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Background: This study aims at probing into the expression, function, and mechanism of
LINC01094 and miR-330-3p in glioma.

Materials and Methods: qRT-PCR was employed to examine LINC01094 and miR-330-
3p expressions in gliomas. After gain-of-function and loss-of-function models were con-
structed, CCK-8 and Transwell assays were used to detect the proliferation, migration and
invasion of LN229 and U251 cells, respectively. Additionally, dual luciferase reporter gene
assay was utilized to verify the binding site between m4iR-330-3p and LINC01094, miR-
330-3p, and the 3'UTR of musashi RNA binding protein 1 (MSI1). Then, RNA pull-down,
RIP, qRT-PCR and Western blot were employed to detect the regulatory relationships among
LINCO01094, miR-330-3p, and MSII.

Results: The expression of LINC01094 was elevated in glioma tissues and cell lines, and the
high expression of LINC01094 was associated with high grade of glioma. In contrast, miR-
330-3p was lowly expressed in glioma tissue. Overexpression of LINC01094 or down-
regulation of miR-330-3p promoted the proliferation, migration, and invasion of glioma
cells, while LINC01094 knockdown or miR-330-3p up-regulation impeded these processes.
miR-330-3p was identified as a target miRNA of LINCO01094, and it could be negatively
regulated by LINC01094. In addition, miR-330-3p antagonized the function of LINC01094
by negatively regulating MSI1.

Conclusion: LINC01094 promotes the proliferation, migration, and invasion of glioma cells
by adsorbing miR-330-3p and up-regulating the expression of MSII.
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Introduction

Glioma, one of the deadliest malignancies, is challenging to be removed thoroughly
in surgery, which is also not sensitive to radiotherapy and chemotherapy and is
inclined to relapse.' Therefore, it is of great significance to elucidate the mole-
cular mechanism of glioma development and to find new molecular markers and
targets for glioma.

Long non-coding RNA (IncRNA), or RNA molecule, does not encode proteins,
whose length is longer than 200 nt.° In the early days, IncRNA is regarded as the
“waste” of transcription mediated by RNA polymerase II and has no biological effect.’
However, in recent years, it is confirmed that IncRNA participates in various biolo-
gical processes.® The abnormal expression of IncRNAs is closely related to various
diseases including tumors.”'® LINC01094 is proved to be highly expressed in clear
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cell renal cell carcinoma (ccRCC); knocking down
LINCO01094 inhibits the growth and metastasis of ccRCC
cells.'"" However, the expression, function and underlying
mechanism of LINC01094 in gliomas are not clear.

MicroRNAs (miRNAs) can be fully or partially com-
plementary to the untranslated region at the 3’ end of
a specific mRNA and repress the process of translation.'?
Differentially expressed miRNAs are closely linked to
tumorigenesis and cancer progression.'> For example,
miR-21 is highly expressed in glioma tissue and positively
correlated with tumor grade.'* The expression of miR-221/
222 in high-grade glioma tissues is higher than that in low-
grade tumor tissues, and can directly target and regulate
TIMP2 to modulate the tumor cell invasion.'> MircoRNA-
330-3p (miR-330-3p) is an important member of miRNA,
and its relationship with gliomas and the mechanism of
action need to be studied.

Musashi RNA binding protein 1 (MSI1) is a highly
conserved RNA-binding protein that is mainly expressed
in the nervous system, controlling the balance between
self-renewal and differentiation of neurons, and is
regarded as a key oncogenic factor.'® MSI1 is highly
expressed in many cancers, whose role is to facilitate
tumor cell growth and suppress apoptosis.'” ' Previous
researches validate that the expression of MSI1 in medul-
loblastoma tissue is higher than that in normal brain tis-
sues, and its high expression is also related to the poor
prognosis of glioma and medulloblastoma.’®** These
findings suggest that MSI1 promotes tumorigenesis and
progression of gliomas.

Herein, we investigated the role of LINC01094 and miR-
330-3p in the pathogenesis of gliomas and the regulatory
mechanism of LINC01094/miR-330-3p/MSI1
gliomas.

axis in

Materials and Methods

Clinical Samples and Ethics Statement

Tumor specimens were randomly collected from glioma
patients who received surgery in Huashan Hospital from
2014 to 2018. Normal tissues and tumor tissues from 43
patients were immediately frozen in liquid nitrogen and
kept at —196°C for the following experiments. Equipped
with written informed consents signed by all patients
involved in this study and supported by the Research
Ethics Fudan
University, this study was carried out according to the

Committee of Huashan Hospital,

Declaration of Helsinki.

Cell Lines and Cell Culture

Normal human astrocytes (NHA) cells and human glioma
cell lines (U887, SHG-44, U251, LN229, and U373 cells)
were obtained from the BeNa Culture Collection (BNCC,
Beijing, China). NHA cells were cultivated in Dulbecco’s
Modified Eagle’s Medium (DMEM, Gibco, Carlsbad, CA,
USA) supplemented with 25 mg/mL bovine insulin, 20 ng/
mL epidermal growth factor, 20 ng/mL progesterone, and
50 mg/mL transferrin (Sigma, St. Louis, MO, USA). Human
glioma cell lines were cultured in DMEM (Gibco, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum
(FBS) (Invitrogen, Carlsbad, CA, USA). All cells were
cultured in 5% CO, and 90% relative humidity at 37°C.

Cell Transfection

Glioma cells were inoculated in a 24-well plate (2 x 10° cells/
well) and cultured at 37°C in 5% CO,_ With the cells’ confluence
growing to 70%, the cells were transfected, which was performed
employing Lipofectamine®3000 (Invitrogen, Carlsbad, CA,
USA) in accordance with the manufacturer’s protocol.
LINC01094 overexpression plasmid, LINC01094 siRNAs,
MSI1 overexpression plasmid, MSI1 siRNA, miR-330-3p
mimics, anti-miR-330-3p, and their corresponding controls
were available from GenePharma (Shanghai, China); 36 h after
transfection, quantitative real-time polymerase chain reaction
(qRT-PCR) was used to examine the transfection efficiency.

qRT-PCR

TRIzol reagent (Invitrogen, Shanghai, China) was used to
extract total RNA from tissues and cells. cDNA was synthe-
sized by reverse transcription employing PrimeScript™ RT
kit (Takara, Dalian, China). RT-PCR was performed on ABI
7500 real-time PCR system (Applied Biosystems, Foster
City, CA, USA) utilizing the SYBR Premix Ex Tag ™ Kit
(Takara, Dalian, China). Besides, TagMan-miRNA analysis
(ThermoFisher Scientific, Waltham, MA, USA) was adopted
to detect miR-330-3p expression. GAPDH and U6 small
nuclear RNA were treated as endogenous controls for
LINCO01094, MSI1, and miR-330-3p, respectively. The rela-
tive expressions of LINC01094, miR-330-3p, and MSII
were calculated by the 2-AACt method.

Cell Counting Kit-8 (CCK-8) Assay

Cell growth was measured with CCK-8 assay. Cells were
inoculated in a 96-well plate (Corning Costar, Corning,
NY) at a density of 10 x 10°/well. After the cells were
cultured for 24 h, 48 h, and 72 h, respectively, 10 pL
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CCK-8 solution (Beyotime, Shanghai, China) was dripped
into each well in compliance with the protocol; 1 h later,
the cell viability was observed with the absorbance of 450
nm; 72 h later, the proliferation curve was plotted.

Transwell Assay

The transfected cells were collected and the cell concen-
tration was modulated to 1 x 10° cells/mL with serum-free
medium; 200 pL the cell suspension of each group and
600 pL medium (containing 10% FBS) were, respectively,
added to the upper chamber and the lower chamber of the
Transwell chamber (8 pL pore size, Corning, Beijing,
China) covered with Matrigel; 24 h later, after the chamber
was removed, the cells remaining on the upper surface of
the membrane were wiped off with cotton swabs, and
those which passed through the membrane were fixed
with paraformaldehyde, and then stained with crystal vio-
let solution. After that, the cells in 5 randomly selected
visual fields were counted under a microscope, and the
average was taken to evaluate the invasion of the cells.
There was no need for Matrigel coating in Transwell
chamber in migration experiments, and the other steps
followed the invasion assay.

Dual Luciferase Reporter Gene

Dual [luciferase reporter plasmids of wild-type
LINCO01094-WT, MSI1-WT, mutant LINC01094-MUT,
and MSI1-MUT were constructed. Then, LN229 and
U251 cells in the logarithmic growth phase were inocu-
lated into 12-well cell plates at 1 x 10° per well, followed
by the co-transfection of LINCO01094-WT/MSII-WT,
LINC01094-MUT/MSI1-MUT with miR-330-3p mimics
or negative control into LN229 and U251 cells; 48
h later, the luciferase activity was detected using a dual-
luciferase reporting system (Promega, Madison, WI, USA)
in line with the protocol. The ratio of firefly luciferase
activity to renilla luciferase activity was used to evaluate
the binding between reporter plasmid and the miRNA.

RNA Immunoprecipitation (RIP) Assay

and RNA Pull-Down Assay

For RIP assay, EZ-Magna RIP RNA-binding protein immuno-
precipitation kit (Millipore, Bedford, MA, USA) was used, and
RIP analysis was performed according to the manufacturer’s
protocol. In brief, glioma cells were lysed in lysis buffer with
protease and RNase inhibitors. Subsequently, the protein
extract was incubated with a washing buffer. Next, the RIP

buffer contained magnetic beads conjugated with human anti-
argonaute 2 (Ago2) antibody or mouse IgG was employed to
incubate the extracts. After that, immunoprecipitation complex
was incubated with proteinase K, and co-immunoprecipitated
RNA was extracted. Moreover, qRT-PCR was performed to
determine the enrichment of the targets.

For RNA pull-down assay, biotinylated miR-330-3p or
negative control (NC) probes were conjugated with strep-
tavidin beads (Beyotime, Shanghai, China). The probes
were then transfected into the cells. The cells were incu-
bated with the lysis buffer prior to the incubation of cell
lysates with RNA-bound beads at 4°C for 2 h. Then the
abundance of LINC01094 was analyzed by qRT-PCR.

Western Blot
RIPA lysis buffer (Beyotime Biotechnology, Shanghai,
China) was utilized to extract total protein of cells. After
being centrifuged, the supernatant was collected and then
mixed with loading buffer. The protein was boiled for dena-
turation before the protein samples were subject to 12% SDS-
PAGE. Subsequently, the protein was electrically transferred
into the nitrocellulose (NC) membrane (Millipore, Bedford,
MA, USA). The NC membrane was blocked with blocking
solution (50mg/mL skim milk) for 2 h. After that, the primary
antibodies anti-MSI1 (abcam, ab52865, 1:1000) and anti-
GAPDH (abcam, ab181602, 1:1000) were employed to incu-
bate the NC membrane at 4°C overnight. Afterward, the NC
membrane was immersed in TBST for 10 min for 3 times, and
horseradish peroxidase-labeled secondary antibody (abcam,
ab205718, 1:2000) was loaded and the NC membrane was
incubated at room temperature for 1 h. Then the membrane
was rinsed with TBST for 3 times again. Ultimately, ECL
chemiluminescent  solution

(Beyotime  Biotechnology,

Shanghai, China) was used to show the bands.

Statistical Processing

Data analysis was performed employing SPSS 21.0 (SPSS
Inc., Chicago, IL, USA). Data were expressed as x =+
s. The statistical analysis was carried out by #-test. P <
0.05 signified statistical significance.

Results
LINCO1094 Expression Was

Up-Regulated in Glioma, Which Was

Related to Glioma Grading
In order to investigate the expression of LINC01094 in
gliomas, we adopted the GEPIA database to perform
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bioinformatics analysis, and it was found that LINC01094
was differentially expressed in grade IV glioma (glioblas-
toma, GBM) and normal brain tissues, and the expression in
GBM tissues was considerably higher than in normal tissues
(Figure 1A). To confirm this, we used qRT-PCR to probe
LINCO01094 expressions in cancer tissues and adjacent nor-
mal tissues in 43 glioma patients, and the results depicted that
LINCO01094 expression was remarkably up-regulated in 23
cases of grade I-II glioma tissue and 20 cases of grade
I -1I glioma tissue compared with adjacent cancer tissues;
in contrast to low-grade glioma samples (Glioma [ -1I), the
expression of LINC01094 was dramatically increased in
high-grade glioma samples (Glioma [ -IT) (Figure 1B). In
addition, we also tested LINCO01094 expression in five
glioma cell lines (U87, SHG-44, U251, LN229, and U373
cells), and the results implied that the expression of
LINCO01094 in all five glioma cell lines was markedly ele-
vated in contrast to normal cell line NHA. These results
suggested that LINC01094 was highly expressed in glioma
and was positively correlated with high grade of glioma.

LINCO01094 Promoted Proliferation,

Migration and Invasion of Glioma Cells

According to the above results, in glioma cell lines, the
lowest and the highest expression of LINC01094 existed
in LN229 cells and U251 cells, respectively. Therefore,
LN229 and U251 cell lines were selected as the cell
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invasion of U251 cells (Figure 2C and D).
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Figure | LINC01094 was up-regulated in glioma samples and glioma cell lines. (A) Bioinformatics was used to compare the expressions of LINC01094 in glioma tissues and
normal brain tissues. (B) The expressions of LINCO01094 in 43 cases of normal brain tissues adjacent to cancer, 23 cases of grade [ -1l gliomas, and 20 cases of grade III-IV
gliomas were detected by qRT-PCR. (C) The expression of LINC01094 in normal human astrocytes (NHA cells) and five kinds of glioma cells (U87, U251, SHG-44, LN229

and U373 cells) were detected by qRT-PCR. *P<0.05, ***P<0.001.
Abbreviation: qRT-PCR, quantitative reverse transcription-PCR.
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Figure 2 LINCO01094 promoted proliferation, migration and invasion of glioma cells. (A) qRT-PCR was used to detect the relative expression of LINC01094 in LN229 cells
transfected with LINCO01094 plasmid and U251 cells transfected with three siRNAs targeting LINC01094. (B) CCK-8 was used to detect the proliferation of LN229 cells
transfected with LINC01094 or NC, and U251 cells transfected with si-LINCO01094#1, si-LINCO1094#2 or si-NC. (C) Transwell assay was used to detect the migration and
invasion of LN229 cells transfected with LINC01094 or NC. Scale bar=20 pm. (D) Transwell assay was used to detect the migration and invasion of U251 cells transfected
with si-LINCO1094#1, si-LINCO1094#2 or si-NC. Scale bar=20 pm. Data were represented as mean+SD of at least three independent experiments. *P<0.05, **P<0.01,

#P<0.001.

Abbreviations: qRT-PCR, quantitative reverse transcription-PCR; CCK-8, cell-counting kit-8; NC, negative control.

luciferase activity of the LINC01094-WT reporter plasmid,
while the luciferase activity of LINC01094-MUT reporter
3B).
Furthermore, RNA pull-down and RIP experiments proved
that LINC01094 could directly interact with miR-330-3p
(Figure 3C and D). In addition, qRT-PCR results displayed
that miR-330-3p expression in LN229 cells was dramatically

plasmid was not markedly changed (Figure

constrained after overexpression of LINC01094; miR-330-3p
expression was increased in U251 cells after knocking down
LINC01094 (Figure 3E). Moreover, miR-con/miR-330-3p or
anti-miR-con/anti-miR-330-3p were transfected into U251
and LN229 cells, respectively, and as shown, LINC01094
expression was not changed by miR-330-3p (Figure 3F). In
summary, these data suggested that LINC01094 adsorbed

miR-330-3p and negatively modulated its expression in

glioma cells.

miR-330-3p Impeded the Malignant

Biological Behavior of Glioma Cells

Next, we investigated miR-330-3p expressions in glioma
tissues. The results showed that compared with adjacent
cancer tissues, miR-330-3p expressions were significantly
reduced in I -II grade glioma tissues and I -1l glioma
tissues; in glioma tissues, miR-330-3p expressions were
observably lower in high-level glioma samples (Glioma
[ -1T) than that in low-level glioma samples (Glioma
[ -1I) (Figure 4A). U251 and LN229 cells were then
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Figure 3 miR-330-3p was the target of LINC01094 in gliomas. (A) LINC01094-WT and LINC01094-MUT luciferase reporter plasmids containing the binding site for miR-
330-3p were constructed. (B) Dual luciferase reporter assay was used to detect the targeting relationship between miR-330-3p and LINC01094 in LN229 and U251 cells.
(C and D) RNA pull-down assay in LN229 cells and RIP assay in U251 cells confirmed that LINCO01094 and miR-330-3p were directly interacted. (E) qRT-PCR was used to
detect the expression of miR-330-3p in LN229 cells with LINC01094 overexpression and U251 cells with LINC01094 knockdown. (F) qRT-PCR was used to detect the
expression of LINC01094 in U251 cells with miR-330-3p overexpression and LN229 cells with miR-330-3p knockdown. Data were represented as meantSD of at least

three independent experiments. ***P<0.001.

Abbreviations: WT, wild type; MUT, mutant type; qRT-PCR, quantitative reverse transcription-PCR; RIP, RNA immunoprecipitation.

transfected with miR-330-3p mimics and inhibitors,
respectively, and qRT-PCR results confirmed that the
transfection was successful (Figure 4B). Then the prolif-
eration and metastasis of cells were evaluated by CCK-8
and Transwell experiments, respectively. It was observed
that up-regulating miR-330-3p repressed the proliferation
and metastasis ability of U251 cells (Figure 4C and D).
Besides, in LN229 cells, down-regulating miR-330-3p
exerted the opposite effect (Figure 4C and E). These
results implied that miR-330-3p inhibited the malignant
biological behaviors of glioma cells.

MSII Was the Target of miR-330-3p

StarBase v3.0 also predicted a complementary binding
site between miR-330-3p and the 3'UTR of MSII
(Figure 5A). To validate whether miR-330-3p could
bind to the 3'UTR of MSI1, MSI1-WT reporter plasmid
and MSI1-MUT reporter plasmid were co-transfected
with miR-330-3p mimics or control miRNAs into U251
and LN229 cells, respectively. Dual luciferase reporter

assay showed that miR-330-3p mimics can markedly
reduce the luciferase activity of the MSI1-WT reporter
plasmid compared with the control group, and there was
no significant change in the luciferase activity of MSI1-
MUT reporter plasmid (Figure 5B). Additionally, it was
that
a significant decrease in the expression of MSI1 in
U251 cells, and after inhibiting miR-330-3p, the expres-
sion of MSII in LN229 cells was increased (Figure 5C
and D).

discovered up-regulating miR-330-3p induced

LINCO1094 Regulated Glioma Cell
Proliferation and Metastasis Through
miR-330-3p/MSI | Axis

Next, we transfected MSI1 overexpressing plasmid into
LN229 cells and MSI1 siRNA into U251 cells to construct
a cell model of MSI1 overexpression or knockdown
(Figure 6A). Western blot was employed to detect cell
migration and invasion and it was found that MSI1 pro-

moted glioma cell migration and invasion (Figure 6B and
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Figure 4 miR-330-3p played an anti-tumor role in gliomas. (A) The expressions of miR-330-3p in gliomas and adjacent brain tissues were detected by qRT-PCR. (B) qRT-
PCR was used to detect the expression of miR-330-3p in U251 cells transfected with miR-330-3p mimics and LN229 cells transfected with miR-330-3p inhibitor. (C) CCK-8
was used to detect the proliferation of U251 cells transfected with miR-330-3p or miR-con, and LN229 cells transfected with anti-miR-330-3p or anti-miR-con. (D)
Transwell assay was used to detect the migration and invasion of U251 cells transfected with miR-330-3p or miR-con. Scale bar=20 pm. (E) Transwell assay was used to
detect the migration and invasion of LN229 cells transfected with anti-miR-330-3p or anti-miR-con. Scale bar=20 ym. Data were represented as meanSD of at least three

independent experiments. *P<0.05, **P<0.01, **¥P<0.001.

Abbreviations: qRT-PCR, quantitative reverse transcription-PCR; miR-con, miR-control.

C). To further explore the mechanism between miR-330-
3p and LINC01094, miR-330-3p mimics were transfected
into LN229 cells overexpressing LINC01094, and anti-
miR-330-3p was transfected into U251 cells with
LINCO01094 knockdown. qRT-PCR verified the success
of transfection (Figure 6D). After detecting the protein
level of MSI1 by Western blot, it was found that up-
regulation of miR-330-3p partially reduced the increase
in MSI1 protein expression resulted from LINC01094
overexpression, while antagonism of miR-330-3p partially
reversed the decrease in MSII protein caused by
LINC01094 knockdown (Figure 6E). In addition, func-
tional experiments showed that the effect of LINC01094
overexpression on proliferation and metastasis of LN229
cells was partially weakened by miR-330-3p mimics; addi-
tionally, the inhibition of U251 cell proliferation and
metastasis resulted from LINC01094 knockdown was par-
tially reversed by anti-miR-330-3p (Figure 6F and Q).
Above findings indicated that LINC01094 was involved
in regulating the malignant biological behaviors of glioma
cells through regulating the miR-330-3p/MSI1 axis.

Discussion
Glioma, the most common primary brain tumors, accounts for
about 80% of primary malignant brain tumors.>** It is
believed that the molecular pathogenesis of glioma is accom-
panied with various genetic changes that lead to abnormal cell
proliferation, cell movement, angiogenesis, cell cycle regula-
tion, and apoptosis.® According to its histological character-
istics, the World Health Organization (WHO) divides brain
glioma into four grades: grade I to IV, and the malignancy
increases with the rise of grade.”’ Although a lot of progresses
have been made in surgery, radiotherapy, and chemotherapy
in recent years, the therapeutic effect is still unsatisfactory due
to tumor invasion and high recurrence rate.”®

In recent years, a large number of IncRNAs are dis-
covered as new regulatory molecules in cancer
biology.*** For example, IncRNA UCAI is upregulated
in gliomas and promotes cancer cell proliferation.®'
LncRNA ANRIL is overexpressed during glioma develop-
ment and is associated with unfavorable pathological

characteristics.>® In this study, it was demonstrated that
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LINCO01094 was highly expressed in glioma tissues and
cells and positively correlated with high grade of glioma.
Knockdown of LINCO01094 impeded the proliferation,
migration, and invasion of glioma cells, while overexpres-
sion of LINC01094 facilitated the aforementioned biolo-
gical behaviors of glioma cells. Therefore, for the first
time, it was concluded that LINC01094 played a crucial
role in glioma progression.

A single miRNA can modulate the expressions of
multiple genes and vital biological processes (such as
cell proliferation, differentiation, migration, as well as
apoptosis) in cancer progression.*>** miR-330-3p has dis-
tinct functions in different tumors. In breast cancer, miR-
330-3p is highly expressed in cancer tissues and boosts
cancer metastasis by targeting CCBE1.>> However, in
gastric cancer, miR-330-3p is lowly expressed in cancer
tissue and cells, and overexpression of miR-330-3p can
inhibit the cancer progression by targeting MSI1.>® In

addition, miR-330-3p restrains the migration of liver can-
cer cells by targeting MAP2K1.>” The expression and
function of miR-330-3p in glioma are not reported pre-
viously. In this study, it was demonstrated for the first time
that miR-330-3p was reduced in glioma tissues compared
with normal brain tissues. Ectogenic miR-330-3p inhibited
the proliferation, migration, and invasion of glioma cells,
while inhibiting miR-330-3p functioned oppositely. Our
data proved for the first time that miR-330-3p served as
a tumor-suppressive miRNA in gliomas.

In recent RNA
(ceRNA) is a hot topic in cancer research. In this mechan-
ism, IncRNA can regulate the translation of mRNA by
competitively sponging miRNA via miRNA response ele-
ments (MREs).*® So far, accumulating IncRNAs have been
identified as ceRNA in gliomas. For example, IncRNA
MALATI can regulate the expression of SOX2 by spong-
ing and repressing miR-129 in gliomas.>* LncRNA
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Figure 6 miR-330-3p partially reversed the tumor-promoting effect of LINC01094 on glioma cells. (A) Western blot was used to detect the relative expression of MSI| in
LN229 cells transfected with MSII plasmid and U251 cells transfected with a siRNA targeting MSII. (B) CCK-8 was used to detect the proliferation of LN229 cells
transfected with MSI1 or NC and U251 cells transfected with si-MSI| or si-NC. (C) Transwell assay was used to detect the migration and invasion of LN229 cells transfected
with MSII or NC and U251 cells transfected with si-MSI| or si-NC. (D) miR-330-3p mimics were transfected into LN229 cells with LNC229094 overexpression, and anti-
miR-330-3p was transfected into U251 cells with LINC01094 knockdown. 48 hours after transfection, qRT-PCR was used to detect the expression of miR-330-3p into
LN229 and U251 cells. (E) Western blot was used to detect the expression of MSI| protein in LN229 and U251 cells. (F) CCK-8 was used to detect the proliferation of
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Abbreviations: qRT-PCR, quantitative reverse transcription-PCR; CCK-8, cell-counting kit-8.

FTHIP3 promotes glioma progression by working as

a molecular sponge for miR-224-5p.*° In this work, we
hypothesized that LINC01094

could function as

a molecular sponge to regulate miRNA in gliomas.
Based on bioinformatics analysis and validation experi-
ments, this study demonstrated that LINC01094 was
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a molecular sponge for miR-330-3p

we proved that miR-330-5p partially

in gliomas.
Subsequently,
reversed the effects of LINCO01094 overexpression on
glioma proliferation, migration, and invasion. These data
indicated that LINC01094 could serve as ceRNA to parti-
cipate in glioma progression via suppressing miR-330-3p.

MSII1 belongs to the Musashi family and is a marker
gene for the progenitor maintenance and differentiation of
neurons.*' Musashi members are abnormally expressed in
a variety of tumor cells, and contribute to the malignant
biological behaviors of cancer cells.** The overexpression
of MSII in cancer cells activates multiple oncogenic sig-
naling pathways. In cervical cancer, it is verified as
a promoter of epithelial-mesenchymal transition of cancer
cells.'® It activates the STAT3 signaling to facilitate the
progression of oral squamous cell carcinoma.'” In glioma,
MSI1 up-regulates intercellular adhesion molecule-1,
down-regulates Tensin3, and activates PKR/elF2a signal-
ing and IL-6/Akt signaling to mediate the migration and
invasion of glioma cells, and its overexpression is linked
to the chemoresistance and radioresistance of glioma
cells.*"*** However, there are few researches focusing
on the mechanism of MSII dysregulation in glioma. In the
present work, it was found that MSI1 was a downstream
target of miR-330-3p in gliomas, which was consistent
with the study on gastric cancer.’® Additionally, it was
also confirmed that LINC01094 positively regulated the
expression of MSII through suppressing miR-330-3p. Our
data indicated that the dysregulation of LINC01094/miR-
330-3p axis was responsible for the abnormal expression
of MSI1 in glioma.

In summary, we demonstrate for the first time that
LINCO01094 expression is elevated in gliomas, which
enhances the proliferation, migration, and invasion of
glioma cells. In terms of mechanism, LINC01094 pro-
motes the malignant biological behaviors of glioma cells
by functioning as a molecular sponge for miR-330-3p and
MSI1 Thus,
LINCO01094 is a potential promising target for glioma

indirectly  up-regulating expression.

treatment.
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