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Abstract: Objective: To clarify the role of long intergenic non-coding RNA 00312 (LINC00312) in epithelial-mesen-
chymal transition (EMT), invasion, and metastasis of glioma by targeting microRNA-21-3p (miR-21-3p). Methods: 
The surgical resection samples from glioma patients and normal brain tissues from patients with severe head trau-
ma were obtained, separately, and the expressions of LINC00312 and miR-21-3P in normal brain tissues, glioma 
tissues, human normal brain glial cells, and human glioma cells were detected, respectively. The localization of 
LINC00312 was predicted and verified by subcellular localization websites and nucleic-cytoplasmic separation ex-
periment, separately. The dual luciferase reporter assay was used to confirm the interactions between LINC00312 
and miR-21-3p. The cell line with the lowest LINC00312 expression among cell lines U251, U87, and A127 was 
selected for cell experiments. After grouping, the cells were transfected with LINC00312, sh-LINC00312, miR-21-3p 
mimic, and vector, respectively. At the same time, negative controls were set up. The expressions of EMT-related 
factors such as N-cadherin, E-cadherin, and Vimentin, as well as invasion and metastasis-associated factors such 
as MMP-2 and MMP-9, were detected using Western blot analysis. MTT assay, Transwell assay, and flow cytometry 
were used to assess cell proliferation activity, invasion, and apoptosis, respectively. Results: Compared with the 
normal brain tissues and glial cells, there was lower expression of LINC00312 but higher expression of miR-21-3p 
in the glioma brain tissues and glial cells (all P<0.05). LncLocator prediction website revealed that the expression of 
LINC00312 can be observed in both the cell cytoplasm and nucleus, and dual-luciferase reporter assay further con-
firmed that LINC00312 could play a role in targeting inhibition of miR-21-3p expression. LINC00312 could reduce 
the expression of N-cadherin and Vimentin but enhance E-cadherin expression. At the same time, LINC00312 could 
induce cell apoptosis and play a role in inhibiting cell proliferation, cell invasion, and expression of invasion and 
metastasis-related factors. Conversely, miR-21-3p caused the opposite effect. Moreover, the effect of LINC00312 
on biological behaviors in glioma cells could be reversed by miR-21-3p. Conclusion: LINC00312 can serve as a mo-
lecular sponge to adsorb miR-21-3p, thus inhibiting the proliferation, invasion, metastasis, and EMT of glioma cells, 
as well as inducing apoptosis.
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Introduction

Glioma, as a common primary intracranial tu- 
mor, includes oligodendroglioma, astrocytoma, 
ependymoma, and so on [1, 2]. At present, the 
etiology of glioma is not clear, which may be 
related to diet, genetics, ionizing radiation, 
unhealthy lifestyle habits, and other factors. 
Early surgical resection, radiotherapy and che-
motherapy in the late stage, and immunothe- 
rapy are all therapeutic methods for glioma. 

However, the prognosis for patients with glioma 
is still very poor, with high rates of recurrence 
and mortality [3, 4]. Therefore, it is necessary 
to carry out new researches beneficial to the 
treatment of glioma. 

Long non-coding RNAs (LncRNAs) are consid-
ered noncoding RNAs that lack protein-coding 
functions, playing important roles in transcrip-
tional silencing and activation, chromosome 
modification, and intranuclear transport [5, 6]. 
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LncRNAs, containing over 200 nucleotides in 
length, play an important role in many key cel-
lular processes, as well as occurrence and 
prognosis of cancer [7, 8]. At present, a great 
deal of research has been carried out to dis-
cover the function of LncRNAs and reveal the 
role of LncRNAs in glioma. Xie et al. (2020) 
found that long intergenic non-coding RNA 
01198 (LINC01198) can activate the PI3K/ 
AKT signaling pathway by targeting PIK3CA and 
PTEN, thus promoting the occurrence and 
development of glioma [9]. Huang et al. (2020) 
found that LncRNA GAS5-AS1 can inhibit the 
proliferation, migration, and invasion of glioma 
cells through the miR-106b-5p/TUSC2 signal-
ing pathway [10]. Therefore, the function of  
different LncRNAs varies in glioma. Long inter-
genic non-coding RNA 00312 (LINC00312) is 
mainly located on chromosome 3p25.3-26.3 
which is also considered as gene deletion 
regions related to nasopharyngeal carcinoma, 
and LINC00312 also plays an important re- 
gulatory role in the pathogenesis of nasopha-
ryngeal carcinoma [11]. In addition, it was con-
firmed that LINC00312 exerts its tumor sup- 
pressor function in colorectal cancer and thy-
roid cancer [12, 13]. However, the role of 
LINC00312 in glioma is not clear. MicroRNAs 
(miRNAs) are relatively small noncoding RNAs 
with the length from 18 to 24 nucleotides, 
which have certain effects on regulating bio-
logical processes such as cell growth, apopto-
sis, and inflammation. The dysregulation of 
many miRNAs has been found in glioma. For 
example, miR-3175 and miR-18a play the role 
of ‘cancer-promoting factor’, miR-134 and miR-
940 play the role of ‘tumor suppressor’ in glio-
ma, while miR-21 has been identified to be 
overexpressed in glioma by Jiang et al. [14-16].

In our study, the expression of LINC00312 in 
glioma tissues and cells was examined and  
the role of LINC00312 acting as a ceRNA for 
miR-21-3p was confirmed. Therefore, this stu- 
dy aims at exploring the role of LINC00312 in 
glioma.

Materials and methods

General information

The surgically resected tumor brain tissues 
from 35 patients with glioma treated in The 
First People’s Hospital of Shuangliu District, 
Chengdu/West China (Airport) Hospital Si- 

chuan University from October 2018 to Feb- 
ruary 2020, including 19 males and 16 fe- 
males, were collected for our study. The mean 
age of patients was 48.6±7.5 years. All these 
patients had pathologically confirmed primary 
glioma and none of them underwent chemo-
therapy, radiotherapy, and other treatment. The 
malignancy stages were based on the World 
Health Organization (WHO) classification crite-
ria issued in 2007 including 22 cases in stage  
I and 13 cases in stage II [17]. Meanwhile, nor-
mal brain tissue samples (n=21) were collect- 
ed from patients with craniocerebral trauma 
treated in The First People’s Hospital of 
Shuangliu District, Chengdu/West China (Air- 
port) Hospital Sichuan University as a control. 
All patients and their families signed the in- 
formed consent, and the study was approved 
by the Ethics Committee of The First People’s 
Hospital of Shuangliu District, Chengdu/West 
China (Airport) Hospital Sichuan University.

Screening and culture of cell lines

Human normal glial cell line (HEB) and glioma 
cell lines U251, U87, and A127 (purchased 
from ATCC cell bank in the USA) were cultured 
in DMEM with 10% fetal calf serum (11039- 
047, Thermo Fisher, USA) at 37°C in an atmo-
sphere containing 5% CO2. Cell passage was 
performed every 2 to 3 days. The cells in the 
logarithmic growth phase were collected and 
the expressions of LINC00312 and miR-21-3P 
in cell lines were detected.

Subcellular localization of LINC00312 and 
dual-luciferase reporter assay

Prediction of subcellular localization of LINC- 
00312 was conducted using LncLocator sub-
cellular location database (http://www.csbio.
sjtu.edu.cn/bioinf/lncLocator/). Nuclear and 
cytosolic fractions of glioma cells were sepa-
rated using the AmbionPARISTM Kit (AM1921, 
Thermo Fisher, USA). Then the expression of 
LINC00312 in the cytoplasmic and nuclear 
fractions was examined by quantitative real-
time polymerase chain reaction (qRT-PCR).  
The miRNAs with binding site that binds to 
LINC00312 were predicted by the LncRNA  
SNP database. Later, the 3’UTR fragment of 
LINC00312 was double-digested and insert- 
ed into the pMIR-REPORTTM luciferase vector 
to construct the LINC00312 wild-type (WT) 
sequence. The mutation at the binding site 
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complexes were added to the cells for  
routine culture. Subsequent experiments 
were performed 48 h after transfection.

Quantitative real-time PCR detection

Total RNA was extracted from glioma tu- 
mor tissues of glioma patients and nor- 
mal brain tissues of patients with cranio-
cerebral trauma using the Trizol kit 
(15596026, Thermo Fisher, USA). After 
that, cDNA was synthesized using rever- 
se transcription reagent kits (11141ES- 
10, Shanghai Yeasen Biotechnology Co., 
Ltd., China). Then the cDNA was inactivat-
ed at 90°C for 5 min for subsequent PCR 

Table 1. Quantitative real-time PCR sequence
Gene Primer sequences
LINC00312 Forward: 5’-CTCTCCATTGGGTTCACCATTC-3’

Reverse: 5’-GCGGCAGGTCTTAAGAGATGAG-3’
miR-21-3p Forward: 5’-GCGGAGAGGGCCCACAGTG-3’

Reverse: 5’-TGGTGTCGTGGAGTCG-3’
GAPDH Forward: 5’-TCCACCACCCTGTTGCTGTA-3’

Reverse: 5’-ACCACAGTCCATGCCATCAC-3’
U6 Forward: 5’-TCCGGGTGATGCTTTTCCTAG-3’

Reverse: 5’-TTTGCGGTGGAAATGTCCTTTTC-3’
Note: LINC00312: Long intergenic non-coding RNA 00312; miR-
21-3p: microRNA-21-3p; GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase.

between LINC00312 and miR-21-3p was per-
formed to construct the mutant-type (MUT) 
sequence. The WT gene fragment and MUT 
gene fragment were co-transfected with miR-
21-3p and NC into 293T cells, respectively 
using L LipofectamineTM 3000 (L3000001, 
Thermo Fisher, USA) according to the instruc-
tion. Luciferase activity was detected with 
Dual-Luciferase kit (D0010-100T, Beijing Suo- 
lai Bao Technology Co., Ltd., China) and auto-
matic chemiluminescence apparatus (Dxl800, 
Beckman Coulter, USA).

Cell grouping and transfection

The glioma cells with the lowest LINC00312 
expression and the highest miR-21-3p expres-
sion were selected for grouping, as follows: 
blank group (without transfection), vector group 
(transfected with empty plasmid), LINC00312 
group (transfected with LINC00312 overexpre- 
ssion plasmid), sh-LINC00312 group (transfe- 
cted with sh-LINC00312 plasmid), miR-21-3p 
group (cells transfected with miR-21-3p over- 
expression plasmid), and LINC00312 + miR-21-
3p group (transfected with LINC00312 and 
miR-21-3p overexpression plasmid). All plas-
mids were purchased from Thermo Fisher Sci- 
entific, Inc. The transfection of each group was 
performed according to the instructions of 
LipofectamineTM 3000. When the cell conflu-
ence reached 70-90%, 5 μL Opti-MEM medium 
was mixed with 0.15 μL LipofectamineTM 3000 
reagent as solution A; 0.15 μg DNA and 10 μL 
Opti-MEM was mixed with 0.4 μL P3000TM re- 
agent as solution B, then solution A and solu-
tion B were mixed and incubated at room tem-
perature for 15 min. Finally, the DNA-liposome 

reactions. qRT-PCR reactions were completed 
using the qRT-PCR kit (125940255, Thermo 
Fisher, USA). The qRT-PCR reaction system  
was 10 μL, and the reaction conditions were 
95°C for 3 min followed by 40 cycles of 90°C 
for 30 s, and 60°C for 30 s. The process was 
conducted according to the kit instructions. 
This method was also suitable for cell experi-
ments. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as the internal re- 
ference of LINC00312, and U6 was used as  
the internal reference of miR-21-3p. Primer se- 
quences are presented in Table 1.

Western blot analysis

An appropriate amount of protein lysate was 
added to cells, and then the cells were lysed 
fully with the lysate on ice for 30 min. After to- 
tal protein extraction, detection of protein con-
centration was performed with the BCA kit 
(PC0020, Beijing Suolai Bao Technology Co., 
Ltd., China), after which, the protein samples 
were boiled to denature. After SDS-PAGE gel 
electrophoresis, the proteins were transferred 
to nitrocellulose membranes by wet transfer 
method, then the membranes were blocked 
with 5% defatted milk powder for 2 h. After  
that, primary antibodies were added, including 
anti-Vimentin (1:2000, ab92547, Abcam, UK), 
E-cadherin (1:1500, ab233611, Abcam, UK), 
N-cadherin (1:5000, ab76011, Abcam, UK), 
MMP-2 (1:1500, ab86607, Abcam, UK) and 
MMP-9 (1:1500, ab76003, Abcam, UK). After 
incubation at 4°C overnight, secondary anti-
body anti-IgG was added (ab150077, Abcam, 
UK). Incubation for 30 min at room tempera- 
ture was followed. After development in elec-
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tro-chemi-luminescence (ECL) developing solu-
tion (PE0010, Beijing Suolai Bao Technology 
Co., Ltd., China), the results were observed 
under an inverted microscope. GAPDH was se- 
lected as an internal reference, and the ratio  
of the gray value of the target band to that of 
GAPDH band was calculated to express the 
results.

MTT assay

The transfected mouse endothelial progenitor 
cells were inoculated in 96-well plates at 10× 
103 cells per well. Three complex holes were 
set for each group, and then the cells were  
cultivated in an incubator at a constant tem-
perature of 37°C and 5% CO2. Each well was 
loaded with 20 μL of a 5 mg/mL MTT solution 
(M1025, Beijing Suolai Bao Technology Co., 
Ltd., China) prepared in the phosphate buffer 
saline (PBS) at 24 h, 48 h, and 72 h. After 4 h  
of culture, the culture was terminated and 
dimethylsulfoxide (DMSO) (D8371, Beijing Suo- 
lai Bao Technology Co., Ltd., China) was added 
into each well. After shaking and mixing, the 
optical density (OD) value of each well was 
measured at 490 nm wavelength using a mi- 
croplate reader (51119570, Thermo Fisher, 
USA). The experiment was repeated 3 times.

Transwell detection

Cells from each group were cultured with 
serum-free medium (N6010, Beijing Suolai Bao 
Technology Co., Ltd., China) for 24 h. Next, 200 
µL of cells were inoculated into the upper com-
partment of Transwell chamber, and the lower 
chamber was added with the DMEM medium 
containing 10% fetal bovine serum. The cham-
bers were cultured at 37°C in an atmosphere 
containing 5% CO2 for 24 h. Then, the cells were 
washed with PBS, fixed with paraformaldehyde, 
and stained with crystal violet (C8470, Beijing 
Suolai Bao Technology Co., Ltd., China). Finally, 
the staining was observed under the micros- 
cope.

Flow cytometry

The endothelial progenitor cells after trans- 
fection for 48 h were placed into a centrifuge 
tube. After washing with PBS, an appropriate 
amount of trypsin cell digestive fluid was added. 
After digestion, the cells were centrifuged for 5 
min and the supernatant was discarded. The 

Annexin-V-FITC/PI kit was used to stain the 
cells in the dark. The staining solution was pre-
pared according to the instructions of the apop-
tosis detection kit (BL1141, Beijing Baiolaibo 
Technology Co., Ltd., China). Cells were resus-
pended at a concentration of 1×106 cells per 
100 μL staining solution. The apoptosis of cells 
was determined by flow cytometry (CytoFLEX, 
Beckman Coulter, USA).

Statistical analysis

SPSS 21.0 software was used to analyze the 
measurement data. Each experiment was re- 
peated at least 3 times to calculate the mean 
and standard deviation (SD). All data were test-
ed for normality and homogeneity of variance. 
T-test was used for comparisons between two 
groups, and one-way ANOVA test was used for 
multiple group comparison; LSD method was 
used for further comparison. The rank data we- 
re analyzed by the rank-sum test for pairwise 
comparisons. P<0.05 was considered statisti-
cally significant.

Results

The expression of LINC00312 was reduced 
while the expression of miR-21-3p was in-
creased in glioma

The expressions of miR-21-3P and LINC00312 
were detected by qRT-PCR. Compared with nor-
mal brain tissues, the expression of miR-21-3p 
in glioma tissues was upregulated, while the 
expression of LINC00312 was suppressed (all 
P<0.05, Figure 1A and 1B). Relative to HEB, 
the expression of LINC00312 was suppressed 
while the expression of miR-21-3p was enhan- 
ced in the U251, A127, and U87 glioma cell 
lines (all P<0.05). Furthermore, among these 
glioma cell lines, U251 cells exhibited the low-
est LINC00312 expression but the highest  
miR-21-3p expression (all P<0.05, Figure 1C 
and 1D). Therefore, the U251 cell line was se- 
lected for subsequent experiments. See Figure 
1.

LINC00312 can inhibit the proliferation, inva-
sion, and epithelial-mesenchymal transition 
(EMT) of U251 glioma cells and promote cell 
apoptosis

To explore the effect of LINC00312 in glioma 
cells, intervention in the expression of LINC- 
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3p group was increased and the cell apoptosis 
rate was inhibited compared with the blank 
group (all P<0.05), while the opposite was 
found for the LINC00312 group (all P<0.05). 
There was no statistical difference between  
the blank group and LINC00312 + miR-21-3p 
group as well as between the blank group and 
vector group (P>0.05). See Figure 4.

LINC00312 can rescue the effect of miR-21-
3p on the invasion of glioma cells

The results of the invasion of glioma cells (Fig- 
ure 5A) and the expressions of MMP-2 and 
MMP-9 (Figure 5B) showed that compared with 
the blank group, invasion and the expressions 
of MMP-2 and MMP-9 were suppressed in the 
cells of LINC00312 group (all P<0.05), while 
the opposite was found for the miR-21-3p group 
(all P<0.05). There was no statistical signifi-
cance in all indicators between LINC00312 + 
miR-21-3p group and blank group (all P>0.05), 
indicating that LINC00312 can rescue the ef- 
fect of miR-21-3p on cell invasion in glioma. 
Moreover, there was no statistical difference  
in all indicators between the vector group and 
blank group (all P>0.05). See Figure 5.

00312 in glioma cells as well as grouping we- 
re performed. The results showed that com-
pared with the blank group, cells in the LINC- 
00312 group exhibited proliferation inhibition 
(Figure 2A), increased apoptosis (Figure 2B), 
decreased cell invasion (Figure 2C), reduced 
N-cadherin, Vimentin, MMP-2, MMP-9 expres-
sion and increased E-cadherin (Figure 2D and 
2E) (all P<0.05), while the opposite was found 
for the sh-LINC00312 group (all P<0.05). There 
was no statistical difference between vector 
group and blank group (all P>0.05).

LINC00312 can act as a molecular sponge to 
adsorb miR-21-3p

The LncLocator prediction results revealed a 
higher expression level of LINC00312 in the 
cytoplasm. LINC00312 expression was obser- 
ved in the cell cytoplasm and nucleus after 
nucleus-cytoplasm separation, indicating that 
LINC00312 might exert ceRNA function. There- 
fore, this study focused on the effect of LINC- 
00312 as a ceRNA to adsorb miR-21-3p in glio-
ma. The prediction results of the LncRNA SNP 
database suggested the presence of binding 
sites between LINC00312 and miR-21-3p. A 

Figure 1. Expression of LINC00312 and miR-21-3P in glioma. A: Expression 
of LINC00312 in cancer tissues and normal brain tissues; B: Expression 
of miR-21-3p in cancer tissues and normal brain tissues; C: Expression of 
LINC00312 in each cell line; D: Expression of miR-21-3p in each cell line. 
Compared with HEB, ^P<0.05; compared with U251, &P<0.05. LINC00312: 
Long intergenic non-coding RNA 00312; miR-21-3p: microRNA-21-3p; HBE: 
Human normal brain glial cell line.

dual luciferase report assay 
indicated that compared with 
the co-transfection group of 
DC and LINC00312 WT frag-
ment, the luciferase activity 
was significantly inhibited in 
the co-transfection group of 
miR-21-3p and LINC00312 WT 
fragment (P<0.05). There was 
no statistical difference in lu- 
ciferase activity between the 
co-transfection group of DC 
and LINC00312 WT fragment 
and the co-transfection group 
of miR-21-3p and LINC00312 
MUT fragment (P>0.05). See 
Figure 3.

miR-21-3p can reverse the 
effect of LINC00312 on cell 
proliferation and apoptosis in 
glioma

MTT assay (Figure 4A) and flow 
cytometry (Figure 4B) findings 
suggested that the cell prolif-
eration activity in the miR-21-
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Figure 2. Upregulation of LINC00312 can inhibit cell proliferation, invasion, and EMT and promote cell apoptosis. A: OD value; B: Cell apoptosis; C: Cell invasion 
(200×); D: Expressions of MMP-2 and MMP-9 proteins in each group; E: Expressions of EMT-related factors in each group. Compared with blank group, *P<0.05. 
LINC00312: Long intergenic non-coding RNA 00312; miR-21-3p: microRNA-21-3p; EMT: Epithelial-mesenchymal transition; GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase; OD: Optical density.
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Figure 3. LINC00312 can act as a molecular sponge to adsorb miR-21-3p. A: Expression of LINC00312 in cytoplasm 
and nucleus; B: Targeting binding sites between LINC00312 and miR-21-3p; C: Dual-luciferase reporter assays re-
sult. Compared with the co-transfection group of NC and LINC00312-Fragment-WT, #P<0.05. miR-21-3p: microRNA-
21-3p; WT: Wild-type; MUT: Mutant-type.

mi-R21-3p can reverse the effect of 
LINC00312 on the expressions of EMT-related 
factors in glioma cells

The results of the Vimentin, N-cadherin, and 
E-cadherin expression in glioma cells in each 
group showed that compared with the blank 
group, there was higher E-cadherin expression 
but lower Vimentin and N-cadherin expressions 
in the LINC00312 group (all P<0.05), while the 
opposite was found for the miR-21-3p group (all 
P<0.05). There was no significant difference in 
all indicators among vector group, LINC00312 
+ miR-21-3p group, and blank group (all P> 
0.05). See Figure 6.

Discussion

It was found that the 5-year survival rate of 
patients with glioma is lower than 5% after 
comprehensive chemoradiotherapy. Therefore, 
it is imperative to develop new potential targets 
for the diagnosis and treatment of glioma [18-
21]. Studies have found that dysregulation of 
LncRNAs expression will not only affect the 
regulation of eukaryotic genomes, but also the 
growth of malignant cells [22-25]. As a long 
non-coding RNA, LINC00312 can suppress the 
progression of breast cancer by regulating 
miR-9/CDH1 [26]. 

Previous research found that LINC00312 was 
upregulated in lung adenocarcinoma and can 
induce the migration and angiogenesis of can-
cer by directly binding to YBX1 [27]. However, 
the effect of LINC00312 in glioma has not  
been confirmed. In our study, the expressions 
of LINC00312 in normal and diseased tissues 
were detected, and the results showed that 

LINC00312 expression was downregulated in 
the cancer tissues.

The theory of competitive endogenous RNA 
(ceRNA) reveals a new biological mechanism 
about RNA interactions, and ceRNA functions 
in the cell by competitive binding to miRNA [28-
30]. For example, the study by Luo et al. found 
that LncRNA CASC11 can promote cell prolifer-
ation of bladder cancer cells by acting as a 
ceRNA for miR-150 [31]. Research has also 
found LncRNA CCAT1 can promote the deve- 
lopment of glioma by adsorbing miR-181b [32]. 
In our study, through nucleic-cytoplasmic sepa-
ration experiment, we found that LINC00312 
was distributed in both cytoplasm and nucleus 
and exerted function as a ceRNA. Subsequent- 
ly, through dual luciferase reporter assays, we 
found that LINC00312 could target miR-21-3p. 
High expression of miR-21-3p in glioma tissues 
and cells was observed through tissue and cell 
experiments.

We also found that LINC00312 could enhance 
the E-cadherin expression and reduce the N- 
cadherin, Vimentin, MMP-2, and MMP-9 ex- 
pressions in glioma cells, whereas the activa-
tion of miR-21-3p exerted the opposite effect, 
which can be reversed by LINC00312 overex-
pression. E-cadherin, N-cadherin, and Vimentin 
are common markers associated with EMT, and 
MMP-2 and MMP-9 are markers related to cell 
invasion. EMT is characterized by the upregula-
tion of N-cadherin and Vimentin expressions as 
well as the downregulation of E-cadherin ex- 
pression. EMT can significantly change the epi-
thelial cell shape and enhance the motility of 
epithelial cells, thereby enhancing tumor cell 
metastasis, chemoresistance, and tumor stem-
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Figure 4. Results of cell proliferation and apoptosis in each group. A: Cell proliferation; B: Cell apoptosis. Compared with blank group, *P<0.05. LINC00312: Long 
intergenic non-coding RNA 00312; miR-21-3p: microRNA-21-3p; OD: Optical density.
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which have an influence on de-adhesion of 
cells and are involved in cancer cell metasta- 
sis and invasion [37]. It was found that MMP-2 
and MMP-9 can degrade type IV collagen, and 
the expression levels of MMP-2 and MMP-9 in 
the cancer tissues are higher than those in the 
adjacent tissues [38]. Therefore, it is presum- 
ed that LINC00312 and miR-21-3p can sup-
press glioma cell invasion and EMT by influenc-
ing the expressions and roles of the above fac- 
tors.

According to previous studies, miR-21 can inhi- 
bit the growth of glioma cells by targeting NF- 

Figure 5. Results of glioma cell invasion. A: Cell invasion in each group (200×); B: Expressions of MMP-2 and MMP-9 
in each group. Compared with blank group, *P<0.05. LINC00312: Long intergenic non-coding RNA 00312; miR-21-
3p: microRNA-21-3p; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

ness [33]. E-cadherin belongs to the cadherin 
family together with N-cadherin. E-cadherin is 
involved in the homotypic intercellular adhe- 
sion and the maintenance of cell polarity, whi- 
ch plays an essential role in the maintenance  
of morphology and structural integrity of epi- 
thelial cells, while N-cadherin has the opposite 
effect, which can promote tumor infiltration and 
metastasis [34]. Vimentin is a cytoskeleton pro-
tein widely distributed in various interstitial 
cells but is not expressed in normal epithelial 
cells [35, 36]. MMPs are a class of proteolytic 
enzymes able to degrade the extracellular 
matrix and the basal membrane components, 
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Figure 6. Expressions of EMT-related factors of glioma cells in each group. A: Protein bands of EMT-related fac-
tors in each group; B: Quantitative results of protein expressions of EMT-related factors in each group. Compared 
with blank group, *P<0.05. LINC00312: Long intergenic non-coding RNA 00312; miR-21-3p: microRNA-21-3p; EMT: 
Epithelial-mesenchymal transition; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

κB or PTEN signaling pathways [39, 40]. LINC- 
00312/miR-21/PTEN signaling pathway has 
also been reported to play a role in the prolif-
eration and progression of colorectal cancer 
cells [12]. Although the downstream targets of 
LINC00312/miR-21-3p signaling pathway in 
glioma have not yet been clearly identified, we 
speculated that LINC00312/miR-21-3p signal-
ing pathway may have an effect on glioma by 
affecting the expression of downstream PTEN. 
In addition, miR-21 has been found to promote 
glioma progression by regulating the SPRY1  
target and to modulate immune escape of glio-
ma cells by targeting PEG3 [41, 42]. We, there-
fore, speculated that the effect of LINC00312/
miR-21-3p on glioma may be achieved by regu-
lating downstream targets including PTEN, 
SPRY1, and PEG3, but the specific mechanism 
remains to be further verified.

To sum up, in this study, we found that LINC- 
00312 could act as a molecular sponge to 
adsorb miR-21-3p, thus regulating glioma cell 
proliferation, invasion, and EMT, playing a role 
in the inhibition of glioma cells. We hope more 
studies would be performed on glioma to ex- 
plore more underlying mechanisms and effec-
tive potential targets for clinical diagnosis and 
treatment.
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