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Abstract: This study investigated VE-statin/Egfl7 expression and its role and regulatory mechanism in malignant 
glioma progression. Forty-five paraffin-embedded glioma (grade I-II: n=24; grade III-IV: n=21) were examined. VE-
statin/Egfl7 protein expression was detected via immunohistochemistry, and its correlation with pathological grade 
was evaluated. Three-dimensional cell culture was then performed to investigate the influence of VE-statin/Egfl7 on 
the angiogenesis of umbilical vein endothelial cells. Microarray detection was used to molecularly profile VE-statin/
Egfl7 and relevant signaling pathways in malignant glioma (U251 cells). Data showed that VE-statin/Egfl7 protein 
was mainly expressed in the cytoplasm of cancer and vascular endothelial cells and was significantly related to the 
degree of malignancy (t=4.399, P<0.01). Additionally, VE-statin/Egfl7 expression was low in certain gray-matter 
neurons but undetectable in glial cells. VE-statin/Egfl7 gene silencing significantly inhibited angiogenesis in umbili-
cal vein endothelial cells. The following microarray results were observed in VE-statin/Egfl7-silenced U251 cells: 1) 
EGFR family members showed the highest differential expression, accounting for 5.54% of differentially expressed 
genes; 2) cell survival-related signaling pathways changed significantly; and 3) the integrin ανβ3 signaling pathway 
was markedly altered. Thus, malignant glioma cells and glioma vascular endothelial cells highly express VE-statin/
Egfl7, which is significantly correlated with the degree of malignancy. Moreover, VE-statin/Egfl7 plays an important 
role in glioma angiogenesis. Microarray results indicate that VE-statin/Egfl7 may regulate EGFR and integrins to 
influence the FAK activity of downstream factors, triggering the PI3K/Akt and Ras/MAPK cascades and subsequent 
malignant glioma development.
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Introduction 

Glioma, the most common type of intracranial 
tumor, is a malignancy of glial cells derived 
from neuroectoderm. Although great progress 
has been achieved in past years, the prognosis 
of malignant glioma patients remains poor, 
with a mean survival time of only 12-15 months 
[1]. Parker et al. [2] and Soncin et al. [3] inde-
pendently identified novel vascular endotheli-
um-specific genes in 2004 and 2003, respec-
tively, which were named vascular endothelial- 
statin (VE-statin) and epidermal growth factor-
like domain 7 (Egfl7). It has been confirmed 
that VE-statin and Egfl7 are the same gene, 
which is now known as VE-statin/Egfl7. VE- 
statin/Egfl7 is highly expressed during embry-

onic development and plays a crucial regulatory 
role in angiogenesis. However, VE-statin/Egfl7 
is not expressed in most human tissues, with 
the exception of tissues rich in blood vessels, 
including the lung, ovary, and uterus [4]. Our 
group [5] found that VE-statin/Egfl7 is also 
highly expressed in liver cancer and malignant 
glioma, and increasing evidence shows that 
VE-statin/Egfl7 gene expression is re-activated 
in multiple malignancies. Based on our previ-
ous findings, the present study aimed to investi-
gate the role of VE-statin/Egfl7 in malignant 
glioma angiogenesis using a small interfering 
RNA (siRNA) technique and a microarray assay 
as well as to explore the potential signaling 
pathways involved in regulating VE-statin/Egfl7 
expression. 
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Materials and methods 

Instrumentation and reagents 

An ABC Kit (Vector Labs, Burlingame, California, 
USA); a concentrated DAB kit (Beijing Zhong- 
shan Biotech Co., Ltd.); rabbit anti-human 
VE-statin/Egfl7 antibody (Beijing Biosynthesis 
Biotech Co., Ltd.); TRIzol reagent (Invitrogen, 
USA); reagents for RT-PCR (TAKARA); fetal 
bovine serum (FBS), RPMI 1640, and Opti-MEM 
(Gibco); a plasmid extraction kit (Qiagen); prim-
ers (Shanghai GeneChem Biotech Co., Ltd.); a 
fluorescence microscope (Olympus); protein 
electrophoresis equipment and protein transfer 
equipment (Shanghai Tanon Biotech Co., Ltd.); 
an inverted phase-contrast microscope (Nikon 
TMS-F); Transwell chambers (Costar, USA); mul-
tiwell plates (Corning, USA); DNA electrophore-
sis equipment (Bio-Rad); and a microarray (HOA 
v6.1 Human OneArray) were used in this study. 

Sample collection and immunohistochemistry 

Glioma tissues (low malignant potential [grade 
I-II]: n=24; high malignant potential [grade III-
IV]: n=21) were collected from the Department 
of Pathology of Xiangya Hospital, Central South 
University [6]. Additionally, cerebral cortex (n=2) 
and subcortical white-matter (n=4) samples 
were collected from patients with brain contu-
sions in frontal non-functional areas. These tis-
sues were embedded in paraffin and sectioned 
(4 μm). Immunohistochemistry was performed 
using an ABC Kit according to the manufactur-
er’s instructions. The concentration of anti-VE-
statin/Egfl7 antibody used was 1:500, and the 
primary antibody was replaced with 0.01 M 
PBS in the negative-control group. After immu-
nohistochemistry, VE-statin/Egfl7-positive cells 
exhibited brown-yellow or brown granules that 
contrasted with the background. 

Cell lines and the detection of VE-statin/Egfl7 
expression 

Cell culture: Human umbilical vein endothelial 
cells (HUVECs) and a human astrocytoma cell 
line (U251; WHO grade IV pleomorphic glioblas-
toma) were maintained in the Xiangya Central 
Laboratory of Central South University. These 
cells were cultured in RPMI 1640 containing 
12% FBS at 37°C in an environment with 5% 
CO2. 

Real-time fluorescence quantitative PCR: VE- 
statin/Egfl7 mRNA expression was detected in 
human glioma cell lines (U251, U373, and U87), 
a human prostate cancer cell line (PANC-1), and 
a human hepatocellular carcinoma cell line 
(HepG2). In brief, cells were harvested, and 
total RNA was extracted using TRIzol and 
reverse transcribed into cDNA, followed by fluo-
rescence quantitative PCR. The primers for the 
target genes were synthesized by GeneChem 
and were as follows: GAPDH (121 bp), 5′- 
TGACTTCAACAGCGACACCCA-3′ (forward) and 
5′-CACCCTGTTGCTGTAGCCAAA-3′ (reverse); VE- 
statin/Egfl7 (231 bp), 5′-AGCACCTACCGAACCA- 
TCTA-3′ (forward) and 5′-ATCCACATCTGACTGGC- 
AAG-3′ (reverse). 

Construction of VE-statin/Egfl7-siRNA lentiviral 
vectors and cell infection

A target in the VE-statin/Egfl7 gene for RNA 
interference was identified in our previous 
study, and siRNA lentiviral vectors expressing a 
green fluorescent protein (GFP)-conjugated 
reporter gene were successfully constructed. 
The results showed that these vectors could 
effectively inhibit VE-statin/Egfl7 expression in 
U251 cells and HUVECs. The construction of 
VE-statin/Egfl7-siRNA lentiviral vectors and cell 
infection were performed as previously report-
ed [7, 8]. 

Detection of the angiogenic capability of 
HUVECs

Rat tail collagen was prepared and mixed with 
10× RPMI 1640, 0.1 N sodium hydroxide, and 
FBS at a volume ratio of 7:1:1:1 in a sterilized 
flask, and the pH was adjusted to 7.4. Cells in 
the logarithmic growth phase were harvested 
and maintained in 24-well plates (pore size: 0.4 
µm), and the cell density was adjusted. HUVECs 
were added to the lower chamber of 24-well 

Table 1. Expression of EGFL7 in gliomas
n - + ++ +++ Positive rate

Male 25 8 6 6 5 68.0%
Female 20 6 4 7 3 70.0%
<40 years 19 7 5 5 2 63.2%
≤40 years 26 7 5 8 6 73.1%
Grade I-II 24 11 7 6 0 54.2%
Grade III-IV 21 3 3 7 8 85.7%a

a vs. Grade I-II, χ2=5.021, P<0.05.
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plates (4×104 cells/well), and U251 cells were 
added to the upper chamber of 24-well plates 
(4×104 cells/well). After lentivirus infection, the 
cells were incubated at 37°C in an environment 
with 5% CO2. When HUVEC confluence reached 
nearly 100% and single-layer cells were 
observed, collagen was added to the lower 
chamber containing HUVECs (300 μl/well), fol-
lowed by incubation at 37°C in an environment 
with 5% CO2. HUVEC angiogenesis was then 
observed under a microscope. 

Gene expression profiling 

A microarray assay was performed with the 
Axon GenePix™ 4100 microarray, and the 
Rosetta Resolver analysis system was 
employed for data analysis. The raw data 
underwent mean normalization, and the fold 
changes were compared between different 
groups after the standardization of the means. 

Differentially expressed genes were defined 
once two requirements were met: 1) the stan-
dardized spot signal value was transformed 
into the binary logarithm, and the absolute 
value of the binary logarithm was ≥0.585. 2) 
After adjusting the control and experimental 
groups, the P value was <0.05 in a t test. 
Unsupervised hierarchical clustering of the dif-
ferentially expressed genes was then per-
formed with Cluster 3.0 software. The data 
regarding the differentially expressed genes 
were input into the REACTOME, Pathway 
Interaction, Biocarta, and KEGG databases for 
signaling pathway analysis and into the Gene 
Ontology (GO) database for an analysis of gene 
functions. The mRNA expression of TRIB3 and 
FBN1, two differentially expressed genes, was 
detected by real-time fluorescence quantitative 
PCR. The primers were as follows: TRIB3 (430 
bp), 5′-AAGAAGCGGTTGGAGTTGG-3′ (forward) 

Figure 1. VE-statin/Egfl7 expression in normal brain tissue, glioma and U251 cells in glioma. A: There is no Egfl7 
expression in gliocytes of normal brain tissue. B: There is Egfl7 expression in neurons of normal brain tissue. C: 
Negative control; D: There is Egfl7 expression in WHO Grade I glioma. E: There is Egfl7 expression in WHO Grade II 
glioma. F: There is no significant Egfl7 expression in U87 glioma cells. G: There is Egfl7 expression in WHO Grade 
III glioma. H: There is Egfl7 expression in WHO Grade IV glioma. I: There is Egfl7 expression in U251 glioma cells.
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in different cancer cell lines, and the results 
showed that U251, U373, PANC-1, and HepG2 
cells were positive and that U87 cells were neg-
ative for VE-statin/Egfl7. In addition, gray-mat-
ter neurons exhibited VE-statin/Egfl7 expres-
sion, whereas the glial cells in both the gray 
matter and the white matter were negative for 
VE-statin/Egfl7 expression (Figure 1). 

Infection of cells with VE-statin/Egfl7-siRNA 
lentiviral vectors

Lentivirus expressing VE-statin/Egfl7 siRNA 
was used to infect U251 cells and HUVECs for 
48 h. Under an inverted phase-contrast fluores-
cence microscope, the infected cells showed a 
strong green fluorescence; the transfection effi-
ciency was >80%. In contrast, no fluorescence 
was observed in the control group. Moreover, 
the fluorescence quantitative PCR results 
showed that VE-statin/Egfl7 expression was 
inhibited by >80% compared with the control 
group (Figure 2). 

Inhibition of HUVEC angiogenesis after VE-
statin/Egfl7-siRNA lentivirus infection 

At 6 h after the addition of collagen, the mor-
phology of HUVECs in the control and negative-
control groups was altered: most cells were 
long and spindle shaped and had pseudopodia, 

Figure 2. Fluorescence detection of HUVEC and U251 cells infected with the lentiviral expression vectors of siRNA 
targeting VE-statin/Egfl7. A: Normal negative control U251 cells; B: U251 cells infected with universal negative 
control lentiviral; C: U251 cells infected with the lentiviral expression vectors of siRNA targeting VE-statin/Egfl7; D: 
Normal negative control HUVECs; E: HUVECs infected with universal negative control lentiviral; F: HUVECs infected 
with the lentiviral expression vectors of siRNA targeting VE-statin/Egfl7.

and 5′-CCTCAGGCTCAGGGATACG-3′ (reverse); 
FBN1 (400 bp), 5′-CCATAACTGCCGGCTGGGAG-3′ 
(forward) and 5′-GCTGGTGGGGCGCACTCATC-3′ 
(reverse).

Statistical analysis 

A statistical analysis was performed with SPSS 
version 13.0, and the data were expressed as 
the mean ± standard deviation (

_
x±s). A value of 

P<0.05 was considered statistically significant. 
Comparisons of the means between two groups 
were performed with a t test and among multi-
ple groups were performed using one-way anal-
ysis of variance (ANOVA) and a subsequent 
SNK-q test. 

Results

Significant correlation between VE-statin/
Egfl7 expression and the pathological grade of 
glioma 

VE-statin/Egfl7 expression was positively relat-
ed to the pathological grade of glioma (P<0.05) 
but showed no relationship with age or gender 
(P>0.05) (Table 1). Immunohistochemistry sh- 
owed that VE-statin/Egfl7 was expressed in 
both cancer cells and vascular endothelium. To 
confirm that VE-statin/Egfl7 is indeed expre- 
ssed in cancer cells, expression was detected 
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and the cells appeared extended, with a cell 
body that was long and thin. The transformed 
cells moved continuously over time, and a clus-
tering phenomenon was observed along the 
longitudinal axis. After culturing for 24 h, capil-
lary lumen-like structures formed by single-lay-
er HUVECs were observed and increased with 
time. These lumen-like structures were more 
evident after culturing for 3 d. Conversely, no 
lumen-like structures were observed in the 
cells transfected with the VE-statin/Egfl7 siR-
NA-expressing lentivirus compared with the 
control group (Score 0). Images were captured 
after 24 h of culture and quantified with Image-
Pro Plus 6.0. The results showed that the area 
of the lumen-like structures was 0.599±0.052 
and 0.587±0.036 and that the number of 
lumens was 25.20±2.51 and 23.8±2.32 in the 
control and negative-control groups, respec-
tively, with no significant differences (P>0.05) 
(Figure 3).

Microarray assay of the gene expression pro-
file of VE-statin/Egfl7 

Quality control of total RNA and microarray 
assay: The absorption of total RNA was detect-

to-noise ratio was high, the internal hybridiza-
tion control (IHC) was >15000, and the IHC CV 
was >15%, showing that the overall hybridiza-
tion was suitable. Additionally, detection of the 
external target quality control (ETQC) demon-
strated that the hybridization was specific. 
These findings suggest that the microarray was 
of good quality and that the results were 
reliable. 

Bioinformatics analysis of differentially expre- 
ssed genes: A total of 288 differentially expre- 
ssed genes were identified, and 17 genes with 
conserved probes in the microarray were 
excluded. An unsupervised hierarchical cluster-
ing analysis of six samples showed these genes 
were divided into two clusters in the columns: a 
normal control group and an experimental 
group. This finding suggested that these groups 
were clearly separated and that the differen-
tially expressed genes were specific to the 
experimental group. These genes were also 
divided into two clusters: genes with up regula-
tion (red) and genes with down regulation 
(green). Among the 141 genes showing down 
regulation, seven had no known function, and 
134 genes had identified functions. Among the 

ed in all samples. The ratio 
of A260 to A280 was ≥1.8 
and of A260 to A230 was 
≥1.5 in all samples, and the 
RIN was >6 for RNA integri-
ty. Two bands, correspond-
ing to 28S and 18S RNA, 
were observed in the prop-
er proportions. These find-
ings suggest that the 
extracted RNA had a favor-
able purity and no degrada-
tion, thus meeting the 
requirements for the micro-
array assay. The detection 
of the RNA Cy5 incorpora-
tion rate using a NanoDrop 
ND-1000 showed >10 stai- 
ned molecules/1000 ba- 
ses, which indicates that 
the fluorescence conjuga-
tion met the requirement 
for detection. The mean 
background intensity was 
78.1 and 67.5 (normal: 
<100), the spacing between 
spots was even, the signal-

Figure 3. Effect of VE-statin/Egfl7 siRNA on the tube formation in vitro of HU-
VEC cells. A: Normal negative control HUVECs; B: Capillary lumen-like structures 
formed by HUVECs with rat tail collagen; C: HUVECs infected with the lentiviral 
expression vectors of siRNA targeting VE-statin/Egfl7 cannot form intact capil-
lary lumen-like structures added with rat tail collagen. D: Capillary lumen-like 
structures formed by HUVECs infected with universal negative control lentiviral 
added with rat tail collagen.
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and 1.43±0.20 and 0.37±0.09, respectively, in 
the experimental group. These findings are con-
sistent with the results of the microarray assay. 

Discussion 

Similar to other solid tumors, the growth of glio-
ma is highly dependent on angiogenesis. Our 
group found that VE-statin/Egfl7 was highly 
expressed in vascular endothelial cells and 
malignant human glioma cells, which was posi-
tively related to the degree of malignancy, cell 
proliferation, and angiogenesis [6]. In addition, 
we found that VE-statin/Egfl7 expression in the 
neurons of rat spinal-cord gray matter (particu-
larly the anterior horn neurons) was at a high 
level, whereas glial cells were negative for 
VE-statin/Egfl7 expression. Schmidt et al. [9] 
found that the VE-statin/Egfl7 protein is secret-
ed from certain neurons of the cerebral cortex 
and could influence the self-renewal and differ-
entiation of neural stem cells via the Notch sig-
naling pathway. We further investigated 
VE-statin/Egfl7 expression in the cerebral cor-
tex and subcortical white matter of patients 
with brain contusion in frontal non-functional 
areas. We found that VE-statin/Egfl7 expres-
sion in gray-matter neurons was at a low level 
and that the glial cells of both the gray matter 
and the white matter were negative for 
VE-statin/Egfl7 expression. These findings sug-
gest that VE-statin/Egfl7 is expressed in a frac-
tion of neurons in the central nervous system 
but not in glial cells. However, VE-statin/Egfl7 is 
reactivated in malignant glioma, and expres-
sion increases with increasing glioma patho-
logical grade, consistent with previous findings 
[6], suggesting that VE-statin/Egfl7-positive gli-
oma might have a different cellular origin than 
VE-statin/Egfl7-negative glioma. 

130 genes displaying up regulation, three had 
no known function, and 127 had identified 
functions. The GO analysis showed 150 func-
tions of related genes, and the following func-
tions were the most related characteristics of 
these genes: (1) genes related to cell prolifera-
tion, differentiation, and apoptosis (n≈50); the 
regulation of PI3K activity, RAS-related GTPase 
activity, and the MAPK cascade; the dissocia-
tion and phosphorylation of intracellular pro-
tein complexes; and cell survival, accounting 
for 20.3% of all genes, and (2) genes related to 
adherence to the extracellular matrix (n≈20), 
accounting for 9.2% of all genes. An analysis of 
signaling pathways revealed 50 pathways relat-
ed to these genes, and ERBB regulation was 
involved in 18 of these pathways (36%). The P 
value was adjusted with multiple detection to 
control for the false discovery rate (FDR) and 
revealed the following significant pathways: 1) 
epidermal growth factor receptor (EGFR) ERBB 
family members had the highest differential 
expression and accounted for 5.54% of the dif-
ferentially expressed genes, 2) cell survival-
related signals had the most evident change in 
expression, and 3) the integrin ανβ3 signaling 
pathway was markedly altered (Table 2).

Real-time fluorescence quantitative PCR for 
selected genes: Two differentially expressed 
genes (TRIB3 and FBN1), which had the most 
obvious change in expression and were related 
to regulation of the extracellular matrix, were 
selected for the detection of mRNA expression 
by RT-PCR. The results showed that the mRNA 
expression of TRIB3 and FBN1 was significantly 
different between the control and the experi-
mental groups (P<0.05): 0.58±0.12 and 
0.72±0.14, respectively, in the control group, 

Table 2. Top 10 enriched pathway terms from the gene set enrichment analysis
Gene set name Gene symbol P valuea

BIOCARTA_BCELLSURVIVAL_PATHWAY PIK3CGb, CASP3b, BIRC5 0.005
REACTOME_SHC1_EVENTS_IN_ERBB4_SIGNALING NRASb, NRG1, NRG2, PIK3CGb, PAK3, ABL2, 

APH1Ab, TRIB3, NEDD4, RALB, WASF1b, ACTG2, 
PLEKHA1b, F2Rb

0.010
REACTOME_GRB2_EVENTS_IN_ERBB2_SIGNALING 0.013
KEGG_ERBB_SIGNALING_PATHWAY 0.015
REACTOME_SIGNALING_BY_ERBB4 0.017
REACTOME_DOWNREGULATION_OF_ERBB2_ERBB3_SIGNALING 0.030
REACTOME_P38 MAPK_EVENTS 0.035
PID_INTEGRIN3_PATHWAY TGFβR2, SDC4b, THY1, FBN1b, SMURF2, PIK3CGb 0.016
PID_P75NTRPATHWAY CASP3b, APH1Ab, ARHGDIAb, MMP3b, BEX1 0.021
KEGG_RENAL_CELL_CARCINOMA PIK3CGb, NRASb, PAK3, VHLb, PGF 0.022
aP-values were adjusted by FDR, which was calculated for the top 50 significant pathway terms; bDownregulated genes.
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[12]. Previous findings, together with the pres-
ent results, thus indicate that VE-statin/Egfl7 
may regulate glioma angiogenesis, one of 
molecular mechanisms underlying the malig-
nant development of glioma.

Studies have shown that VE-statin/Egfl7 is 
expressed in several human malignancies. 
Moreover, VE-statin/Egfl7 may promote the 
invasion and metastasis of cancers, and its 
expression is associated with poor prognosis 
[13-15]. In the present study, real-time fluores-
cence quantitative PCR was performed to 
detect VE-statin/Egfl7 expression in human gli-
oma cell lines (U251, U373, and U87 cells), a 
human prostate cancer cell line (PANC-1 cells), 
and a human hepatocellular carcinoma cell line 
(HepG2 cells), and immunohistochemistry was 
performed to detect the expression of 
VE-statin/Egfl7 protein in a human pleomorphic 
glioblastoma cell line (U251 cells). The results 
showed that VE-statin/Egfl7 was highly 
expressed in U251, U373, PANC-1, and HepG2 
cells, whereas U87 cells were negative for 
VE-statin/Egfl7 expression. These findings sug-
gest that VE-statin/Egfl7 is not an endothelium-
specific factor, as shown in previous studies, 
and can be synthesized in certain types of can-
cer cells [6]. Indeed, VE-statin/Egfl7 expression 
might be cell-type dependent. In addition to its 
role in angiogenesis, VE-statin/Egfl7 is involved 
in the complex regulation of the occurrence and 
development of cancer. Thus, we employed a 
microarray assay to investigate the gene 
expression profile of U251 cells after VE-statin/
Egfl7 silencing, aiming to elucidate the molecu-
lar mechanisms underlying the regulation of 
the VE-statin/Egfl7 gene. A total of 271 differ-
entially expressed genes were identified, 
among which 141 were down regulated, and 
130 were up regulated. Further bioinformatics 
analyses indicated that the genes with the 
most evident changes in expression and with 
the highest proportion were related to signaling 
pathways involved in cell proliferation, invasion, 
and apoptosis. This group included genes regu-
lating the PI3K and Ras signaling pathways 
(20.3%) and genes related to adherence to the 
extracellular matrix (9.2%). Our results showed 
that high VE-statin/Egfl7 expression was close-
ly related to the proliferation and invasion of 
cancer cells, which is consistent with our previ-
ous findings [6]. The downstream factors of 
VE-statin/Egfl7 are involved in the EGFR family 
ERBB signaling pathway, the integrin ανβ3-

VE-statin/Egfl7 was previously regarded as a 
new vasoactive factor. In particular, under 
physiological or pathological conditions, 
VE-statin/Egfl7 is reactivated and involved in 
angiogenesis [4]. Furthermore, VE-statin/Egfl7 
might be reactivated in certain blood vessel-
dependent malignancies, so anti-angiogenesis 
therapy may be promising in the treatment of 
cancer. Accordingly, over the past 3 years, the 
correlation between VE-statin/Egfl7 and the 
occurrence and development of cancer has 
attracted much attention. Along these lines, in 
our previous study, a siRNA with a short hairpin 
structure of VE-statin/Egfl7 was introduced 
into a lentivirus to construct a vector express-
ing a GFP-conjugated siRNA targeting VE-statin/
Egfl7. The results showed that this vector could 
significantly inhibit VE-statin/Egfl7 expression 
in HUVECs and U251 cells [7, 8]. Based on 
these findings, the present study aimed to 
investigate the role and mechanism of 
VE-statin/Egfl7 in the endothelium-induced 
angiogenesis of malignant glioma. Our results 
revealed that endothelial cells failed to gener-
ate capillary lumen-like structures following 
VE-statin/Egfl7 interference, suggesting that 
VE-statin/Egfl7 plays an important role in 
lumen formation during glioma angiogenesis. 

Angiogenesis is a crucial event in the rapid 
growth, invasion, and metastasis of cancers. 
The results of the present study showed that 
VE-statin/Egfl7 could regulate angiogenesis in 
glioma, playing an important role in the malig-
nant development of glioma. Our study further 
elucidated the significance and mechanism of 
high VE-statin/Egfl7 expression in malignant 
human glioma. There is evidence showing that 
VE-statin/Egfl7 can activate EGFR to increase 
the phosphorylation of focal adhesion kinase 
(FAK), which promotes the migration and 
metastasis of liver cancer cells [5]. In 
Drosophila, VE-statin/Egfl7 may form complex-
es with the integrin ligand talin to regulate the 
activity of the integrin αPS2βPS [10], and the 
binding of an integrin to talin may activate the 
FAK signaling pathway. In humans, VE-statin/
Egfl7 in the extracellular matrix binds to the 
integrin ανβ3, which is involved in angiogenesis 
[11]. During embryonic vascular development 
and the repair of vascular injury, VE-statin/
Egfl7 functions to induce the formation of 
lumen-like structures, which may be attributed 
to the clustering migration and the spatiotem-
poral arrangement of vascular endothelial cells 
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study, the differentially expressed genes relat-
ed to integrins included THY1, TGFβR2, and 
SMURF2 (up regulated) and SDC4, FBN1, 
PIK3CG, and RAS (down regulated). THY1 is 
also known as TGFβR2 and is a receptor for 
TGFβ, and SMURF2 is a Smad-specific E3 ubiq-
uitin ligase 2, a classic molecule mediating the 
TGFβ signaling pathway. Classic TGFβ signal 
transduction is a relatively definite linear cas-
cade that involves the ligand TGF-β/BMP, the 
receptor complex TGFβR1/2, and signal trans-
duction factors of the Smad family. In particu-
lar, Smad2,3 is related to TGFβ signal transduc-
tion and may regulate the expression of related 
genes. Our signaling pathway analysis showed 
that VE-statin/Egfl7 mainly functions to inhibit 
the TGFβ signaling pathway. However, the role 
of TGFβ in cancers is very complex and may 
promote or inhibit cancer growth. In addition, 
TGFβ is a target of integrins and may interact 
with ERBB via the PI3K/Akt and Ras/MAPK sig-
naling pathways [17-19]. PI3K/Akt and Ras/
MAPK may in turn reduce TGFβ/Smad-induced 
apoptosis and cell cycle arrest. Additionally, 
TGFβ may activate signaling pathways (Ras/
MAPK, Notch, and PI3K/Akt), including the 
Smad signaling pathway, which may facilitate 
the pro-cancer effect of TGFβ in an interaction 
that is cell-type dependent [17]. Although TGFβ 
expression was found to be up regulated in gli-
oma, further studies are required to investigate 
the interaction between TGFβ and ERBB1. 
Indeed, it remains unclear whether inhibition of 
the downstream molecules of TGFβ by 
VE-statin/Egfl7 increases the interaction 
between TGFβ and other signaling pathways; 
inhibits cell apoptosis; and promotes the prolif-
eration, invasiveness, survival, and EMT of glio-
ma cells. In addition, our pathway analysis 
showed that VE-statin/Egfl7 promoted the 
expression of SDC4 and FBN1. SDC4 is a wide-
ly distributed, multi-ligand transmembrane pro-
teoglycan that functions in intercellular and 
intracellular signal transduction. The ligands of 
SDC4 include growth factors and the extracel-
lular matrix. SDC4 may promote the signal 
transduction of growth factors, activate ERK 
signals via the PKCα pathway, and be involved 
in the proliferation and migration of cells and 
endothelium-induced angiogenesis [20, 21]. 
The fibrillin FBN1 is an important component of 
the extracellular matrix and is closely related to 
integrins and TGFβ. FBN1 is composed of sev-
eral EGF-like repeats that are largely calcium 

dominant pathway associated with regulation 
of the extracellular matrix, and pathways relat-
ed to apoptosis. 

The human ERBB receptor family includes four 
types of transmembrane tyrosine kinase recep-
tors: ERBB1-4. ERBB1 is also known as EGFR, 
which functions in the form of homodimers or 
heterodimers, and there is evidence that EGFR/
ERBB1 mRNA expression increases by >50% in 
primary malignant glioma and plays an impor-
tant role in the development of this cancer [1]. 
ERBB2/ERBB3 expression also increases in 
glioma, whereas ERBB4 expression remains 
unchanged. These proteins function via PI3K 
and Ras signaling [16]. After silencing the 
VE-statin/Egfl7 gene, we found that the mRNA 
expression of PIK3CG and Ras was significantly 
down regulated (P<0.001), suggesting that 
VE-statin/Egfl7 promotes the development of 
glioma via these two signaling pathways. 
Surprisingly, the ERBB2/ERBB3 ligand NRG1/2 
exhibited down regulation after VE-statin/Egfl7 
silencing, even though the microarray results 
showed that the ERBB signaling pathway was 
closely related to VE-statin/Egfl7. This finding 
indicates that the VE-statin/Egfl7 gene pro-
motes the development of glioma via both sig-
naling pathways and that VE-statin/Egfl7 may 
activate PI3K and Ras in an ERBB1-dependent 
manner that is not associated with the ERBB2/
ERBB3 pathway. These results are consistent 
with findings reported by Wu et al. [5]. The PI3K 
and Ras signaling pathways are downstream 
factors of FAK. Our results indicate that ERBB1 
is a target of VE-statin/Egfl7 and that VE-statin/
Egfl7 may directly or indirectly bind to ERBB1, 
resulting in FAK phosphorylation, which subse-
quently activates the PI3K and Ras signaling 
pathways and a series of changes in gene 
expression. In our future studies, co-immuno-
precipitation and pull-down assays will be 
employed to detect interactions between these 
factors. 

Signaling pathway analysis showed that 
VE-statin/Egfl7 was most closely related to the 
integrin signaling pathway. The FAK signaling 
pathway is an important downstream pathway 
of integrins and is dependent on the binding of 
talin to integrins. In humans, VE-statin/Egfl7 in 
the extracellular matrix binds to the integrin 
ανβ3 to promote angiogenesis [11], and 
VE-statin/Egfl7 may function in glioma in an 
integrin/FAK-dependent manner. In the present 
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