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A b s t r a c t

Introduction: Cyclin Dependent Kinase Inhibitor 2A (CDKN2A) is involved in glioma progression, but the specific molecular 
mechanism of CDKN2A in glioma cell migration and invasion needs to be further explored. 
Material and methods: Data related to CDKN2A expression and glioma overall survival were obtained from The Cancer 
Genome Atlas (TCGA) database. Then, CDKN2A expression in glioma tissues/cells or paracancer tissues/astrocytes was 
measured by quantitative reverse transcription polymerase chain reaction (qRT-PCR) or Western blot. Afterwards, Wound 
healing, Transwell and tube formation assay were performed to identify the invasion, migration and angiogenesis of glioma 
cells, respectively. TargetScan database predicted the targeted binding between miR-484 and CDKN2A, which was verified 
by dual luciferase reporter gene assay. Western blot and qRT-PCR were performed to detect the expression of VEGF, E-cad-
herin, N-cadherin and Vimentin in glioma cells.
Results: CDKN2A was low-expressed in glioma tissue/cells as compared to paracancer tissue/astrocytes, and was strongly 
associated to the poor prognosis of glioma. Further studies found that down-regulation of CDKN2A could promote migra-
tion, invasion and angiogenesis of glioma cells. Besides, miR-484 was high-expressed in glioma cells compared to astro-
cytes. Up-regulation of miR-484 could enhance migration, invasion and angiogenesis of glioma cells. In addition, up-regu-
lated miR-484 suppressed the expression of E-cadherin, and promoted the expression of N-cadherin, Vimentin and VEGF. 
However, there was negative regulation of miR-484 and CDKN2A, and CDKN2A could partially offset the effect of miR-484.
Conclusions: MiR-484 promoted cell migration, invasion and angiogenesis by inhibiting CDKN2A expression.
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Introduction
Gliomas, which originate from glial cells in the brain, 

are the most common intracranial tumours (accounting 
for about 46% of intracranial tumours) [6,29,35]. Gen-
erally, the glioma often occurs at the age of 10-20 or 
30-40. The symptoms of early glioma are not obvious, 
and the malignant degree of advanced glioma is very 
high [13,14]. Despite great progress in the treatment 
of glioma, the survival rate of glioma patients is still 
not very high, and the median survival time is only 

15 months [1,8,12]. Therefore, new target therapeutic 
molecules and treatments have been promoted to be 
of vital importance.

Cyclin Dependent Kinase Inhibitor 2A (CDKN2A) is 
a  protein-coding gene that is frequently deleted and 
mutated in a variety of tumours and is considered as an 
important tumour suppressor gene [25]. Studies have 
shown that CDKN2A is homozygous deficient in 50% 
of tumours, and low expression of CDKN2A is close-
ly related to poor prognosis of the tumours [3]. Thus, 
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CDKN2A has a definite role in glioma. A meta-analysis 
of 24,077 patients by Qi et al. showed that CDKN2A/B 
RS4977756 polymorphism could increase the risk of 
glioma [22]. Besides, CDKN2A has been shown to act 
as a  negative regulator of cell proliferation through 
strong interactions with CDK4 and CDK6 [26]. However, 
the metastasis of glioma cells is an important factor in 
the poor prognosis of glioma [26]. Whether CDKN2A is 
involved in the migration and invasion of glioma cells 
needs further investigation.

MiR-484 is a non-coding short RNA (20-24 nt) that 
generally participates in the post-transcriptional reg-
ulation of gene expression in multicellular organisms 
by affecting the stability and translation of mRNA [7].  
The study of Yi et al. suggested that miR-484 was neg-
atively correlated with the overall survival of glioma 
patients [34]. Bioinformatics provides evidence that 
miR-484 could bind to CDKN2A. Perhaps miR-484 could 
negatively regulate CDKN2A involvement in glioma pro-
gression.

We hypothesized that miR-484 could target CDK-
N2A, thereby regulate the progression of glioma. This 
study aimed to explore the action mechanism of miR-
484 and CDKN2A in the development of glioma, and to 
provide a theoretical basis for the diagnosis and preci-
sion treatment of glioma.

Material and methods 

Ethics statement
The glioma tissues and its adjacent tissues were ob- 

tained from 65 glioma patients diagnosed in the First 
Affiliated Hospital of China Naval Medical University 
between March 2019 and March 2020. The study has 
been approved by the Ethics Committee of the First 
Affiliated Hospital of China Naval Medical University. 
Prior to tissue collection, all patients had signed in- 
formed consent.

Bioinformatics analysis
The CDKN2A expression profiles of glioma were 

analysed based on TCGA (The Cancer Genome Atlas) 
(http://cancergenome.nih.gov/) datasets [5]. The latest 
mRNASeq data for glioma were used for the survival 
analysis. miRanda (www.microrna.org) and TargetScan 
(http://www.targetscan.org/vert_72/) were performed 
to predict the relationship of CDKN2A and miR-484 [19]. 

Cell culture
The cell lines of HUVECs and human glioma cell lines 

(T98G, A172, LN-229 and U-87MG) were obtained from 
ATCC (Shanghai, China), while normal astrocytes (HEB 
and NHA) and human glioma cell line (U-251MG) were 

purchased from Shanghai Cell Bank (Shanghai, China). 
All cells were maintained in DMEM (12491-015, Gibco, 
USA) medium containing 10% foetal bovine serum 
(FBS, 10099-141, Gibco, USA) and 1% penicillin-strep-
tomycin (15070063, Gibco, USA) in an incubator of  
5% CO2 at 37°C.

Cell transfection
MiR-484 inhibitor (miR20002174-1-5, RIBOBIO, Chi-

na), inhibitor control (miR0190520020126, RIBOBIO, 
China), miR-484 mimics (miR10002174-1-5, RIBO-
BIO, China) and mimics control (miR1N0000001-1-5,  
RIBOBIO, China) were purchased from RIBOBIO 
(Guangdong, China), while si-NC (5’-UUCUCCGAAC-
GUCACGU-3’), siCDKN2A (5’-GCGCUGCCCAACGCAC-
CGAAU-3’), NC (C05001) and CDKN2A (NM_000077.5) 
were designed and constructed by GenePharma 
(Shanghai, China). The cells of LN-229 and U-251MG 
were cultured in low-FBS DMEM medium (without 
penicillin-streptomycin) in an incubator (5% CO2, 
37°C) for 24 h. The cells were planted on a  6-well 
plate with 3 × 105 cells/well. Cell transfection begins 
when the degree of cell fusion reaches 70-80%. Brief-
ly, 10 μl of Lipofectamine 2000 (Lipo-2000; 11668-
027, Invitrogen, USA), 4 μg of si-NC, siCDKN2A,  
NC, CDKN2A, scramble (mimics control/inhibitor con-
trol), miR-484 mimics and miR-484 inhibitor were dilut-
ed with 250 μl of Opti-MEM, respectively. After incuba-
tion for 5 min, si-NC, siCDKN2A, CDKN2A, NC, scramble 
(mimics control/inhibitor control), miR-484 mimics and 
miR-424-5p inhibitor and Lipo-2000 were mixed at 
room temperature for 20 min. Afterwards, the mixture 
was added to the medium for 6 h and then replaced. 

Quantitative reverse transcription 
polymerase chain reaction (qRT-PCR)
Total RNA isolation was done using Trizol reagent 

(15596-018, Invitrogen, USA). However, the total miR-
NAs isolated by miRcute miRNA Isolation Kit (DP501, 
Tiangen, China) provided by Tiangen (Beijing, China). 
The purity of RNA was determined by a NanoDrop8000 
spectrophotometer and the RNA samples used in 
this study reached 1.8-2.0 (A260/280). Then, the RNA 
reverse transcribed into cDNA using a Revert Aid First 
Strand cDNA synthesis kit (RR047AA, TaKaRa, Japan), 
and miRNA reverse transcribed into cDNA using the 
Bulge-Loop miRNA qRT-PCR Starter Kit. The sequences 
of CDKN2A and miR-484 was shown in Table I. GAPDH 
was the internal control of CDKN2A, VEGF, E-cadherin, 
N-cadherin and Vimentin, while U6 was the internal 
control of miR-484, miR-760, miR-155, miR-566. The 
progress of qPCR is as follows: the cDNA was diluted to 
double the volume, and 2 μl cDNA dilution solution was 
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added to 10 μl SYBR Premix Ex TaqIITM (2×) (RR036A, 
TaKaRa, Japan). Afterwards, 0.2 mol/l primers were fol-
lowed to add into the reaction system. Finally, the 20 μl 
reaction system is filled with double distilled water. The 
modified system was amplified in 7900 Real-Time PCR 
System (Biosystems, Foster City, USA) with the reaction 
conditions: 95°C for 30 s; 40 cycles include: 95°C for 5 s  
and 60°C for 30 s.

Western blot
The total protein was extracted from tissues and 

cells by RIPA reagent (P0013B, Beyotime Biotechnology, 
China) containing 1% protease inhibitor (P1030, Beyo-
time Biotechnology, China) and 2% phosphatase inhib-
itor (P1081, Beyotime Biotechnology, China). Then, BCA 
kit (P0012, Beyotime Biotechnology, Shanghai, China) 
was performed to measure the concentration of these 
samples. Afterwards, 30 μg of sample protein was 

resolved by 10% SDS-PAGE (sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis) (P0690, Beyotime 
Biotechnology, China) and the marker (PR1910, Solar-
bio, China) was used to mark the molecular weight 
of the protein. The proteins were then transferred 
to polyvinylidene fluoride membrane (ISEQ00010/
IPVH00010, MILLIPORE, USA). The membrane was 
blocked by 5% skimmed milk. After incubation for  
1 h, the membrane was washed by TBST for 5 min and 
incubation by primary antibodies (CDKN2A: ab201980, 
1 : 1000, Abcam; VEGF: ab46154, 1 : 5000, Abcam; 
E-cadherin: ab40772, 1 : 20,000, Abcam; N-cadher-
in: ab18203, 1 : 1000, Abcam; Vimentin: ab92547,  
1 : 2000, Abcam; GAPDH: ab8245, 1 : 5000, Abcam) at 
4°C overnight. The second day, primary antibody was 
recycled. Then, membrane was washed by TBST for  
4 times (for 5 min each) and incubated with the second-
ary antibody (ab6721, 1 : 10000, Abcam) (incubated for 
1 h at room temperature). Finally, the enhanced chemi-

Table I. Specific primer sequences for qRT-PCR

Gene Primer sequence Species

miR-484 5’-GTCGTATCCAGTGCGTGTCGTGGAGTCGGC
AATTGCACTGGATACGACATCGGG-3’ (RT)

5’-GCCGAGTCAGGCTCAGTCCCCT-3’
5’-CAGTGCGTGTCGTGGAGT-3’

Human

miR-760 5’-GTCGTATCCAGTGCGTGTCGTGGAGTCGGC
AATTGCACTGGATACGACTCCCCA-3’ (RT)

5’-TCGGCAGGCGGCTCTGGGTCT-3’
5’-CAGTGCGTGTCGTGGAGT-3’

Human

miR-155 5’-GTCGTATCCAGTGCGTGTCGTGGAGTCGGC
AATTGCACTGGATACGACAACCCC-3’ (RT)

5’-GCCGAGTTAATGCTAATCGTGA-3’
5‘-GGCCAACCGCGAGAAGATGTTTTTTTT -3’

Human

miR-566 5’-GTCGTATCCAGTGCGTGTCGTGGAGTCGGC
AATTGCACTGGATACGACGTTGGG-3’ (RT)

5’-TCGGCAGGGCGCCTGTGATCCC-3’
5’-CTCAACTGGTGTCGTGGA-3’

Human

U6 5’-GTTGGCTCTGGTGCAGGGTCCGAGGTATTCG
CACCAGAGCCAACAAAATATGG-3’ (RT)
5’-ATTGGAACGATACAGAGAAGATT-3’

5’-GGAACGCTTCACGAATTTG-3’

Human

CDKN2A 5’-CAACGCACCGAATAGTTACGG-3’
5’-AACTTCGTCCTCCAGAGTCGC-3’

Human

VEGF 5’-AGGGCAGAATCATCACGAAGT-3’
5’-AGGGTCTCGATTGGATGGCA-3’

Human

E-cadherin 5’-CGAGAGCTACACGTTCACGG-3’
5’-GGGTGTCGAGGGAAAAATAGG-3’

Human

N-cadherin 5’-TCAGGCGTCTGTAGAGGCTT-3’
5’-ATGCACATCCTTCGATAAGACTG-3’

Human

Vimentin 5’-GACGCCAYCAACACCGAGTT-3’
5’-CTTTGTCGTTGGTTAGCTGGT-3’

Human

GAPDH 5’-CCACTCCTCCACCTTTGAC-3’
5’-ACCCTGTTGCTGTAGCCA-3’

Human
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luminescence solution (WBKLS0500, MILLIPORE, USA) 
was added to the band and the strip was visualized by 
the detection system. Image J (1.8.0, National Institutes 
of Health, Germany) is used to analyse the grey value  
of the strip.

Wound healing assay
The cells were seeded in a  6-well plate with  

3 × 105 cells/well. When cells fusion reached 80-90%, 
the wounding healing assay was begun. A pipette tip 
(200 μl) was used to cause the wound, and the damage 
cells were washed out by PBS. Afterwards, the cells were 
continued to be cultured in an incubator (5% CO2, 37°C) 
with FBS-free DMEM medium. The wound distance was 
recorded by invert microscope (100×) (NIB620, Boshi-
da, China) at 0 h and 24 h. The scratch-healing areas 
were calculated using Image J and the following for-
mula: Scratch-healing (%) = (initial scratch area – final 
scratch area)/initial scratch area × 100.

Transwell assay
The Bio-Coat Cell Migration Chamber (Corning, 

Corning, NY, USA) containing a 24-well plate containing 
an 8 μm-pore filter cell culture insert was performed 
in this assay. Firstly, 70 μl of matrix glue (diluted with 
DMEM: 1 : 4) was spread on the upper chamber and 
then incubated in the incubator for 3 h. Then, 3 × 105 
cells were re-suspended with 500 μl FBS-free DMEM 
medium and transferred to the upper chamber. Mean-
while, 500 μl DMEM (including 20% FBS) was placed 
in the lower chamber. The chambers were continued 
incubation in the incubator (5% CO2, 37°C) for 24 h. 
Afterwards, the non-invasive cells were rubbed by 
a  cotton swab and the invasive cells were fixed with 
4% paraformaldehyde (P0099-100 ml, Beyotime Bio-
technology, China) for 20 min and stained with crys-
tal violet (C0121, Beyotime Biotechnology, China) for  
30 min. Cell counts were recorded for randomly select-
ed cells from 5 microscope fields (100×) (NIB620, 
Boshida, China).

Tube formation assay
Firstly, Matrigel (BD Biosciences, MA, USA) was 

spread on 96-well plates and incubated for 1 h at 37°C. 
Then, the medium of culture transfected cells for 24 h 
were re-suspended HUVECs cells. Afterwards, 100 μl 
of HUVECs (1.5 × 105 cells/ml) were implanted in the 
96-well plates (coated with matrix glue). The plates 
continued incubation at 37°C for 4 h, the presence of 
tubular structures was observed by an inverted micro-
scope (NIB620, Boshida, China). The length of the tube 
was calculated using image J software (1.8.0, National 
Institutes of Health, Germany).

Dual-luciferase reporter gene assay
NCBI (https://www.ncbi.nlm.nih.gov/) provided the 

3’-UTR sequence of CDKN2A, and then the 3’-UTR 
sequence was connected with the pmirGLO luciferase 
vector (E1751, Promega, USA) to conduct the pmirGLO- 
CDKN2A-3’-UTR recombinant. Point mutations were 
generated in the miR-484 binding site of the CDKN2A  
and produced pmirGLO-CDKN2A-3’-UTR-MUT. 

LN-229 and U-251MG cells were cultured in a 96-well 
plate. When the degree of cell fusion reaches 60-80%, 
the reporter gene constructs (pmirGLO-CDKN2A-3’-UTR 
and pmirGLO-CDKN2A-3’-UTR-MUT) and miR-484 mim-
ics could be co-transfected into the cells. The cells were 
collected and the luciferase activity was determined 
according to the manufacturer’s recommendations 
using the dual luciferase reporter gene detection system 
(E2940, Promega, USA) after being transfected for 24 h.

Immunohistochemistry
The brain tissue was fixed in 4% paraformaldehyde, 

embedded in paraffin, and five-micron-thick sections 
were prepared. Sections were stained with an antibody 
against CDKN2A. Brown staining in cells was consid-
ered as positive signal.

Statistical analysis
The data of this study were analysed by SPSS19.0. 

All data were expressed as mean ±SD. One-way ANOVA 
was performed for multi-group comparison and then 
performed by Dunnett or Tukey test. The paired t-test 
was used for paired samples. P < 0.05 was considered 
to indicate statistically significant differences.

Results

CDKN2A is low-expressed in glioma 
tissues/cells, which is closely related 
to the good prognosis of glioma
The mRNA expression of CDKN2A and survival 

information of patients with glioma patients was 
download from the TCGA database. Overall survival 
curve revealed that glioma patients with low CDKN2A 
expression had a  shorter overall survival than those 
with high CDKN2A expression (Fig. 1A, p < 0.001). 
Then, the mRNA expression of CDKN2A in 65 pairs of 
glioma tissues/cells and normal paracancer tissues/
normal astrocytes were measured by qRT-PCR. As can 
be seen in Figure 1B and 1C, CDKN2A had low expres-
sion in glioma tissues as compared to adjacent tissue 
(p < 0.01). Besides, CDKN2A expression was lower in 
glioma cells, including T98G, A172, LN229, U-87MG 
and U-251MG cells, than that in normal astrocytes  
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Fig. 1. Low expression CDKN2A in glioma is closely related to the poor prognosis of glioma. A) TCGA data-
base was used to analyse the relationship between CDKN2A and the overall survival of glioma patients.  
B) The expression of CDKN2A in glioma tissues and adjacent tissues was detected by qRT-PCR; n = 65.  
* vs. Cancer, **p < 0.001. C) Immunohistochemical staining of CDKN2A in glioma and adjacent tissues using 
anti-CDKN2A antibody. Images were captured at 200×, scale bar: 100 μm. D) The expression of CDKN2A 
in glioma cells (A172, LN-229, T98G, U-251MG and U-87MG) and normal astrocytes (HEB and NHA) was 
detected by qRT-PCR; n = 3. ** vs. HEB, **p < 0.001.
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(Fig. 1D, p < 0.01). Notably, among these five cell lines, 
the expression of CDKN2A was the highest in LN-229 
and was the lowest in U-251MG. Thus, the two cell lines 
were performed as the subjects for later experiments. 

Down-regulation of CDKN2A  
enhanced the migration, invasion  
and angiogenesis of LN-229 cells
The expression of CDKN2A in LN-229 was the highest 

among the 5 glioma cells, so we down-regulated the CDK-

N2A expression to verify the effect of CDKN2A in LN-229 
cells. Both Western blot and qRT-PCR results showed 
that siCDKN2A reduced the expression of CDKN2A  
(Fig. 2A-C, p < 0.001). Then, we found that down-reg-
ulated CDKN2A could promote LN-299 cells migration 
and invasion by the Wound healing assay and Transwell 
assay (Fig. 2D, E, p < 0.001). Besides, we were surprised 
to find that siCDKN2A facilitated LN-299 cell angiogen-
esis (Fig. 2F, p < 0.001).

200×
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Fig. 2. Down-regulated CDKN2A expression enhanced LN-229 cell migration, invasion, and angiogenesis.  
A) Transfection efficiency of CDKN2A in LN-229 cells were detected by Western blot; n = 3. B) The signal 
intensities of CDKN2A were quantified; n = 3. C) Transfection efficiency of CDKN2A in LN-229 cells was 
detected by qRT-PCR; n = 3. D) Wound healing assay was used to detect the effect of CDKN2A on the migra-
tion of LN-229 cells. Scale: 100 μm, magnification: 100×; n = 3. ** vs. siNC, **p < 0.001.
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Fig. 2. Cont. E) Transwell assay was used to detect the effect of CDKN2A on the invasion of LN-229 cells. 
Scale: 100 μm, magnification: 100×; n = 3. F) Tube formation assay was used to detect the effect of CDKN2A  
on the angiogenesis of LC-229 cells. Scale: 200 μm, magnification: 200×; n = 3. ** vs. siNC, **p < 0.001.
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Up-regulation of CDKN2A decreased 
the migration, invasion and 
angiogenesis of U-251MG cells
It is no surprise that we chose up-regulation of 

CDKN2A to detect its role in U-251MG cells, because 
CDKN2A was the least expressed in U-251MG cells 
among the 5 glioma cells. We also performed Western 
blot and qRT-PCR to measure the transfection efficiency 
of CDKN2A over-expression plasmids. As listed in Fig-
ure 3A-C, the expression of CDKN2A was enhanced as 
compared to the control group (p < 0.001). Afterwards, 
we demonstrated that up-regulated CDKN2A would 
decrease the migration and invasion of U-251MG cells 
by the Wound healing and Transwell assay (Fig. 3D, E, 
p < 0.001). In addition, the angiogenesis of U-251MG 
cells was suppressed after CDKN2A over-expression 
(Fig. 3F, p < 0.001).

miR-484 targeted CDKN2A via direct 
binding
Four candidate miRNAs bound to CDKN2A were 

finally determined by miRDB and TargetScan data-
base. As shown in Figure 4A-D, miR-760, miR-155 and 
miR-566 were higher or lower expressed in human gli-
oma cell line than normal astrocytes, while miR-484 
was higher expressed in human glioma cell line than 
normal astrocytes (p < 0.01). Thus, among 4 miRNAs, 
only the expression of miR-484 was negatively cor-
related with CDKN2A, so we believe that miR-484 has 
a very important potential value in regulating CDKN2A  
(Fig. 4A-E, p < 0.001). Then, we verified the relationship 
of miR-484 and CDKN2A. As evident in Figure 4F and G,  
the luciferase activity of CDKN2A wild-type was low-
er than that of the CDKN2A and miR-484 binding site 
mutation group in both LN-229 and U-251MG cells  



256 Folia Neuropathologica 2023; 61/3

Yingrui Gu, Hongbing Lei, Peipei Ma, Yi Chen

Fig. 3. Up-regulated CDKN2A expression decreased U-251MG cells migration, invasion, and angiogenesis. 
A) Transfection efficiency of CDKN2A in U-251MG cells were detected by Western blot; n = 3. B) The signal 
intensities of CDKN2A were quantified; n = 3. C) Transfection efficiency of CDKN2A in U-251MG cells was 
detected by qRT-PCR; n = 3. D) Wound healing assay was used to detect the effect of CDKN2A on the migra-
tion of U-251MG cells. Scale: 100 μm, magnification: 100×; n = 3. ** vs. NC, **p < 0.001.
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Fig. 3. Cont. E) Transwell assay was used to detect the effect of CDKN2A on the invasion of U-251MG cells. 
Scale: 100 μm, magnification: 100×; n = 3. F) Tube formation assay was used to detect the effect of CDKN2A 
on the angiogenesis of U-251MG cells. Scale: 200 μm, magnification: 200×; n = 3. ** vs. NC, **p < 0.001.
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(p < 0.001). The results indicated that miR-484 could 
target CDKN2A.

MiR-484 enhanced migration, invasion 
and angiogenesis of LN-229 cells  
by inhibiting the expression of CDKN2A
MiR-484 mimics promoted the expression of miR-

484 (Fig. 5A, p < 0.001). CDKN2A overexpression had no 
effect on the expression of miR-484 (Fig. 5B, p < 0.001). 
Then, we found that miR-484 mimics could enhance 
the migration and invasion of LN-299 cells as compared 
to the control group. However, up-regulation of CDK-
N2A could partially counteract the effect of miR-484  
mimics (Fig. 5C, D, p < 0.001). Meanwhile, miR-484 
mimics could enhance the angiogenesis of LN-229 
cells as compared to the control group, and CDKN2A 
over-expression could partially offset the effect (Fig. 5E, 

p < 0.001, p < 0.05). Besides, the expression of E-cad-
herin was inhibited, while VEGF, N-cadherin and Vimen-
tin expressions were enhanced after LN-229 cells trans-
fected with miR-484 mimics. Up-regulation of CDKN2A 
would partially offset the changes of E-cadherin, VEGF, 
N-cadherin and Vimentin expression caused by miR-
484 mimics (Fig. 5F-H, p < 0.001). In summary, miR-484 
enhanced LN-229 cells migration, invasion and angio-
genesis by inhibiting the expression of CDKN2A.

Down-regulation of miR-484 decreased 
U-251MG cells migration, invasion  
and angiogenesis by promoting  
the expression of CDKN2A

The effect of miR-484 inhibitor was identified by 
qRT-PCR, and the results showed that miR-484 inhib-
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Fig. 4. miR-484 targeted CDKN2A via direct binding. A) The expression of miR-760 in glioma cells (A172, 
LN-229, T98G, U-251MG and U-87MG) and normal astrocytes (HEB and NHA) was detected by qRT-PCR; 
n = 3. ** vs. HEB, **p < 0.001. B) The expression of miR-484 in glioma cells (A172, LN-229, T98G, U-251MG 
and U-87MG) and normal astrocytes (HEB and NHA) was detected by qRT-PCR; n = 3. ** vs. HEB, **p < 0.001.  
C) The expression of miR-155 in glioma cells (A172, LN-229, T98G, U-251MG and U-87MG) and normal 
astrocytes (HEB and NHA) was detected by qRT-PCR; n = 3. ** vs. HEB, **p < 0.001. D) The expression of miR-
566 in glioma cells (A172, LN-229, T98G, U-251MG and U-87MG) and normal astrocytes (HEB and NHA) 
was detected by qRT-PCR; n = 3. ** vs. HEB, **p < 0.001. E) TargetScan predicts the binding sites of miR-484 
and CDKN2A.
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Fig. 4. Cont. F) Dual-luciferase reporter assay verified the targeted binding of miR-484 and CDKN2A in 
LN-229 cells; n = 3. ** vs. Mimics control, **p < 0.001. G) Dual-luciferase reporter assay verified the targeted 
binding of miR-484 and CDKN2A in U-251MG cells; n = 3. ** vs. Mimics control, **p < 0.001. 
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itor could decrease the expression of miR-484 (Fig. 6A,  
p < 0.001). Similarly, siCDKN2A had no effect on the 
expression of miR-484 (Fig. 6B, p < 0.001). After-
wards, we found that miR-484 inhibitor could decrease 
U-251MG cells migration, invasion and angiogenesis 
as compared to the control group. However, siCDKN2A 
attenuated the effect of miR-484 inhibitor on U-251MG 
cells migration, invasion and angiogenesis (Fig. 6C-E,  
p < 0.001). Besides, the expression of E-cadherin, VEGF, 
N-cadherin and Vimentin was also measured by West-
ern blot and qRT-PCR. As shown in Figure 6F-H, com-
pared to the control group, miR-484 inhibitor decreased 
the expression of VEGF, N-cadherin and Vimentin, while 
increased the expression of E-cadherin. Nonetheless, 
siCDKN2A partially counteract the changes of E-cadher-
in, VEGF, N-cadherin and Vimentin expression caused 
by miR-484 inhibitor (Fig. 6F-H, p < 0.001, p < 0.05).

Discussion
As a serious glioma, brain glioma has been a serious 

threat to people’s life and health. Current treatments 
for gliomas include radiation, chemotherapy (temo-
zolomide and PCV) or surgical resection, all of these 
methods are based on nonspecific targeting of prolifer-
ating cells [9]. However, gliomas are indistinguishable 
from normal tissue and are difficult to remove com-
pletely [30]. In addition, since glioma is not particularly 
sensitive to chemotherapy or radiation, it is very easy 
to relapse [17,37]. Therefore, glioma becomes one of 
the tumours with the worst prognosis, how to improve 
the therapeutic effect and prognosis of glioma has 
become a  focus of clinical attention [15]. Fortunately, 

specific molecular targeted therapy for abnormal cell 
proliferation brings hope for the treatment of glioma, 
and finding new molecular targets becomes an urgent 
problem to solve. 

The cell cycle is the basic process of cell life activity. 
Current studies have shown that there are key regula-
tory points between different phases of the cell cycle, 
including the regulatory point for entering S phase  
(G1 check point) and the regulatory point for entering  
M phase (G2 check point). Obviously, the G1 check point 
plays the vital role in the cell process. The network reg-
ulation of this check point is carried out by the inter-
action of cyclins, cyclin dependent kinases (CDKs) and 
cyclin dependent kinase inhibitors (CKIs) [23]. The core 
mechanism of the cell cycle is the expression of CDKs 
[16]. CDKN2A is an important CDK in the G1 phase, 
which can play a pivotal role in G1 control through the 
regulation of CDK4 and p53 in the G1 process of the cell 
cycle [24]. CDKN2A was found to be down-expressed in 
a variety of tumours, including gliomas, and its abnor-
mal expression caught researchers’ attention [18,21,33]. 
According to Appay et al. study, CDKN2A homozygous 
deletion is an important factor in the poor prognosis 
of gliomas [2]. Similarly, Sibin et al. also demonstrated 
that reduced CDKN2A expression is a  marker of poor 
prognosis in malignant high-grade gliomas [26]. In our 
study, we found that low CDKN2A expression was close-
ly associated with poor prognosis of glioma. In addition, 
CDKN2A was low expressed in both glioma tissues and 
glioma cells. These results are consistent with previous 
studies. Besides, we also found that CDKN2A silencing 
promoted migration, invasion and angiogenesis of gli-
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Fig. 5. MiR-484 enhanced LN-229 cells migration, invasion and angiogenesis by inhibiting the expression 
of CDKN2A. A) Transfection efficiency of miR-484 mimics in LN-229 cells was detected by qRT-PCR; n = 3. 
** vs. Scramble, **p < 0.001. B) The expression of miR-484 in LN-229 cells was detected by qRT-PCR; n = 3.  
** vs. Scramble + NC, ̂ ^ vs. Scramble + CDKN2A, **p < 0.001, ̂ ^p < 0.001. C) Wound healing assay was used to 
detect the effect of CDKN2A and miR-484 on the migration of LN-229 cells. Scale: 100 μm, magnification: 100×;  
n = 3. ** vs. Scramble + NC, ## vs. Mimics + NC, ^^ vs. Scramble + CDKN2A, **p < 0.001, ##p < 0.001,  
^^p < 0.001. D) Transwell assay was used to detect the effect of CDKN2A and miR-484 on the invasion 
of LN-229 cells. Scale: 100 μm, magnification: 100×; n = 3. ** vs. Scramble + NC, ## vs. Mimics + NC,  
^^ vs. Scramble + CDKN2A, **p < 0.001, ##p < 0.001, ^^p < 0.001
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Fig. 5. Cont. E) Tube formation assay was used 
to detect the effect of CDKN2A and miR-484 on 
the angiogenesis of LN-229 cells. Scale: 200 μm, 
magnification: 200×; n = 3. * or ** vs. Scramble + 
NC, ## vs. Mimics + NC, ̂  vs. Scramble + CDKN2A.  
*p < 0.05, **p < 0.001, ## p < 0.001, ^ p < 0.05. 
F-H) The expression of CDKN2A, VEGF, E-cadher-
in, N-cadherin and Vimentin in LN-229 cells was 
detected by western blot and qRT-PCR; n = 3.  
** vs. Scramble + NC, ## vs. mimics + NC, ^^ vs. 
Scramble + CDKN2A. **p < 0.001, ##p < 0.001, 
^^p < 0.001. 
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Fig. 6. Down-regulation of miR-484 decreased U-251MG cells migration, invasion and angiogenesis by pro-
moting the expression of CDKN2A. A) Transfection efficiency of miR-484 inhibitor in U-251MG cells was de- 
tected by qRT-PCR; n = 3. ** vs. Scramble, **p < 0.001. B) The expression of miR-484 in U-251MG cells was 
detected by qRT-PCR; n = 3. ** vs. Scramble + siNC, ^^ vs. Scramble + siCDKN2A, **p < 0.001, ^^p < 0.001.  
C) Wound healing assay was used to detect the effect of CDKN2A and miR-484 on the migration of 
U-251MG cells. Scale: 100 μm, magnification: 100×; n = 3. ** vs. Scramble + siNC, ## vs. inhibitor + siNC,  
^^ vs. Scramble + siCDKN2A, **p < 0.001, ##p < 0.001, ^^p < 0.001. D) Transwell assay was used to detect the 
effect of CDKN2A and miR-484 on the invasion of U-251MG cells. Scale: 100 μm, magnification: 100×; n = 3.  
** vs. Scramble + siNC, ## vs. inhibitor + siNC, ^ vs. Scramble + siCDKN2A, **p < 0.001, ##p < 0.001,  
^^p < 0.001.

A B
1.5

1.0

0.5

0

1.5

1.0

0.5

0

200

150

100

50

0

150

100

50

0

Re
la

ti
ve

 m
iR

-4
84

 m
RN

A
 e

xp
re

ss
io

n 
le

ve
ls

Re
la

ti
ve

 m
iR

-4
84

 m
RN

A
 e

xp
re

ss
io

n 
le

ve
ls

Re
la

ti
ve

 m
ig

ra
ti

on
 r

at
es

 (
%

)

Re
la

ti
ve

 in
va

si
on

 r
at

es
 (

%
)

 Con Scramble Inhibitor  Scramble   Inhibitor Scramble Inhibitor
 + siNC + siNC + siCDKN2A + siCDKN2A

 Scramble   Inhibitor Scramble Inhibitor
 + siNC + siNC + siCDKN2A + siCDKN2A

 Scramble   Inhibitor Scramble  Inhibitor
 + siNC + siNC + siCDKN2A + siCDKN2A

U-251MG U-251MG

U-251MG
U-251MG

C

0 h

24 h

100×

100×

 Scramble   Inhibitor Scramble Inhibitor
 + siNC + siNC + siCDKN2A + siCDKN2A

D

24 h
100×

 Scramble   Inhibitor Scramble Inhibitor
 + siNC + siNC + siCDKN2A + siCDKN2A



263Folia Neuropathologica 2023; 61/3

The role of CDKN2A in glioma

Fig. 6. Cont. E) Tube formation assay was used to 
detect the effect of CDKN2A and miR-484 on the 
angiogenesis of U-251MG cells. Scale: 200 μm, 
magnification: 200×; n = 3, ** vs. Scramble + siNC; 
## vs. inhibitor + siNC; ̂  vs. Scramble + siCDKN2A,  
**p < 0.001, ##p < 0.001, ^p < 0.05. F-H) The ex- 
pression of CDKN2A, VEGF, E-cadherin, N-cad-
herin and Vimentin in U-251MG cells was 
detected by western blot and qRT-PCR; n = 3. 
** vs. Scramble + siNC, ## vs. inhibitor + siNC,  
^^ vs. Scramble + siCDKN2A. **p < 0.001,  
##p < 0.001, ^^p < 0.001.
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oma cells. The above results suggested that CDKN2A 
plays a very vital role in the metastasis of glioma.

The development of bio-information has brought 
great help to the study of the molecular mechanism 
of glioma [10]. We selected four miRNAs with binding 
relationship to CDKN2A screened by TargetScan data-
bases. TargetScan is a very valuable website that pre-
dicts gene targets regulated by miRNAs [19]. Further 
verification of normal human astrocytes and human 
glioma cells revealed that only miR-484 expression was 
negatively correlated with CDKN2A, so we speculated 
that miR-484 played a crucial role in the progression of 
glioma. Strikingly, Yi et al. found that the high expres-
sion of miR-484 could promote the initiation of glioma 
[34]. However, we also found that miR-484 promoted 
glioma cells migration, invasion and angiogenesis by 
inhibiting CDKN2A expression. To verify this result, 
the expressions of VEGF, E-cadherin, N-cadherin, and 
Vimentin were also detected. Some studies have point-
ed that E-cadherin, N-cadherin and Vimentin are mark-
ers of epithelial-mesenchymal transition (EMT), and 
which is an important mechanism of glioma invasion 
and metastasis [11,20,27,32,36]. Yang et al. found that 
down-regulation of PSMB8 would decrease the migra-
tion and proliferation of glioma cells by reducing the 
expression of Vimentin and N-cadherin and increas-
ing the expression of E-cadherin [31]. Besides, VEGF is 
a  key regulator of angiogenesis, affecting endothelial 
cell survival and function [36]. Sun et al. proved that 
miR-21 promotes the angiogenic ability of endothe-
lial cells by promoting the expression of VEGF [28]. 
Therefore, the results of the changes of VEGF, E-cad-
herin, N-cadherin and Vimentin expression verified the 
conclusion that low CDKN2A expression promoted the 
angiogenesis, migration and invasion of glioma.

Our study demonstrated that miR-484 promotes 
glioma cells migration, invasion and angiogenesis by 
regulating CDKN2A, which demonstrated the molec-
ular mechanism of glioma progression and provided 
a very valuable theoretical basis for the targeted ther-
apy of glioma.
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