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Abstract. Vasculogenic mimicry (VM) contributes to the 
resistance of anti‑angiogenic therapies in glioma. Certain 
genes, including MMP‑2 and VEGF may be associated with 
the development of VM. Astrocyte elevated gene‑1 (AEG‑1) is 
considered to be an oncogene that promotes autophagy, inva‑
sion, metastasis, angiogenesis and drug resistance; however, 
the association between AEG‑1 and VM formation is still 
unknown. The present study investigated the effects of AEG‑1 
downregulation on VM formation in the U87 glioma cell line 
in vitro and in xenograft models of glioma, and the potential 
underlying mechanisms of action. In the present study, U87 
glioma cells were infected with the AEG‑1 short hairpin 
RNA lentivirus. A Matrigel‑based tube formation assay 
was performed to evaluate VM formation in vitro. Reverse 
transcription‑quantitative PCR and western blot analysis 
were conducted to investigate the mRNA and protein expres‑
sion levels of MMP‑2 and VEGF. Glioma xenograft models 
were generated through the intracerebral implantation of 
U87 glioma cells into nude rats; CD34/Periodic Acid‑Schiff 
double‑staining was performed to detect VM channels in vivo. 
Following AEG‑1 downregulation in U87 cells, the develop‑
ment of VM was significantly decreased in vitro and in vivo. In 
addition, the expression levels of MMP‑2 and VEGF in glioma 
cells were decreased compared with the control group. These 
results suggested that downregulation of AEG‑1 expression 
could significantly inhibit the development of VM in gliomas, 
both in vitro and in vivo, and may be partially related to the 
regulation of VEGF and MMP‑2 expression.

Introduction

Glioma is the most common type of primary malignant 
brain tumor in adults, constituting ~81% of all primary 

malignant brain tumors (1). Standard therapeutic regimens, 
including surgical resection combined with radiotherapy 
and temozolomide chemotherapy, can prolong the survival 
of patients with tumors characterized by methylation of 
the O‑6‑methylguanine DNA methyltransferase promoter; 
however, the median duration of survival of patients with 
glioblastoma multiforme (GBM), a high‑grade glioma, is 
<1.5 years (2). Gliomas, particularly GBM, exhibit a high 
degree of angiogenesis, as determined by histological 
analysis (3). Angiogenesis serves an important role in 
the formation, development and recurrence of gliomas; 
anti‑angiogenic therapy has been considered as a novel 
strategy for treating patients with gliomas (4). In addition, 
studies have proposed that anti‑angiogenic therapeutic 
regimens can improve the outcome of patients with gliomas, 
yet its clinical effect remains unsatisfactory (5). Recently, 
glioma cells have been reported to exhibit vasculogenic 
mimicry (VM), in which extracellular matrix (ECM)‑rich, 
vasculogenic‑like networks form and allow glioma cells 
to obtain a blood supply in the absence of endothelial cell 
(EC)‑dependent vasculature (6). Anti‑angiogenic agents aim 
to inhibit the formation of endothelium‑dependent vessels but 
not the development of VM, which may partially contribute 
to the failure of anti‑angiogenic therapy (7). Several studies 
have demonstrated that certain genes, including MMP‑2, 
VEGF, membrane type‑1 MMP (MT1‑MMP), cyclooxy‑
genase‑2 and vascular endothelial cadherin (VE‑cadherin), 
may be involved in the formation of VM in tumors. Agents 
targeting these genes have been determined to exhibit 
anti‑VM effects (7).

Astrocyte elevated gene‑1 (AEG‑1) is a downstream gene 
of Ha‑ras and cyclin D1, and can activate the NF‑κB, PI3K/Akt 
and Wnt signaling pathways, serving an important role in 
invasion, metastasis, angiogenesis and chemoresistance in a 
variety of tumor types, including gliomas (8,9). AEG‑1 can 
promote the progression and invasion of gliomas through a 
variety of mechanisms, including the induction of protective 
autophagy (8) and suppression of the formation of reactive 
oxygen species induced by hypoxia (9). Silencing AEG‑1 in 
glioma cells can significantly induce tumor cell apoptosis and 
inhibit tumor growth (8,10); however, whether AEG‑1 partici‑
pates in VM formation in gliomas remains unknown.

The present study aimed to investigate the effects of AEG‑1 
downregulation on VM formation in gliomas in vitro and 
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in vivo using the U87 cell line and glioma xenograft models, 
respectively, to obtain further insight into the underlying 
mechanisms of action.

Materials and methods

Materials. The U87 MG human glioblastoma cell line of 
unknown origin (cat. no. TCHu138) and 293T cell line were 
purchased from The Cell Bank of Type Culture Collection of 
the Chinese Academy of Sciences. STR profiling was conducted 
for the authentication of the U87 MG cell line, according to 
the supplier's description. A total of 30 male, 7‑9 week old, 
specific pathogen‑free, Rowett nude rats (Crl:NIH‑Foxn1rnu), 
weighing 180‑240 g, were purchased from Vital River 
Laboratory Animal Technology Co., Ltd., and were housed in 
a full‑barrier rodent facility with a filtered air supply, constant 
temperature (22±1˚C) and humidity(50‑60%) under a 12‑h 
light/dark cycle. The housing environment for animals, water 
and animal feeds were sterilized. All rats had free access to 
food and water. All animal procedures were performed under 
the guidance of the Research Ethics Committee of Xi'an 
Jiaotong University Health Science Center (Xi'an, China).

Cell culture. U87 and 293T cells were cultured in DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% FBS (Hyclone; GE Healthcare) in an atmosphere of 
5% CO2 at 37˚C.

Design and synthesis of PCR primers and AEG‑1 small inter‑
fering RNA (siRNA). The primers for VEGF, MMP‑2, β‑actin, 
AEG‑1 and AEG‑1 siRNA were designed and synthesized by 
Takara Bio Inc. (Table I).

siRNA transfection. U87 cells were trypsinized and seeded in 
6‑well plates (Corning Inc.) at a density of 1x106 cells/well. 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used for the transfection of siRNA into cells 
according to the manufacturer's protocols. The negative 
control cells were transfected with a scrambled siRNA 
(Takara Bio, Inc.), while the other two groups were transfected 
with AEG‑1 siRNA1, AEG‑1 siRNA2 or AEG‑1 siRNA3. The 
transfection was performed at room temperature for 15 min. 
After incubation for 48 h at 37˚C, the transfected cells were 
analyzed. The knockdown efficiency of siRNAs was verified 
using reverse transcription‑quantitative PCR (RT‑qPCR) and 
western blotting. The siRNA with the highest knockdown 
efficiency was selected to construct the AEG‑1 short hairpin 
(sh)RNA lentiviral particle, while the scrambled siRNA was 
used to construct the sh‑control lentiviral particle.

AEG‑1 shRNA lentiviral infection. The pLVX‑shRNA2‑puro 
(cat. no. VT2240), psPAX2 (cat. no. VT1444) and pMD2.G 
plasmids (cat. no. VT1443) were purchased from Hunan 
Keai Medical Equipment Co., Ltd (https://www.youbio.
cn/product/). According to the selected siRNA sequence, 
the shRNA sequence was constructed and cloned into the 
pLVX‑shRNA2‑puro plasmid and lentiviral particles were 
produced via the transduction of 293T cells with 3 µg of 
AEG‑1 shRNA plasmid, 1.5 µg psPAX2 and 1.5 µg pMD2.G. 
Lentiviral supernatants were then collected after 48 h. The 

construction of sh‑control lentiviral vectors was conducted 
as aforementioned. U87 cells were then infected with 
concentrated AEG‑1 shRNA or sh‑control lentiviral vectors 
(MOI=10), and the stable transfected cell line was selected 
using 1 µg/ml puromycin (Gibco; Thermo Fisher Scientific, 
Inc.).

RT‑qPCR. The U87 cells in each group were harvested 48 h 
after infection with AEG‑1 shRNA lentivirus. The cells 
were then lysed and the total RNA was isolated using an 
RNA Fast 200 kit (Shanghai Fastagen Biotechnology Co., 
Ltd.) according to the manufacturer's instructions. RNA was 
reverse‑transcribed using PrimeScript™ RT Master Mix kit 
(Takara Bio, Inc.). The temperature protocol for reverse tran‑
scription was 37˚C for 15 min and 85˚C for 5 sec). qPCR was 
performed using SYBR® Premix Ex Taq II (Takara Bio, Inc.) 
on an iQ5 thermal cycler (Bio‑Rad Laboratories, Inc.). The 
thermocycling conditions were as follows: Initial denaturation 
at 95˚C for 3 min, followed by 40 cycles of 95˚C, for 5 sec, 
63˚C for 30 sec and 72˚C for 15 sec and analyzed using iQ5 
software, version 2.0 (Bio‑Rad Laboratories, Inc.). The data 
were normalized to the expression of β‑actin. Alterations in 
gene expression were evaluated using the 2‑∆∆Cq method (11).

Western blotting. The U87 cells in each group were harvested 
48 h after infection with AEG‑1 shRNA lentivirus. The extrac‑
tion of total cellular proteins and the western blot analysis 
were performed as described previously (12). Briefly, the cells 
were washed twice with PBS and scraped on ice following 
the addition of 300 µl RIPA buffer (Beyotime Institute of 
Biotechnology) with 1 mmol/l phenylmethylsulfonyl fluoride. 
Protein concentration was determined using a bicinchoninic 
acid protein assay kit (Beyotime Institute of Biotechnology). 
The samples (40 µg) were boiled in 1X SDS‑PAGE sample 
loading buffer, resolved using 10% SDS‑PAGE and trans‑
ferred onto polyvinylidene fluoride (PVDF) membranes 
(EMD Millipore). The membranes were then blocked in 
TBS‑0.1% Tween‑20 (TBST) containing 5% non‑fat dry milk 
at room temperature for 2 h. The membranes were probed 
with primary antibodies overnight at 4˚C and incubated with 
a secondary polyclonal anti‑rabbit immunoglobulin G (IgG) 
antibodies conjugated to horseradish peroxidase (cat. no. 
BA1054; 1:5,000; Boster Biological Technology;) at 37˚C for 
2 h. Membranes were developed using SuperSignal™ West 
Pico PLUS Chemiluminescent Substrate (Thermo Fisher 
Scientific, Inc.). The primary antibodies employed for western 
blotting were as follows: Rabbit anti‑human MMP‑2 (dilution, 
1:500; cat. no. BS1236) and rabbit anti‑human GAPDH (dilu‑
tion, 1:5,000; cat. no. ap0063), which were purchased from 
Bioworld Technology, Inc. Rabbit anti‑human AEG‑1 antibody 
was purchased from ProteinTech Group, Inc. (dilution, 1:1,000; 
cat. no. 13860‑1‑AP). Rabbit anti‑human VEGF antibody was 
purchased from Abcam (dilution, 1:1,000; cat. no. ab53465).

In vitro VM formation assay. A Matrigel‑based tube formation 
assay (13) was conducted to analyze VM formation in vitro. 
Briefly, Matrigel (Becton, Dickinson and Company) was 
maintained at 4˚C for 24 h, after which 0.3 ml of Matrigel was 
evenly plated to 24‑well plates (Corning Inc.) and precooled 
at ‑20˚C for ≥10 min and then incubated for 30 min at 37˚C. 
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Subsequently, U87 cells (3x104 cells/well) were seeded onto 
the Matrigel coated wells 48 h following transduction and 
incubated for 24 h in a 5% CO2 atmosphere at 37˚C. Each well 
was analyzed directly under an inverted fluorescent micro‑
scope (magnification, x100; IX51; Olympus Corporation). VM 
formation was determined by counting the number of tubes 
in each well. The tubes comprised a closed cavity with a loop 
structure, a polygon shape or irregular shape under a light 
microscope.

Animal studies. The establishment of intracranial xenograft 
models was conducted as described previously (10). A total 
of 30 nude rats were randomly divided into three groups 
(10 rats/group). Animals were anaesthetized with intraperi‑
toneal injection of 30 mg/kg 1% pentobarbital sodium. The 
AEG‑1 shRNA and negative control groups were injected intra‑
cranially with AEG‑1 shRNA or sh‑control lentivirus‑infected 
U87 cells. The control group was injected with normal 
U87 cells. All tumor‑bearing rats were sacrificed 3 weeks 
following tumor cell implantation. The euthanasia method 
was intraperitoneal injection of 200 mg/kg pentobarbital 
sodium solution. Cardiac arrest was used to identify death. 
The humane endpoints included labored breathing, inability 
to remain upright, impaired mobility, hunched posture for 
more than 48 h and no response to external stimuli. Rats were 
perfused with 4% paraformaldehyde for 1 h at 4˚C immedi‑
ately after euthanasia, before the brain and tumor samples 
were obtained and fixed overnight with 4% paraformaldehyde 
at 4˚C. Paraffin sections were prepared and the thickness of 
sections was 4 µm.

VM formation detection in xenograft models. CD34 and 
Periodic Acid‑Schiff (PAS) double‑staining was performed 
to detect VM channels. An immunohistochemical assay 
kit (Boster Biological Technology) was employed for the 
immunohistochemical staining of CD34. All procedures were 
performed according to the manufacturer's protocols. The 
sections were incubated overnight with rabbit anti‑CD34 anti‑
body (1:200; Boster Biological Technology; cat. no. BA3414) 
at 4˚C. The negative control sections were incubated with PBS 
instead of antibody. Antibody localization was determined 
using a 3,3'‑diaminobenzidine substrate kit (Boster Biological 
Technology). Normal vascular endothelium was used as a 
positive control.

Following immunohistochemical staining, the sections 
were exposed to sodium periodate for 5 min and then washed 
with distilled water three times. Subsequently, the sections 
were incubated with PAS at room temperature for 15 min. 
All sections were counterstained with hematoxylin at room 
temperature for 2 min. VM channels were characterized as 
CD34‑/PAS+ lumen structures. The average number of VM 
channels were calculated from the analysis of five fields under 
the light microscope at high magnification (x400).

Statistical analysis. Values are presented as the mean ± SD 
and data were analyzed using SPSS 17.0 software (SPSS, Inc.). 
One‑way ANOVAs were used to compare the groups and the 
Least Significant Difference or Tukey's post‑hoc tests were 
performed to further determine inter‑group comparisons. 
P<0.05 was considered to indicate a statistically significant 
difference.

Table I. Sequences for reverse transcription‑quantitative PCR primers, siRNAs and shRNAs.

Gene Sequences

VEGF Forward, 5'‑TCACAGGTACAGGGATGAGGACAC‑3'
 Reverse, 5'‑CAAAGCACAGCAATGTCCTGAAG‑3'
MMP‑2 Forward, 5'‑CTCATCGCAGATGCCTGGA A‑3'
 Reverse, 5'‑TTCAGGTAATAGGCACCCTTGAAGA‑3'
β‑actin Forward, 5'‑TGGCACCCAGCACAATGAA‑3'
 Reverse, 5'‑CTAAGTCATAGTCCGCCTAGAAGCA‑3'
AEG‑1 Forward, 5'‑CACGCCATGATGGAAAGGAAGT‑3'
 Reverse, 5'‑CAGGAAATGATGCGGTTGTAAG ‑3'
AEG‑1 siRNA1 Sense, 5'‑GCCGUAAUCAACCCUAUAUTT‑3 ' 
 Antisense, 5'‑AUAUAGGGUUGAUUACGGCTT‑3'
AEG‑1 siRNA2 Sense, 5'‑GCUGUUCGAACACCUCAAATT‑3'
 Antisense, 5'‑UUUGAGGUGUUCGAACAGCTT‑3'
AEG‑1 siRNA3 Sense, 5'‑GCCAUCUGUAAUCUUAUCATT‑3'
 Antisense, 5'‑UGAUAAGAUUACAGAUGGCTT‑3'
Scrambled siRNA Sense, 5'‑GACGCATATTGACCTCACTAT‑3'
 Antisense, 5'‑ATAGTGAGGTCAATATGCGTC‑3'
AEG‑1 shRNA 5'‑GCTGTTCGAACACCTCATATTCAAGAGATATGAGGTGTTCGAACAGCTTTTTT‑3'
Scrambled shRNA 5'‑GACGCATATTGACCTCACATTCAAGAGATGTGAGGTCAATATGCGTCTTTTTT‑3'

AEG‑1, astrocyte elevated gene‑1; VEGF, vascular endothelial growth factor; MMP, matrix metalloproteinase.



LIANG et al:  AEG‑1 REGULATES VASCULOGENIC MIMICRY FORMATION IN GLIOMAS4

Results

AEG‑1 siRNA and AEG‑1 shRNA lentivirus inhibits AEG‑1 
expression in U87 glioma cells. As presented in Fig. 1, after 
transduction with AEG‑1 siRNAs, the mRNA and protein 
expression levels of AEG‑1 were significantly downregulated 
in U87 glioma cells, compared with the control and negative 
control groups (F=1080.231, P<0.001). AEG‑1 siRNA2 exhib‑
ited the highest knockdown efficiency among the three AEG‑1 
siRNAs (P=0.035 vs. siRNA1; P=0.002 vs. siRNA3) and was 
selected to construct the AEG‑1 shRNA lentiviral particle 
employed for subsequent experiments. After infection with 
AEG‑1 shRNA lentivirus, green fluorescence can be clearly 
observed in the U87 glioma cells. The expression of AEG‑1 
was significantly downregulated in the stably transfected U87 
glioma cells, compared with the control and negative control 
groups (F=85.082, P<0.001).

Downregulation of AEG‑1 expression inhibits VM formation 
of U87 glioma cells in vitro. The VM formation of U87 glioma 
cells was observed in vitro following infection with AEG‑1 
shRNA lentivirus. As presented in Fig. 2A and B, downregu‑
lation of AEG‑1 expression significantly inhibited the VM 
formation of U87 glioma cells, compared with control groups 
(F=65.396, P<0.001).

Downregulation of AEG‑1 expression inhibits MMP‑2 
and VEGF expression in U87 glioma cells. As MMP‑2 and 
VEGF have been reported to be involved in VM formation 
in tumors (14), the expression levels of these genes in U87 
cells were detected using RT‑qPCR and western‑blotting. 
As presented in Fig. 2C and D, downregulation of AEG‑1 
significantly inhibited the expression of VEGF and MMP‑2 
(F=267.471, P<0.001 for VEGF mRNA; F=3671.526, P<0.001 
for MMP2 mRNA).

Downregulation of AEG‑1 expression inhibits VM formation 
in a glioma xenograft model. CD34 and PAS double‑staining 
was used to detect VM formation in a glioma xenograft 
model. As presented in Fig. 3A, the CD34‑/PAS+ lumen struc‑
tures were identified in tumors formed by normal U87 cells. 
Intracranial glioma xenografts of each group were shown in 
Fig. 3B, black arrows represented the tumors. In general, the 
tumors in AEG‑1 shRNA group were smaller compared with 
those in the other two groups. The number of VM channels 
was significantly decreased in tumors formed by AEG‑1 
shRNA lentivirus‑infected U87 cells (F=33.402, P<0.01).

Discussion

Anti‑angiogenic therapy inhibits angiogenesis, limiting the 
supply of oxygen and nutrients to tumor cells, inhibiting tumor 
growth (15). The effects of antiangiogenic drugs are unsatisfactory 
due to therapy resistance (16). Current antiangiogenic strategies 
mainly target the blood vessels formed by ECs; however, tumors 
rely on not only EC‑based vessels, but the vasculogenic networks 
formed by tumor cells for nutrients (15). This type of structure 
is reported as VM, whereby the function of ECs is mimicked 
by tumor cells to form vasculogenic networks (6). VM has been 
observed in a variety of human tumors, such as gliomas, and 

is usually associated with a poor patient prognosis (7). Tumors 
exhibiting a high degree of VM appear to be more malignant, 
with an increased tendency for invasion and metastasis (17). 
Various molecular mechanisms and signaling pathways have 
been associated with VM formation and agents targeting these 
pathways have specific anti‑tumor effects (7).

Among all the related molecules, MMP‑2 appears to be 
crucial for the formation of VM. MMP‑2 is associated with 
VM formation in several types of human tumors, including 
sebaceous carcinoma (18), intracranial hemangiopericy‑
toma (19) and breast cancer (20). The mechanisms of action 
underlying the effects of MMP‑2 on promoting the develop‑
ment of VM mainly involve the remodeling of the ECM (21). 
MMP‑2 activation leads to the cleavage of the laminin‑5γ2 
chain into fragments, which are deposited in the ECM, contrib‑
uting to ECM plasticity; cellular migration and invasion; and 
VM formation (22). The focal adhesion kinase‑ERK1/2 (23) 

Figure 1. Downregulation of AEG‑1 expression by siRNAs and AEG‑1 
shRNA lentivirals. siRNAs downregulated (A) AEG‑1 protein and (B) mRNA 
expression levels. AEG‑1 siRNA2 exhibited the highest knockdown effi‑
ciency among all of the three AEG‑1 siRNAs and was selected to construct 
the AEG‑1 shRNA lentiviral particle. (C) AEG‑1 shRNA lentivirus‑infected 
U87 cells. The stable transfected cells expressing green fluorescent protein 
were selected with 1 μg/ml puromycin. Scale bars represent 100 µm. (D) The 
AEG‑1 expression was significantly downregulated in stably transfected U87 
glioma cells, compared with the control group. **P<0.01 vs. control group; 
#P<0.05, ##P<0.01 vs. AEG‑1 siRNA2. AEG‑1, astrocyte elevated gene‑1; 
siRNA, small interfering RNA; shRNA, short hairpin RNA.
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Figure 2. Downregulation of AEG‑1 significantly inhibits the VM formation of U87 glioma cells in vitro. (A) In vitro VM formation of U87 glioma cells from 
each group. Scale bars represent 100 µm. (B) The VM counts of each group. (C) Western blotting of (D) quantification of VEGF and MMP‑2 expression from 
the glioma cells of each group. The VM formation and the expression of VEGF and MMP‑2 of glioma cells were significantly inhibited following infection 
with the AEG‑1 shRNA lentivirus in vitro. **P<0.01 vs. control group. AEG‑1, astrocyte elevated gene‑1; shRNA, short hairpin RNA; VM, vasculogenic 
mimicry.

Figure 3. Effects of AEG‑1 downregulation on VM formation in intracranial xenograft glioma models. (A) Representative images of CD34 and Periodic 
Acid‑Schiff double‑staining indicated the VM in each treatment group. Black arrows represent the VM, black arrows represent the tumor vessels. Scale bars 
represent 50 µm. (B) Intracranial xenograft glioma models of each group. Black arrows represent the tumors. Black circles indicate the location of the tumors. 
Scale bars represent 5 mm. (C) Number of VM channels in each group. The number of VM channels was significantly decreased in tumors formed of AEG‑1 
short hairpin RNA lentivirus‑infected U87 cells. **P<0.01 vs. control group. VM, vasculogenic mimicry; AEG‑1, astrocyte elevated gene‑1; HPF, high power 
field; shRNA, short hairpin RNA; VM, vasculogenic mimicry.
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and PI3K/Akt signaling pathways (24) have been reported to 
regulate the expression and activation of MMP‑2 during VM 
formation. The regulation of MMP‑2 expression can notably 
affect VM formation (20,25); thus, the anti‑VM strategy aimed 
at MMP‑2 may be effective. Certain studies have suggested 
that the inhibition of MMP‑2 expression can significantly 
suppress VM formation (26,27).

Several studies have demonstrated that VEGF is of great 
importance in the formation of VM. VEGF can upregulate 
the expression of VE‑cadherin, ephrin‑type A receptor 2 and 
MMPs, contributing to ECM remodeling and the development 
of VM (28). The ERK1/2 (25) and PI3K/Akt signaling path‑
ways (29) have been reported to serve an essential role in VM 
formation induced by VEGF. Downregulation of VEGF has 
been reported to significantly inhibit VM formation (29,30).

AEG‑1 is considered as an oncogene in the induction 
of autophagy, invasion, metastasis, angiogenesis and drug 
resistance (8); however, the association between AEG‑1 and 
VM formation remains unknown. The results of the present 
study demonstrated that AEG‑1 may serve a crucial role for 
the formation of VM in glioma. The inhibition of AEG‑1 
expression by siRNA significantly suppressed VM formation 
of gliomas in vitro and in vivo. Additionally, the expression 
levels of VEGF and MMP‑2 were significantly downregulated 
following the inhibition of AEG‑1 expression. As VEGF and 
MMP‑2 are two important inducers of VM (14), the mecha‑
nisms of VM inhibition through AEG‑1 downregulation may 
partly be associated with the regulation of the two genes. 
However, whether the mechanism of action which underlies the 
regulation of VEGF and MMP‑2 expression by AEG‑1 in the 
development of VM in glioma requires further investigation. It 
has been suggested that AEG‑1 may regulate the expression of 
VEGF and MMP‑2 through the NF‑κB pathway (31,32).

In conclusion, in the present study, downregulation of 
AEG‑1 expression was determined to significantly inhibit 
the development of VM in glioma in vitro and in vivo. These 
observations may be associated with the regulation of VEGF 
and MMP‑2 expression; however, the underlying mechanism of 
action require further research. However, there were limitations 
in the present study. Because this is a preliminary study inves‑
tigating the relationship between AEG‑1 and VM formation in 
glioma, only one representative glioma cell line was used to 
demonstrate the hypothesis. More glioma cell lines and primary 
patient‑derived cells will be used in further studies to verify the 
present results. Furthermore, the present study doesn't include 
any clinical data. Increasing the number study of clinical cases; 
investigating the relationship between AEG‑1 expression, VM 
formation and prognosis; and analysing its clinical significance 
should be performed in the further studies
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