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ABSTRACT

Glioma is a common life-threatening tumor with high malignancy and high invasiveness. LncRNA
ZFPM2 antisense RNA 1 (ZFPM2-AS1) was confirmed to be implicated in numerous tumors, while
its biological function and mechanism have not been thoroughly understood in glioma. The gene
expression was measured by RT-qPCR. Cell proliferation, cell cycle, and cell apoptosis of glioma
cells were validated by CCK-8, colony formation, flow cytometry and TUNEL assays. The effect of
ZFPM2-AS1 on tumor growth was verified by in vivo assay. The exploration on ZFPM2-AS1-
mediated mechanism was carried out via ChlIP, luciferase reporter, and RIP assays. In the present
study, ZFPM2-AS1 was demonstrated as a highly-expressed IncRNA in glioma tissues and cells.
ZFPM2-AS1 silencing suppressed cell proliferation and cell cycle, but facilitated cell apoptosis. In
addition, the inhibitive effect of silenced ZFPM2-AS1 was also observed in tumor growth.
Furthermore, we found that SP1 interacted with ZFPM2-AS1 promoter to transcriptionally activate
ZFPM2-AS1 expression. Moreover, ZFPM2-AS1 was identified as a competing endogenous RNA
(ceRNA) for miR-515-5p to target SOD2. Rescue assays verified that SOD2 overexpression partially
abolished the suppressive impact of ZFPM2-AS1 silencing on glioma cell growth. In conclusion,
this study corroborated the regulatory mechanism of SP1/ZFPM2-AS1/miR-515-5p/SOD2 axis in
glioma, indicating that targeting ZFPM2-AS1 might be an effective way to treat glioma.
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Introduction further research is quite necessary to identify novel
molecular mechanisms that might be useful to
improve glioma diagnosis and prognosis, thereby
prolonging the long-term survival [7,8].

Long non-coding RNAs (IncRNAs), exceeding
200 nucleotides, are identified as heterogeneous
transcripts that are widely participate in patho-
physiological processes [9]. Extensive studies
suggested that IncRNAs exerted essential func-
tions in the occurrence and development of
glioma. For example, IncRNA NEAT1 sponged
miR-132 to target SOX2, thus facilitating glioma
cell migration and invasion [10]. LncRNA
HOTAIR was recognized as a diagnostic and
prognostic biomarker for glioma [11]. In addi-
tion, IncRNA MIR22HG contributed to cell
growth in glioma by activating Wnt/p-catenin

Glioma, a common brain tumor derived from the
central nervous system, exhibits numerous hetero-
geneous partitions [1]. Among which, high-grade
glioma (such as glioblastoma) is fatal and accom-
panied with unfavorable prognosis; moreover, it
also constitutes a majority of deaths related to
brain tumors [2]. Glioblastoma leads to pathologi-
cal changes in the brain vasculature, which, in
turn, facilitates glioblastoma  development,
enhances tumor aggressiveness, and exacerbates
therapeutic resistance [3]. Although great advances
in glioma treatment have been achieved in recent
years, the improvement in therapeutic outcomes is
still limited [4]. Patients with advanced-stage
glioma face poor prognosis because of its drug
resistance and infiltrative nature [5,6]. Therefore,
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signaling [12]. Previously, IncRNA ZFPM2 anti-
sense RNA 1 (ZFPM2-AS1) has been reported to
accelerate cell migration and invasion of hepato-
cellular carcinoma through the miR-139/GDF10
axis [13]. Furthermore, ZFPM2-AS1 contributed
to epithelial-mesenchymal transition (EMT) and
cell migration by regulating the miR-511-3p/
AFF4 axis in lung adenocarcinoma [14].
However, the function and mechanism of
ZFPM2-AS1 have not yet been elucidated in
glioma.

MicroRNAs (miRNAs) are a class of single-
stranded RNAs (20-23 nucleotides), which can
act as either oncogene or tumor suppressor in
various cancers, including glioma [15,16]. For
example, miR-451 inhibited glioma cell prolif-
eration, invasion, and apoptosis by regulating
the PI3K/AKT signaling pathway [17]. MiR-
4516 predicted unfavorable prognosis and acted
as an oncogene in glioblastoma by targeting
PTPN14 [18]. miR-515-5p has been reported to
act as a tumor suppressor in various human
cancers, such as prostate cancer [19], non-small
cell lung cancer [20], and breast cancer [21].
Nevertheless, the biological role of miR-515-5p
in glioma remains unclear.

The present study aimed to explore the clin-
ical significance of ZFPM2-AS1 expression in
glioma, and to investigate the biological func-
tion and underlying mechanism of ZFPM2-ASI
in regulating the malignant phenotypes of
glioma.

Materials and methods
Clinical specimens

The glioma tissues and adjacent normal tissues
were obtained from 30 patients who were newly
diagnosed at The Affiliated Sir Run Run Hospital
of Nanjing Medical University. Besides, serum
samples were also collected from 30 healthy volun-
teers as a healthy control group. The informed
consent was signed by each patient, and this
study was permitted by the Ethics Committee of
the Affiliated Sir Run Run Hospital of Nanjing
Medical University. The collected specimens were
immediately frozen by liquid nitrogen and kept at
—80°C after surgical resection.

Cell lines

Human glioma cell lines (A172, LN229, U87, T98G)
and normal human astrocytes (NHA) used in our
study were obtained from ATCC (Manassas, VA).
The cell lines mentioned above were cultured in the
DMEM (Invitrogen, Carlsbad, CA) supplemented
with 10% FBS (Gibco, Waltham, MA) under
a humid atmosphere with 5% CO, at 37°C.

Cell transfection

The shRNA targeting ZFPM2-AS1 (sh-ZFPM2-
AS1#1 and sh-ZFPM2-AS1#2), the negative control
(sh-NC), overexpression vector (oe) targeting SP1
(0e-SP1) or SOD2 (0e-SOD2), negative control (oe-
NC), miR-515-5p mimics, and NC mimics were
offered by GenePharma (Shanghai, China). A172
and LN229 cell lines were transfected with the indi-
cated plasmids using Lipofectamine 2000
(Invitrogen).

RT-qPCR

Total RNAs from tissues and cells were extracted
by TRIzol (Invitrogen) and used for cDNA synth-
esis performed with Reverse Transcription Kit
(Toyobo, Osaka, Japan). The qPCR experiment
was performed via SYBR Green Super Mix (Bio-
Rad, Hercules, CA). MiR-515-5p expression was
standardized to a U6 transcript, and GAPDH was
set as the negative control for ZFPM2-AS1, SP1
and SOD2. The 27T method [22] was applied
to calculate the relative expression.

CCK-8 assay

Transfected cells (1 x 10* cells/well) were inoculated
in 96-well plates. Under the indicated condition (5%
CO,, 37°C), 10 ul CCK8 was added, and the cells
were incubated for another 2 h. Cell viability was
analyzed at 0, 24, 48, 72 h by determining the
absorbance at 450 nm via a microplate reader [23].

Colony formation assay

A172 and LN229 cells (1000 cells/well) were
planted in the 6-well plates and incubated for
14 days at 37°C. Then, colonies (over 50 cells)



were immobilized in 4% formaldehyde (Sigma-
Aldrich) for sequential staining via 0.5% crystal
violet (Sigma-Aldrich). After staining, the colonies
were manually counted.

Flow cytometry analysis

Briefly, transfected A172 and LN229 cells were col-
lected and immobilized with 75% ethanol overnight
at 4°C. After that, cells were rinsed and re-suspended
with PBS. Then, the cells were incubated with RNase
(10 mg/ml) and PI (1 mg/ml) for half an hour at 37°
C in the dark. The analysis of cell cycle was con-
ducted by flow cytometry [24].

TUNEL assay

After transfection, A172 and LN229 cells were trea-
ted with paraformaldehyde (4%) for 15 min and
Triton-X 100 (0.25%) for 20 min. Then, TUNEL
detection kit (Roche, Basel, Switzerland) was used
to treat the cells. After DAPI staining, the cells were
observed using a fluorescent microscope [25].

Xenograft tumors

Male nude mice (18-22 g, 4 weeks old) were
obtained from SJA Laboratory Animal Co., Ltd.
(Hunan, China) and randomly divided into two
groups. Al172 cells stably transfected with sh-
ZFPM2-AS1#1 and sh-NC were hypodermically
injected into the mice. Every 7 days, tumor volume
was estimated through measuring the width and
length of tumors by caliper. Four weeks later,
every mouse was sacrificed by dislocation, and
Xenografted tumors were collected for weighting
[26]. The study was approved by the Ethics
Committee of the Affiliated Sir Run Run
Hospital of Nanjing Medical University.

Immunohistochemistry (IHC)

After fixation and paraffin-embedment, the tissues
acquired from xenografts were cut into 4-pum sec-
tions. Then, anti-Ki67 (ab16667; Abcam) was used
to incubate the sections. Later, the sections were
washed with PBS, incubated with HRP-conjugated
secondary antibody (Abcam), and finally photo-
graphed using a light microscope [27].
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ChIP assay

Following the manufacturer’s protocol, ChIP
Assay Kit (Beyotime) was applied for ChIP assay
in transfected A172 and LN229 cells [28]. The cells
were collected, immobilized in formaldehyde, and
then lysed in ChIP lysis buffer. After the cross-
linking of DNAs and proteins, the formaldehyde
was quenched in glycine buffer. Then, sonication
was used to generate DNA fragments (200-400
bp). Afterward, the fragmented DNAs were pre-
cipitated by anti-SP1 (Abcam). Anti-IgG (Abcam)
was applied as the negative control. Finally, pre-
cipitated DNAs were determined by qPCR.

Luciferase reporter assay

To confirm the binding of SP1 to ZFPM2-AS1
promoter, ZFPM2-AS1 promoter fragment with
SP1 wild-type (WT) or mutant (Mut) binding
site was inserted into pGL3-basic vector
(Promega, Madison, WI, USA), and the plasmids
were named as ZFPM2-AS1 promoter-WT and
ZFPM2-AS1 promoter-Mut. Then, the recombi-
nant constructs were co-transfected into A172
and LN229 cells, together with oe-SP1.

To confirm the interaction of miR-515-5p with
ZFPM2-AS1 (or SOD2), full-length sequence of
ZFPM2-AS1 (or SOD2) with WT or Mut miR-
515-5p binding site were inserted into pmirGLO
vector (Promega) to construct pmirGLO-ZFPM2-
AS1-WT/Mut  (or pmirGLO-SOD2-WT/Mut)
reporter. Then, the reporters were co-transfected
with NC mimics or miR-515-5p mimics into A172
and LN229 cells. Two days later, Dual-luciferase
Reporter Assay System (Promega) was used to
determine relative luciferase activity.

RNA pull-down assay

RNA pull-down assay was conducted through apply-
ing biotin-labeled ZFPM2-AS1 (Bio-ZFPM2-AS]1) as
probe and examining the potential miRNAs by qPCR
analysis later [29]. Biotin-control (Bio-NC) was uti-
lized as control biotin-labeled IncRNA. Briefly, lysis
buffer (650 pl) was added into the collected cells to
obtain cell extracts, and then the cell lysates (2 pg)
were respectively mixed with Bio-ZFPM2-AS1
(ZFPM2-ASI1 biotin probe) or Bio-NC (ZFPM2-AS1
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no-biotin probe). Afterward, 100 pl of pierce strepta-
vidin agarose beads (Baili Biotech) was added for each
binding reaction, and then the complexes were incu-
bated for 45 min at room temperature. Later, the
beads were gathered and the precipitated RNAs
were eluted and detected by RT-qPCR.

RIP assay

RIP experiments were using the Magna RIP kit
(Millipore, Bedford, USA) according to the manufac-
turer’s protocol [30]. Briefly, A172 and LN229 cells
were lysed in RIP lysis buffer, and then incubated with
magnetic beads conjugated with anti-Ago2 or anti-
IgG (control). After purification, the immunoprecipi-
tated RNA was subjected to RT-qPCR.

Statistical analysis

SPSS 20.0 (SPSS, Chicago, IL, USA) was used for
all statistical analysis, and results were expressed as
mean + SD. The differences between two or
among multiple groups were examined via
Student’s t-test or one-way ANOVA, and consid-
ered as statistical significance when P < 0.05. In
vitro experiments were repeated at least three
times. Pearson’s correlation analysis was applied
to evaluate gene expression correlation.

Results

ZFPM2-AS1 knockdown inhibited the
tumorigenesis of glioma

At first, the ZFPM2-AS1 expression level in glioma
tissues was measured via RT-qPCR. Compared with
the control tissues, ZFPM2-AS1 was highly expressed
in glioma tissues (Figure 1a). Then, we analyzed the
clinical potential of ZFPM2-AS1 in glioma patients.
As presented in Table 1, the expression of ZFPM2-
AS1 was associated with the tumor size, kamofsky
performance score (KPS), and WHO stage. In addi-
tion, we assessed the diagnostic value of serum
ZFPM2-AS1, and the results showed that the area
under curve (AUC) was 09214, implying that
ZFPM2-AS1 might be used as an indicator for glioma
diagnosis (Figure 1b). Moreover, ZFPM2-AS1 expres-
sion was highly expressed in glioma cell lines (A172,
LN229, U87 and T98G) compared to NHA cell line

(Figure 1c). Then, A172 and LN229 cell lines were
selected for the following experiments due to the
higher expression of ZFPM2-AS1 in Al72 and
LN229 cell lines. To examine the biological function
of ZFPM2-AS1 in glioma, loss-of-function assays
were performed. RT-qPCR indicated that ZFPM2-
AS1 expression was decreased in A172 and LN229
cells after sh-ZFPM2-AS1#1/2 transfection (Figure
1d). CCK-8 assay indicated that the viability of A172
and LN229 cells was hindered by silencing ZFPM2-
AS1 (Figure le). Furthermore, the decreased colonies
were found in ZFPM2-AS1-knockdown group by
colony formation assay (figure 1f). In addition, the
flow cytometry results implied that ZFPM2-AS1
depletion boosted cell ratio in GO/G1 phase, whereas
reduced cells in S phase (Figure 1g and
Supplementary Figure S1). TUNEL assay suggested
that apoptosis rate was enhanced in A172 and LN229
cells upon ZFPM2-AS1 deficiency (Figure 1h). All
data indicated that ZFPM2-AS1 silencing restrained
cell growth in glioma.

ZFPM2-AS1 depletion hindered tumor growth in
glioma

In this section, the effect of ZFPM2-AS1 on glioma
tumor growth was further analyzed in vivo. As
demonstrated in Figure 2a, tumors harvested
from the mice in sh-ZFPM2-AS1#1 group were
smaller than those from the mice in sh-NC
group. Moreover, the tumor volume and weight
were also decreased by knocking down ZFPM2-
AS1 expression (Figure 2b and c). Additionally,
the coloration intensity of Ki-67 (proliferation
antigen) was significantly inhibited with sh-
ZFPM2-AS1#1 transfection (Figure 2d).
Collectively, these results showed that ZFPM2-
ASI1 deficiency impaired tumorigenesis in glioma.

ZFPM2-AS1 was transcriptionally induced by SP1

Subsequently, we inspected the upstream mechanism
that caused the upregulation of ZFPM2-ASI.
Previously, numerous reports have proved that tran-
scription factors could transcriptionally activate the
expression of IncRNAs [31,32]. Then, we used UCSC
website (http://genome.ucsc.edu/) to predict the pro-
mising transcription factor for ZFPM2-AS1, and SP1
was identified. According to JASPAR (http://jaspar.
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Figure 1. ZFPM2-AS1 knockdown inhibited the tumorigenesis of glioma. (a) ZFPM2-AS1 expression in glioma tissues and matched
control tissues by RT-gPCR. (b) ROC curve analysis was used to assess the diagnostic values of the circCSNK1G1. (c) ZFPM2-AS1
expression in glioma cell lines and control cell line (NHA) by RT-qPCR. (d) RT-gPCR analysis of ZFPM2-AS1 expression in A172 and
LN229 cells transfected with sh-ZFPM2-AS1#1 and sh-ZFPM2-AS1#2. (e) CCK-8 assay was performed to detect A172 and LN229 cell
viability upon ZFPM2-AS1 knockdown. (f) The proliferation of ZFPM2-AS1-downregulated A172 and LN229 cells was evaluated via
colony formation assay. (g) Flow cytometry analysis for cell cycle detection in sh-ZFPM2-AS1#1/2 group or sh-NC group. (h) Cell
apoptosis after ZFPM2-AS1 deficiency was testified through TUNEL assay. *p < 0.05, **p < 0.01.

genereg.net/), the DNA motif and binding sequence
between ZFPM2-AS1 promoter and SP1 were
obtained (Figure 3a). Data from ChIP assay further
validated the interactivity of SP1 with ZFPM2-AS1
promoter (Figure 3b). Subsequently, we transfected
0e-SP1 vectors into A172 and LN229 cells, and
found the up-regulated expression of SP1 in such
cells (Figure 3c). Luciferase reporter assay uncovered
that SP1 overexpression increased the luciferase

activity of ZFPM2-AS1 promoter-WT, while that of
ZFPM2-AS1 promoter-Mut displayed no remarkable
differences (Figure 3d). Then, we detected ZFPM2-
AS1 expression in A172 and LN229 cells with SP1
overexpression, and data displayed that ZFPM2-AS1
was upregulated in SP1-overexpressed A172 and
LN229 cells (Figure 3e). These data revealed that SP1
activated ZFPM2-AS]1 expression through transcrip-
tional regulation.
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Table 1. The association between ZFPM2-AS1 expression and
clinicopathologic parameters in glioma patients.

ZFPM2-AS1 expression

Variable Low High p-value

Age 0.186
<50 10 15
> 50 3 2

Gender 0.112
Male 12 14
Female 1 3

Tumor size 0.004
<5am 10 7
>5cam 3 10

KPS 0.002
>70 10
<70 3 1

WHO stage 0.003
I+ 11 9 7
+IV 4 10

ZFPM2-AS1 sponged miR-515-5p in glioma

Next, we inspected the downstream mechanism
mediated by ZFPM2-AS1. Considering that IncRNA
was widely reported to involve in ceRNA network, we
used starBase  (http:/starbase.sysu.edu.cn/) to

sh-NC

sh-ZFPM2-AS1#1

Tumor weight (g)

hypothesize potential miRNAs for ZFPM2-AS1. As
a result, 10 candidate miRNAs (miR-650, miR-3612,
miR-4428, miR-519e-5p, miR-515-5p, miR-653-5p,
miR-4735-3p, miR-18a-5p, miR-18b-5p, miR-511-
3p) were found. Among which, miR-515-5p had the
highest binding capacity with ZFPM2-AS1 (Figure
4a). A previous study indicated that ZFPM2-AS1
could serve as a sponge of miR-515-5p in retinoblas-
toma [33], but their interplay was not explored in
glioma. Subsequently, miR-515-5p expression was
found to be downregulated in glioma tissues and
cells (Figure 4b). For further analysis, we introduced
miR-515-5p mimics into glioma cells, and found
miR-515-5p was overexpressed (Figure 4c). Then, as
demonstrated by luciferase reporter assay, miR-515-
5p overexpression decreased the luciferase activity of
ZFPM2-AS1-WT rather than that of ZFPM2-AS1-
Mut (Figure 4d). In addition, compared to complex
captured by anti-IgG, ZFPM2-AS1 and miR-515-5p
were abundant in compound precipitated by anti-
Ago2 (Figure 4e). Moreover, ZFPM2-AS1 expression

b
-e-sh-NC
600 -m- sh-ZFPM2-AS1#1

E
E
o 4007
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=
o
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S
€
>
Ll T T T T

0 7 14 21 28
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Figure 2. Effect of ZFPM2-AS1 in glioma tumorigenesis. (a) The tumors excised from mice in sh-ZFPM2-AS1#1 group or sh-NC group.
(b and c) The tumor volume and weight were confirmed in ZFPM2-AS1-knockdown group and control group. (d) Function of
silenced ZFPM2-AS1 on Ki-67 expression was confirmed by IHC assay. **p < 0.01.
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IgG. (c) RT-gPCR was applied to detect oe-SP1 transfection efficiency. (d) Luciferase reporter assay was adopted to prove the
interaction of SP1 with ZFPM2-AS1 promoter. (e) ZFPM2-AS1 expression in SP1-overexpressed cells was assessed by RT-qPCR. **p <

0.01, ***p < 0.001.

was negatively correlated with miR-515-5p expression
in glioma tissues (figure 4f). Taken together, ZFPM2-
AS]1 acted as a sponge of miR-515-5p.

SOD2 was targeted by miR-515-5p

To investigate the downstream target gene of miR-
515-5p, 12 potential targets of miR-515-5p were
predicted using StarBase (Supplementary Figure
§2). Then, the expression of these genes was exam-
ined in miR-515-5p-overexpressed glioma cells,
and the results showed that SOD2 expression was
significantly lower than other genes (Figure 5a). In
addition, it was detected that SOD2 was highly
expressed in glioma tissues and cells (Figure 5b
and c). Luciferase reporter assay revealed the
decreased luciferase activity of SOD2-WT in
miR-515-5p-overexpressed cells, while that of
SOD2-Mut remained unchanged (Figure 5d). By
RIP assay, we found that miR-515-5p and SOD2
were both abundant in anti-Ago2-precipitated
complex (Figure 5e). Finally, it was found that
SOD2 expression was negatively correlated with
miR-515-5p and positively correlated with

ZFPM2-AS1 in glioma tissues (figure 5f).
Conclusively, miR-515-5p targeted SOD2 in
glioma.

ZFPM2-AS1 accelerated glioma cell growth via
increasing SOD2 expression

Finally, rescue assays were conducted to verify
whether SOD2 impacted the regulatory effect of
ZFPM2-AS1 on cellular processes in glioma. At
first, the overexpression efficiency of SOD2 was
confirmed by RT-qPCR (Figure 6a). As revealed
in Figure 6b, the cell viability of glioma inhibited
by ZFPM2-AS1 knockdown was rescued via over-
expressing SOD2. Colony formation assay indi-
cated that SOD2 overexpression counteracted
ZFPM2-AS1 silencing-mediated inhibitive effect
on cell colonies (Figure 6c). The knockdown of
ZFPM2-AS1 promoted cell cycle arrest, which was
recovered by SOD2 upregulation (Figure 6d and
Supplementary Figure S3). Furthermore, the accel-
erating effect of ZFPM2-AS1 silencing on cell
apoptosis was neutralized by SOD2 augment
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(Figure 6e). Generally, ZFPM2-AS1 facilitated
glioma cell growth by upregulating SOD2.

Discussion

High proliferative potential and aggressive angiogen-
esis are typical characteristics of glioma and cause
frequent recurrence and unfavorable prognosis [34].
Understanding the specific molecular events under-
pinning glioma development could be beneficial for
earlier detection and better prognosis. Previous stu-
dies have indicated that IncRNAs participate in the
progression of glioma. For example, Li et al. reported
that LINC00319 promoted tumorigenesis of glioma
and was associated with poor prognosis in glioma
[35]. LINCO1116 facilitates the proliferation, migra-
tion, and invasion of glioma cells by targeting VEGFA
[36]. Herein, we inspected the level and functional
potential of IncRNA ZFPM2-ASI in glioma. It was
found that ZFPM2-AS1 was highly expressed in
glioma. In vitro and in vivo assays exhibited that

ZFPM2-AS1 deficiency diminished cell proliferation
and cell cycle, enhanced cell apoptosis, and retarded
tumor growth in nude mice. Importantly, accumulat-
ing studies have demonstrated that the upregulation
of IncRNAs could be attributed to the function of
transcription factor [37,38]. As a key transcription
factor, SP1 was widely recognized to control the
expression of IncRNAs [39,40]. Herein, our experi-
ments confirmed the interaction between SP1 and
ZFPM2-AS1 promoter. All the data confirmed the
oncogenic role of ZFPM2-AS1 in glioma, and
ZFPM2-AS1 was transcriptionally induced by SP1.
Numerous studies have revealed that IncRNA
and miRNA can form a control network to exert
regulatory functions in human cancers [41]. This
novel mechanism known as ceRNA network was
emerged as an important modulator involved in
epigenetic modification, in which IncRNAs altered
tumor-related genes by sponging miRNAs [42,43].
Therefore, we assumed that ZFPM2-AS1 might act



A172

E=INC mimics
EmmiR-515-5p mimics

EINC mimics

LN229 BIOENGINEERED (&) 2307

s 1.5 E@mMiR-515-5p mimics g 4
. < 7 -
g £ o
¢ ¢ £ Snnan
g & & "o
) ) a ® L]
® ® o) ] ) "L
= 2 L (1
3 3 £ Seet
2 o 8 T T
&’ Normal glioma
&
c d A172 LN229
EINC mimics - EaNC mimics
S 2 s =@ miR-515-5p mimics ‘§ s == miR-515-5p mimics
B 2 3
g Q ek o ok
s o @
3 SOD2 Mut: 5' CUCAGCCCUAACGGUGGCCUCCC 3 § *° g
o SOD2 WT: 5' CUCAGCCCUAACGGUGGUGGA(IE? Ig £
o ‘c S
@ miR-515-5p: 3' GUCUUUCACGAAAGAAAACCUCU 5= °° 0
2 = s
k] £ 1. B
Q o °° 4 0
[ © SOD2-WT  SOD2-Mut SOD2-WT  SOD2-Mut
e r=-0.7711 r=0.6713
o AT72 _LN229 p<0.0001 p<0.0001

= anti-lgG =1 anti-lgG n=30 n=30

== anti-Ago2 = anti-Ago2 5 . 6
- 8 e o ® ce o
= 2
2 2 LN 4
£ E N
5 g 8 s
: £ A 5
s 2 7
£ - 2
o o 14
[} [T}
© e | FE \ o L

miR-515-5p S0D2

1 2
miR-515-5p ZFPM2-AS1

Figure 5. SOD2 was the target gene of miR-515-5p. (a) Effect of miR-515-5p upregulation on the expression of the predicted targets.
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by luciferase reporter and RIP assays. (f) Pearson’s association analysis was used to validate the expression correlation between SOD2
and miR-515-5p (or ZFPM2-AS1). *p < 0.05, **p < 0.01, ***p < 0.001.

as a ceRNA to participate in glioma progression.
Through bioinformatics, we found ten promising
miRNAs, and then miR-515-5p was identified with
the highest possibility. Previous studies uncovered
that miR-515-5p served as a cancer-inhibitor by
suppressing cell migration and invasion in hepa-
tocellular carcinoma [44]. MiR-515-5p was also
reported to diminish cell proliferation in lung
squamous cell carcinoma [45]. In our study, we
observed that miR-515-5p was downregulated in
glioma tissues and cells. In addition, miR-515-5p
was found to interact and negatively associate with
ZFPM2-AS1. Overall, these results implied that
ZFPM2-AS1 displayed functional importance in
glioma via serving as a ceRNA to regulate miR-
515-5p.

Superoxide dismutase 2 (SOD2) has been
reported as an oncogenic regulator in non-small

cell lung cancer [46]. Moreover, SOD2 was found
to improve liver cell detoxification capability [47]. In
addition, SOD2 was also confirmed to play an
important part in HER2-positive breast cancer
[48]. Our research revealed that SOD2 was targeted
by miR-515-5p, and rescued the inhibitive effect of
silenced ZFPM2-AS1 on glioma cell growth.

Conclusions

Our study was the first to explore the function and
mechanism of ZFPM2-ASI in glioma, and discovered
that ZFPM2-AS1 upregulated by SP1 promoted
glioma cell growth via targeting miR-515-5p/SOD2
axis. This discovery indicated that ZFPM2-AS1 might
be a prospective biomarker for glioma treatment.
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