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Introduction: LncRNA FEZF1-AS1 has been reported to be an oncogene in many types of
cancer, while its role in glioblastoma (GBM) is unknown. This study aimed to investigate the
potential involvement of FEZF1-AS1 in GBM.

Methods: FEZF1-AS1 expression in paired GBM and non-tumor tissues from GBM
patients was determined by RT-qPCR. A 2-year follow-up was performed to analyze the
prognostic value of FEZF1-AS1 for GBM. Cell transfections were performed to analyze the
interactions between FEZF1-AS1, miR-34a and Notch-1. Transwell assay was performed to
analyze the role of FEZF1-AS1, miR-34a and Notch-1 in regulating GBM cell invasion and
migration.

Results: In this study, analysis of TCGA dataset revealed the upregulation of FEZF1-AS1 in
GBM, and the overexpression of FEZF1-AS1 in GBM was further confirmed using GBM
tissues from GBM patients included in this study. High levels of FEZF1-AS1 were correlated
with poor survival. FEZF1-AS1 was predicted to form base pairing with miR-34a. However,
overexpression of FEZF1-AS1 and miR-34a failed to affect the expression of each other.
However, upregulation of Notch-1, a target of miR-34a, was observed after FEZF1-AS1 in
GBM cells. Moreover, increased invasion and migration rates of GBM cells were observed
after FEZF1-AS1 and Notch-1 overexpression. MiR-34a played an opposite role and reduced
the effects of FEZF1-AS1 and Notch-1 overexpression.

Conclusion: FEZF1-AS1 may sponge miR-34a to upregulate Notch-1 in GBM, thereby
promoting cancer cell invasion and migration.
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Introduction

Glioblastoma (GBM) as a grade I'V tumor is considered as the most aggressive brain
tumors with high infiltration ability." GBM is a rare type of malignancy and only
affect less than 5 out of 100,000 persons across populations.” However, due to its
extremely aggressive nature, most GBM patients will die within 2 years after initial
diagnosis.> GBM mainly affects the elderly. With the growing of aging population, it
is estimated that the incidence of GBM will be increasing for a long term.* To date, no
cure is available for GBM. The unclear molecular pathogenesis continuously chal-
lenges the development of novel anti-GBM therapies.’ Therefore, in-depth investiga-
tions of the molecular pathways involved in GBM are always needed.

Previous oncological studies have identified a considerable number of molecular
pathways involved in the pathogenesis.”’ Some molecular players, such as
microRNA miR-21 and PTEN signaling have been proven to be potential therapeutic
targets for GBM.* Notch homolog 1 (Notch-1) is single-pass transmembrane
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receptor that participates in cancer biology by regulating
cancer cell behaviors.'® In GBM Notch-1 is overexpressed
and promotes the invasion, migration and proliferation of
cancer cells.'!! In effect,
miRNAs, such as miR-34a, can target Notch-1 to inhibit
cancer development.'” Long non-coding RNA (IncRNA)

certain tumor-suppressive

FEZF1-AS1 has been characterized as an oncogenic
IncRNA in several types of cancers, such as colorectal
carcinoma and breast cancer.'>"'* However, its involvement
in GBM is unknown. We analyze TCGA dataset and
observed the upregulation of FEZF1-AS1 in GBM. In addi-
tion, FEZF1-AS1 is predicted to interact with miR-34a.
This study was therefore carried out to analyze the possible
interaction between FEZF1-AS1 and miR-34a in GBM.

Materials and Methods

Patients and Follow-Up

This study was approved by Ethics Committee of the Third
Affiliated Hospital of Sun Yat-sen University. This study
enrolled a total of 60 GBM patients (38 males and 22
females, 55 to 74 years, 65.1 + 4.5 years) from aforemen-
tioned hospital between January 2015 and December 2016.
All patients were newly diagnosed cases. No recurrent
GBM patients or previously diagnosed GBM patients
were included. No anti-cancer therapies were initiated and
patients complicated with other clinical disorders were
excluded. Patients were treated with surgical resection,
targeted therapy, radiotherapy, chemotherapy or their com-
binations. Biopsy was performed on all patients to collect
both GBM tissues and adjacent (3 cm around tumors) non-
tumor tissues from each patient. All patients signed written
informed consent. Patients were followed up for 2 years to
record their survival. All patients completed follow-up.

Cells and Cell Culture

U-251 and U-87 MG human GBM cell lines (ATCC) were
used in this study. Cells were cultivated in a 5% CO,
incubator at 37°C in a medium containing 10% FBS and
DMEM medium. Cells were collected at 85% confluence

to perform subsequent transfections.

Cell Transfections

FEZF1-AS1 and Notch-1 expression vectors were con-
structed using pcDNA3.1 vector. Negative control (NC)
miRNA and miR-34a mimic were from Sigma-Aldrich.
Lipofectamine 2000 (Invitrogen) was used to transfect 10
nM vector or 40 nM miRNA into 10° U-251 or U-87 MG

cells following the protocol from Invitrogen. Controls (C)
cells in all cases were untransfected cells. Cells were
transfected with empty vector or NC miRNA to serve as
NC group.

Dual-Luciferase Activity Assay

To explore the interaction between FEZF1-AS1 and miR-
34a, pGL3 vector (Promega Corporation) was used to
construct the vector of FEZF1-AS1. Lipofectamine 2000
(Invitrogen) was used to co-transfect 10° U-251 cells with
FEZF1-AS1 vector + miR-34a mimic (miR-34a group) or
FEZF1-AS1 vector + NC miRNA (NC group). Cells were
cultivated under aforementioned conditions for 48 hrs,
followed by the measurement of luciferase activity using
Dual-Luciferase Assay System (BPS Bioscience)

RNA Preparations

RNA isolation from GBM and non-tumor tissues as well
as U-251 cells was performed using Trizol reagent
(Invitrogen). MiRNAs were harvested by precipitating
RNA using 85% ethanol. All RNA samples were pro-
cessed by gDNA eraser (Takara) to digest genomic DNA
before use.

RT-gPCR Assays

BlazeTag™ One-Step SYBR Green RT-qPCR Kit
(Genecopoeia) was used to measure the expression levels
of FEZF1-AS1 and Notch-1 with GAPDH as endogenous
control. All steps were performed according to the manu-
facturer’s instructions. Measurement of the expression
levels of mature miR-34a was performed using All-in-
OneTM miRNA ¢RT-PCR Detection Kit (Genecopoeia)
with U6 as endogenous control. All steps were completed
following manufacturer’s instructions. Ct (AACt) method
was used process Ct values of 3 replicates of reach experi-
ment and to calculate relative gene expression levels.

Western Blot

Isolation of total protein from U-251 cells was performed
using RIPA solution (Invitrogen). Protein concentration was
measured by BCA method (Sigma-Aldrich). Following pro-
tein denaturation in boiling water for 10 min, proteins were
separated in 10% SDS-PAGE gel. PVDF membrane was
used for gel transfer, followed by blocking for 80 min at
room temperature using 5% non-fat milk in PBS. Notch-1
(ab27526, Abcam) and GAPDH (ab9485, Abcam) rabbit
primary antibodies were used to incubate with the mem-
branes at 4°C for 12 hrs. After that, membranes were further
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incubated with HRP Goat Anti-Rabbit (IgG) secondary
antibody (ab97051, Abcam) at 24°C for 2 hrs. ECL (Sigma-
Aldrich) was used to process signals and Quantity One soft-
ware was used to process all data.

Transwell Assays

Transwell filters (8 pm; BD Biosciences) were used to
perform Transwell assays to analyze the effects of trans-
fections on the invasion and migration of U-251 or U-87
cells. The upper Transwell chamber was filled with 3000
cells in 0.1 mL medium, and the lower chamber was filled
with medium containing 20% FBS. It is worth noting that
uncoated membranes were used for cell migration, while
Matrigel-coated membranes were used for cell invasion.
Cells were cultivated for 24 hrs under aforementioned
methods. Lower surface of membranes was them stained
with crystal violet (0.1%). Stained cells were observed
under an optical microscope.

Statistical Analysis

All experiments were performed in at least three biological
replicates. Data were expressed as mean values + standard
error. Paired ¢ test was used to compare GBM and non-
tumor tissues. Unpaired test was used to compare lucifer-
ase activity between 2 groups. Comparisons among
multiple groups were performed by ANOVA (one-way)
and Tukey’s test. The 60 patients were divided into high
and low FEZF1-AS1 level groups (n=30) with its median
expression level in GBM tissue as cutoff score. Survival
curves were plotted based on follow-up data and were
compared by Log-rank test. P<0.05 was statistically
significant.
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Results
FEZFI-ASI Is Upregulated in GBM and

Predicted Poor Survival

TCGA dataset was explored and it was observed that the
expression level of FEZF1-AS1 was obviously higher in
GBM tissues than in non-tumor tissues (0.33 vs 0.12).
Expression levels of FEZF1-AS1 in GBM and non-tumor
tissues from the 60 GBM patients were measured by
performing qPCR. Compared to non-tumor tissues, expres-
sion levels of FEZF1-AS1 were significantly higher in
GBM tissues (Figure 1A, p<0.001). Survival curves were
plotted for both high and low FEZF1-AS1 level groups.
Comparing to patients in low FEZFI1-AS1 level group,
overall survival rate of patients in high FEZF1-ASI level
group was significantly lower (Figure 1B).

FEZF1-AS| and miR-34a Interacted with
Each Other but Did Not Regulate Each

Other’s Expression

IntaRNA 2.0'° was used to predict the possible base pairs can
be formed by FEZF1-AS1 and miR-34a. It was observed that
FEZF1-AS1 and miR-34a can form strong base pairing
(Figure 2A). To further analyze their interaction, dual-
luciferase activity assay was performed by co-transfecting
U-251 cells with FEZF1-AS1 vector + miR-34a mimic (miR-
34a group) or FEZF1-AS1 vector + NC miRNA (NC group).
Comparing to NC group, significantly lower relative lucifer-
ase activity was observed in miR-34a group (Figure 2B,
p<0.05). U-251 cells were transfected with FEZF1-ASI
expression vector or miR-34a mimic, and the overexpression
of FEZF1-AS1 and miR-34a was confirmed by RT-qPCR
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Figure | FEZFI-AS| is upregulated in GBM and predicted poor survival. Expression levels of FEZFI-AS| in GBM and non-tumor tissues from the 60 GBM patients were
measured by performing qPCR (A). PCR reactions were performed in three replicates and mean values were compared by paired t test. ***p<0.001. The 60 patients were
divided into high and low FEZF|-AS| level groups (n=30) with its median expression level in GBM tissue as cutoff score. Survival curves were plotted based on follow-up
data and were compared by Log-rank test (B).
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Figure 2 FEZFI-AS| and miR-34a interacted with each other but did not regulate each other’s expression. IntaRNA 2.0'® was used to predict the possible base pairs can be
formed by FEZFI-ASI| and miR-34a (A). Dual-luciferase activity assay was performed by co-transfecting U-251 cells with FEZFI-ASI vector + miR-34a mimic (miR-34a
group) or FEZFI-AS| vector + NC miRNA (NC group). Luciferase activity was measured at 48 hrs post-transfection and compared (B). U-251 cells were transfected with
FEZF|-AS| expression vector or miR-34a mimic, and the overexpression of FEZFI-AS| and miR-34a was confirmed by RT-qPCR (C). The effects of overexpression of
FEZF|-AS| and miR-34a on the expression of each other were also analyzed by RT-qPCR (D). Experiments were performed in 3 biological replicates and mean values were

expressed, ¥p<0.05.
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(Figure 2C). Compared to C and NC groups, overexpression
of FEZF1-AS1 and miR-34a failed to affect the expression of
each other (Figure 2D).

FEZF1-ASI| Upregulated Notch-|

Through miR-34a in U-251 Cells
FEZF1-AS1 and miR-34a interacted with each other but did
not regulate each other’s expression. Therefore, it is reason-
able to hypothesize that FEZF1-AS1 may serve as a sponge
of miR-34a. To test this possibility, effects of FEZF1-ASI
and miR-34a on the expression of Notch-1, a target of miR-
34a, were analyzed by qPCR (Figure 3A) and Western blot
(Figure 3B). It observed that miR-34a overexpression led to
the downregulated Notch-1 (p<0.05). In contrast, upregula-
tion of Notch-1 was observed after FEZF1-AS1 (p<0.05).
Moreover, FEZF1-AS1 overexpression led to the inhibited
role of miR-34a (p<0.05).

FEZF1-AS| Promoted GBM Cell Invasion
and Migration Through miR-34a/Notch- |

Axis

Transwell assays were performed to analyze the effects of
FEZF1-AS1, miR-34a and Notch-1 overexpression on the
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invasion (Figure 4A) and migration (Figure 4B) of U-251
cells. Increased invasion and migration rates of GBM cells
were observed after FEZF1-AS1 and Notch-1 overexpres-
sion. MiR-34a played an opposite role and reduced the
effects of FEZFI-AS1 and Notch-1 overexpression
(p<0.05). To further confirm the role of FEZF1-AS1, miR-
34a and Notch-1 in regulating GBM cell invasion and
migration, transwell assay was also performed on another
GBM cell line named U-87 MG. Similarly, FEZF1-AS1 and
Notch-1 overexpression led to increased
(Supplementary Figure 1A, p<0.05) and migration
(Supplementary Figure 1B, p<0.05) of U-87 MG cells.
MiR-34a played an opposite role and reduced the effects
of FEZF1-AS1 and Notch-1 overexpression (p<0.05).

invasion

Discussion
This study is the first to analyze the involvement of
FEZF1-AS1 in GBM. We found that FEZF1-AS1 was
upregulated in GBM and may interact with miR-34a/
Notch-1 axis to participate in the regulation of cancer
cell invasion and migration in GBM.

Previous studies have characterized FEZF1-AS1 as an
oncogenic IncRNA in several types of cancers.'>'*!'® For
instance, FEZF1-AS1 is upregulated in breast cancer can
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Figure 3 FEZFI-AS| upregulated Notch-| through miR-34a. The effects of FEZFI-AS| and miR-34a on the expression of Notch-1, a target of miR-34a, were analyzed by
qPCR (A) and Western blot (B). Experiments were performed in 3 biological replicates and mean values were expressed, *p<0.05.
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Figure 4 FEZFI-AS| promoted U-251 cell invasion and migration through miR-34a/Notch-| axis. Transwell assays were performed to analyze the effects of FEZFI-ASI,
miR-34a, and Notch-1 overexpression on the invasion (A) and migration (B) of GBM cells. Experiments were performed in 3 biological replicates and mean values were

expressed, ¥p<0.05.

target miR-30a/Nanog axis to increase cancer cell stemness.'*
In another study, Zhao et al reported that FEZF1-AS1 was
overexpressed in ovarian cancer can promote cancer cell
proliferation and inhibited cancer cell apoptosis through the
activation of JAK-STAT3 pathway.'® In this study, we
observed the upregulation of FEZF1-AS1 in GBM. In addi-
tion, increased GBM cell invasion and migration rates of
GBM cells were observed after FEZF1-AS1 overexpression.
Therefore, FEZF1-AS1 also plays oncogenic roles in GBM.

It is estimated that the median survival time of GBM
patients is only 11 months and only less than 5% of
patients can survive longer than 2.5 years after initial
diagnosis even after active treatment.® Therefore, accurate
prognosis of GBM may improve the survival by guiding
the selection of therapies. In our study we showed that
high levels of FEZF1-AS1 expression were closely corre-
lated with the poor survival of GBM patients, indicating
the potential application of FEZF1-AS1 as a prognostic
marker for GBM. However, future studies with bigger
sample size are needed to further test the reliability.

In a recent study, Kashat et al reported that miR-34a
can target Notch-1 to inhibit the development of prostate
cancer.'? Consistently, our study also observed the down-
regulation of Notch-1 in prostate cells after miR-34a over-
expression. Therefore, miR-34a may also target Notch-1 in
GBM. Our data suggested that FEZF1-AS1 might serve as

an endogenous sponge of miR-34a to upregulate Notch-1,
thereby promoting cancer cell invasion and migration.
However, other mechanism may also exist and future
studies are still needed.

Conclusion

In conclusion, FEZF1-AS1 is upregulated in GBM and
may promote GBM cell invasion and migration through
miR-34a/Notch-1 axis.
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