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Background: Deregulation of long non-coding RNAs (lncRNAs) is frequently relevant to 
the malignant phenotypical changes. This study aimed to explore the role of lncRNA 
GABPB1-AS1 in the malignancy of glioma cells.
Methods: Abnormally expressed genes in glioma were analyzed using a GEO GSE2223 
dataset. Short hairpin (sh) RNA silencing of GABPB1-AS1 was introduced in glioma cells to 
explore its correlation with the proliferation, apoptosis, and invasiveness of cancer cells. The 
target transcripts of GABPB1-AS1 were predicted by bioinformatics analyses. MicroRNA 
(miR)-330 inhibition was additionally introduced in the glioma cells after GABPB1-AS1 
knockdown for rescue experiments. Animal studies were performed by inducing xenograft 
tumors in nude mice.
Results: GABPB1-AS1 was highly expressed in the glioma tissues and associated with 
advanced WHO grades. GABPB1-AS1 knockdown reduced proliferation and invasiveness of 
glioma cells in vitro and in vivo. miR-330 was a target transcript of GABPB1-AS1. miR-330 
inhibition restored the malignancy of glioma cells. miR-330 directly bound to ZNF367. 
ZNF367 was highly expressed in glioma tissues and positively correlated with GABPB1- 
AS1 expression, and it was relevant to the cell cycle signaling pathway. Downregulation of 
GABPB1-AS1 reduced the expression of ZNF367 and reduced the levels of cell cycle-related 
proteins PCNA, CDC20, CDC7 and CCNA1 in cells.
Conclusion: This study demonstrated that GABPB1-AS1 competitively bound to miR-330 
and de-repressed ZNF367 expression, leading to activation of the cell cycle signaling path-
way and the growth and metastasis of glioma cells.
Keywords: glioma, lncRNA GABPB1-AS1, miR-330, ZNF367, cell cycle signaling 
pathway

Introduction
Glioma, which arises in the glial tissue and primarily occurs in the brain, is the most 
common type of primary intracranial tumor which accounts for approximately 81% 
of malignant brain tumors and represents considerable mortality and morbidity.1 

Glioma is characterized by aggressive growth, necrosis, and angiogenesis.2 Glioma 
is classified into four grades (I–IV grades) by World Health Organization (WHO): 
Grade I and II (astrocytomas, oligodendrogliomas, pleomorphic xanthoastrocyto-
mas, and certain ependymomas), highly malignant Grade III (anaplastic 
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astrocytomas, anaplastic oligodendrogliomas, and anaplas-
tic ependymoma) and Grade IV (glioblastoma, GBM).2,3 

GBM represents the most malignant type and the most 
common type as well (~45% of all gliomas), which leads 
to an extremely low 5-year survival rate of approximately 
5%.1 The current clinical treatment for glioma includes 
surgical resection, conventional chemotherapy and radio-
therapy, targeted therapy and immunotherapy.4 

Unfortunately, the prognosis remains unfavorable with 
a rather high recurrence rate after initial treatment, parti-
cularly for high-grade glioma.5 Identifying effective 
options for glioma management is of great importance, 
which requires further understanding in the molecules 
involved in the pathogenesis of this malignancy.

Long non-coding (lncRNAs) represent a class of 
ncRNAs over 200 nucleotides in length whose deregula-
tion is frequently involved in tumorigenesis and the malig-
nant phenotypical changes.6 This is also true for glioma 
since the functions of lncRNAs have been increasingly 
recognized in glioma through targeting microRNAs 
(miRNAs) and signaling pathways.7 miRNAs are another 
major type of ncRNAs regulating a broad array of biolo-
gical processes through their potent regulation on thou-
sands of protein-coding mRNAs.8,9 There has been 
a endogenous RNA (ceRNA) theory which suggests that 
when localizing in cytoplasm, some transcripts including 
lncRNAs may sequester a miRNA and then block its 
inhibitory functions on other transcripts.10,11 Such RNA 
interactions have been observed involved in the pathogen-
esis in glioma.12,13 In this paper, according a GSE2223 
dataset from the Gene Expression Omnibus (GEO) data-
base, GA binding protein transcription factor beta subunit 
1 antisense RNA 1 (GABPB1-AS1) was indicated as 
a significantly upregulated lncRNA in glioma. This 
lncRNA was first identified in human-induced pluripotent 
stem cells and was highly expressed in cells under the 
chemical stresses.14 The relevance of GABPB1-AS1 to 
tumorigenesis has been rarely concerned. Our subsequent 
integrated bioinformatics analyses suggested a candidate 
GABPB1-AS1/miR-330/zinc finger protein 367 (ZNF367) 
axis in glioma. Either oncogenic15,16 or tumor suppressive 
functions17,18 of miR-330 have been reported, which 
might be attributed to the different target genes involved. 
ZNF367 is a member of zinc finger proteins with a unique 
zinc finger motif comprises two contiguous Cys2His2-type 
fingers.19 The zinc finger factors are one of the largest 
transcription factor family of human genome and are fre-
quently involved in cancer onset and progression.20,21 The 

function of ZNF-367 in glioma remains unexplored. Here, 
we supposed that GABPB1-AS1 serves as a ceRNA for 
ZNF367 and upregulates its expression by competing with 
miR-330.

Materials and Methods
Bioinformatic Analysis
A GSE2223 dataset comprising gene expression data of 4 
normal brain tissues and 29 glioma tissues was obtained from 
the GEO database. Differentially expressed genes were iden-
tified with the thresholds of |Log FC > 2| and p < 0.05. The 
heatmaps were produced using a pHeatmap Package. Sub- 
cellular localization of GABPB1-AS1 in cells was predicted 
on the bioinformatics system LncAtlas (LncAtlas.org). 
Genes show a strong correlation (an over 0.5 correlation 
coefficient) with ZNF367 in TCGA-GBM database were 
searched on the UALCAN website (http://ualcan.path.uab. 
edu/index.html). A Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis was con-
ducted using the DAVID 6.8 bioinformatic system (https:// 
david.ncifcrf.gov/tools.jsp).

Collection of Clinical Samples
The tumor samples from glioma patients and normal tis-
sues were obtained from the neurosurgery department of 
Caoxian People’s Hospital. This research was ratified by 
the Ethics Committee of Caoxian People’s Hospital. All 
procedures were conducted according to the Declaration of 
Helsinki. Signed informed consents were received from 
the respondents. The resected brain tumors (n = 58) were 
collected from May 2015 to May 2019. All tumor tissues 
were diagnosed as glioma through clinical and histopatho-
logical examination. Normal brain tissues were collected 
at a same period from 14 patients who underwent surgical 
resection for craniocerebral trauma. All tissue samples 
were rinsed by phosphate-buffered saline (PBS) after sur-
gery, cut into pieces, soaked in RNAhold (TransGen 
Biotech., Beijing, China), and stored at −80°C until sub-
sequent use.

Reverse Transcription Quantitative 
Polymerase Chain Reaction (RT-qPCR)
Total RNA from cells or tissues was isolated using the 
TRIzol reagent (Invitrogen, Thermo Fisher Scientific Inc., 
Waltham, MA, USA). Then, 1 μg RNA, quantified by 
NanoDrop ND-3300 (Thermo Fisher Scientific), was 
reverse-transcribed into cDNA using a GoScript Reverse 
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Transcription System (Promega Corp., Madison, WI, 
USA). Real-time qPCR was conducted using TransStart 
Top Green qPCR SuperMix (+ Dye II) (TransGen) on an 
ABI Q5 sequence detection system (Applied Biosystems, 
Foster City, CA, USA). A Bulge-Loop miRNA-specific 
primer (RiboBio Co., Ltd., Guangzhou, Guangdong, 
China) was used to measure the expression of miR-330 
in line with the manufacturer’s instructions. The primers 
are listed in Table 1, in which U6 was used as the internal 
loading for miRNA while glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was used as the internal loading 
for genes. Relative gene expression was examined using 
the 2−ΔΔCt method. All primers were produced by Sangon 
Biotech Co., Ltd. (Shanghai, China).

Cell Culture and Treatment
Glioma cell lines LN229 (GBM, CRL-2611, American 
Type Culture Collection, Manassas, VA, USA), U251 
(astrocytoma, GDC0093, China Center for Type Culture 
Collection, Wuhan, Hubei, China), SHG44 (astrocytoma, 
CCRID; 3131C0001000700048, Biomedical Cell 
Resource, Beijing, China) and a human astrocyte cell 
line (A735, Cell Bank of Chinese Academy of Sciences, 
Shanghai, China) were used. All cells were maintained in 

DMEM supplemented with 10% fetal bovine serum 
(Gibco Company, Grand Island, NY, USA). The cells 
were cultured at 37°C in a humidified incubator enriched 
with 5% CO2. Exponentially growing LN229 and U251 
cells were transfected with short hairpin RNA (shRNA) of 
GABPB1-AS1: shRNA-#1 (CUGUUGAAAGACGGAG 
AGUTT) and shRNA-#2 (AUGGCUUUCCCAACCUA 
GUTT), or transfected with miR-330 mimic (UCUCU 
GGGCCUGUGUCUUAGGC) and the corresponding 
negative controls (NC) using Lipofectamine 2000 
(Invitrogen, Thermo Fisher Scientific) according to the 
manufacturer’s instructions. After 48 h, the cells were 
harvested for subsequent use.

Cell Counting Kit-8 (CCK-8) Method for 
Cell Proliferation
Exponentially growing cells were cultured in 96-well 
plates at 100 μL (1 × 103 cells) per well. Three duplicated 
wells were set for each group. Each well was filled with 10 
µL CCK-8 solution (Beyotime Biotechnology Co. Ltd., 
Shanghai, China) at the 24th, 48th, and 72nd h, respec-
tively, followed by another 1 h of incubation at 37°C. The 
optical density (OD) at 450 nm was evaluated using 
a microplate reader, and the cell proliferation curves 
were produced 4 d later.

Flow Cytometry for Cell Apoptosis
After transfection, U251 and SHG44 cells were cultured in 
6-well plates at 2×105 cells per well. The cells were 
centrifuged and resuspended in Annexin V binding buffer, 
and then stained using a fluorescein isothiocyanate (FITC)/ 
propidium iodide (PI) staining kit (RiboBio) according to 
the manufacturer’s instructions. The apoptosis rate in cells 
was analyzed using a Gallios flow cytometer (Beckman 
Coulter, Inc., Chaska, MN, USA).

Transwell Assay for Cell Migration and 
Invasion
After transfection, the U251 and SHG44 cells were resus-
pended and adjusted in serum-free medium to 5×105 cells/ 
mL. Then, 200 μL cell suspension was filled into the 
Transwell apical chambers (8 μm in diameter, Corning 
Glass Works, Corning, NY, USA). The basolateral cham-
bers were filled with 10% FBS-supplemented medium. 
Three duplicate chambers were set for each group. Cells 
were incubated at 37°C with 5% CO2. After 48 h, cells 
migrated into the basolateral chambers were fixed in abso-
lute alcohol for 15 min and stained with 0.1% crystal 

Table 1 Primer Sequences for RT-qPCR

Gene Primer Sequence (5ʹ-3ʹ)

GABPB1-AS1 F: GTTCTGCGGTGGGTAGGAGT
R: CCTCTTGGCTGTCCTTCCGTCTC

ZNF367 F: CTCGCTTCGGCAGCACAT
R: TTTGCGTGTCATCCTTGCG

ZO-1 F: GTCCAGAATCTCGGAAAAGTGCC
R: CTTTCAGCGCACCATACCAACC

E-cadherin F: GCCTCCTGAAAAGAGAGTGGAAG
R: TGGCAGTGTCTCTCCAAATCCG

N-cadherin F: CCTCCAGAGTTTACTGCCATGAC
R: GTAGGATCTCCGCCACTGATTC

GAPDH F: ATCACCATCTTCCAGGAGCG
R: CAAATGAGCCCCAGCCTTC

miR-330 F: TCTCTGGGCCTGTGTC
R: GAACATGTCTGCGTATCTC

U6 F: CTCGCTTCGGCAGCACAT
R: TTTGCGTGTCATCCTTGCG

Abbreviations: RT-qPCR, reverse transcription quantitative polymerase chain 
reaction; ZNF367, zinc finger protein 367; ZO-1, tight junction protein 1; 
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; miR, microRNA; F, forward; 
R, reverse.
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violet for 20 min. The average number of migrated cells 
was collected from five random fields under the micro-
scope. Cell invasion was examined in a similar manner 
with the additional precoating of Matrigel (Millipore, 
Bedford, MA, USA) in the apical chambers.

Animal Experiments
All animal studies were performed under the approval of 
the Ethics Committee of Caoxian People’s Hospital. All 
animal procedures were performed in compliance with the 
Guide for the Care and Use of Laboratory Animals pub-
lished by the National Institutes of Health (NIH, Bethesda, 
Maryland, USA). The report of animal experiments is in 
accordance with the ARRIVE guidelines. NOD/SCID mice 
(6–8 weeks old) were acquired from SLAC Laboratory 
Animal Co., Ltd. (Shanghai, China). U251 and SHG44 
cells stably transfected with sh-GABPB1-AS1 were admi-
nistrated into nude mice through subcutaneous injection 
(for tumor growth assay) or tail vein injection (for metas-
tasis assay) (1 × 106 cells/20 µL per mouse). For the growth 
of xenograft tumors, the tumor size was examined every 5 
d using a standard caliper. The tumor volume (V) was 
calculated as a × b2/2, where “a” indicates the length 
while “b” indicates the width. The mice were euthanized 
on the 30th d, and the tumors were collected and weighed. 
In the metastasis assay, the animals were euthanized on the 
45th d, and the lung and liver tissues from mice were 
collected for hematoxylin and eosin (HE) staining. For 
animal euthanasia, at the end point, the anaesthetized mice 
were intraperitoneally injected with an over dose of pento-
barbital sodium (150 mg/kg). The animal death was con-
firmed by the loss of nerve reflex and blink reflex, 
respiratory arrest and loss of heartbeat rather than cardiac 
arrest 30 min after injection.

Immunohistochemical (IHC) Staining
The xenograft tumor samples were fixed in formalin over-
night, dehydrated, embedded in paraffin, and cut into 5-μm 
sections. Then, the sections were dewaxed, and the section 
slides were blocked using 5% normal goat serum, and the 
incubated with anti-Ki67 (ab15580, Abcam Inc., 
Cambridge, MA, USA) at 4°C overnight. After three 
PBS washes, the sections were further incubated with 
horseradish peroxidase (HRP)-conjugated secondary anti-
body (ab6721, Abcam) at 37°C for 2 h. Next, the sections 
were counter-stained with hematoxylin. The positive stain-
ing was examined using the Image J software.

Cytoplasmic and Nuclear RNA 
Separation Assay
The cytoplasmic and nuclear RNA of cells was separated 
using a nuclear RNA separation kit (Keygen Biotech Co., 
Ltd., Nanjing, Jiangsu, China) according to the instructions 
of the manufacturer. The distribution of GABPB1-AS1 in 
U251 and SHG44 cells was determined using RT-qPCR. U6 
was used as the internal loading for the measurement of 
nuclear RNA, while GAPDH was used as the control for 
the measurement of cytoplasmic RNA.

Dual-Luciferase Reporter Gene Assay
The wild type (wt) GABPB1-AS1 or ZNF367 sequences 
containing the putative binding site with miR-330 were 
synthetized and cloned into pmiRGLO luciferase reporter 
vectors to construct GABPB1-AS1-wt and ZNF367-wt 
vectors. The mutant type (mt) vectors were constructed 
based on the mutant binding (mt) sites accordingly and 
named GABPB1-AS1-mt and ZNF367-mt vectors, respec-
tively. Well-constructed vectors were co-transfected with 
miR-330 mimic or mimic control into HEK293T cells 
(ATCC, Manassas, VA, USA). After 48 h, the cells were 
collected and lysed. Relative luciferase activity in cells 
was determined using a Dual-Luciferase-Reporter-Gene 
System (Promega, Madison, WI, USA). The activity of 
firefly luciferase was normalized to the activity of the 
Renilla luciferase.

RNA Pull-Down Assay
An RNA pull-down assay was examined using 
a PureBinding RNA-Protein pull-down Kit (GENESEED, 
Guangzhou, Guangdong, China). In short, SHG44 and 
U251 cell lysates were transfected with biotinylated 
GABPB1-AS1 probe (Bio-GABPB1-AS1-probe) or 
a negative control probe (Bio-NC-probe). At 48 h after 
transfection, the complexes were collected. The miR-330 
level in the complexes was examined using RT-qPCR.

Western Blot analysis
Cells were lysed in radio-immunoprecipitation assay cell 
lysis buffer (Thermo Fisher Scientific) to extract total 
protein. The protein concentration was examined using 
a bicinchoninic acid kit (Bio-Rad, Inc., Hercules, CA, 
USA). Then, the protein was separated on 10% SDS- 
PAGE and transferred onto polyvinylidene fluoride mem-
branes. The membranes were blocked in 5% non-fat milk 
for 2 h and then incubated with the primary antibodies 
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against proliferating cell nuclear antigen (PCNA, ab29, 
Abcam), CDC20 (#PA5-63103, Invitrogen, Thermo 
Fisher Scientific), CDC7 (ab229187, Abcam), cyclin A1 
(CCNA1, #PA5-16519, Invitrogen, Thermo Fisher 
Scientific), GABPB1 (ab88746), telomerase reverse tran-
scriptase (TERT, ab32020, Abcam) and GAPDH (ab8245, 
Abcam) at 4°C for 2 h, and then incubated with HRP- 
labeled secondary antibody (ab6721, Abcam) at 25°C for 1 
h. The protein blots were developed using an enhanced 
chemiluminescence kit (Millipore, Corp. Billerica, MA, 
USA), and the protein expression was quantified using 
the Image J software.

Statistical Analysis
SPSS system (version 23.0, IBM Corp., Armonk, NY, 
USA) and Prism software (version 7.0, GraphPad, La 
Jolla, CA, USA) were used for data analysis. Data were 
collected from three independent experiments and 
expressed as the mean ± standard deviation (SD). 
Differences were compared by the Student’s t-test, and 
one-way or two-way analysis of variance (ANOVA) was 
used for multiple data groups. Correlations between 
GABPB1-AS1 and miR-330 as well as ZNF367 in 
human tissue samples were analyzed by Spearman’s rank 
test. The diagnostic value of GABPB1-AS1 on glioma was 
evaluated using a receiver operating characteristic (ROC) 
curve. p was obtained from two-tailed tests, and p < 0.05 
was considered statistically significant.

Results
LncRNA GABPB1-AS1 is Highly 
Expressed in Glioma Samples
First, abnormally expressed genes in glioma were analyzed 
using a GSE2223 dataset containing gene expression data 
of 4 cases of normal brain tissues and 29 cases of glioma 
tissues. GABPB1-AS1 was indicated as a significantly 
highly expressed lncRNA in glioma in the setting of Log 
FC > 2 (Figure 1A and B). A similar trend was validated 
in the collected normal brain tissues (n = 14) and glioma 
tissues (n = 58), where we confirmed an upregulation of 
GABPB1-AS1 in the glioma tissue samples using RT- 
qPCR (Figure 1C). Next, a ROC curve was produced, 
which suggested that GABPB1-AS1 has an ideal diagnos-
tic value in patients, and the area under curve (AUC) was 
0.826 (1 indicates a 100% value) (Figure 1D). We also 
analyzed the correlation between GABPB1-AS1 expres-
sion and the WHO grade of the patients. It was found that 

patients in advanced WHO grades had significant 
increased expression of GABPB1-AS1 (Figure 1E). Next, 
expression of GABPB1-AS1 in the glioma cell lines 
(LN229, U251, SHG44 and A172) and in the astrocyte 
cell-line A735 was examined using RT-qPCR. A similar 
trend was found in cells that high expression of GABPB1- 
AS1 was found in all glioma cell lines compared to A735 
cells (Figure 1F). In addition, we analyzed the GABPB1- 
AS1 expression profiles in different cancer cells using the 
CCLE bioinformatic system (https://portals.broadinstitute. 
org/ccle/about). Interestingly, it was suggested that the 
level of GABPB1-AS1 was in the middle of the graph 
(Figure 1G). Further, we predicted the major functions of 
GABPB1-AS1 in different cancer cell using the LnCecell 
system (http://www.bio-bigdata.net/LnCeCell/). It was 
indicated that GABPB1-AS1 was closely correlated with 
the proliferation and metastasis of cancer cells 
(Figure 1H).

GABPB1-AS1 Knockdown Suppresses 
Growth and Invasiveness of Glioma Cells 
in vitro
As shown in Figure 1F, the U251 and SHG44 cells showed 
the highest expression of GABPB1-AS1 among the four 
glioma cell lines. Therefore, these two cell lines were 
selected for the functional experiments. To confirm the 
role of GABPB1-AS1 in glioma, two shRNAs of 
GABPB1-AS1 were transfected into U251 and SHG44 
cells, and the successful knockdown of GABPB1-AS1 
was confirmed by RT-qPCR (Figure 2A). ETS family 
transcription factors GABPA and GABPB1 have been 
shown as master drivers for the mutant TERT promoter 
activity, which is a prerequisite step in malignant transfor-
mation and progression.22 Therefore, there is a possibility 
that GABPB1-AS1 affects GABPB1 expression and resul-
tantly affects the mutation of the TERT promoter to influ-
ence the glioma cell progression. We therefore examined 
the levels of GABPB1 and TERT in U251 and SNG44 
cells after GABPB1-AS1 knockdown. However, the pro-
tein levels of GABPB1 and TERT in glioma cells, accord-
ing to the Western blot analysis, were not significantly 
changed upon GABPB1-AS1 downregulation 
(Figure 2B). After that, we examined the viability of 
cells using a CCK-8 kit, which suggested that the prolif-
eration of U251 and SHG44 cells was suppressed in the 
setting of GABPB1-AS1 knockdown (Figure 2C). The 
apoptosis of cells was then examined using flow 
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cytometry. After GABPB1-AS1 downregulation, both the 
number of early apoptotic cells (Annexin V+PI−) and late 
apoptotic cells (Annexin V+PI+) was significantly 
increased (Figure 2D). Then, the expression of epithelial- 
mesenchymal transition (EMT)-related markers ZO-1, 
E-cadherin and N-cadherin in cells was examined using 

RT-qPCR. After GABPB1-AS1 knockdown, the expres-
sion of epithelial-marker proteins ZO-1 and E-cadherin 
in U251 and SHG44 cells was significantly elevated, 
while the expression of the mesenchymal-marker protein 
N-cadherin in cells was decreased (Figure 2E), indicating 
reduced EMT activity in cells. The direct relevance of 

Figure 1 LncRNA GABPB1-AS1 is highly expressed in glioma samples. (A and B) differentially expressed mRNAs and lncRNAs between glioma tissues and normal tissues 
analyzed using a GEO GSE2223 dataset; (C) expression of GABPB1-AS1 in collected normal brain tissues (n = 14) and glioma tissues (n = 58) examined by RT-qPCR; (D) 
diagnostic value of GABPB1-AS1 in glioma analyzed using a ROC; (E) correlation of GABPB1-AS1 expression with the glioma grade in patients; (F) GABPB1-AS1 expression 
in glioma cell lines LN229, U251, SHG44 and A172 and in the astrocyte cell line A735 examined by RT-qPCR; (G) expression of GABPB1-AS1 in different type of cancer cells 
predicted using CCLE bioinformatic system; (H) major roles of GABPB1 in cancer cells predicted using the LnCecell system. Data were collected from three independent 
experiments and expressed as the mean ± SD. Data were analyzed by unpaired t-test (C) or one-way ANOVA (E and F). ***p < 0.001 vs Normal/Grade I/A735 cells. 
Abbreviations: GBM, glioblastoma; AUC, area under curve; WHO, World Health Organization.
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GABPB1-AS1 to cell invasiveness was further examined 
by Transwell assays. After GABPB1-AS1 knockdown, it 
was found that the number of U251 and SHG44 cells 
migrated or invaded into the basolateral cells was signifi-
cantly reduced (Figure 2F and G).

GABPB1-AS1 Knockdown Suppresses 
Growth and Metastasis of Glioma Cells 
in vivo
Following the findings above, we further analyzed the 
functions of GABPB1-AS1 in glioma cell growth 
in vivo. U251 and SHG44 cells stably transfected with sh- 
GABPB1-AS1 were implanted into nude mice through 
subcutaneous injection (for growth measurement) or tail 
vein injection (for metastasis measurement). The volume 
of the xenograft tumors was examined every 5 d. It was 
found that downregulation of GABPB1-AS1 reduced the 
growth rate of tumors in nude mice (Figure 3A). On the 

30th d, the tumors were taken out and weighed. 
Accordingly, the weight of xenograft tumors was reduced 
on GABPB1-AS1 silencing (Figure 3B). In addition, the 
IHC staining confirmed that GABPB1-AS1 knockdown 
led to a decline in the staining intensity of Ki67 in the 
collected tumor tissues (Figure 3C). In the metastasis, the 
animals were euthanized on the 45th d, and then the HE 
staining results showed that the number of metastatic 
nodules in mouse lung and liver tissues formed by U251 
and SHG44 cells was notably decreased upon GABPB1- 
AS1 knockdown (Figure 3D and E)

GABPB1-AS1 is Sub-Localized in 
Cytoplasm in Glioma Cells and Binds to 
miR-330
To further confirm the molecular mechanism of action, we first 
predicted the subcellular localization of GABPB1-AS1 in 
different type of cells using the LncAtlas system (LncAtlas. 

Figure 2 GABPB1-AS1 knockdown suppresses growth of glioma cells. (A) transfection efficacy of shRNA-#1 and shRNA-#2 of GABPB1-AS1 in U251 and SHG44 cells 
examined by RT-qPCR; (B) protein levels of GABPB1 and TERT in U251 and SHG44 cells examined by Western blot analysis; (C) viability of cells after GABPB1-AS1 
knockdown determined by the CCK-8 method; (D) apoptosis rate of U251 and SHG44 cells after GABPB1-AS1 knockdown examined by flow cytometry; (E) expression of 
EMT-related markers ZO-1, E-cadherin and N-cadherin in U251 and SHG44 cells after GABPB1-AS1 inhibition quantified by RT-qPCR; (F and G) migration (F) and invasion 
(G) abilities of U251 and SHG44 cells after GABPB1-AS1 downregulation detected by Transwell assays. Data were collected from three independent experiments and 
expressed as the mean ± SD. Data were analyzed by two-way ANOVA. **p < 0.01. 
Abbreviations: NC, negative control; shRNA, short hairpin RNA of GABPB1-AS1; TERT, telomerase reverse transcriptase; n.s., no significance.
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org). Both cytoplasm-localization and nucleus-localization of 
GABPB1-AS1 was found in cells (Figure 4A). Further, 
according to the data from the LnCeCell system, GABPB1- 
AS1 was suggested to be distributed in multiple compositions 
in cells (Figure 4B). Then, using a nuclear-cytoplasmic RNA 
separation assay, we confirmed a cytoplasm-abundance of 
GABPB1-AS1 in U251 and SHG44 cells (Figure 4C). Next, 
we explored the target miRNAs of GABPB1-AS1 using three 
bioinformatic systems including Starbase (http://starbase.sysu. 
edu.cn/), RNA22 (https://cm.jefferson.edu/rna22/) and 
DIANA (http://carolina.imis.athena-innovation.gr/diana_ 
tools/web/index.php), and six common outcomes were pre-
dicted (Figure 4D). We then analyzed the expression profiles 
of the six miRNAs in TCGA-GBM database. It was suggested 
that miR-330 expression was notably downregulated in glioma 
tissues compared to healthy tissues (Figure 4E). In addition, 
poor expression of miR-330 was suggested to be correlated 

with unfavorable diagnosis in glioma patients (Figure 4F). To 
validate this, we examined the expression of miR-330 in the 
collected clinical tissue samples. It was found that miR-330 
expression was notably reduced in the glioma tissues com-
pared to the healthy brain tissues (Figure 4G), which showed 
an inverse correlation with the GABPB1-AS1 expression 
(Figure 4H).

To further validate the binding relationship between 
GABPB1-AS1 and miR-330, the GABPB1-AS1-wt luciferase 
vector containing the putative binding site with miR-330 and 
the corresponding GABPB1-AS1-mt vector (Figure 4I) were 
constructed and co-transfected with miR-330 mimic or mimic 
control into 293T cells. It was found that miR-330 mimic 
reduced the luciferase activity of GABPB1-AS1-wt in cells 
(Figure 4J). To further validate the binding relationship 
between GABPB1-AS1 and miR-330, an RNA pull-down 
assay was performed. An abundance of miR-330 fragments 

Figure 3 GABPB1-AS1 knockdown suppresses growth and metastasis of glioma cells in vivo. (A) growth rate of the xenograft tumors in nude mice within 30 d after 
subcutaneous injection of U251 and SHG44 cells; (B) weight of the xenograft tumors in nude mice on the 30th d; (C) Ki67 expression in the xenograft determined by IHC 
staining; (D and E) number of metastatic nodules in mouse lung and liver tissues observed by HE staining. N = 6 in each group. Data were collected from three independent 
experiments and expressed as the mean ± SD. Data were analyzed by two-way ANOVA. **p < 0.01, ***p < 0.001 vs NC group. 
Abbreviations: NC, negative control; shRNA, short hairpin RNA of GABPB1-AS1.
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were enriched by the biotin-labeled GABPB1-AS1 probe com-
pared to the Bio-NC (Figure 4K), indicating a binding relation-
ship between GABPB1-AS1 and miR-330. We further 
detected the expression of miR-330 in glioma cell lines 
LN229, U251, SHG44 and A172 and in the astrocyte cell 
line A735 using RT-qPCR. Consequently, miR-330 was 
found to be poorly expressed in the glioma cell lines as well 
compared to that in A735 cells (Figure 4L). In addition, an 
increase in miR-330 expression was observed in U251 and 
SHG44 cells where GABPB1-AS1 was knocked down 
(Figure 4M).

miR-330 Restores Viability of Glioma 
Cells Suppressed by Sh-GABPB1-AS1
To explore the function of miR-330 in the behaviors of 
glioma cells, U251 and SHG44 cells stably transfected with 

sh-GABPB1-AS1 were further administrated with miR-330 
inhibitor, and the successful transfection was confirmed by 
RT-qPCR (Figure 5A). Then, the CCK-8 method confirmed 
that further downregulation of miR-330 restored the prolif-
eration activity of U251 and SHG44 cells (Figure 5B). The 
apoptosis of U251 and SHG44 cells, initially enhanced after 
GABPB1-AS1 knockdown, was then reduced following 
further miR-330 inhibition (Figure 5C). The Transwell 
assays also suggested that miR-330 inhibitor increased the 
migratory and invasive potentials of SHG44 and U251 cells 
(Figure 5D and E).

miR-330 Directly Binds to ZNF367 
mRNA
To investigate the downstream mRNAs of miR-330, we 
first analyzed the mRNAs having a less than −0.4 

Figure 4 GABPB1-AS1 is sub-localized in cytoplasm and binds to miR-330. (A and B) subcellular localization of GABPB1-AS1 in cells predicted using the Lncatlas and 
LnCeCell systems; (C) subcellular localization of GABPB1-AS1 in U251 and SHG44 confirmed by a cytoplasmic and nuclear RNA separation assay; (D) candidate target 
miRNAs of GABPB1-AS1 predicted using three bioinformatic systems (StarBase, RNA22 and DIANA); (E) expression profiles of miR-330, miR-582, miR-590, miR-744, miR- 
151a and miR-301 in glioma predicted using the TCGA-GBM database; (F) correlation between poor miR-330 expression with prognosis in glioma according to the data in 
the TCGA-GBM database; (G) expression of miR-330 in collected normal brain tissues (n = 14) and glioma tissues (n = 58) examined by RT-qPCR; (H) a negative correlation 
between miR-330 and GABPB1-AS1 in glioma tissues according to a Spearman’s rank test; (I) putative binding sequence between GABPB1-AS1 and miR-330 and the mutant 
sequence for the construction of luciferase reporter vectors; (J and K) binding relationship between GABPB1-AS1 and miR-330 validated through a luciferase reporter gene 
assay (J) and an RNA pull-down assay; (L) expression of miR-330 in glioma cell lines LN229, U251, SHG44 and A172 and in the astrocyte cell line A735 examined using RT- 
qPCR; (M) expression of miR-330 in U251 and SHG44 after GABPB1-AS1 knockdown determined by RT-qPCR. Data were collected from three independent experiments 
and expressed as the mean ± SD. Data were analyzed by the unpaired t-test (G), one-way ANOVA (K), or two-way ANOVA (C, J and L). **p < 0.01, ***p < 0.001. 
Abbreviations: GBM, glioblastoma; NC, negative control; shRNA, short hairpin RNA of GABPB1-AS1; wt, wild-type; mt, mutant-type.
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correlation coefficient with miR-330 in TCGA-GBM data-
base using a R Corr Package. The outcomes were further 
intersected with the target mRNAs of miR-330 predicted 
using three bioinformatic systems TargetScan (http://www. 
targetscan.org/vert_72/), miRDB (http://mirdb.org/) and 
StarBase. In TargetScan, the screening threshold was 
Total context++ score > −0.34; in miRDB, the screening 
threshold was set as: Target Score >90. Using these thresh-
olds, ZNF367 was indicated as a candidate target mRNA 
of miR-330 (Figure 6A). The data in the TCGA-GBM 
database suggested that ZNF367 was highly expressed in 
glioma tissues (Figure 6B). We further analyzed the rele-
vance of ZNF367 to the immune infiltration in glioma 

using a bioinformatic system TIMER (https://cistrome.shi 
nyapps.io/timer/), and it was predicted that ZNF367 
expression was positively correlated with the purity of 
glioma (Figure 6C). However, data in the TCGA-GBM 
database suggested that ZNF367 expression showed no 
correlation with the survival rate of glioma patients 
(Figure 6D). According to the CCLE database, ZNF367 
was suggested to be highly expressed in glioma cells 
compared to other cancer cells (Figure 6E).

Thereafter, the expression of ZNF367 in the collected 
clinical tissue samples was examined as well using RT- 
qPCR. Likewise, higher expression of ZNF367 was con-
firmed in the glioma tissues than that in normal brain 

Figure 5 miR-330 restores viability of glioma cells suppressed by sh-GABPB1-AS1. (A) downregulation of miR-330 was further introduced in U251 and SHG44 cells 
following sh-GABPB1-AS1 transfection, and the transfection efficacy was validated by RT-qPCR; (B) viability of U251 and SHG44 cells after miR-330 inhibition determined by 
the CCK-8 method; (C) apoptosis rate of U251 and SHG44 cells after miR-330 inhibition examined by flow cytometry; (D–E) migration (D) and invasion (E) abilities of 
U251 and SHG44 cells after miR-330 inhibition detected by Transwell assays. Data were collected from three independent experiments and expressed as the mean ± SD. 
Data were analyzed by two-way ANOVA. **p < 0.01 vs shRNA + Inhibitor NC group. 
Abbreviations: NC, negative control; shRNA, short hairpin RNA of GABPB1-AS1.
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tissues (Figure 6F), which showed a positive correlation 
with GABPB1-AS1 expression, while a negative correla-
tion with miR-330 expression (Figure 6G).

The direct binding between miR-330 and ZNF367 was 
validated using a luciferase assay as well. Likewise, co- 
transfection of miR-330 mimic and ZNF-367-wt led to 
a notable decline in the luciferase activity in 293T cells 
(Figure 6H and I). In addition, the subsequent RT-qPCR 
results confirmed highly expressed ZNF367 in the glioma 
cell lines compared to A735 cells (Figure 6J). In U251 and 
SHG44 cells, the ZNF367 expression was decreased after 
GABPB1-AS1 knockdown but increased after further 
miR-330 inhibition (Figure 6K).

ZNF367 Activates the Cell Cycle 
Signaling Pathway to Augment Glioma 
Progression
Following the findings above, we further analyzed the 
genes having a strong correlation with ZNF367 (an over 

0.5 correlation coefficient) in TCGA-GBM database 
using the UALCAN system (http://ualcan.path.uab.edu/ 
index.html). Setting the correlation coefficient R > 0.05 
as a threshold, we obtained a total of 806 related genes. 
Next, a KEGG enrichment analysis was performed using 
the DAVID 6.8 bioinformatic system (https://david. 
ncifcrf.gov/) based on these genes, and a total of 29 
signaling pathways were suggested to be enriched 
(Figure 7A and B). Among them, the cell cycle signaling 
pathway was significantly enriched. We then surmised 
that the GABPB1-AS1/miR-330/ZNF36 axis might reg-
ulate the cell cycle progress to affect glioma develop-
ment. Therefore, we analyzed the correlations between 
GABPB1-AS1 and the cell cycle-related factors PCNA, 
CDC20, CDC7 and CCNA1 in the TCGA-GBM data-
base, and positive correlations between GABPB1-AS1 
and these factors were confirmed (Figure 7C). Next, we 
examined the protein levels of these factors in U251 and 
SHG44 cells. It was found that the levels of PCNA, 

Figure 6 miR-330 negatively regulates ZNF367. (A) mRNAs showing a less than −0.4 correlation coefficient with miR-330 in the TCGA-GBM database were analyzed using 
a R Corr Package, and the outcomes were compared with the targeting mRNAs of miR-330 predicted using bioinformatic systems TargetScan, miRDB and StarBase; (B) 
expression of ZNF367 in the TCGA-GBM database; (C) correlation between ZNF367 expression and the immune infiltration in glioma predicted using the TIMER website; 
(D) correlation between ZNF367 expression and the survival of patients with glioma; (E) ZNF367 expression in different cell lines according to the data from the CCLE 
database; (F) ZNF367 expression in 14 normal brain tissues and 58 glioma tissues examined by RT-qPCR; (G) correlation between ZNF367 expression and GABPB1-AS1 or 
miR-330; (H) putative binding site between miR-330 and ZNF367 mRNA obtained from the StarBase system; (I) binding relationship between miR-330 and ZNF367 mRNA 
validated using a luciferase reporter gene assay; (J) expression of ZNF367 in glioma cells and A735 cells examined by RT-qPCR; (K) expression of ZNF367 in U251 and 
SHG44 cells examined by RT-qPCR. Data were collected from three independent experiments and expressed as the mean ± SD. Data were analyzed by the unpaired t-test 
(F), one-way ANOVA (J), or two-way ANOVA (I and K). *p < 0.05, **p < 0.01, ***p < 0.001 vs normal/mimic control/A735 cells/NC; ##p < 0.01 vs shRNA + Inhibitor NC. 
Abbreviations: GBM, glioblastoma; T, tumor; N, normal; NC, negative control; shRNA, short hairpin RNA of GABPB1-AS1; wt: wild-type; mt, mutant-type.
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CDC20, CDC7 and CCNA1 in cells were decreased after 
GABPB1-AS1 knockdown but enhanced after further 
miR-330 inhibition (Figure 7D and E). These results 
collectively suggested that GABPB1-AS1 sponges miR- 
330 and upregulates ZNF367, which activates the cell 
cycle signaling pathway and enhances growth and metas-
tasis of glioma cells.

Discussion
Glioma remains an incurable disease despite of a variety 
of existing therapies including surgical resection, radiation 
and chemotherapy. The mean survival time for patients 
with the most aggressive type GBM was reported as 

short as 14.6 months even following surgery and radio- 
and chemo-therapies.23 Advanced bioinformatic systems 
such as GEO and TCGA obtabases and several advantaged 
analytical methods have allowed researchers to obtain the 
specific gene expression patterns in different pathological 
conditions.24 Here, our study reported that lncRNA 
GABPB1-AS1 competitively bound to miR-330 and de- 
repressed ZNF367 expression, leading to activation of the 
cell cycle signaling pathway and the growth and metastasis 
of glioma cells.

LncRNAs are specifically expressed in differentiated 
tissues or certain cancer types including glioma and impli-
cated in a wide array of biological processes, and they are 

Figure 7 ZNF367 activates the cell cycle signaling pathway to promote glioma progression. (A and B) a KEGG analysis based on the genes showing a strong relevance 
(correlation coefficient R > 0.05) to ZNF367 in the TCGA-GBM database; (C) correlations between GABPB1-AS1 and the cell cycle-related factors PCNA, CDC20, CDC7 
and CCNA1 predicted in the TCGA-GBM database; (D and E) protein levels of PCNA, CDC20, CDC7 and CCNA1 in U251 and SHG44 cells examined by Western blot 
analysis. Data were collected from three independent experiments and expressed as the mean ± SD. Data were analyzed by two-way ANOVA. **p < 0.01 vs NC group, 
##p < 0.01 vs shRNA + Inhibitor NC group. 
Abbreviations: NC, negative control; shRNA, short hairpin RNA of GABPB1-AS1; PCNA, proliferating cell nuclear antigen; CCNA1, cyclin A1.
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closely correlated with tumorigenesis, metastasis, and 
tumor stage.25 For instance, a lncRNA paternally 
expressed 10 (PEG10) was found to be highly expressed 
in glioma patients and associated with increased patholo-
gical grades and risk of occurrence but reduced Karnofsky 
performance status and survival time.26 Likewise, a hox 
transcript antisense intergenic RNA (HOTAIR) was found 
with a higher abundancy in patients in Grades II–IV than 
those in Grade I.27 Here, the GEO GSE2223 dataset sug-
gested that GABPB1-AS1 was highly expressed in glioma 
tissues. This trend was validated in the clinical samples, 
and this lncRNA was analyzed to show an ideal prognostic 
value in glioma and indicate increased glioma grades. 
Interestingly, a recent study by Ou et al suggested that 
GABPB1-AS1 was upregulated in human papilloma-
viruses-positive cervical cancer samples and associated 
with increased tumor size, lymph node metastasis, as 
well as reduced survival.28 In addition to the diagnostic 
and prognostic values, lncRNAs also have potent regula-
tory functions in cell behaviors such as proliferation, 
migration, and invasion.25,29 Therefore, artificial downre-
gulation of GABPB1-AS1 was introduced into glioma 
U251 and SHG44 cell lines. In this setting, the prolifera-
tion, EMT process, migration, and invasion of cells were 
notably reduced, while the cell apoptosis was enhanced. 
Here, we confirmed a similar oncogenic role of GABPB1- 
AS1 in glioma cells. In addition, the above results were 
reproduced in vivo where downregulation of GABPB1- 
AS1 suppressed growth and metastasis of xenograft 
tumors induced by glioma cells in nude mice.

GABPA and GABPB1 have been shown as master 
drivers for the mutant TERT promoter activity, which is 
a prerequisite step in malignant transformation and 
progression.22 However, the Western blot analysis sug-
gested the protein levels of GABPB1 and TERT in glioma 
cells were not significantly changed upon GABPB1-AS1 
downregulation. The cytoplasm-localization of GABPB1- 
AS1 indicated that it may exert functions through ceRNA 
networks. Subsequently, the integrated bioinformatic ana-
lyses and experiments suggested that miR-330, as 
a candidate target miRNA of GABPB1-AS1, was poorly 
expressed in glioma tissues. miR-330 has been frequently 
identified with tumor-suppressing roles in several human 
cancer types such as colorectal cancer,17,30 lung cancer18 

and cervical cancer.31 More relevantly, decreased expres-
sion of miR-330 has been reported to promote prolifera-
tion and stem cell property of the glioma stem cells.32 

Likewise, miR-330-5p exerted anti-proliferative and anti- 

migratory functions in glioma cells through targeting 
CELF1 in a recent report by Wang et al.33 Here, to validate 
the roles of miR-330 in glioma cells, the rescue experi-
ments showed that downregulation of miR-330 restored 
the viability and invasiveness of glioma cells that were 
initially suppressed after GABPB1-AS1 knockdown. Since 
miR-330 was poorly expressed in the collected glioma 
tissues, we believed that downregulation of miR-330 is 
involved in the oncogenic events mediated by GABPB1- 
AS1.

Next, ZNF367 was confirmed as a target of miR-330 
and was highly expressed in glioma tissues. As a member 
of the zinc finger transcription factor family, ZNF367 has 
been reported to accelerate metastasis and progression of 
breast cancer34,35 and pancreatic cancer.36 Here, the sub-
sequent KEGG pathway enrichment analysis suggested 
that the ZNF367-related genes were enriched on the cell 
cycle signaling pathway. Then, we confirmed the positive 
correlations between GABPB1-AS1 with ZNF367 and 
with the cell cycle-related factors including PCNA, 
CDC20, CDC7 and CCNA1. Deregulation of cell cycle 
represents one of the main mechanisms of the indefinite 
proliferation and metastasis of malignant glioma cells.37 

Although there is limited evidence concerning the correla-
tion between GABPB1-AS1 and cell cycle progression, 
the miR-330 has been reported to induce cell cycle arrest 
in lung cancer,18 gastric cancer38 and glioma.39 ZNF367 
has been reported has a key controller of the neuroblast 
cell cycle,40 and it has been reported to accelerate cell 
cycle progression in breast cancer.35 Importantly, our res-
cue experiments confirmed that downregulation of miR- 
330 in U251 and SHG44 cells restored the levels of 
PCNA, CDC20, CDC7 and CCNA1, indicating that the 
GABPB1-AS1/miR-330/ZNF367 axis regulates the cell 
cycle signaling pathway to govern the malignant behaviors 
of glioma cells.

Conclusion
To sum up, this study confirmed that GABPB1-AS1 com-
petitively bound to miR-330 and blocked its suppressive 
role in ZNF367, leading to ZNF367 upregulation and the 
activation of the cell cycle signaling pathway and the 
malignant progression of glioma. Although there remains 
a far way to go for the clinical application of these mole-
cules as potential therapeutic targets or tools, these find-
ings may offer novel insights into the management of 
glioma and may serve as candidate clinical biomarkers. 
Due to the time and funding limits, we did not include 
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more concerns of the role of GABPB1-AS1 in TERT 
mutant promoter activity in the current study, which is 
a major limitation of the paper. We hope further studies 
will be conducted to verify our findings and to understand 
more molecular mechanism involved in glioma 
progression.
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