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Abstract. The aim of the present study is to identify novel 
promising marks and targets of diagnosis, therapy and prog‑
nosis for patients with vestibular schwannoma at the molecular 
level. The gene expression profiles of GSE54934, GSE39645 
and GSE56597 datasets were obtained respectively from 
the Gene Expression Omnibus database. The differentially 
expressed genes (DEGs) were identified by comparing between 
gene expression profiles of the vestibular schwannoma tissues 
and normal tissues. Subsequently, Gene Ontology (GO), 
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis 
and protein‑protein interaction (PPI) network analysis 
were performed. The function and pathway enrichment 
analysis were performed for DEGs with DAVID. Reverse 
transcription‑quantitative PCR were conducted to confirm the 
expression of BCL2, AGT, IL6 and ITGA2 in human Schwann 
cells and vestibular schwannoma cells. A total of 4,025, 1,1291 
and 1,513 DEGs were identified from GSE54934, GSE56597 
and GSE39645 datasets, respectively. GO and KEGG analysis 
showed that the mutual upregulated genes were mainly 
enriched in cell division, mitotic nuclear division, and transi‑
tion of mitotic cell cycle, whilst mutual downregulated genes 
were enriched in chemical synaptic transmission, neurotrans‑
mitter transport, and synaptic vesicle membrane. Subsequently, 

20 genes, including BCL2, AGT, IL6 and ITGA2 were selected 
as hub genes with high degrees after PPI network analysis. The 
significant differential expression of those genes were detected 
among vestibular schwannoma tissues compared with normal 
nerve tissues. In conclusion, BCL2, AGT, IL6 and ITGA2 
are significantly higher expressed in vestibular schwannoma 
tissues compared with human Schwann tissues. The DEGs 
identified in the present study provide novel targets for the 
diagnosis and treatment of vestibular schwannoma.

Introduction

Vestibular schwannoma (VS), also known as vestibular 
Schwann cell tumor or acoustic neuroma (AN), is a type of 
primary tumor in the nerve sheath of the junction between 
the cranial nerve Ⅷ vestibular branch center and peripheral 
nerves (1). VS is a common intracranial tumor, accounting for 
~90% of cerebellopontine angle tumors (2).

The vast majority of VS are benign tumors, while malignant 
tumors or malignant transformation are rarely seen. The type 
of VS varies, but in most cases the tumor grows slowly at an 
annual rate of ~1‑2 mm (3). Furthermore, a part of the tumor 
would stop growing when it reaches a certain size, or undergoes 
auto‑atrophy and become smaller (3). However, large tumors 
may still remain in the brain stem and cause compression or 
intracranial hypertension, which threaten patient's life when 
the symptoms are severe. VS is mostly disseminated unilat‑
eral lesion, though some are family genetic bilateral lesions. 
For different sizes and types of the VS, the current treatment 
methods include surgical resection, stereotactic radiotherapy 
and long‑term follow‑up observation (4). Nevertheless, patients 
are always at risk of serious intracranial complications after 
surgery or radiotherapy. Accordingly, such treatment outcome 
effect is unsatisfactory for both patients and doctors. Thus, 
there is an urgent need for a comprehensive and specific 
method to reduce the risk of postoperative complications and 
to improve the situation.
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In recent years, accumulating evidence has suggested 
that various types of genes and cellular pathways contribute 
to the occurrence and development of VS. A study by 
Martini et al (5), which was conducted on YAP, TAZ and 
AREG expression in eighth cranial nerve schwannoma, 
proved that there was a significant direct correlation between 
TAZ expression and vestibular schwannoma volumes. In 
addition, Zhang et al (6) reported on a cDNA microarray 
analysis on VS and solid vestibular schwannoma models, 
which demonstrates a mutation spectrum and differential gene 
expression in cystic and solid vestibular schwannoma, which 
could provide useful insights into the molecular mechanism. 
However, few current studies had expounded a comprehensive 
and precise molecular mechanism related to VS progression 
and pathogenesis; nevertheless, the current understanding of 
VS is still limited, superficial and provincial. Therefore, there 
is a need for comprehensive research to improve the present 
situation.

Microarray technology combined with bioinformatics 
made it possible to analyze the genetic alteration and molecular 
mechanisms in the development and progression of VS, which 
may provide a theoretical basis for target prevention in VS. In 
the present study, gene expression profiles of VS tissues and 
the normal tissues were analyzed to identify the discrepancy, 
in order to define differentially expressed genes (DEGs). 
Subsequently, Gene Ontology (GO), Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analysis 
and protein‑protein interaction (PPI) network analysis were 
conducted, as well as reverse transcription‑quantitative (RT‑q)
PCR analysis. The aim of the present study was to provide data 
to determine the comprehensive and profound mechanism of 
VS, biomarkers for diagnosis and prognosis of VS, and novel 
targets for treatment of patients with VS.

Materials and methods

Microarray data. The expression profiles of GSE54934 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE54934), 
GSE39645 (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE39645) and GSE56597 (https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE56597) were obtained 
from Gene Expression Omnibus (GEO, http://www.ncbi.nlm.
nih.gov/geo) database of National Center of Biotechnology 
Information (NCBI) (http://www.ncbi.nlm.nih.gov/). The 
array data of GSE54934 contained 31 VS samples and 9 
normal nerve samples. GSE39645 includes 31 VS samples and 
9 normal nerve samples. GSE56597 contains 31 VS samples 
and 9 normal nerve samples (7‑9). 

Data preprocessing and identification of DEGs. After 
obtaining the data, the GeneSpring software (version 11.5; 
Agilent Technologies, Inc.) was used to analyze the DEGs 
that were identified. The data of every series was categorized 
into two groups (VS and normal). Hierarchical clustering 
analysis and principle component analysis (PCA) were applied 
to determined probe quality control in GeneSpring. Probes, 
where intensity values below 20th percentile were filtered out 
with ‘Filter ProbeSets by Expression’ option. Within series, 
unpaired t‑test was used to identify DEGs with a change >2.0 
fold and defined a P‑value cutoff of <0.05 to be considered 

as statistically significant. Then, Venn plot and analysis were 
conducted using website tools (http://bioinformatics.psb.ugent.
be/webtools/Venn/).

Functional and pathway enrichment analysis. The Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID; http://david.abcc.ncifcrf.gov/) is an online program 
applied to provide a comprehensive set of functional 
annotation tools to perceive biological meaning underlying a 
group of genes. GO (http://www.geneontology.org/) enrich‑
ment analysis is a method to analyze biological process, 
molecular function and cell component. KEGG pathway 
enrichment analysis was used to identify DEGs using the 
DAVID database. P<0.05 was considered to indicate a 
statistically significant difference.

PPI network and module analysis. Search Tools for Retrieval 
of Interacting Genes (STRING; http://string.embl.de/) database 
and Cytoscape (v 3.8.2) software (The Cytoscape Consortium) 
were used to construct the protein‑protein interaction (PPI) 
network of DEGs (10,11). Subsequently, the Molecular Complex 
Detection (MCODE) was performed to screen hub genes and 
modules. P<0.05 was considered to indicate a statistically 
significant difference. Subsequently, the function and pathway 
enrichment analysis were performed for DEGs with DAVID.

Cell lines. XY‑H350 (human Schwann cell line), HEI193 cell 
line and RT4‑D6P2T cell line (schwannoma cell line) were 
obtained from the American Type Culture Collection. All cell 
lines were cultured in Dulbecco's modified Eagle's medium 
(HyClone; Cytvia) supplemented with 10% fetal bovine serum 
(Gibco; Thermo Fisher Scientific, Inc.). An atmosphere of 
5% CO2 and 95% air at 37˚C was maintained for the cultiva‑
tion of the cell lines.

RT‑qPCR. In order to confirm the expression of BCL2, 
AGT, IL6 and ITGA2 in the human Schwann cell line and 
schwannoma cell lines, RT‑qPCR was performed in tripli‑
cate in a CFX96 Real‑Time System (Bio‑Rad Laboratories, 
Inc.) with a FastStart Universal SYBR Green Master 
(ROX) (Roche Diagnostics) according to the manufacturer's 
instructions and expression levels were normalized to glyc‑
eraldehyde‑3‑phosphate dehydrogenase (GAPDH). TRIzol® 
reagent (Thermo Fisher Scientific, Inc.) was utilized to isolate 
RNA from tissues and cells, as per the guidelines provided by 
the manufacturer. The PrimeScript RT‑qPCR kit (Takara Bio, 
Inc.) was utilized for reverse transcription to obtain cDNA. To 
quantify gene expression, two‑Step RT‑qPCR was performed 
with hot start Taq at 95˚C (15 sec), with annealing and exten‑
sion at 60˚C (60 sec) for 40 cycles, followed by a melting 
curve analysis. All RT‑qPCR data were analyzed using the 
2‑∆∆Cq method (12). Primers (Shanghai GenePharma Co., Ltd.) 
were designed through Primer Bank (https://pga.mgh.harvard.
edu/primerbank/) and were re‑checked by NCBI Primer‑Blast 
(http://www.ncbi.nlm.nih.gov/tools/primer‑blast/). The 
following gene‑specific primers were used: BCL2 sense, 
5'‑GGT GGG GTC ATG TGT GTG G‑3'; BCL2 anti‑sense, 
5'‑CGG TTC AGG TAC TCA GTC ATC C‑3'; AGT sense, CCC 
CAG TCT GAG ATG GCT C; AGT anti‑sense, GAC GAG GTG 
GAA GGG GTG TA; IL6 sense, ACT CAC CTC TTC AGA ACG 
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AAT TG; IL6 anti‑sense, CCA TCT TTG GAA GGT TCA GGT 
TG; and ITGA2 sense, CCT ACA ATG TTG GTC TCC CAG A; 
and ITGA2 anti‑sense, AGT AAC CAG TTG CCT TTT GGA TT 
and GAPDH sense, GGA GCG AGA TCC CTC CAA AAT.

Western blot analysis. Western blot analysis was performed to 
further verify the expression of BCL2, AGT, IL6 and ITGA2 
in human Schwann cell line and schwannoma cell lines. Total 
protein extracts of tissues were obtained using RIPA buffer 
(Pierce; Thermo Fisher Scientific, Inc.). Protein concentration was 
determined using the Bradford method (Bio‑Rad Laboratories, 
Inc.). Protein samples were separated using 10% SDS‑PAGE 
and transferred to PVDF membranes (Roche Applied Science). 
The membranes were preincubated with 5% skim milk in 
Tris‑buffered saline (TBS) for 2 h at room temperature.

All cell lines were cultured in the same growth media. 
The protein samples from cultures were separated through 
electrophoresis. The target proteins in membranes were 
detected using primary antibodies to BCL2, AGT, IL6 and 
ITGA2, and incubated with the selected secondary anti‑
bodies. The following primary antibodies (EASYBIO) were 
diluted 1:1,000 in 1X TBS with 0.1% Tween‑20 (TBST), 
and the samples were incubated overnight at 4˚C: Plant 
GST rabbit polyclonal (cat. no. be3158‑50), phosphotyrosine 
mouse monoclonal (cat. no. be3431) transferrin rabbit poly‑
clonal (cat. no. be3357‑100), ubiquitin mouse monoclonal 
(cat. no. be3601) and SPB (cat. no. wrab‑48604) antibodies. 
The membranes were washed four times with TBST, 

horseradish peroxidase (HRP)‑conjugated secondary anti‑
bodies, goat anti‑rabbit IgG‑HRP; cat. no. sc‑2004; Santa 
Cruz Biotechnology, Inc.) were added, and the membranes 
were incubated for 1 h at room temperature. The samples 
were diluted 1:1,000 in TBST, and the hybridized bands 
were detected with an ECL detection kit (Thermo Fisher 
Scientific, Inc.) and Chemidoc XR image analyzer (Bio‑Rad 
Laboratories, Inc.).

Following that, the membranes were visualized with 
an enhanced chemiluminescence detection system (Pierce; 
Thermo Fisher Scientific, Inc.). Western blot band intensities 
were analyzed with the National Institutes of Health Image 1.63 
program (developed at the US National Institutes of Health; 
available at http://rsb.info.nih.gov/nih‑image/).

Statistics. All statistic data were entered into SPSS 18.0 
(SPSS Inc.) for analysis. ANOVA was used to analyze 
multiple comparison of RT‑qPCR and Western blot analysis. 
Dunnett's t‑test was performed as post hoc analysis. P<0.05 
was considered to indicate a statistically significant differ‑
ence.

Results

Identification of DEGs. The series of data were analyzed 
separately by GeneSpring software, and DEGs were finally 
identified. A total of 4,025, 11,291 and 1,513 DEGs were 
identified from GSE54934, GSE56597 and GSE39645 

Figure 1. (A) Venn plot analysis results of differentially expressed genes. (B) Hub gene expression heat map of GSE39645. (C) Hub gene expression heat map 
of GSE54934. (D) Hub gene expression heat map of GSE56597.
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datasets. In GSE54934, there were 1,225 upregulated and 
2,800 downregulated DEGs; in GSE56597, the numbers of up‑ 
and downregulated DEGs were 7,687 and 3,604, respectively; 
in GSE39645, 1,101 genes were upregulated and 412 were 
downregulated. The results of Venn plot screened 1386 mutual 
DEGs, as presented in Fig. 1A and Table S1, and heatmap of 
DEGs are shown in Fig. 1B‑D.

Functional and pathway enrichment analysis. To gain further 
insight into the molecular mechanism of VA, the mutual DEGs 
were further explored for functional and pathway enrichment 
analysis, which are shown in Table I and Fig. 2A and B. In 
biological processes (BP), the upregulated genes were mainly 
enriched in immune response, cell adhesion and neuron 
development, while downregulated genes were involved in 

Table I. Functional and pathway enrichment analysis of upregulated and downregulated genes among three datasets.

 Category Term Count % P‑value

Upregulated GOTERM_BP_FAT GO:0006955‑immune response 155 15.78 2.77x10‑15

 GOTERM_BP_FAT GO:0031175‑neuron projection development 100 10.18  3.35x10‑15

 GOTERM_BP_FAT GO:0061564‑axon development 66 6.72  5.55x10‑14

 GOTERM_BP_FAT GO:0048666‑neuron development 108 11.00  9.34x10‑14

 GOTERM_BP_FAT GO:0007155‑cell adhesion 160 16.29  1.54x10‑13

 GOTERM_CC_FAT GO:0000323‑lytic vacuole 77 7.84  2.99x10‑13

 GOTERM_CC_FAT GO:0005764‑lysosome 77 7.84  2.99x10‑13

 GOTERM_CC_FAT GO:0005773‑vacuole 130 13.24  1.74x10‑12

 GOTERM_CC_FAT GO:0044437‑vacuolar part 82 8.35  2.71x10‑9

 GOTERM_CC_FAT GO:0005765‑lysosomal membrane 42 4.28  7.37x10‑8

 GOTERM_MF_FAT GO:0008092‑cytoskeletal protein binding 77 7.84  2.27x10‑6

 GOTERM_MF_FAT GO:0005102‑receptor binding 114 11.61  1.23x10‑5

 GOTERM_MF_FAT GO:0098772‑molecular function regulator 109 11.10  1.94x10‑5

 GOTERM_MF_FAT GO:0045499‑chemorepellent activity 9 0.92  4.91x10‑5

 GOTERM_MF_FAT GO:0032395‑MHC class II receptor activity 7 0.71  6.67x10‑5

 KEGG_PATHWAY hsa05150‑Staphylococcus aureus infection 22 2.24  2.69x10‑12

 KEGG_PATHWAY hsa04514‑cell adhesion molecules (CAMs) 32 3.26  5.4x10‑10

 KEGG_PATHWAY hsa04142‑lysosome 25 2.55  3.45x10‑7

 KEGG_PATHWAY hsa04145‑phagosome 28 2.85  7.55x10‑7

 KEGG_PATHWAY hsa05140‑leishmaniasis 16 1.63 2.57x10‑5

Downregulated GOTERM_BP_FAT GO:0040011‑locomotion 81 20.10 4.96x10‑13

 GOTERM_BP_FAT GO:0016477‑cell migration 69 17.12 5.67x10‑13

 GOTERM_BP_FAT GO:0048870‑cell motility 74 18.36 6.35x10‑13

 GOTERM_BP_FAT GO:0051674‑localization of cell 74 18.36 6.35x10‑13

 GOTERM_BP_FAT GO:0072359‑circulatory system development 60 14.89 8.12x10‑13

 GOTERM_CC_FAT GO:0005615‑extracellular space 83 20.60 5.27x10‑15

 GOTERM_CC_FAT GO:0031012‑extracellular matrix 44 10.92 5.55x10‑13

 GOTERM_CC_FAT GO:0005576‑extracellular region 169 41.94 1.45x10‑12

 GOTERM_CC_FAT GO:0005578‑proteinaceous extracellular matrix 34 8.44 1.42x10‑11

 GOTERM_CC_FAT GO:0044421‑extracellular region part 143 35.48 2.47x10‑10

 GOTERM_MF_FAT GO:0005102‑receptor binding 67 16.63 1.15x10‑8

 GOTERM_MF_FAT GO:0005539~glycosaminoglycan binding 21 5.21 3.56x10‑8

 GOTERM_MF_FAT GO:0005509‑calcium ion binding 38 9.43 1.35x10‑6

 GOTERM_MF_FAT GO:0008201‑heparin binding 16 3.97 2.57x10‑6

 GOTERM_MF_FAT GO:0008237‑metallopeptidase activity 17 4.22 4.86x10‑6

 KEGG_PATHWAY hsa05144‑malaria 10 2.48 3.45x10‑6

 KEGG_PATHWAY hsa04024‑cAMP signaling pathway 16 3.97 1.65x10‑4

 KEGG_PATHWAY hsa04060‑cytokine‑cytokine receptor interaction 17 4.22 2.68x10‑4

 KEGG_PATHWAY hsa05200‑pathways in cancer 23 5.71 4.45x10‑4

 KEGG_PATHWAY hsa04020‑calcium signaling pathway 14 3.47 6.81x10‑4

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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locomotion, extracellular space, cell motility, localization 
of cell and circulatory system development. For cell compo‑
nent (CC), the upregulated genes were mainly associated with 
lysosome, lysosomal membrane and vacuolar part, whereas 
the downregulated genes were associated with extracel‑
lular space, extracellular matrix and extracellular region. In 
molecular function (MF), the upregulated genes were mainly 

enriched in cytoskeletal protein binding, receptor binding 
and chemorepellent activity, while the downregulated in 
receptor binding, calcium ion binding and heparin binding. 
Moreover, as shown in Fig. 3A, several KEGG pathways were 
overrepresented, which are cell adhesion molecules (CAMs), 
phagosome, lysosome, simultaneously, malaria and cAMP 
signaling pathway.

Figure 2. (A) Functional and pathway enrichment analysis of upregulated genes. (B) Functional and pathway enrichment analysis of downregulated genes. 
DEGS, differentially expressed genes.

Figure 3. (A) Gene Set Enrichment Analysis of mutual differentially expressed genes among three datasets. (B) Results of reverse transcription‑quantitative 
PCR analysis. ***P<0.001. (C) Results of western blot analysis.



WU et al:  IDENTIFICATION OF KEY PATHWAYS AND GENES IN VESTIBULAR SCHWANNOMA6

Module screening from the PPI network. The previous 
1386 mutual DEGs among the three datasets were analyzed 
using PPI network, and the hub genes were screened with 
degrees ≥50 based on the STRING database. Altogether, 
20 genes were identified as hub genes, which were listed in 
Table II, including EGFR, ITGA2, AGT, IL6, CDH1, BCL2, 
IL8, ICAM1, ERBB2, CCND1, MET, CAT, CXCL10, GNG2, 
SAA1, VCAM1, PPARG, ARC3 and TLR2. Among the afore‑
mentioned genes, EGFR showed the highest degree, which 
was 120. The top three significant modules were selected and 
shown in Fig. 4. Functional annotation of the module genes 
is shown in Table III. The genes of module 1 were associ‑
ated with cellular structure, including G‑protein coupled 
with receptor signaling pathway, inflammatory response and 
chemokine‑mediated signaling pathway. Genes of module 2 
were associated with type I interferon signaling pathway, 
interferon‑γ‑mediated signaling pathway and defense response 
to virus. Genes of module 3 were associated with type I 
interferon signaling pathway, interferon‑γ‑mediated signaling 
pathway and defense response to virus.

Validation of common hub genes by RT‑qPCR. To validate 
the expression of BCL2, AGT, IL6, and ITGA2 in human 
schwannoma cells, RT‑qPCR was performed. Fig. 3B showed 
significant differences in the expression levels of these genes 
among human Schwann cells, RT4‑D6P2T cell line and 
HEI193 cell line. BCL2 and ITGA2 genes were consistently 
expressed higher in RT4‑D6P2T cells and HEI193 cells 
compared with normal Schwann cells (P<0.05). AGT and 
IL6, on the contrary, showed lower expression in schwannoma 
cell lines with human Schwann cells. Moreover, among the 

schwannoma cell lines, the levels of expression of the BCL2, 
AGT, IL6, and ITGA2 genes were slightly different.

Further confirmation of common hub genes by western 
blotting. Western blot analysis was conducted to verify the 
expression of BCL2, AGT, IL6 and ITGA2 in human Schwann 
cells, RT4‑D6P2T cell line and HEI193 cell line. As presented 
in Fig. 3C, the protein levels of BCL2 and ITGA2 was 
distinctly expressed higher in RT4‑D6P2T cells and HEI193 
cells compared with normal Schwann cells, while AGT and 
IL6 had lower expression in schwannoma cell lines compared 
with human Schwann cells. The result of western blotting 
analysis was consistent with the RT‑qPCR result.

Discussion

VS is a product of the cumulative genetic, epigenetic, somatic 
and endocrine aberrations. Despite advances in treatment 
methods, including surgical resection, stereotactic radio‑
therapy and long‑term follow‑up observation, the prognosis 
of VS remained poor over the past decades, mainly due to 
the lack of effective diagnosis and therapy (13). Therefore, 
to comprehensively perceive the molecular mechanisms, 
etiological factors and pathogenesis of VS is vital for the 
improvement of diagnosis, therapy and prognosis. Recently, 
microarray technology has been developed rapidly and widely 
used to reveal the general genetic alteration in the progression 
of disease, which enables the identification of targets for 
diagnosis, therapeutic and prognosis of tumors.

In the present study, 49 VS samples and 31 formal samples 
were extracted from mRNA microarray dataset GSE39645, 
GSE454934 and GSE56597 for gene expression data. A total 
of 1,088 DEGs, 1,744 DEGs and 983 DEGs were identified 
respectively. A total of 1,386 mutual DEGs among the three 
datasets were identified by Venn plot. Cumulative evidences 
proved that these DEGs were expressed abnormally and, 
significantly, and played an important role in the pathogen‑
esis of VS, which could be used as diagnosis, treatment and 
prognosis markers in the future. In order to better perceive the 
interactions of DEGs, GO and KEGG pathway analysis were 
further performed.

Based on GO analysis of abnormal expression genes, the 
upregulated genes were mainly associated with hyperplasia, 
including axon development, cell adhesion, cytoskeletal 
protein binding, molecular function regulator and MHC 
class II receptor activity, which were associated with 
cancer. The downregulated genes were primarily enriched 
in biological information transfer, such as cell migration, 
cell motility, circulatory system development, calcium ion 
binding and extracellular region part. The communication 
between cells and its surrounding environment is bidirec‑
tional.

Microenvironments have been shown to be important 
for normal tissue homeostasis and tumor tissue growth. The 
interaction of Schwann cells and axons with the surrounding 
cells is one of the key factors in schwannoma, which is 
consistent with the result of the GO analysis. In addition, 
schwannoma is closely associated with the abnormity of 
macrophage, indicating that anti‑inflammatory therapy may 
be with potential curative effect of schwannoma (14).

Table II. Detailed information of the hub genes among three 
datasets.

Gene symbol Degree Betweenness Centrality

EGFR 120 0.10487979
ITGA2 104 0.08396193
AGT 89 0.040633
IL6 84 0.04045457
CDH1 80 0.04385459
BCL2 80 0.04821594
IL8 79 0.0255738
ICAM1 78 0.02813842
ERBB2 71 0.02459344
CCND1 65 0.03077167
MET 60 0.03282732
CAT 55 0.04106918
CXCL10 54 0.00806233
GNG2 53 0.00652289
SAA1 53 0.00540032
VCAM1 52 0.01110284
PPARG 51 0.02454711
AR 50 0.02629149
C3 50 0.01353721
TLR2 50 0.01524084
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Furthermore, the results of KEGG analysis revealed 
that the mutual up‑ and downregulated DEGs were mainly 
enriched in cell adhesion molecules (CAMs), phagosome and 
cAMP signaling pathway. CAMs not only play an important 
role in normal tissue growth and development, participating 
in proliferation and differentiation, signal transduction of 
cells, but also in the biological behavior of tumor tissues, 

participating in the occurrence, invasion and metastasis of 
tumor. Neural cell adhesion molecule (NCAM) is a marker 
of Schwann cells. Some studies have shown that NCAM was 
overexpressed in Schwann cells of patients with VS. The 
degree of CAM expression can help us distinguish between 
benign and malignant schwannomas (15). E‑cadherin is a 
calcium‑dependent CAM, which is an essential protein for 

Figure 4. Top three modules from the protein‑protein interaction network.
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metastasis of multiple models of breast cancer and a lack of 
E‑cadherin can induce apoptosis of cells (16). E‑cadherin 
is expressed in some schwannomas, especially in VS (14). 
Therefore, it was speculated that E‑cadherin is closely associ‑
ated with the metastasis of tumor cells in VS, and molecular 
strategies to inhibit E‑cadherin‑mediated tumor cell metastasis 
may have potential effect in the treatment of VS. Phagosome 
promotes immunosuppression through induction of macro‑
phages with increasing expression of PD‑L1 (17). A study 
has shown that PD‑L1 is highly expressed in cells of VS, and 
adaptive resistance to cellular immunity plays an important 
role in tumor immune microenvironment of schwannoma (18). 
Therefore, it is postulated that immunotherapy is expected to 
be a new treatment method for VS.

Aims to screen hub genes among DEGs were identified in 
previous studies, therefore, mutual DEGs were analyzed with 
PPI network based on the STRING database, and 20 genes 
were selected with high degrees, such as BCL2, AGT, IL6 and 
ITGA2.

BCL2, an apoptosis regulator, located in chromosome 
1q42.2, the epigenetic inactivation of which was caused by 
promoter hypermethylation may lead to mutations in K‑ras and 
p53, a critical process that initiates tumorigenesis (19). A study 
by Ni et al (20) proved that co‑overexpression of VEGF and 
Bcl‑2 inhibits the oxygen and glucose deprivation, inducing the 
apoptosis of mesenchymal stem cells. Edison et al (21) reported 
that the mutation of BCL2 increased stability and was more 
potent in the protection against apoptosis. It has also been 
reported that BCL2 is associated with certain malignancies 
including gastrin, hepatocellular carcinoma, salivary adenoid 

cystic carcinoma, and diffuse large B cell lymphoma (22). In 
addition, it was demonstrated that BCL2 is associated with 
the migration and invasion of human osteosarcoma and breast 
cancer, therefore, this could be a significant marker for tumor 
aggressiveness (12,23‑26). Furthermore, it has been reported 
that bufalin synergized with AKT inhibitor LY294002 to induce 
the apoptosis of lung cancer A549 cells, which was associated 
with the upregulation of the downregulation of BCL2, which 
indicates that BCL2 is a potential therapeutic target for VS, and 
bufalin may be a potential treatment regimen (27).

AGT, encoding angiotensinogen and angiotensin‑(1‑7) 
plays a role in metabolic pathways associated with cell death 
and cell survival in human endothelial cells. As a vital progen‑
itor, the augmented AGT accelerated vascular remodeling. 
It is universally known that the circulation via blood vessels 
is a significant process in tumor metastasis (28‑30). AGT is 
markedly associated with the initiation and progression of 
brain, lung, ovary and renal cell cancer (31,32). In addition, the 
serum AGT is also associated with the prognosis of metastatic 
colorectal cancer (33).

IL6, located on chromosome 7p15.3, as a pleiotropic 
cytokine, plays an important role in immune regulation, 
hematopoiesis, inflammation and oncogenesis, and controls 
the survival, growth, differentiation and effector function of 
tissues and cells, and functions in inflammation and matura‑
tion of B cells. It was reported that Il‑6 is associated with 
various malignancies including melanoma, breast cancer, 
gastric cancer, colorectal cancer and prostate cancer (34). IL6 
enhances tumorigenesis, promotes melanoma progression and 
strengthens tumorigenic capabilities (35‑39). Furthermore, it 

Table III. Functional and pathway enrichment analysis of the module's genes.

Modules Term Count % P‑value Genes

1 G‑protein coupled receptor 20 62.50 4.31x10‑17 CXCL1, C3AR1, C3, CXCL2, CXCR1, CCL19, FPR2, 
 signaling pathway (BP)    BDKRB2, CXCL10, P2RY12, APLNR, RGS1, PPBP,
     CXCR4, CCL21, AGT, RGS6, GNG2, HCAR3, HCAR2
 Inflammatory response (BP) 14 43.75 4.60x10‑14 CXCL1, C3AR1, C3, CXCL2, CXCR1, CCL19, CXCR2, 
     FPR3, BDKRB2, FPR2, CXCL10, PPBP, CCL21, CXCR4
 Chemokine‑mediated 9 28.12 4.97x10‑13 CXCL1, PPBP, CXCR4, CCL21, CXCL2, CXCR1, CCL19, 
 signaling pathway (BP)    CXCR2, CXCL10
2 Type I interferon signaling 16 69.56 1.47x10‑32 SP100, OAS3, OAS1, OAS2, IFI35, IFIT3, IFIT2, OASL, 
 pathway (BP)    IFIT1, ISG15, IRF8, XAF1, MX1, MX2, GBP2, IFI6
 Interferon‑γ‑mediated 13 56.52 7.65x10‑24 NCAM1, VCAM1, ICAM1, OASL, SP100, IRF8, OAS3, 
 signaling pathway (BP)    HLA‑DRB5, IFI30, OAS1, OAS2, GBP2, GBP1
 Defense response to virus 11 47.82 3.69x10‑15 IFIT3, IFIT2, IFIT1, OASL, ISG15, OAS3, OAS1, OAS2, 
 (BP)    MX1, MX2, GBP1
3 Type I interferon signaling 16 69.56 1.47x10‑32 SP100, OAS3, OAS1, OAS2, IFI35, IFIT3, IFIT2, OASL, 
 pathway (BP)    IFIT1, ISG15, IRF8, XAF1, MX1, MX2, GBP2, IFI6
 Interferon‑γ‑mediated 13 56.52 7.65x10‑24 NCAM1, VCAM1, ICAM1, OASL, SP100, IRF8, OAS3, 
 signaling pathway (BP)    HLA‑DRB5, IFI30, OAS1, OAS2, GBP2, GBP1
 Defense response to virus 11 47.82 3.69x10‑15 IFIT3, IFIT2, IFIT1, OASL, ISG15, OAS3, OAS1, OAS2, 
 (BP)    MX1, MX2, GBP1

BP, biological process.
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is a diagnostic biomarker for gastric cancer and a prognostic 
biomarker in metastatic colorectal cancer (40). In addition, 
the biological mechanisms of IL‑6 in acoustic neuroma were 
reported to be associated with the stimulation of cellular 
proliferation, and may be the potential therapeutic targets in 
VS (41,42).

ITGA2 is located on chromosome 5q11.2. As a part 
of cell‑matrix adhesion, ITGA2 interacts selectively and 
non‑covalently with amyloid‑β peptide/protein and/or its 
precursor. ITGA2 is the attachment for a cell, either to another 
cell or to an underlying substrate such as the extracellular 
matrix, via an integrin, a heterodimeric adhesion receptor 
formed by the non‑covalent association of particular α and 
β subunits. It is known that the movement of normal cells is 
also controlled by contact inhibition, which largely depends 
on adhesion molecules such as integrins that prevents aberrant 
cell migration (43). ITGA2 has been pointed that it is associ‑
ated with the occurrence, development and metastasis of breast 
cancer, nasopharyngeal carcinoma, primary colon tumors, 
cervical cancer and liver cancer. It also has been reported that 
it might be a therapeutic target for gastric cancer and osteo‑
sarcoma. Besides, ITGA2 may be a prognosis biomarker for 
breast cancer patients. All types of evidence suggest that in 
the early process of cancer metastasis, ITGA2 reduction helps 
cancer cells to detach the primary cancer and in late phase 
cancer, ITGA2 recovery helps cancer cells to locate in lymph 
node and distant organs (44‑48).

Aiming to verify the results of bioinformatics analysis, 
RT‑qPCR and western blot analysis of the aforementioned hub 
genes were performed. The results indicated that expression 
levels of BCL2 and ITGA2 in schwannoma samples were signif‑
icantly higher compared with normal Schwann cells (P<0.05), 
while AGT and IL6 were expressed lower in schwannoma cell 
lines compared with normal Schwann cells, which is consistent 
with DEG identification and heatmaps. In addition BCL2, AGT, 
IL6 and ITGA2 were revealed in VS for the first time, which 
provides verification of the associations among these genes and 
VS for further investigations. The other hub genes also mean 
precise diagnosis biomarkers, potential treatment targets, and 
prognosis markers for patients with VS, as well as DEGs.

The functional annotation and enrichment of module 
genes were also performed, and enriched function analysis 
and it revealed that genes in module 1 were primarily asso‑
ciated with inflammatory response, chemokine‑mediated 
signaling pathway and G‑protein coupled with receptor 
signaling pathway. Inflammatory response is closely asso‑
ciated with tumor, studies have proved that inflammatory 
environment affects gastric cancer initiation and metastasis 
via epithelial‑mesenchymal transition (49). Tumor‑associated 
inflammation can promote tumorigenesis and metastasis 
through angiogenesis and metastasis, which also turn reduced 
the sensitivity of tumor to chemotherapy drugs. The genes 
of modules 2 and 3 were associated with type I interferon 
signaling pathway, interferon‑γ‑mediated signaling pathway 
and defense response to virus. Type I interferon is significant 
for defense against viruses via the induction of antiviral 
effector molecules that are encoded by IFN‑stimulated 
genes (50). Due to the immunosuppressive state of patients 
with schwannoma (51), T‑lymphocytes‑secreted interferon is 
decreased, which is conducive to the growth and reproduction 

of tumor cells and reduces the resistance to virus (52). 
Insufficient secretion of interferon is highly susceptible to 
virus infection (53).

Conclusion. A total of 4,025, 11,291 and 1,513 DEGs were 
identified from GSE54934, GSE56597 and GSE39645 
datasets, respectively, and there are 1,386 mutual DEGs 
among these three datasets. The GO and KEGG analysis 
showed that enriched functions and pathways in upregulated 
genes are mainly associated with cell division, mitotic nuclear 
division, transition of mitotic cell cycle, microtubule, and 
microtubule motor activity, while downregulated genes tend to 
enrich in biological information transfer, including chemical 
synaptic transmission, neurotransmitter transport, synaptic 
vesicle membrane, GABA‑A receptor activity and calcium ion 
binding. BCL2, AGT, IL6 and ITGA2 were screened as main 
hub genes, among which BCL2 and ITGA2 were significantly 
higher expressed in VS cells compared with human normal 
glial cells, while the expression of AGT and IL6 was lower in 
VS cells compared with human normal glial cells. In addition, 
the present study provided the mechanisms and molecules that 
were involved in the interaction between tumor microenviron‑
ment and inflammatory response, which may be targets for 
anticancer interventions.
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