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Abstract. — OBJECTIVE: Long non-coding
RNA (IncRNA) LINC00467 was found to be up-
regulated in glioma tissues by analyzing The
Cancer Genome Atlas (TCGA) database. This
study aims to uncover the biological role of
LINC00467 in influencing the progression of gli-
oma and to provide novel directions for clinical
treatment of glioma.

PATIENTS AND METHODS: The expression
levels of LINC00467 in glioma tissues were an-
alyzed in the downloaded Gene Expression
Profiling Interactive Analysis (GEPIA) dataset.
Meanwhile, LINC00467 levels in glioma tissues
collected in our hospital and glioma cell lines
were determined as well. Proliferative, apoptot-
ic, and invasive changes in U87 and U251 cells
transfected with si-LINC00457 or si-NC were as-
sessed. The binding between LINC00467 and
microRNA-385-5p (miR-385-5p) was predicted
through online bioinformatics and verified by
the Dual-Luciferase reporter gene assay. The in-
teraction between LINC00467 and miR-385-5p
involved in the progression of glioma was final-
ly verified through rescue experiments.

RESULTS: LINC00467 was upregulated in gli-
oma. The knockdown of LINC00467 attenuated
proliferative and invasive abilities, and induced
apoptosis in U87 and U251 cells. LINC00467
could bind miRNA-485-5p and negatively regu-
late its level. Moreover, miRNA-485-5p was re-
sponsible for the development of glioma influ-
enced by LINC00467.

CONCLUSIONS: LINC00467 aggravates the
progression of glioma by negatively regulating
miRNA-485-5p, which may be a potential thera-
peutic target for glioma.
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Introduction

Glioma is the most common intracranial ma-
lignancy, originating from the neuroepitheli-

al ectoderm, which accounts for about 40% of
brain tumors. It is highly heterogeneous and
invasive, characterized by uncontrolled prolif-
eration, diffuse infiltration, anti-apoptosis, and
necrosis induction'. The incidence of glioma is
on the rise and presents a younger onset. Pleo-
morphic glioma is the most prevalent subtype
of glioma, manifested as rapid progression and
diverse symptoms. Increased intracranial pres-
sure (including symptoms of headache, vomiting,
papilledema, and disturbance of consciousness)
and focal symptoms and signs (i.e., dysmotility,
sensory disturbances, and epilepsy) are the major
manifestations of glioma®*. The surgery com-
bined with various adjuvant therapies does pro-
long the survival of glioma. However, life quality
and long-term prognosis of glioma patients are
extremely poor®. High rate of postoperative re-
currences is the leading cause of death in glioma
patients. Strong invasiveness of glioma results in
a vague boundary between normal tissues and
glioma tissues, which will enhance therapeutic
difficulties. Therefore, in-depth researches on the
mechanism underlying invasive glioma are nec-
essary.

Non-coding RNAs (ncRNAs) are functional
RNA molecules that cannot be translated into
proteins. These functional molecules exert epi-
genetic, pre-transcriptional, and post-transcrip-
tional regulations. Long non-coding RNAs
(LncRNAs) are a type of ncRNAs with over
200 nt long®. Critical roles of IncRNAs in the
occurrence and progression of glioma have
been well concerned’. Individualized therapy
targeting glioma-associated IncRNAs may be a
promising approach for improving clinical out-
comes of glioma patients. With the progression
achieved in the high throughput sequencing and
microarray analyses, a plenty of IncRNAs asso-
ciated with glioma development have been dis-
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covered®. For example, LINC00052 suppress-
es glioma cells to proliferate and metastasize
by upregulating KLF6>!*. LncRNA BRCAR4
stimulates proliferative ability in glioma via
activating the EGFR/PI3K/AKT pathway'’. By
targeting the nuclear factor-xB (NF-xB) and
P38/MAPK pathway, IncRNA-ATB accelerates
the transforming growth factor-f (TGF-p)-in-
duced invasiveness of glioma!'. LINCO00515/
miR-16/PRMTS regulatory loop contributes to
accelerate proliferation and suppress apoptosis
in glioma'?.

In this paper, we investigated the role of
LINCO00467 in aggravating the malignant pheno-
types of glioma and the underlying mechanism.
Our findings could provide new ideas for glioma
treatment.

Patients and Methods

GEPIA Data Analysis

Differential expressions and prognostic po-
tentials of LINCO00467 in glioma tissues were
assessed by analyzing Gene Expression Profiling
Interactive Analysis (GEPIA) database (http:/
GEPIA .cancer-pku.cn/index.html), an online da-
tabase containing gene sequencing data. Here,
GEPIA database containing 163 glioma tissues
and 207 normal tissues were downloaded for
analyses.

Sample Collection

Paired glioma tissues and normal brain tis-
sues were harvested from 30 glioma patients
undergoing surgery in the Sichuan Provincial
People’s Hospital. All samples were patho-
logically confirmed and preserved in liquid
nitrogen. Patients and their families in this
study have been fully informed. This study
was approved by Ethics Committee of Sichuan
Provincial People’s Hospital following the Dec-
laration of Helsinki.

Cell Culture

Human astrocytes NHA and glioma cells
LN299, A172, U87, and U251 were purchased
from the American Type Culture Collection
(ATCC, Manassas, VA, USA). The cells were
cultured in Roswell Park Memorial Institute-1640
(RPMI-1640) containing 10% fetal bovine serum
(FBS; Gibco, Rockville, MD, USA), and 1%
penicillin-streptomycin in a 5% CO, incubator at
37°C. The medium was regularly replaced.

Transfection

The cells were inoculated in a 6-well plate
with 1x10° cells per well and cultured at 80%
confluence. The cells were then incubated in the
serum-free medium for 2 h and transfected using
Lipofectamine™ 3000 (Invitrogen, Carlsbad, CA,
USA). 48 hours later, the cells were collected for
functional experiments.

RNA Extraction and Quantitative
Real Time-Polymerase Chain Reaction
(GRT-PCR)

The cells were lysed to harvest RNAs us-
ing TRIzol (Invitrogen, Carlsbad, CA, USA),
and RNA concentration was detected using a
spectrometer. The extracted RNAs were sub-
jected to reverse transcription according to the
instructions of PrimeScript RT reagent Kit (Ta-
KaRa, Otsu, Shiga, Japan). QRT-PCR was then
performed based on the instructions of SYBR
Premix Ex Taq TM (TaKaRa, Otsu, Shiga,
Japan). Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) and U6 were used as internal ref-
erences. The relative level was calculated using
2-4A%method. The primer sequences used in this
study were as follows: LINC00467, F: 5°’-GCAG-
GGACACCATTACAGC-3’, R: 5-GCAACAT-
GTACCGCGGCAC-3;  miRNA-485-5p, F:
5-GGTTACTAAAGTCCGTCGGACGTG-3’, R:

5’-GATTACGCTCATGATCGAAC-3’; Ué6: F:
5’-CTCGCTTCGGCAGCACA-3’, R: 5-AAC-
GCTTCACGAATTTGCGT-3’; GAPDH: F:
5’-CGCTCTCTGCTCCTCCTGTTC-3’, R:

5’-ATCCGTTGACTCCGACCTTCAC-3.

Cell Counting Kit (CCK-8) Assay

The cells were seeded into 96-well plates with
5x10* cells per well. At the appointed time points,
10 pl of CCK-8 solution (Dojindo Laboratories,
Kumamoto, Japan) was added in each well. The
absorbance at 450 nm of each sample was mea-
sured by a microplate reader (Bio-Rad, Hercules,
CA, USA).

Flow Cytometry

The cells were washed with phosphate-buff-
ered saline (PBS) twice, digested, and suspended
in the binding buffer. Subsequently, cells were in-
cubated with 5 pL of AnnexinV-FITC (fluoresce-
in isothiocyanate) and 5 pL of Propidium lodide
(PI) at room temperature in the dark. Apoptotic
rate was examined by flow cytometry on EPICS
XL-MCL FACScan (Becton-Dickinson, Moun-
tain View, CA, USA).
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Transwell

5x10* cells were inoculated in the upper side
of a transwell chamber (Corning, NY, USA). In
the bottom side, 600 pL. of medium containing
20% FBS was added. After 24 h cell culture,
those invade to the bottom side were fixed in 4%
paraformaldehyde for 20 min, stained with crys-
tal violet for 20 min, and counted using a micro-
scope. The number of invasive cells was counted
in 5 randomly selected fields per sample.

Dual-Luciferase Reporter Gene Assay

5x10* cells per well were inoculated in a
24-well plate. The cells were co-transfected with
LINCO00467-WT/LINC00467-MUT and miRNA-
485-5p mimics/NC for 24 h. The Luciferase
activity was finally determined using the Du-
al-Luciferase reporter assay system (Promega,
Madison, WI, USA).

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 (IBM Corp., Armonk, NY USA)
was used for data analysis. GraphPad Prism 7.0

(La Jolla, CA, USA) was utilized for depicting
figures. Data were expressed as mean =+ standard
deviation (x + SD). Spearman’s rank correlation
analysis was conducted to compare the expres-
sion relationship between the two genes. Ka-
plan-Meier method was introduced for survival
analysis. Data between the two groups were
compared using the #-test. p<0.05 considered the
difference was statistically significant.

Results

LINC00467 Was Upregulated in Glioma
By analyzing the downloaded GEPIA dataset
containing 163 glioma tissues and 207 normal
tissues, LINC00467 was found to be upregulated
in glioma tissues (Figure 1A). However, dataset
analysis did not reveal a significant correlation
between the LINC00467 level and the progno-
sis of glioma patients (Figure 1B). In 30 glioma
tissues collected in our hospital, LINC00467
was identically highly expressed than that of
normal tissues (Figure 1C). Higher abundance
of LINC00467 was found in glioma patients
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Figure 1. LINC00467 was upregulated in glioma. A, LINC00467 levels in glioma tissues (n=163) and normal tissues (n=207)
analyzed in the GEPIA dataset. B, Overall survival in glioma patients with high or low level of LINC00467 analyzed in
the GEPIA dataset. C, LINC00467 levels in 30 matched glioma tissues and normal tissues. D, LINC00467 levels in glioma
patients with grade I+1I or grade III+IV. E, LINC00467 levels in human astrocytes NHA and glioma cells LN299, A172, U87,

and U251. *p<0.05; **p<0.01.
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with grade III+IV than those with grade I+II
(Figure 1D). Compared with human astrocytes,
LINCO00467 was highly expressed in glioma cells
as well (Figure 1E).

Silence of LINC00467 Suppressed
Proliferative and Invasive Abilities, and
Induced Apoptosis in Glioma

Transfection of si-LINC00467 remarkably
downregulated LINCO00467 in U87 and U251
cells, presenting an effective transfection efficacy
(Figure 2A). CCK-8 results revealed the decreased
viability after the knockdown of LINCO00467
in glioma cells (Figure 2B). Apoptotic rate was
greatly elevated in glioma cells transfected with
si-LINC00467 (Figure 2C). However, invasive
cell number was markedly reduced by transfec-
tion of si-LINC00467 in glioma cells (Figure
2D). It is suggested that LINC00467 accelerated
the proliferative and invasive abilities, as well as
attenuated apoptosis in glioma.

LINC00467 Exerted its Biological Function
Through Sponging MiRNA-485-5p

By interacting with target miRNAs, IncRNAs
are able to regulate diverse biological activi-

ties. Here, we predicted that miRNA-485-5p was
the target miRNA binding LINCO00467 (Figure
3A). Luciferase activity declined in glioma cells
co-transfected with LINC00467-WT vector and
miRNA-485-5p mimics, confirming their inter-
action (Figure 3B). MiRNA-485-5p, conversely
to that of LINC00467, was downregulated in gli-
oma tissues (Figure 3C). In addition, the Spear-
man’s rank correlation analysis uncovered a neg-
ative correlation between the expression levels of
miRNA-485-5p and LINC00467 in glioma tis-
sues (Figure 3D). Furthermore, miRNA-485-5p
was downregulated in glioma cells overexpress-
ing LINCO00467 (Figure 3E). On the contrary,
LINCO00467 was downregulated in glioma cells
overexpressing miRNA-485-5p, further verifying
their negative relationship (Figure 3F).

MiRNA-485-5p Reversed the Regulatory
Effect of LINC0O0467 on Glioma

To ascertain the involvement of miRNA-485-
5p in the progression of glioma influenced by
LINC00467, rescue experiments were conduct-
ed. The miRNA-485-5p level was partially en-
hanced in glioma cells co-transfected with si-
LINC00467 and miRNA-485-5p inhibitor com-
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Figure 2. Silence of LINC00467 suppressed proliferative and invasive abilities, and induced apoptosis in glioma. A,
Transfection efficacy of si-LINC00467 in U87 and U251 cells. B, Viability in U87 and U251 cells transfected with si-NC or
si-LINC00467. C, Apoptotic rate in U87 and U251 cells transfected with si-NC or si-LINC00467. D, Invasive cell number in
U87 and U251 cells transfected with si-NC or si-LINC00467 (magnification: 20x). *p<0.05; **p<0.01; ***p<0.001.
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Figure 3. LINC00467 exerted its biological function by sponging miRNA-485-5p. A, Binding sequences in the promoter
regions of LINC00467 and miRNA-485-5p. B, Luciferase activity in U87 and U251 cells co-transfected with LINC00467-
WT/LINC00467-MUT and miRNA-485-5p mimics/NC. C, MiRNA-485-5p levels in 30 matched glioma tissues and normal
tissues. D, Spearman’s rank correlation analysis on relationship between LINC00467 and miRNA-485-5p in glioma tissues. E,
MiRNA-485-5p level in U87 and U251 cells transfected with oc-NC or oc-LINC00467. F, LINC00467 level in U87 and U251
cells transfected with miRNA-485-5p mimics or NC. *p<0.05; **p<0.01; ***p<0.001.

pared with those transfected with si-LINC00467
(Figure 4A). Notably, decreased viability and
invasive cell number in glioma cells with
LINC00467 knockdown were partially reversed
after the co-silence of LINC00467 and miR-
NA-485-5p (Figures 4B, 4D). The knockdown

of LINC00467 accelerated apoptosis in US87
and U251 cells, which was attenuated by the
co-transfection of si-LINC00467 and miRNA-
485-5p inhibitor (Figure 4C). Therefore, miR-
NA-485-5p was responsible for the progression
of glioma influenced by LINC00467.
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Figure 4. MiRNA-485-5p reversed the regulatory effect of LINC00467 on glioma. U87 and U251 cells were transfected with
si-NC, si-LINC00467 or si-LINC00467+miR-487-5p inhibitor. A, MiRNA-485-5p level. B, Viability. C, Apoptotic rate. D,

Invasive cell number. *p<0.05; **p<0.01.
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Discussion

Glioma is the most common malignant tumor
of the adult central nervous system, posing a
great threat to public health. The incidence of
glioma is about 5/100,000, showing a gradual
increase each year. Glioma is characterized
as high malignancy, poor prognosis, and high
mortality. It is classified into four grades, with
low-grade glioma in grade I-1I, and high-grade
one in grade III-IV. The majority of glioma pa-
tients seek medical advice because of headache,
exercise discomfort, and psychiatric symptoms.
Nevertheless, the detective rate of glioma in ear-
ly stage is relatively low, leading to an extremely
poor prognosis. Comprehensive therapies for
glioma include surgery and postoperative che-
motherapy or radiotherapy. However, the medi-
an survival of glioma patients is only 14 months
even after active treatment'. It is urgent to de-
velop more effective approach for improving the
prognosis of glioma.

Relevant protein-encoding genes involving
in the occurrence and progression of glioma
have been discovered in the past decade'!¢. Ln-
cRNAs, as a type of newly emerged functional
RNAs, are important regulators in the pro-
gression of glioma. They exert transcriptional
and epigenetic regulations on gene expres-
sions. Many reports supported their functions
in various genetic activities by interacting with
DNAs, RNAs, and proteins. In tumor diseas-
es, differentially expressed IncRNAs are the
key mediators influencing tumor cell behav-
iors’. For instance, LINC00673-v4 enhances
the invasiveness of lung adenocarcinoma by
activating the Wnt/B-catenin pathway'®. Ln-
cRNA HNF1A-ASI1 influences the progression
of non-small cell lung cancer (NSCLC) by tar-
geting the miR-149-5p/Cdk6 axis'. LINC00210
enhances the malignant level of thyroid cancer
cells by targeting the miR-195-5p/IGF1R/Akt
regulatory loop*.

This study discovered that LINC00467
was upregulated in glioma. Moreover, the
LINCO00467 level was positively correlated to
tumor grade of glioma. Subsequently, in vitro
experiments demonstrated that the knockdown
of LINC00467 attenuated the proliferative and
invasive abilities, and induced apoptosis in U87
and U251 cells. LINC00467 could bind miR-
NA-485-5p and negatively regulate its level.
Moreover, rescue experiments confirmed that
miRNA-485-5p was responsible for the progres-

sion of glioma influenced by LINC00467. Col-
lectively, the LINC00467/miRNA-485-5p axis
aggravated the severity of glioma.

Conclusions

Taken together these results detected that
LINCO00467 aggravates the progression of glioma
by negatively regulating miRNA-485-5p, which
may be a potential therapeutic target for glioma.
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