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Introduction
As a dominating primary intracranial tumor, glioma is featured by high aggression,
poor prognosis, and high lethality." On the basis of the grading criteria, glioma is
classified as low-grade glioma (LGG, I-II) and high-grade glioma (HGG, III-1V).?
Of these, patients with LGG have longer overall survival in contrast to HGG.?
Glioblastomas (GBM), refers to the most aggressive type (grade IV), with
a proportion of 65% in brain tumors.* Despite advances in therapeutic treatment,
most patients achieve unsatisfactory efficacy and have poor prognosis, especially
with GBM.” Like other tumors, the progression of glioma is a complex procedure
involving changes of pathology, genes, and pathways.® Currently, more attention
has been paid to the molecular mechanism of glioma progression.” However, there
is no definite conclusion about pathogenesis of glioma. Thus, elucidating the
molecular mechanism is an urgent need for glioma therapy.

Accumulating evidence has stated that LncRNAs exert crucial roles on the progres-
sion of various cancers including glioma.*'® Moreover, a previous study has reported
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that LncRNAs as competing endogenous RNAs (ceRNAs) by
sponging miRNAs to directly target the mRNAs is the key

mechanism for regulation of tumor growth and metastasis.""

In terms of glioma, recent studies have verified this point.'*"
Those findings suggested that the LncRNA as ceRNA may be
the underlying mechanism to glioma development.
LncRNA FOXD3-AS1 (FOXD3-A4S1) is highly expressed
and may exert the crucial function on cancer progression
through the ceRNA network, including lung cancer, malig-

adenocarcinoma.' !¢

nant melanoma, and colon
Consistently, FOXD3-AS1 is upregulated in glioma, which
has been demonstrated in clinical specimen detection.'”
However, no reports of FOXD3-AS1 as ceRNA regulating
glioma development are available. Microarray studies have
been conducted to screen the aberrantly expressed miRNAs
in glioma and found that miR-128-3p is observably
declined.'®'” Moreover, miR-128-3p is the target gene of
FOXD3-A4S1, which has been elucidated in cervical cancer.”°
Another study has also demonstrated that miR-128-3p sup-
presses the proliferation and metastasis of glioma cells via
binding to 3'-UTR of SZRD, thereby influencing the glioma
tumorigenicity.”' Thus, we speculated that FOXD3-AS] reg-
ulating miR-128-3p/SZRD! axis may be an underlying
mechanism in glioma progression. In the current study,
first verified that functioned as ceRNA to regulate the glio
progression. In addition, miR-128-3p/SZRD] axisgmms
target of FOXD3-AS1 in regulation of glio

may supply theoretical foundation for furtif

Materials and Meth

Cell Culture
Glioma cell lines (HS68

251, T98G, an

B-19) and
were purchased from

a), and cultured

in DMEM ed with 10% FBS
(Solarbio, 0 U/mL penicillin and
100 mg/mL lunbio, Dalian, China).

Cell Transfecti¥
After reaching 80% confluence, HS683 and U251 cells were
transfected with siRNA-FOXD3-4S1 (si-FOXD3-AS1) and
negative control (si-NC) (Genechem, Shanghai, China)
respectively according to the Lipofectamine 2000 protocol.
Similarly, pcDNA-SZRD1 (OE-SZRDI) and empty vector
was synthesized by Genechem (Shanghai, China). The miR-
128-3p inhibitor, miR-128-3p mimic and its negative control
were obtained from RiboBio (Guangzhou, China). Cells in

the control group were untreated with anything. After being
cultured for 48 h, cells were harvested.

Quantitative Real-Time PCR Assay

Total RNA was extracted by TRIzol reagent (CWBio, Beijing,
China). The first strand ¢cDNA for FOXD3-4S1 and SZRD1
was synthesized by cDNA Synthesis kit (Accurate Biology,

Changsha, China). Next, PCR reaction was performed on
CFX connect detection system (Bio-Rad, Hercules, CA,
USA). GAPDH was used as the internal control for quantifica-

GCTCGCTTCGGCA
GAACGCTTCACGA
he relative expression was quantified by

d, 5'-
reverse, 5'-

Blotting Assay

rotein was extracted from HS683 and U251 cells using
[PA lysis buffer containing protease inhibitor (Bosterbio,
uhan, China). Protein was separated and then transferred
onto PVDF membranes. After blockage with 5% skimmed
milk, the membranes were incubated with anti-SZRD]/
(1:3000, ab95957, Abcam, MA, USA), and anti-GAPDH
(1:5000, 60004-1-Ig, Proteintech), followed by HRP-
antibody (1:5000, ZB-2301,
ZSGB). The protein blots were visualized using the

conjugated secondary
enhanced chemiluminescence (ECL) kit and captured
using chemiluminescent imaging system (Tanon,
Shanghai, China). GAPDH was used as internal control.

3-(4, 5-Dimethylthiazol-2-Y1)-
2,5-Diphenyltetrazolium Bromide (MTT)

Assay

After transfection, HS683 and U251 cells were cultured
(2x10* cells/well) for 24 h, 48 h, 72 h, and 96
h. Afterwards, MTT with concentration of 5 mg/mL was
added for incubation of four hours. The absorbance at 490
nm was detected by spectrophotometer (Multiskan Sky,
Thermo Fisher, Waltham, MA, USA).
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Flow Cytometry Assay

For analysis of cell apoptosis, HS683 and U251 cells
(1x10° cells/mL) were obtained after 48 h of transfection,
and washed with cool phosphate buffered saline (PBS)
three times. Cell apoptosis was detected by flow cytometer
(NovoCyte, Agilent, Palo Alto, CA, USA) with annexin
V-propidium iodide (PI) kit (Meilunbio, Dalian, China).
To detect cell cycle, collected cells were fixed in the 75%
ethanol. Having been washed, the cells were stained with
PI, followed by analysis with flow cytometer (NovoCiyte,
Agilent, Palo Alto, CA, USA).

Transwell Assay

HS683 and U251 cells (1x10° cells/mL) were placed in
a transwell chamber (Corning, Lowell, MA, USA), and the
culture medium was in the lower chamber. Subsequently,
the invasion and migration cells were fixed with 4% par-
aformaldehyde and then dyed with 0.1% crystal violet.
The number of cells was quantified by microscope
(CKX53, Olympus, Tokyo, Japan).

Dual-Luciferase Reporter Assay
The wild type (WT) and mutant (MU) fragm

WT and pmirGLO-FOXD3-4S1-MU).
and MU fragments of SZRDI were clg

RNA Immu
RIP assay

(anti-IgG) &
Subsequently, 18nunoprecipitated RNA was isolated and
detected by qRT-PCR.

input Control (Millipore) for six hours.

Tumorigenesis Assay in vivo

A total of 72 nude mice (five weeks old) were obtained
from Hangzhou Ziyuan Laboratory nimal Science and
Technology Co. Ltd (Hangzhou, China). The mice were
divided into six groups, which were inoculated with
HS683 and U251 cells (1x10° cells/mL) transfected with

control, sh-FOXD3-4S1, sh-NC; control, miR-128-3p

mimic, and mimics-NC, respectively (12 mice per
group). The nude mice in the control group were injected
with glioma cells untreated. The tumor volume was
assessed from one week to six weeks after tumor inocula-
tion (once every week). Subsequently, mice were sacri-
ficed by cervical dislocation and the tumor tissues were

collected for the further experiments.

Bioinformatics Analysis
The FOXD3-AS1 expression
glioma

patients were

Expression Omnibus

cre diagnosed as glioma; (2) data were avail-
n expression of FOXD3-ASI; and (3) data of
samples on FOXD3-ASI expression had corresponding
control group. Samples were excluded according to fol-
lowing exclusion criteria: (1) FOXD3-AS1 expression
was not included; (2) control group was not included;
and (3) cell samples were used.

The Cancer Genome Atlas (TCGA) data were applied to
analyze the relationship between FOXD3-AS! expression and
patient’s prognosis. 638 glioma patients with FOXD3-A4S1
expression and survival information were included into cur-
rent analysis. The survival analysis was performed using
R language with “Survival” package and survival curves
were plotted using “Survminer” package. Samples were col-
lected according to inclusion criteria as following: (1) patients
were diagnosed as glioma including LGG and GBM,; (2) data
were available on expression of FOXD3-A4S1; and (3) data of
samples on FOXD3-AS1 expression had corresponding survi-
val information. Samples were excluded according to follow-
ing exclusion criteria: (1) survival information was not
included; and (2) patients were diagnosed as other types of
cancer except glioma. The target bites between miRNA and
IncRNA (miRNA and mRNA) were predicted by
StarBase v3.0.
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Statistical Analysis

Data were presented as the means + standard deviation
(SD) and analyzed by SPSS 20.0 statistical software. The
differences in the multiple groups were compared by one-
way ANOVA followed by LSD test, respectively. P<0.05
was termed as statistically significant.

Results
FOXD3-AS| Was Upregulated in Glioma

and Correlated with Poor Prognosis

To investigate the function of FOXD3-AS! in glioma, we
downloaded the FOXD3-ASI profiles
(GSE147352) in glioma patients from GEO database. As
displayed in Figure 1A and B, the FOXD3-AS! expression
in the GBM and LGG tissues (tumor group) was higher than
that in normal tissues (normal group) (P<0.01) (Figure 1A and

expression

B). Consistently, data from TCGA database showed that
FOXD3-AS! in the tumor group including GBM and LGG
was higher than that in the normal group (P<0.01) (Figure 1C).
In addition, it also found that FOXD3-ASI expression in
glioma patients including GBM and LGG was negatively
correlated with overall survival (P<0.01) (Figure 1D).
Similarly, FOXD3-AS1 expression in glioma cell lines
(HS683 and U251) was higher than that of HEB (Figure 1E)
(P<0.01), indicating that HS683 and U251 cell lines can be
used for further study.

FOXD3-AS| Sponged

Glioma
As shown in Figure 2A,
observed between

Furthermore, res of
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Figure | FOXD3-AS| was upregulated in glioma and correlated with poor prognosis. (A and B) Difference in FOXD3-AS| expression from GEO GSE147352 dataset between
the tumor group (GBM/LGG) and normal group; (C) difference in FOXD3-AS| expression from TCGA database between the tumor group (GBM and LGG) and normal
group; (D) Kaplan—-Meier method was utilized to analyze the overall survival of glioma patients based on FOXD3-AS| expression from TCGA database; (E) the FOXD3-AS/
expression in the glioma cell lines (HS683, U251, T98G, and SNB-19); data were shown as the mean +SD of three independent experiments. *vs HEB cell line, P<0.01.
Abbreviations: FOXD3-ASI, LncRNA FOXD3-AS|; GBM, glioblastoma multiforme; LGG, low-grade gliomas; HEB, human normal astrocyte.
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of FOXD3-AS1 and miR-128-3p in the anti-Ago2 group
compared with anti-IgG group (P<0.01) (Figure 2B and
C). Luciferase reporter assay stated that overexpression of
miR-128-3p significantly reduced the luciferase activity of
FOXD3-AS1-WT (P<0.01) (Figure 2D). Thus, the afore-
mentioned findings indicated that FOXD3-ASI could
directly regulate the miR-128-3p.

Silencing of FOXD3-AS| Suppressed
Proliferation and Invasion of Glioma Cells
via Modulating miR-128-3p

To examine the roles of FOXD3-AS1 on glioma, silencing of
FOXD3-A4S1 (si-FOXD3-ASI) was applied in HS683 and
U251 cells. qRT-PCR results revealed FOXD3-ASI was
notably decreased, but miR-128-3p expression was promi-
nently increased in the si-FOXD3-AS1 group, in comparison
with si-NC and control groups (P<0.01) (Figure 3A).
Following, MTT results showed that cell viability in the si-
FOXD3-AS1 group was notably reduced after 48 h, how-
ever, inhibition of miR-128-3p elevated the cell viability
after 48 h compared with si-NC and control groups
(P<0.05) (Figure 3B and C). Similarly, si-FOXD3-AS1 sup-
pressed the invasion abilities, while inhibition of mi
3p rescued the roles of si-FOXD3-AS1 on invasion of
and U251 cells (P<0.01) (Figure 3D-G).
difference was observed among the si-
128-3p inhibitor, si-NC, and Control

Knockdown of FOXD3-AS| Influenced
Cell Cycle and Promoted Apoptosis of

Glioma Cells via Modulating miR-128-3p

As shown in Figure 4A-D, the cell proportion at GO/G1
phase was prominently increased in the si-FOXD3-4S1
group, however miR-128-3p inhibitor reduced the cell
proportion at GO/G1 phase (P<0.01). The cell propor-
tion at different phases in si-FOXD3-4S1+miR-128-3p
inhibitor group exhibited no obvious difference in con-

trast to control and si-NC grouns (P>0.05). In the

f FOXD3-AS | Inhibited
morigenesis in vivo via Modulating
miR-128-3p

To validate the effect of FOXD3-ASI on glioma in vitro,
conducted. First, the

xenograft tumor model was
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g 31
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P =
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C
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s 9 1.0
s 4
o o
2 S "k
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©
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Figure 2 FOXD3-AS| sponged miR-128-3p in glioma. (A) Complementary binding sites between FOXD3-AS| and miR-128-3p; (B and C) RIP assay was performed to validate
the prediction in HS683 and U251 cells; *vs anti-IgG group, P<0.01; (D) relative luciferase activity in U251 cells among the groups; **vs control or mimics-NC group, P<0.01.

Data were shown as the mean +SD of three independent experiments.
Abbreviations: FOXD3-ASI, LncRNA FOXD3-ASI; RIP, RNA immunoprecipitation.
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Figure 3 Silencing of FOXD3-AS| suppressed proliferation a
qRT-PCR; (B and C) cell viability in HS683 and U251
or si-NC group, P<0.05, P<0.01; data were show
Abbreviation: FOXD3-AS/, LncRNA FOXD3-

ASI1 expression was
increased after trag

contrast  to
(Figure 5B-G).

sh-NC groups (P<0.05)

MiR-128-3p Targeted the 3'-UTR of
SZRD |

As shown in Figure 6A, the 3'-UTR of SZRD! contains
a targeting site for the region of miR-128-3p. Luciferase
reporter assays showed that the relative luciferase activity
of SZRD1-3'-UTR-WT was remarkably decreased in over-
expressed miR-128-3p group (Figure 6B).

miR-128-3p inhibitor

by MTT assa)

400+ HS683

w
=
o

N
=3
=}

100

invasion cell number/fold

si-FOXD3-AST+
miR-128-3p inhibitor

invasion cell number/fold

modulating miR-128-3p. (A) Transfection efficacy in HS683 cells was detected by

7(D-G) the invasion ability in HS683 and U251 cells (Scale bar=20 um). *, ** vs control
three independent experiments.

Western blotting indicated that si-FOXD3-4S1 sup-
pressed the SZRD1 expression, while miR-128-3p inhibitor
elevated the SZRDI level in comparison with control and si-
NC groups (P<0.01). Surprisingly, SZRD! level in the si-
FOXD3-AS1+miR-128-3p inhibitor group did not differ
from control and si-NC groups (P>0.05) (Figure 6C—F).
Collectively, SZRD] is the target gene of miR-128-3p regu-
lated by FOXD3-AS1.

Overexpressed miR-128-3p Suppressed
Proliferation and Invasion of Glioma Cells

via Modulating SZRD

MiR-128-3p mimic and OE-SZRD1 were co-transfected into
HS683 and U251 cells, and it turned out that miR-128-3p
expression was remarkably elevated in the miR-128-3p
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SZDR1 (P<0.5@, There was no distinct difference in the
ODygo value among the miR-128-3p mimic+OE-SZRD],
mimics-NC and control groups (P>0.05) (Figure 7B and
C). Consistently, the number of invasion cells was reduced
in miR-128-3p mimic group compared with mimics-NC and
control groups (P<0.01). Nonetheless, transfection with OE-
SZRD1 enhanced the invasion ability of miR-128-3p mimic

(P<0.01) (Figure 7D-G).

3 Control

=3 siNC

B3 siFOXD3-AST

£ miR-128-3p inhibitor

 S-FOXD3ASTYmiR-128
~3p inhibitor

a3 Qe
208% $36%

107 10727 01 08 104 103 108 1073
PEH

Overexpression of miR-128-3p Inhibited
Tumorigenesis in vivo via Modulating

SZRD|

As shown in Figure 8A, qRT-PCR results validated trans-
fection of miR-128-3p mimic (P<0.01). In vivo, it indi-
cated that tumor size and weight of miR-128-3p mimic
group was conspicuously decreased compared with control
(P<0.01) (Figure 8B-G).
Importantly, the schematic for the regulatory relationship
among FOXD3-AS1, miR-128-3p, and SZRDI in glioma
was shown in Figure 9. Those finding proved that over-

and mimics-NC groups

expression of miR-128-3p restrained tumorigenesis in vivo
via modulating SZRD1.
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Figure 5 Silencing of FOXD3-AS| inhibited tumorigenesis in vivo via modulating miR-128-3p. (A) The transfection efficac
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Discussion
To our knowledge, dysregulation of LncRNAs frequently
occurs in the various cancers, which is deemed as a master
regulator for disease progression.”> Here, our study
showed that FOXD3-AS1 was upregulated in glioma and
correlated with poor prognosis using bioinformatic analy-
sis. In addition, FOXD3-AS! level in the glioma cell lines
was consistent with bioinformatic analysis. Furthermore,
knockdown of FOXD3-AS1 suppressed the tumorigenesis

Btting; **vs control or si-NC group, P<0.01. Data were shown as the mean +SD of three independent experiments.

of glioma via targeting miR-128-3p/SZRD] axis, as evi-
denced by cell viability, invasive ability, apoptosis rate,
cell cycle, and tumorigenesis in vivo.

FOXD3-A4S51, is a 963-bp IncRNA, which is located in
the chromosome 1p31.3 upstream of FOXD3 promoter,**
indicating that its function is closely associated with adja-
cent protein-coding transcripts.””> Beyond that, FOXD3-
AS1 acts as independent prognostic indicator for prediction

of neuroblastoma progression, which has been proved.**
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Figure 9 Schematic for the regulatory relationship among FOXD3-ASI, miR-128-3p, and SZRD/ in glioma.

Similarly, dysregulation of FOXD3-AS! expression is
observed in numerous cancers.'***?” In terms of glioma,
Chen et al'” have clarified that si-FOXD3-4S! inhibited
the tumor development as demonstrated by cell prolifera-
tion, migration, and invasion. Consistently, our study
found that FOXD3-ASI was highly expressed in gliorf@
and si-FOXD3-AS1 restrained the tumor growth in vi
and in vitro. In addition, glioma patients wijkems

Furthermore, Wang et al*® hav
FOXD3-AS1 may be functionin
pivotal role in the regulation
date, knowledge about
involved in glioma pro,

% In the glio-
have revealed that patients with

mas, Bendahou al’’

high miR-128-3p exWression have longer overall survival
than
A similar study has demonstrated that miR-128 may be

low miR-128-3p wusing bioinformatic analysis.

effective therapy for disruption of tumor-relevant pheno-
types and tumor ingrowth.>* Furthermore, a previous study
has reported that miR-128-3p restrained the cell prolifera-
tion and accelerated apoptosis.'® Aforementioned findings
were aligned with our results. Our study showed that over-

expression of miR-128-3p restrained proliferation and

SZRDI mRNA
_I 5'::2 ¥ Tumorigenesis

! r—. in glioma

o \4

- (_szrpi
i
i
v

Invasion " Cell cycle

Proliferation (Apoptosis

and LncRNAs, previous studies have
example, a previous study reported by
uncovered that miR-128-3p recuses the
o of LncRNA PVT1 on glioma tumorigenesis.
other study also showed that inhibition of miR-128-3p
liminates the influence of si-LINC00346 on metastasis of
! However, the relationship between miR-128-3p
and FOXD3 -AS1 in glioma has not been reported.
Accordingly, our study firstly disclosed that miR-128-3p
inhibitor reversed the effects of si-FOXD3-AS1 on glioma
progression. Taken together, FOXD3-AS1 may be involved
in the modulation of glioma development via sponging
miR-128-3p.

In the current study, we also found SZRDI is the
targeted gene of miR-128-3p. SZRDI, a highly con-
served protein, is first found in cervical cancer, which
Conversely, SZRD1
exerts the push roles on tumor development in the oli-

functions as a tumor suppressor.’

godendrogliomas, lymphoma, and glioma,?'*3” which
are in accordance with our results that overexpression of
SZRD1 facilitated the tumorigenesis.
study displayed that miR-128-3p mimic reduced the

Moreover, our

SZRD1 expression, whereas overexpression of SZRDI
reversed the function of miR-128-3p mimic on inhibition
of glioma development, indicating that miR-128-3p was
bound with SZRDI. This results were in line with
a previous study, which revealed the interaction between
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miR-128-3p and SZRD1.*' The aforementioned findings
manifested that miR-128-3p modulated the proliferation,
and invasion of glioma cells via targeting SZRD].

There were some limitations in the current study. First,
the overall survival of mice among different groups was
not examined in this study. In future, we will explore the
effects of compounds on survival of mice including sh-
FOXD3-AS1 and miR-128-3p. In addition, whether over-
expression of FOXD3-ASI influences on behaviors of
glioma cell lines is unclear. Importantly, comparison of
the growth rate and invasion among the glioma cell lines
will be a potential research direction.

Conclusions

FOXD3-AS1 promoted proliferation, and invasion of
glioma cells via regulation of the miR-128-3p/SZRDI
axis. Those findings clarified that the FOXD3-4S1/miR-
128-3p/SZRD1 network may be an underlying mechanism

for glioma development.
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