporter assays showed that miR-107 mimics signi�cantly suppressed luciferase
activity in U251 and U87 cells that carried plasmids with wildtype rather than mutant 3′-UTR of
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LINC00152 (Fig. 4c), which revealed that LINC00152 was a direct target of miR-107. In addition,
LINC00152 silencing could upregulate miR-107 expression in both U251 and U87 cells (Fig. 4d). Taken
together, these �ndings demonstrated that LINC00152 was a direct target of miR-107 and LINC00152
could suppress expression levels of miR-107 in glioma cells.

RAB10 is a target of miR-107

Next, we aimed at identifying the target genes of miR-107 via TargetScan (http://www. targetscan.org/),
and observed that RAB10 was predicted as a potential target of miR-107. RAB10, a member of the Ras
small GTPase superfamily, is a protein-coding gene with GTP and GDP binding domains. Indeed, recent
studies demonstrated that RAB10 is closely associated with the genesis and development of certain
cancers(Jiang et al. 2016;Wang et al. 2017). Thus, dual luciferase reporter assays were performed to
con�rm whether miR-107 binds to the putative miR-107 binding site at the 3′-UTR of RAB10 (Fig. 5a). The
results showed that luciferase intensity was signi�cantly attenuated by co-transfected miR-107 mimics
and RAB10-WT vectors, but not in the mutant vector lacking the putative miR-107 binding site in both
U251 and U87 cells. Also, miR-NC also could not affect the luciferase intensity of RAB10-WT/MT vectors
(Fig. 5b). These results suggested that RAB10 is a direct target of miR-107. Then, qRT-PCR and western
blotting were performed to assess whether miR-107 could negatively regulate the expression of RAB10 at
both the mRNA and protein levels in GBM cell lines, respectively. As expected, miR-107 mimics decreased
RAB10 mRNA levels, and conversely, miR-107 inhibitor increased RAB10 mRNA levels (Fig. 5c). Similar
results were observed by using western blot analysis (Fig. 5d). These results indicated that RAB10 is a
direct binding target of miR-107 and its expression can be regulated by miR-107 levels in glioma samples.

LINC00152 regulates the expression of RAB10 depending on miR-107

Since, LINC00152 harbors an identical miR-107 binding site as RAB10, we wanted to know whether
LINC00152 might regulate the expression of RAB10 through miR-107. Firstly, the expression of
LINC00152 and RAB10 in glioma tissues were measured and correlation analysis was performed to
detect the potential association between them. The results showed that the expression of RAB10 was not
only upregulated in glioma tissues, but also had signi�cantly positive correlation with the expression of
LINC00152 (Fig. 6a and 6b). Furthermore, knockdown of LINC00152, in U251 and U87 cell lines,
decreased the mRNA levels of RAB10 (Fig. 6c) and diminished the expression of RAB10 at the protein
level (Fig. 6d). However, overexpression of miR-107 attenuated the effect of LINC00152 silencing on the
regulation of RAB10 expression (Fig. 6c and 6d). In summary, these results indicate that LINC00152 can
regulate expression of RAB10 depending on miR-107 in GBM cells.

miR-107 reverses the functions of LINC00152 in glioma

To further validate the interactions between LINC00152 and miR-107, we investigated whether miR-107
silencing can rescue the effects caused by LINC00152 knockdown, including cell proliferation, clone
formation, invasion abilities in vitro, and tumor growth in vivo. As expected, CCK-8 and colony formation
assays demonstrated that miR-107 silencing could weaken the suppressive effects of LINC00152
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knockdown on cell proliferation and clone formation in U87 and U251 cells (Fig. 7a-b). Moreover, matrigel
transwell assays showed that LINC00152 knockdown and inhibition of miR-107 caused opposite effects
on the ability of GBM cell invasion. However, miR-107 inhibitor could partially reverse the effect of
LINC00152 knockdown on cell invasion of GBM (Fig. 7c). Furthermore, by in vivo assays, tumor growth in
xenografts with co-transfected sh-LINC00152 and miR-107-NC clones was decreased compared with that
in negative control group, whereas miR-107 silencing eliminated the suppressor effect induced by
LINC00152 knockdown on tumor growth (Fig. 7d-e). Collectively, these results suggest that the
suppressive effects of LINC00152 knockdown on GBM could be reversed by miR-107 silencing both in
vitro and in vivo.

Discussion
Glioblastoma multiforme (GBM) is the most prevalent and most lethal primary intrinsic brain tumor. It
accounts for 50% of malignant glioma cases and is characterized histologically by considerable
cellularity and mitotic activity, vascular proliferation, and necrosis(Omuro and DeAngelis 2013;Lathia et
al. 2015). Although targeted therapies or immunotherapies have been used to treat GBM, maximal
surgical resection followed by concurrent radiation therapy with temozolomide (TMZ) and subsequent
additional adjuvant temozolomide (TMZ) therapy remains the standard therapy for GBM (Ricard et al.
2012;Omuro and DeAngelis 2013). Although accepted the standard therapy, GBM patient prognosis is still
clinically frustrating (Wen and Kesari 2008;Stupp et al. 2009). To better understand and to �nd more
effective treatments for this disease, it is vital to identify novel biomarkers and therapeutic targets.
Combining bioinformatics analysis and biological experiments, our present study revealed that
LINC00152 is a potential prognostic marker for glioma patients and play an oncogene role in GBM.

LINC00152 is one 828-bp lncRNA and locates at chromosome 2p11.2. Increasing researches indicate
LINC00152 plays an oncogene role in many cancers and may act as a diagnostic and prognostic
biomarker for them (Yu et al. 2017). For example, Wu et al (Wu et al. 2016) LINC00152 was signi�cantly
upregulated in clear cell renal cell carcinoma, may serve as an independent predictor of overall survival
and can promote cell proliferation and invasion, inhibit cell cycle and apoptosis. In this study, we found
that the expression of LINC00152 is not only dramatically upregulated, also signi�cantly associated with
WHO grade, IDH status, MGMT promoter status and transcriptome subtype in glioma. The promoter
methylation of MGMT is clinically used as a biomarker of response to alkylating agents for glioma
(Esteller et al. 2000). Thus, LINC00152 may be related to the sensitivity of glioma to TMZ chemotherapy,
which needs to be con�rmed by further study. Furthermore, this study indicated that LINC00152 is an
independent prognostic factor for glioma patients and that low levels of LINC00152 expression predict
better prognosis. Functionally, through loss-of-function approaches, we fund that knocked down the
expression of LINC00152 signi�cantly inhibited cell proliferation, colony formation, invasion, and induced
cell apoptosis in vitro and decreased tumor growth in vivo, which was consistent with previous
studies(Cai et al. 2018;Liu et al. 2018). Taken together, LINC00152 is a potential prognostic marker and
therapeutic target for glioma patient and acts as an oncogene in GBM.
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Certain lncRNAs have been proposed to function as “miRNA sponges”(Ebert and Sharp 2010;Beermann et
al. 2016), they contain miRNA response elements (MREs) that can sequester miRNAs, thereby, preventing
the miRNAs from binding to their target genes (Ebert and Sharp 2010;Beermann et al. 2016;Bhan et al.
2017). For example, lncRNA LINC00673, regulates non-small cell lung cancer proliferation, migration,
invasion, and epithelial-mesenchymal transition by sequestering miR-150-5p(Lu et al. 2017). LncRNA
SPRY4-IT1 acts as a sponge RNA to sequester miR-101-3p to promote proliferation and metastasis of
bladder cancer cells through upregulation of EZH2(Liu et al. 2017). As a member of lncRNAs, LINC00152
is also reported that it can function as “miRNA sponges” to many miRNAs, including miR-497, miR-608,
miR-153-3p, miR-138 and so on(Cai et al. 2017;Liu et al. 2019;Ouyang et al. 2019;Sun et al. 2019). It is not
di�cult to �nd that the one lncRNA can regulate multiple miRNAs. Here, we con�rmed that LINC00152
acted as a miRNA sponge for miR-107 and regulated the expression of miR-107. Chen et al reported that
miR-107 is downregulated in glioma and overexpression of miR-107 could inhibit proliferation of
glioma(Chen et al. 2016). Besides, our results showed that LINC00152 plays oncogenic role depending
miR-107 in vitro and in vivo.

RAB10, a member of the Ras small GTPase superfamily, is a protein-coding gene with GTP and GDP
binding domains(Just and Peranen 2016;Jaldin-Fincati et al. 2017). RAB10 participates in the insulin-
stimulated translocation of GLUT4 in adipocytes(Sano et al. 2011), basement membrane secretion(Lerner
et al. 2013), and the formation and maintenance of the endoplasmic reticulum (English and Voeltz 2013).
As a member of the RAS oncogene family, recent studies have showed that RAB10 is closely related to
tumorigenesis and cancer development. In hepatocellular carcinoma, RAB10 overexpression promotes
tumor growth through multiple oncogenic pathways, cell stress, and apoptosis pathways and indicates a
poor prognosis for HCC patients(Wang et al. 2017). Jiang et al identi�ed RAB10 as a target of miR-329
and found that miR-329 was able to inhibit osteosarcoma cell proliferation, promote apoptosis, and
induce G0/G1 cell cycle arrest via RAB10(Jiang et al. 2016). In this study, our study showed that RAB10
was a target of miR-107 and further revealed the regulation mechanism among LINC00152, miR-107 and
RAB10. Additionally, we also fund that RAB10 is upregulated in glioma, which suggests it may be an
oncogene for glioma.

The mechanism of linc00152 in glioma is complex. Cai et al(Cai et al. 2018) found that LINC00152 acted
as a miRNA sponge for miR-612 in GBM cells, negatively regulated miR-612 releases, which resulted in
the elevated AKT2, activated NF-κB pathway to promote proneural–mesenchymal transition(Cai et al.
2018). Liu et al reported that overexpression of LINC00152 suppressed miR-107 expression in U87 cells
and enhanced the expression of HMGA2, a direct target gene of miR-107(Liu et al. 2018). In this study we
revealed the new regulatory network of LINC00152, miR-107, and RAB10, which may enrich our
understanding of the mechanism of LINC00152 in glioma and provide novel strategy for the treatment of
glioma.

Conclusion
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LINC00152 is aberrantly upregulated in gliomas and may be a valuable prognostic marker for glioma
patients. The LINC00152 plays a pivotal role in regulation of the glioma malignancy via LINC00152/MIR-
107/RAB10 axis. Therefore, targeting this axis might be an effective therapeutic strategy to treat glioma.
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  Univariate analysis Multivariate analysis

  HR

(95% CI for HR)

P HR

(95% CI for HR)

P

LINC00152 1.645 (1.551-1.745) *** 1.206

(1.081-1.345)

***

gender 

male VS Female

1.225 (0.955-1.572) 0.110 - -

Age

≤40 VS >40

0.231 (0.165-0.324) *** 0.3947 (0.2565-0.6074) ***

grade 

WHO II VS WHO III + IV

0.178 (0.121-0.262) *** 0.4497 (0.2768-0.7306) **

IDH status 

WT VS MT

10.050

(7.524-13.43)

*** 3.205 (1.863-5.514) ***

MGMT promoter status 

Methylation VS Unmethylation

3.228 (2.447-4.259) *** - -

Transcriptome subtype 

NE + PN VS CL+ME

0.152 (0.113-0.203) *** 1.012 (0.6335-1.618) 0.959

 Abbreviations: HR, hazard ratio, CI, Con�dence interval.

Figures
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Figure 1

LINC00152 was signi�cantly upregulated in gliomas and a prognostic factor for glioma patients a. The
expression of LINC00152 between glioma tissues and normal brain tissues based on GSE16011 dataset.
b. LINC00152 expression in glioma of WHO grade -  based on the TCGA dataset. c. The expression of
LINC00152 is signi�cantly higher in IDH-Wildtype gliomas than that in IDH-Mutant disease based on the
TCGA dataset. d. The expression of LINC00152 is signi�cantly higher in gliomas with MGMT promoter
unmethylation than that in gliomas with MGMT promoter methylation based on the TCGA dataset. e.
LINC00152 expression pattern in different molecular subtypes of glioma (CL, ME, NE, PN) in the TCGA
dataset. f. Kaplan-Meier curves for overall survival of patients with glioma with respect to levels of
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LINC00152 expression, which showed that high LINC00152 expression predicts poor prognosis for
glioma patients based on the TCGA dataset. CL: classical, ME: mesenchymal, NE: neural, PN: proneural,
NT: normal brain tissue, GII: grade II, GIII: grade III, GIV: grade IV, * P<0.05; ** P<0.01; *** P<0.001

Figure 2

Knockdown of LINC00152 signi�cantly inhibited proliferation, migration and invasion and induces
apoptosis in vitro. a. Knockdown of LINC00152 expression using shRNA. shRNA dramatically suppressed
LINC00152 expression at the RNA level compared with control shRNA (sh-ctr) in U251 and U87 cell lines,
as determined by qRT-PCR. b. CCK-8 show reduced proliferation of U251 and U87 cells transfected with
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shRNA LINC00152 (sh-linc) compared with sh-ctr. c. Knockdown of LINC00152 inhibited colony formation
ability in vitro. d. Matrigel chamber invasion assay showed reduced invasion of U251 and U87 cells after
transfection with shRNA LINC00152 compared with control shRNA. e. Flow cytometry analysis of
apoptosis showed that the knockdown of LINC00152 in U251 and U87 cells increased the percentage of
apoptotic cells compared with sh-ctr. * P<0.05; ** P<0.01; *** P<0.001

Figure 3

Knockdown of LINC00152 gene suppressed tumor growth in vivo. a. A representative picture of tumor
xenograft morphology 35 d after injection. b. Tumor weights were measured after dissection from
euthanized mice. c. H&E staining of xenograft tumors isolated from mice that had been injected with
U251 cells transfected with sh-ctr or sh-linc (×200 magni�cation). Metastasis nodules are indicated by
arrows. d. Representative images of Ki-67 immunohistochemistry from xenograft tumors (×200
magni�cation). * P<0.05; ** P<0.01; *** P<0.001; value of red bar and white bar were 50μm and 100μm
respectively.
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Figure 4

LINC00152 was a direct target of miR-107. a. Depiction of putative miR-107 binding sites on LINC00152
sequence. LINC00152 cDNA containing the putative miRNA recognition sites was cloned downstream of
luciferase gene. b. Correlation analysis of the expression of LINC00152 and MIR-107 in glioma tissues. c.
Luciferase assays of U251 and U87 cells co-transfected with either pMIR-REPORT-WT/MT LINC00152
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and miR-107 or negative control as indicated. d. mRNA levels of miR-107 in U251 and U87 cells
transfected with LINC00152 shRNA or control shRNA. * P<0.05; ** P<0.01; *** P<0.001.

Figure 5

RAB10 was a direct target of miR-107. a. Depiction of miR-107 interaction sites in the 3′-UTR of RAB10.
The 3′-UTR of a RAB10 cDNA containing miR-107 putative recognition sites was cloned 3’ downstream of
�re�y luciferase gene. b. Luciferase assays of U251 and U87 cells co-transfected with either pMIR-
REPORT-WT/MT MALAT1 and miR-107 or negative controls as indicated. c. qRT-PCR showing mRNA
levels of RAB10 24 h after miR-107 mimics were transfected into U251 and U87 cells. d. Western blot
analysis showing protein levels of RAB10 24 h after miR-107 mimics or inhibitor were transfected into
glioma cell lines. * P<0.05; ** P<0.01; *** P<0.001
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Figure 6

LINC00152 regulated expression of RAB10 gene through miR-107. a. Relative expression of RAB10 in
glioma tissues (n=73) compared with that in normal brain tissues (n=78). RAB10 expression is
determined using qRT-PCR and normalized to GAPDH expression levels. b. Correlation analysis of the
expression of LINC00152 and RAB10 in glioma tissues. c. qRT-PCR showing mRNA levels of RAB10.
Down-regulation of LINC00152 expression in glioma cell lines decreased mRNA levels of RAB10 and miR-
107 inhibitor reversed this effect. d. Western blot analysis showing RAB10 protein levels. The addition of
miR-107 inhibitor reversed the effects of LINC00152 shRNA in U251 and U87 cells. * P<0.05; ** P<0.01;
*** P<0.001
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Figure 7

The effects induced by LINC00152 knockdown were reversed by miR-107 inhibition. a. CCK-8 assay
showed that down-regulation of miR-107 partially reversed the inhibitory effect of proliferation induced by
LINC00152 shRNA on U251 and U87 cell lines. b. Colony formation assay showed that down-regulation
of miR-107 reversed the effects of LINC00152 shRNA on U251 and U87 cell lines. The miR-107 inhibitor
increased the colony formation of U251 and U87 cells and reversed the effect of LINC00152 shRNA. c.
Matrigel chamber invasion and migration assay showing reduced invasion of U251 and U87 cell lines
after transfection with LINC00152 shRNA. The miR-107 inhibitor increased the invasion of U251 and U87
cells and reversed the effect of LINC00152 shRNA. d. A representative picture of tumor xenograft
morphology 35 d after injection. e. Tumor weights were measured after dissection from euthanized mice.
* P<0.05; ** P<0.01; *** P<0.001
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